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Thcnle: Integration of Remotely Scnsed Da!a with Geographic Information 
Systcnls for Applicatio;~ in Encrgy Kcsot~rcc h':anagenlcnt 

Proccedirl~s of a working group mcetinp. 
Sponsored by Encrgy I'lanning Division 

A Division of tile Amcrican I'lanning Association 
National Aeror~autics a11d Spzcc Administration 

Nuclear Regulatory Cornniission 
and U.S. Rcgicln of the Rcn~otc Sensir~g Society 

Septcrnhcr 9-12. 1982 

National Aeronautics 
and Space Administration 

Sciontlflc end Technical 
Informrrtlc;l Granch 





ENERGY PESOURCE kIMlAGEMENT 

PROCEEQINGS OF THE tIATIO:JAL CDEiFERENCe ON ENERGY RESOURCE lW?AG1;J.IENT 
I n t e g r a t i o n  of Remotely Scneed Data w i t h  Ccogrophic Informst ion  
S y s t e m  f o r  Appl ica t ion  i n  Enorgy Resource Management 

VOLlRIE I : TEUtNIQUES, PROCEDURES AND DATA BASES 

V O L W  I1 : APPLICATIONS 

Edi ted  by J a m s  0.  Brumfield r r i C  Yale 11. S J l i f f n a n  

A l l  papers  submit ted f o r  t h e  p r e s e n t c t i o n  a t  t h e  Nat iona l  Conference 
on Energy Pssourcc Management f o r  t h e  s u b s c q w n t  p u b l i c a t i o n  i n  t h e s e  
Procecdingo hove been reviewed, f i r s t  on t h e  basir;  of t he  a b s t r a c t s  
and thcn  on t h e  b a s i s  of t he  f i n a l  mruruscripts. The nuthore copies  
were submi t ted  camera ready and a r c  presen ted  e s s e n t i a l l y  GS we r ece ived  
them. Seve ra l  f u l l  lengtll  papere were no t  received i n  time f o r  i n c l u s i o n  
t hus  we have taken t h e  l i b e r t y  of i nc lud ing  t h e ' a b s t r n c t .  You may wioh 
t o  contac t  t he  au thors  of those  a b s t r a c t s  d i r e c t l y  f o r  f u r t h e r  in format ion .  
I nc lu s ion  of t he  papcr i n  t h e  Proceedings i n  no way c o n s t i t u t e s  an 
cndorsement by t he  Amr ican  Planning Assoc i2 t ion1s  Lnergy Plenning Div is ion  
nor  by t he  s p m s o r s  of t h i s  conference of t he  au thors '  views and opin ions .  
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William J. Campbell, National Aeronautics and Space 
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Conference Co-chairperson : " . ..: 
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Germain LaRouche, Nuclear Regulatory Commission 

Dr. Dana Hall, The MITRG Corporation 

Robert Tanenhaus, Implementation Management International 

Marty McClure, AEROS Data Corporation 

Vince Robinson, City University of NEW York; Regional 
Meetings Secretary, Remote Sensing Society 

Pamela Moore, APA Energy Planning Division, 
Assistant Conference Coordinator 

ABSTRACT AND PAPER REVIEW CGIMITTEE 
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Dr. Dana Hall, The MITRE Corporation 

Vince Robinson, City University of New York;.'Regional 
Meetings Secretary, Remote Sensing Society 

Dr. ~ermain LaRouche, Nuclear Regulatory Commission 

Robert Tanenhaus, Implementation Management International 

Professor James 0. Brumfield, Marshall University, 
Conference Co-chairperson; Regional Meetings Sec- 
retary, Remote Sensing Society 

William J. Campbell, National Aeronautics and Space 
Administration, ERRSAC, Technical Project Officer/ 
Conference Co-chairperson 
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TENTATIVE SCBEDULE OF FUTURE MEETINGS 

August 23 - 27, 1983 Hyatt Regency, San Francisco, CA 

January/February, 1984 Rio de Janicro, Brazil 

September, 19 84 Boston, 14A 

April/May , 19 85 London, England (in con junction 
with International Renote Sen- 
sing Society Annual Mzeting) 

September, 1985 San Francisco, CA 
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Pro-Conference Workshops 

Four p re -confe renm workshops were o f f e r e d  on t h e  a f t e r n o o n  o f  Septem- 
b e r  9 ,  1902. Thcae worknhopo were d e s i g n e d  t o  broaden t h e  u . ~ d e r s t c n d i n g  
o f  p a r t i c i p c n t o  i n  t h e  a r c a o  of rerate s e n s i n g ,  geograph ic  i n f o r m a t i o n  
s y s t e m ,  ene rgy  r e s o u r c e  m n n n g a e n t  and energy  f a c i l i t y  s i t i n g .  They 
l a s t e d  approx imate ly  2 hours .  

I. ENERGY RESOURCE HANAGEHENT 
Yale W. S c h i f  fnan,  S c h i f  fman Energy S e r v i c e s  

T h i s  worknhop p rov ided  a b road  overview o f  energy r e s o u r c e  manage- 
ment and e x p l o r e d  t h e  range of d a t a  needs  f o r  implexcentation o f  
t h i s  t y p e  o f  a program i n  residential/cor:nercial, i n d u s t r i a l  and 
u t i l i t y  sectors. 

I I . REE2OTE SENSIIiG 
D r .  1Jicholac 1.1. S h o r t ,  MASA/Goddard Space F l i g n t  Cen te r  

T h i s  workshop p rov ided  m i n t r o d u c t i o n  and overview o f  remote sens -  
ing ;  i t s  h i s t o r y ,  and what it is today.  The e l e c t r o m a g n e t i c  spec-  
trm, spectral s i g n z t u r e s ,  and b a s i c  ene rgy  r e l a t i o n s h i p s  were dis- 
cussed. Photograph ic  and !:on-photographic remote s e n s i n g  sys tems  
were also c.xplored a l o n g  w i t h  s e v e r a l  i n a g e  a n a l y s i s  o p t i o n s .  

111. GEOGRAPHIC INFORL4J4TION SYSTEIS 
Chuck K i l l p a c k ,  IRIS I n t c r n n t i o n a l ,  Inc .  
W i  l l im J. Cm.eSel1, NlbSA/Gsddard Space Flight Cente r  

Th io  workohop e x p l o r e d  t h e  concep t s  u n d e r l y i n g  Geographic Informa- 
t i o n  S y o t c m .  GIs d a t a  b a s e s  were d i s c u s s e d .  Emphasis was p l a c e d  
on g u i d e l i n e s  f o r  c o t o b l i s h i n g  a p r a c t i c a l  G I s  sys tem f o r  energy 
reoourcc  management. 

I V .  ENERGY FACILITY SITING 
R o d  Mcller, Wir th  A s s o c i a t e s  

C u r r e n t  p r a c t i c e s  by t h e  i n d u s t r y  o n  approaches  to  s i t e  s c r e e n i n g ,  
e v a l u a t i o n  and s e l e c t i o n  were d i s c u s s e d .  The t y p e s  of d a t a  needed,  
t r a d i t i o n a l  oourceo and l i m i t a t i o n s  o f  d i f f e r e n t  sys tems  were also 
oxp lo rcd .  

v i i  
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1 These  p r o c e e d i n g s  c o n t a i n  a  s e l e c t i o n  o f  p a p e r s  p r e s e n t e d  a t  t h e  N a t i o n a l  

Confe rence  o n  E .~e rgy  Resource  Management wh ich  was h e l d  a t  t h e  B a l t i m o r e  

l l i  l t o n  H o t e l ,  B a l t i m o r e ,  Maryland,  September  9-12, 1982. The p a p e r s  c o v e r  a 

E wide  v a r i e t y  o f  subject a r e a s  r e l a t e d  t o  t h e  c o n f e r e n c e  theme, " I n t e g r a t i o n  o f  
I 

1' Remotely Senso red  D a t a  With Geograph ic  Ynfo rma t ion  Sys t ems  f o r  A p p l i c a t i o n  i n  

Energy Resource  Management," a n d  d e s c r i b e  t h e  c u r r e n t  t r e n d s  and a d v a n c e s  i n  

t h e  a p p l i c a t i o n  o f  t h e s e  s y s t e m s  t o  a  number o f  e n e r g y  conce rns .  

The APA Energy P l a n n i n g  D i v i s i o n  co-sponsored  t h e  N a t i o n a l  Confe rence  o n  

Energy Resource  Management w i t h  t h e  N a t i o n a l  A e r o n a u t i c s  and Space  

hdmini s t r a t i o n ,  t h e  Nuc lea r  R e g u l a t o r y  C o m i s s i o  ., and t h e  U.S. Region o f  t h e  

Remotc S e n s i n g  S o c i e t y .  The c o n f e r e n c e  b rough t  t o g e t h e r  f o r  t h e  f i r s t  time a  

nilmbcr o f  p r o f e s s i o n a l s  i n  s u c h  d i v e r s e  f i e l d s  a s  r emote  s e n s i n g ,  g e o g r a p h i c  

i t R f m C i t i o n  s y s t e m s ,  i n f o r m a t i o n  sys t ems ,  u r b a n  and  r e g i o n a l  p l a n n i n g ,  f i s h  

E and w i l d l i f e  management, geography ,  c a r t o g r a p h y ,  s y s t e m s  a n a l y s i s  and r e s o u r c e  

I e x t r n c t i o n  t o  name a  few. The a u d i e n c e  a l s o  had a n  i n t e r n a t i o n a l  f l a v o r  ~ i t h  

I r e p r e s e n t a t i v e s  from I n d i a ,  S o u t h  America,  A f r i c a ,  Europe ,  Canada, A s i a ,  and 

t h e  I ln i t ed  S t a t e s .  I n  a l l ,  n e a r l y  two hucdred  p r o f e s s i o n a l s  met t o  exchange  

I i nformat  i o n  and i d e a s  r e g a r d i n g  t h e  i n f o r m a t i o n  n e e d s  t o  manage e n e r g y  and  

n a t ~ l r e l  r e s o u r c e s  t h a t  a r e  used  a s  f e e d s t o c k ,  m a t e r i a l s  o r  s p e c i a l  r e s o u r c e s  

i n  s u p p o r t  o f  e n e r g y  development .  Seven teen  e x h i b i t o r s  d i s p l a y e d  some of t h e  

l a t e s t  ha rdware ,  s o f t w a r e  and s e r v i c e s  f o r  u s e  i n  r e s o u r c e  management. 

On September  9, s e v e r a l  p r e c o n f e r e n c e  t u t o r i a l s  were  z i v e n  t o  p r o v i d e  a 

more d e t a i l e d  u n d e r s t a n d i n g  o f  remote  s e n s i n g ,  geograph ic  i n f o r m a t i o n  s y s t e m s ,  
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s e s s i o n  o f  t h e  c o n f e r e n c e  which v s c h a i r e d  by Yale M. Schi f fman ,  P r e s i d e n t  of 

t h e  Energy P lann ing  D i v i s i o n .  S h a r i n g  t h e  r e s p o n s i b i l i t i e s  f o r  runn ing  the 

m e e t i n g  was D r .  James rJrumiield,  D i r e c t o r  o f  t h e  M a r s h a l l  U n i v e r s i t y  Remote 

S e n s i n g  Program artd Mr. Wi l l i am J. Campbell, P r o j e c t  Manager ERRSAC, NASA 

Goddard, Space F l i g h t  Cen te r .  Dr. John MacElroy, A s s i s t z n t  A d m i r ~ f s t r a t o r  f o r  

S a t e l l i t e s ,  NOAA, U.S. Department o f  Commerce was t h e  keynote  speaker .  Dr. 

MacElroy took  t h i s  o p p o r t u n i t y  t o  make t h e  f i r s t  p u b l i c  announcement o f  NOAA's  

p l a n s  t o  commetc fa l i ze  t h e  Landsa t  S a t e l l i t e  Progrcm and a l s o  mentioned t h a t  

s i m i l a r  p l a n s  a r e  be ing  e v a l u a t e d  f o r  t h e  n a t i o n ' s  w e a t h e r  s a t e l l i t e s .  The 

c l o s i n g  s e s s i o n  o f  t h e  c o n f e r e n c e  h e l d  Sundav, September  12, was c h a i r e d  by 

D r .  P h i l  Crcosy, Head of  ERRSACINASA, D r .  R ichard  K o t t ,  S e n i o r  s t a f f  

Member--U.s. DOE, D r .  Ray H a r r i s ,  Honorab le  G e n e r a l  S e c r e t a r y  o f  t h e  Remote 

S e n s i n g  S o c i e t y ,  M r .  S c h i f f o a n  and D r .  Brumfield .  

The meet ing c l o s e d  on  a p o s i t i v e  n o t e  i n d i c a t i n g  t h a t  t h a t  t h c r c  was 

i n d e e d  n need t o  c o n t i n u e  L i a l o g  by s p e c i a l i s t s  from t h i s  w i l e  a r r a y  of 

i n t e r e s t s .  The emphasis  s h o u l d  be on improving t h e  communication between t h c  

u s e r  community a n d  t h e  s o f t w a r e ,  hardware  and a n a l y t i c a l  s u p p o r t  s p e c i a l i s t s  

i n  t h e  f i e l d .  Thus,  t h i s  mee t ing  s e r v e s  as  t h e  s t a r t i n g  p o i n t  f o r  a 

c o n t i n u i n g  s e r i e s  on  t h e  s u b j e c t ,  t h e  n e x t  v h i c h  w i l l  be  h e l d  i n  San 

F r a n c i s c o ,  August 23-27, a t  t h e  H y a t t  Regency a t  Embacadero and i n  e a r l y  1984 

i n  Rio d e  J a n e i r o ,  B r a z i l .  

The i n t e r d i s c i p l i n a r y  o r i e n t e d  c o n f e r e n c e  p r o v i d e d  a  forum f o r  p r e s e n t i n g  

and d i s c u s s i n g  s c i e n t i f i c  works i n  t h e  a r e a s  o f  e n e r g y  r e s o u r c e  management, 

remote  sens f  ng, ~ e o g r a p h i c  informat ic in  sys tems ,  o  t h c r  g c o r c f e r c n c e d  d a t a  

s y s t e m s ,  e n v i r o n m e n t a l  a n a l y s i s  and a p p l i e d  sys tems  r c s c a r c h .  Near ly  200 
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s c i e n t i s t s ,  engin?ero,  plannero,  end o t h e r  p r o f e s s i o n a l s  from e i g h t  c o u n t r i e s  

con t r ibu t ed  t o  t h e s e  proceedings which were he ld  ove r  a three-day per iod ,  and 

i n  which nea r ly  100 p r e s e ~ t a t i o n s  were g iven ,  n o s t  of which a r e  inc luded  i n  

t h e s e  proceedings. These papers  w i l l  undergo a n  a d d i t i o n a l  r i go rous  review by 

o u r  e d i t o r i a l  committee. The purpose of  t h e  a d d i t i o n a l  review is t o  s e l e c t  a 

l i n i t e d  number of papers  f o r  i n c l u s i o n  i n  a  s t a t e  o f  t h e  a r t ,  hard covered 

p u b l i c a t i o n  t h a t  w i l l  be published i n  1983. 

Since t h e  main theme of t h e  co .~ference  was "The I n t e g r a t i o n  of  Remotely , 

Sensed Data With Geographic Information Systems f o r  App l i ca t ion  i n  Energy 

Resource Management," a  l a r g e  number of papers  a r c  inc luded  i n  Volume I and I1 

t h a t  d e a l  wi th  t h i s  top ic .  The proceedings have been organized a long  s u b j e c t  

l i n e s  r a t h e r  t han  i n  o rde r  of p re sen ta t i on .  The c d f t o r s  f e l t  t h e  informat ion  

would be more u s e f u l  t o  t he  r e a J e r s  i f  organized i n  t h i s  fesh ion .  These 

papers  examine, i n  Volume I, t h e  techniques  and procedures  t h a t  have been used 

t o  i n t e g r a t e  remotely sensed d a t a  w i th  geographfc i n fo rma t ion  nystemc, whi le  

i n  Volume 11 t h e  papers  explore  t he  t o p i c  from a n  a p p l i c a t i o n s  focus.  Many 

papers  a l s o  exp lo re  t h e  i n t e g r a t i o n  of  remotely censed d a t a  w i th  o t h e r  

georeferericed d a t a  systems. The proceedings c l e a r l y  r e f l e c t  t he  t r e n d s  t o  

i n t e g r a t e  remotely sensed d a t a  w i th  a  number of d i f f e r e n t  georeferenced  d a t a  

systcms and i l l u s t r a t e  an  emerging i n t e r e s t  among a number of d i f f e r e n t  

s p e c i h l t i e s  i n  energy r e s o t ~ r c e  management f o r  use  of  t h e s e  integrate21 d a t a  

systems i n  environmental assessment ,  f a c i l i t y  s i t i n g ,  acd f a c i l i t y  planning. 

Therc a l s o  apTears t o  be a  s t r o n g  i n t e r e s t  i n  developing c o u n t r i e s  f o r  

t h e  a c q u i s i t i o n  and u t i l i z a t i o n  of low t o  moderate c o s t  hardware and so f tware  

f o r  resource management. It 1s the  op in ion  of the  e d i t o r s  t h a t  t h i s  



c o n f e r e n c e  b r o u g l i t  t o g e t h e r  a raix o f  p r o f c s s i o n n l ~  -- t h e  p r o v i d e r s  of 

hnrciwnre a n d  s o f t w a r e  a n d  t h e  u s e r s  -- t h a t  n e e d e d  t o  c o m m u n l c a t c  w i t h  o n e  

o n o t h e r .  The conference p r o v i d e d  t h e  p r o p e r  s e t t i n g  f o r  nn e x c h a n g e  o f  

I n f o r m a t t o n  t o  t a k e  p l a c e ,  v h i c h  w i l l  s e r v e  t o  i m p r o v e  t h e  u n d e r s t a n d i n g  o f  

e a c h  o t h e r ' s  n e e d s  i n  t h i s  e m e r g i n g  f i e l d .  

We b e l i e v e  i h a t  what  w a s  s t a r t e d  a t  t h e  NASA-Ames Rescrrrcl i  C e n t e r  i n  1981 

a n d  e x p n n d c d  t h r e e f o l d  i n  B a l t i m o r e  by NASA-Coddard S p a c e  F l i g h t  C e n t e r ' s  

EHRSAC g r o u p  wt 1 1  t r c m e n d o u u l y  e x p a n d  t h e  d o n n f n  a n d  r e s e a r c h  n c t  Ivitic~ o f  

t h e  s p e c i n l i s t s  i n v o l v e d  i n  r e s o u r c e  management  i n  t h e  y e i t r s  t o  come. 

As n e n t  i o n r d  c a r 1  ier ,  t h e  c o n f e r e n c e  p r o c e e d i n g s  a r c  d i v i d e d  i n t o  t w o  

vo lumes .  V o l u a e  I c o v e r s  t e c h n i q u e s ,  p r o c e d u r e s  a n d  d a t a  b a s e s  w h i l e  Volume 

I I  f o c t ~ s c . r  o n  n p p l l c a t i o n s .  Volume I i s  p r e s e n t e d  i n  two p s r t s .  P a r t  1 

cx i i rn lnc .~  t h e  t c c h n l q u e s  iiud p r o c c d u r c s  f o r  c x t  r n c t i o n  o r  r c ~ l u c t  1011 o f  d n t n .  

S r v i t r i ~ l  p ; rpers  compare  t c c l r n l q i ~ c s  i ~ n d  p r o c e d u r e s  i ~ n d  d a t a  s o u r c e s .  P a r t  2 

ex i imtncs  t h e  p r o c e s s  of intejir, lt ing r e m o t e l y  s e n s e d  a n d  o t h e r  g c o r e f e r e r i c c d  

c t ; ~ t a  h n s c s  l n t o  gcocrc lp l r ic  i n f o r m a t t o n  sy:;tcms f o r  u s e  t n  m o d c l t n g  a n d  

r c s o u r c e  mnnngement a p p l  [ c a t  l o n u .  T h i s  is n c c o m p l i s h e d  p r t r n i ~ r i l y  by c x i ~ m l n l n g  

c i ~ s c  s t u d i e s  i ~ n d  d e m o n s t r a t t o n  p r o j e c t s .  Volr~me 11 is  p r e s e t ~ t e d  i n  f i v e  p a r t s  

nnd I s  a p p l i c a t i o n s  o r i e n t e d .  P a r t  1 ext i tnines t h e  a p p l i c a t i o n  o f  t h e s e  

s y s t c m s  t o  c n r r K y  and  e n v i r o n m c n t n l  r e s o u r c e  management .  P a r t  2 d e s c r i  b c s  t h e  

s y s t e m s  i i s e  i n  e n e r g y  f a c i l i t y  s i t l n g ,  w h l l c  P n r t  3 c x n m l n c u  i t s  u s e  i r r  

r c c l a m n t i o n  anti s t i r f .?cc m t n l n g .  We a l s o  f e l t  t h ~ t  t h i s  Volume wotrld p r o v l d c  

a l l  i r p p r o p r t i i t c  f riimcwork f o r  t h e  e x n m i n n t  i o n  o f  t l ~ c s c  systc-ms u s e  I n  v i ~ r l o l l s  

c c l u ~ i t  r t e s  t h r o i ~ g h o u t  t h c  v o r l d .  S c v c r a  1 t c c l l n l q u c  ant1 p r o c c d u r c  ~ x ~ p c r s  wl t h i n  

n11 i n t e r n t i t  l o n a l  c o n t e x t  a r e  i i l s o  prcscritc*cl I n  Piart 4.  T h c r c  v c r c  s c v t - r n  1 



s y m ~ i ~ s l a  nnd t ruer  fcirrrrn:~ j ~ r ~ f i t ~ t r t e d  t l~ ro i~f i l r i i t t t  t h e  C O I I ~ C ~ ~ ~ C R  a n d  t l r e a c  a r e  

p r i > s ~ n t c d  I n  I 'c~rt  5 .  A t  t h c  c n d  of enc l l  Volttnt- ut- tr.svt* Inclrrtlt-d t l rc  n h s t r c ~ c t ~  

&If t11tt rc+lcltctl  p o u t e r  HPHHIUIIR.  

Tilt* wldt- slii*ct r r i m  o f  t t ~ p l r ~  covrrt-ai 111 t h t - s n  p r o c e e d  lr!gs I r l d i c ~ t r  t l l e ~ t  

s v s t  rms rt*szrrrcli  t c c l l n f q t r c s  ntrd ~ i r o c c r l u r ~ b s  r~1c1t t .d  t o  r c m o t i t l y  s r t i s c d  cltrta rind 

t i t t ~ t ' r  g t * i r r t - f t * r ~ * n r t ~  d:~tet h i ~ s r * ~  f o r  I nt i*c;rat I o n  w l t l r  gciigrci1iI1Ic I n l o r m n t  Iorr 

s y s t  ems a r t 8  h c l n ~  I n c r t * a s l  n g l y  c ~ p p l  It-tl t o  11 l r t r g t * r  rrtrrntr~*r o f  r i - s o u r c c  

m;trl.lgi~mcnt rtlipl l c n t  lorra whtnrc t l rcy  a r t n  111.1pt IIR its i m p r o v e  r r r r r  :rhI 1 l t y  t o  

morl:rgt8 n f 1111 t t* s c t  o f  t l ~ i t  cn r t  11's rcsorr  rct*:; t n :ttt t - 1 1 ~  l r o n r n t ~ r ~ t : ~  1 1  y sortnil 

m;rt l ir i8r .  

I n  ~ ~ O ~ I ~ ~ ~ I I H I O I I ,  tlrtt g r ~ : t t ~ * s t  crirrt r l  hilt liirrs 11f f \rt*st* ~ 1 r o r t * ~ d i t l g S  :IfV tll:lt 

tht*); l ~ r l l i  trx ;rc-rttc g r t s n t c r  ~tw;trerit-aa o f  tht* I S S I I ~ ~ S  ttmotf thp i i c * s l g n r s r ~  r\nd 

I if '  r : i I  I i f  i n ~ t  I s t  i s  I I I  i f  t r i  I t  i t  W e  1101it* 

(tr:ct t t r l a  wl 1 I mcit 1v : r t r  t*eti.lt  iif trs t o  r i i -vntc  m r i r c  e f f o r t  t o  t l ~ l s  Cfc l r l  rind 

t * ~ ~ r : r r i ~ \  o u r  1 rrt t* r t s s t  s r.vtNrr f r r r t I r ~ * r  I I I  f t r t  riri8 mtbi-t l n ~ s .  





I would l i k e  t o  exp re s s  my thanks  t o  a l l  of t h e  p a r t i c i p a n t s  of t h e  Nat iona l  

Conference on Znergy Resource Management f o r  making t h i s  a  s u c c e s s f u l  confer -  

ence and f o r  submi t t i ng  pa?ers  of  e x c e l l e n t  q u a l i t y ,  I would a l s o  l i k e  t o  

exp re s s  my thanks t o  t h e  members of t h e  conference and  paper  review commit- 

c ' v  t e e s  whose e f f o r t s  c o n t r i b u t e d  measurably t o  t h e  s u c c e s s  of t h e  Conference. F. 

b: My s p e c i a l  thanks goes  t o  J i m  Brumfield of  MURSAC, B i l l  Campbell of ERRSAC, 

Jimie Weber of  NASA--Headquarters, Rob Tanenhaus of INI, and Gennainc LaRouche 

of who were r e r p o n s i b l e  f o r  planning major segments of t he  Conference agenda. 

I B i l l ,  i n  p a r t i c u l a r ,  was r e s p o n s i b l e  f o r  p l a n t i n g  t h e  seeds  from which t h i s  meet- 

i ng  grew. Many thanks t o  D r .  John NcElroy who gave u s  t h e  moral and f i s c a l  sup- 

p o r t  we needed a t  t h e  e a r l y  s t a g e s  of conference p l a n n i c e .  Thanks a g c i n  t o  J i m  

Brumfield and B i l l  Campbell f o r  t h e i r  h e l p  i n x h a i r i n g  t h e  meeting. My s p e c i a l  

thanks a l s o  goes  t o  D r s .  P h i l  Cressy of ERRSAC, Dick K o t t ,  and Ray H a r r i s  who 

helped u s  t i e  t h e  v a r i o u s  conference subthemes t o g e t k e r  i n  a  coherent  manner 

a t  o u r  wrap-up s e s s i o n .  

Many thanks t c  Chuck Ki l l pack  of  IRIS I n t e r n a t i o n a l ,  Nicholas  Shor t  of NASA, 

and Rod He l l e r  of  Wirth Assoc i a t e s  f o r  t h e i r  e f f o r t s  i n  p lanning  and conducting 

t h e  pre-ccnfercnce workshops. 

A s p e c i a l  thanks t o  t h e  fo l lowing  cha i rpe r sons  f o r  t i t -~e i r  e f f o r t s  i n  o rgan iz ing  

a  f i n e  s e r i e s  of  t e c l ~ n i c a l  d i s cus s ions :  J i m  Wray o f  USGS and George Jones  of  
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Pr inces s  Coal--Use of Remotely Sensed Data and Geographic Informat ion  Systems 

f o r  Energy Rcsource Management; William Campbell of ERRSAC and Ronald Bal la rd  

of NRC--Remote Sensing and Geographic Information Systems f o r  Env3ronmental 

Information Nceds; Char les  Cushwa of t he  F i s h  and W i l d l i f e  Se rv i ce ,  Cermain 

LaRouche of NRC, and Calvin DuErock of t he  Pennsylvania Came Commissiun--Use 

of Rcmote Sensing f o r  Environmental Annlaysis ;  Major Brian Lenz of t h e  U.S. 

A i r  Force--Energy Nanagcmcnt i n  t he  U.S. A i r  Force; Danie l  C o t t e r  and R u s s e l l  

Kof f l c r  of NOAA--Landsat Users Forum; Ray Har r i s ,  t h e  Ilonorable General  Secrc- 

t a r y  of t h e  Remote Sensing Socie ty  and Joe  Berry of Yale University--Use of 

Rcmote Sensing and Geographic Information Systcms f o r  I n t e g r a t i o n  and Modeling; 

Brian Turncr of ORSER, S c o t t  Cox of NASA and John E s t e s  of t h e  Un ive r s i t y  of  

California--Remote Sensing: Techniques and Procedures;  Germain LaRouche of 

NRC and Ram Singh of t he  Department of  Treasury--Use of Remote Sensing f o r  En- 

vironrrcntal  Analys is ;  Robert Tanenhaus of Implementation Pfanagement In t e rna -  

t i o n a l  and J i m i c  Wcber of NASA Itcadquarters--Remote Sens ing  for Energy Re- 

source  Management, an I n t c r n a t i a n a l  Pe r spec t ive ;  Sue Norman and Dave Mouat of 

NASA--Energy Resource Management Data Bases; Rod H e l l c r  o f  Wirth Associntes-- 

Power P l a n t  S i t i n g ;  Herb Blodqet and Marc Imhoff of NASA--Use of Remote Sensirlg 

f o r  Reclamation and Surface Mining; and thanks t o  t hose  who designed and con- 

ducted the  p o s t e r  s e s s ions .  

I am g r a t e f u l  f o r  t h e  support  of t he  Americr.n Planning Assoc i a t i on ,  U.S. Nu- 

c l e a r  Regulatory Commission, NASA Goddard Space F l i g h t  Ccntcr--ERRSAC, and t h e  

U.S. Region of t l ~ c  Rcmotc Sensing Socie ty .  

On behal f  of t h e  American Planning Assoc i a t i on ' s  Encrgy Planning  Div i s ion ,  I 

would l i k e  t o  g r a t c i u l l y  acknowledge t h e  f i n a n c i a l  suppor t  o f  KASA Goddard 
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Space F l i g h t  Center--EW,SAC f o r  t h e  f r o n t  end c o s t s  o f  t h i s  conference  and t h e  

resources  they a r c  committing t o  t he  p u b l i c a t i o n  of t he se  proceedings.  

I would a l s o  l i k e  t o  tliank t h e  fo l lowing  e x h i b i t o r s  f o r  t h e  conf idence  they  

ceprcssed  i n  our  confercnce and f o r  t h e i r  f i n a n c i a l  support :  E a r t h  S a t e l l t t c  

Corporat ion of Ctievy Cllase, MD; U.S.  Nat iona l  Oceanic and Atmospheric Administrn- 
. , 

t i o n  of \4asllington, DC; Schiffman Energy Serv ices ,  Inc.  of S p r i n g f i e l d ,  VA; U.S. 

- .  Gcologicnl  Survey of Rcston, VA; Grccnhorne and O'Plara, Inc .  o f  RLverdale, MD; 
( '  

IRIS I n t c r n a t i o n n l ,  Tnc. of Landover, Em; Computer Science Corporat ion of 

S i l v e r  Spring,  ED; and Rogers, Golden and ltalpern of  Ph i l ade lph ia ,  PA. 

Ely g r a t i t u d e  t o  Dinnc Kugelmann of t h e  NASA Coddard Space F l i g h t  Center ,  ERRSAC 

who sl~eplicrded the  va r ious  confercnce ma i l i ngs  and r e l a t e d  d a t a  through t h e  sys-  

tem s o  t h a t  we could main ta in  schedule.  

I: Our thanks t o  t he  Baltimore Convention Bureau, and Tr ina  Mello and Gary Flowers 

I of  the  Baltimore H i l t on  f o r  t h e i r  f i n e  e f f o r t s  on our  beha l f .  

My deepes t  g r a t i t u d e  goes t o  Monique Cornont of t h e  Energy Planning  Div i s ion  

who devoted many hours  t o  a l l  t he  smal l  d e t a i l s  and who handled t h e  conference 

1 -: l o g i s t i c s ,  luncheons, audio  v i s u a l  a i d s ,  p r i n t i n g  and d i r e c t e d  t h e  s e c r e t a r i a l  

I .: s t a f f ,  and i t  i s  l a r g e l y  t o  her  c r e d i t  t h a t  a l l  went s o  smoothly a t  the  Con- 

fercnce.. Thanks a l s o  t o  Pam Moore of APA who p i tched  i n  t h e  l a s t  wecks t o  

he lp  us  wi th  t h e  f i n a l  d e t a i l s  of t h e  Conference. 

November, 1982 

Yale M. Schiffman 
Confcrence Chairperson 
P re s iden t  of APA Energy Planning 

Divis ion  
Exccutivc D i rec to r  of t h e  Center  

f o r  Ea r th  Resource Managcmenc 
Appl i c n t i o l t s  
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ABSTRACT 

Land cover  i n f o r m t i o n  f o r  t h e  Cl in ton  River  Basin (Michigan) 
der ived  from Landsat M u l t i s p e c t r a l  Scanner (MSS) d a t a  was compared w i th  
t b t  from a i r b o r n e  Thcnat ic  tlapper Simulator  ('INS) t o  i n v e s t i g a t e  t h e  
probable  c a p a b i l i t i e s  of t h e  Thematic Mapper (TM) launched aboard 
Landsat-4 i n  July 1982. This  paper r e p o r t s  t h e  pre l iminary  f i n d i n g s  f o r  
one 7.5 minute topographic amp, Flt. Clencns West. S i g n i f i c a n t  h p r o v e -  
ments i n  land  cover c l a s s i f i c a t i o n  accuracy were ob ta ined  us ing  TMS d a t a  
as compared w i th  PISS da t a .  Ove ra l l  mapping accuracy increased  from 49 t o  
6 1  percent  w i t h  an  improvenent from 71 t o  84 percent  i n  t h e  r e s i d e n t i a l  
ca tegory .  A combination of f o u r  bands w i th  one band i n  each  major reg ion  
of t h e  spectrum ( v i s i b l e ,  nea r  I R ,  middle I R  and t h e r n n l  IR) provided a s  
good a dl .scr iminat ion of land cover  as a l l  seven TM bands. Based on t h e  
improved land  cover c l a s a i f i c a t i o n  accuracy of TM, n1 d a t a  has  t h e  poten- 
t i a l  t o  provide  more u s e f u l  and e f f e c t i v e  input  t o  US Army Corps of 
Engineers f l ood  f o r e c a s t i n g  and f l ood  damage pred ic t ion /assessment  
modelc. 

INTRODUCTION 

I n  a coope ra t i ve  program wi th  t h e  US Army Corps of Engineers ,  IiASA 
is eva lua t i ng  t h e  c a p a b i l i t i e s  of Landsat-4 Thematic Mapper (TEI) d a t a  
f o r  environmental and hydro loz ic  a p p l i c a t i o n s .  The s p e c t r a l  and s p a t i a l  
c h a r a c t e r i s t i c s  of t h e  TI1 cons iderab ly  exceed t hose  of t h e  P iu l t i spec t r a l  
Scanner (Mss) c a r r i e d  by a11  Landsat s a t e l l i t e s  (Table l ) ,  but t h e  com- 
p l e x i t y  and c o s t  of analyz'lng TH d a t a  may make PISS d a t a  an  a t t r a c t i v e  
a l t e r n a t i v e  f o r  c e r t a i n  a p p l i c a t i o n s .  Both NASA and t h e  Corps a r e  
i n t e r e s t e d  i n  a s se s s ing  t h e  r e l a t i v e  e f f e c t i v e n e s s  of Ri, IISS and con- 
v e n t i o n a l  d a t a  f o r  land cover c l a s s i f i c a t i o n ,  p a r t i c u l a r l y  i n  urban/ 
suburban a r e a s ,  and f o r  developing parameters  ( e - g . ,  imperviousness) f o r  
i npu t  t o  hydrologic  ( f lood  fo r ecas t i ng )  and economic ( f l ood  damage) 
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nodc l s  (Davis, 1979). I n  add i t i on ,  it would be p a r t i c u l o r l y  d e s i r a b l e  
t c  e s t a b l i s h  a s e t  of opt imal  RI band combinations f o r  land  cover c l a s -  
c i f i c c t i o n  and r e l a t e d  d a t e  c n e l y s i s  which could reduce process ing  time 
and c o s t  whi le  preserv ing  accuracy and r e l i c b i l i t y .  

Severa l  sites a l r eady  under s tudy by t h e  Corps were s e l e c t e d  f o r  
t h i s  program. This  paper w i l l  r e p o r t  p re l iminary  r e s u l t s  f o r  one of  
t h e s e  s i t e s ,  t h e  Cl in ton  River  Basin i n  Michigan. Moreover, t h e  d a t a  
examined h e r e  were gathered by t h e  Thematic Mapper Simulator  (TMS), on 
a i r b o r n e  sensor  designed t o  s imula te  TM s p a t i a l  and s p e c t r a l  r e s o l u t i o n  
p r i o r  t o  launch. 

2.0 SITE DESCRIPTION 

The Cl in ton  River  Basin f lows  i n t o  Lake S t .  C l a i r ,  d r c in ing  an a r e a  
of approximately 760 square  mi l e s  i n  sou thes s t e rn  Michigan j u s t  n o r t h  of 
De t ro i t .  A d e t a i l e d  d e s c r i p t i o n  of i ts topography, geology and c l i m a t e  
may be  found i n  Revised Pian  of Study. Cl in ton  River Bas in  (Corps, 1980). 

The bas in  has  experienced an  inc reas ing  number of f l oods  i n  r ecen t  
yea r s  accompanied by r ap id  growth and development, p a r t i c u l a r l y  v l t h i n  
t h e  f loodpla in .  For t h e s e  reasons,  t h e  Corps has  developed and r ev i sed  
a  p lan  f c r  f lood  c o n t r o l  measures. Ths D e t r o i t  D i s t r i c t  has e s t a b l i s h e d  
a d a t a  base and comprehensivc watershed model us ing  s p a t i a l  a n n l y s i s  
methods (SMI) developed by t h e  Corps llydrologic Engineering Center 
(Davis, 1900) a s  a basin-wide nanagenent t o o l  t o  s a t i s f y  2 wide range  of 
planning needs. 

3.0 APPROACH (XETHODOLOGY) 

Deta i led  land cover c l a s c i f i c a t i o n s  were perforned on TIIS and MSS 
d a t a  of t h e  Cl in ton  Xivet Basin us ing  supervised c l a s s i f i c a t i o n  tech-  
n i q u e ~ .  Di f fe rences  i n  i n t e r c l a s s  s e p a r a b i l i t y  and c l a s s i f i c a t i o n  
accuracy were compared f o r  var ious  TMS band conbina t ions .  Pre l iminary  
processing,  inc luding  c l a s e i f i c a t i o n  and accuracy assessment ,  was com- 
p l e t ed  f o r  one USGS topographir  map, IIt. Clemens West. Resu l t s  from 
seven a d d i t i o n a l  7.5 minute USGS maps of d i v e r s e  land  cover  w i l l  be  
evaluated i n  t h e  fu tu re .  MSS end TFlS land  cover  information f o r  t h e  
bas in  der ived  from these  c l a s s i f i c a t i o n s  w i l l  then be provided t o  t h e  
Corps f o r  u se  i n  f lood  fo recas t i ng  and damage c a l c u l a t i o n  models t o  
eva lua t e  d i f f e r e n c e s  i n  model performance, p a r t i c u l a r l y  i n  terms of 
accuracy and s e n s i t i v i t y .  

3 .1 Data Acquis i t ion  (Col lec t ion)  

Re la t i ve ly  cloud-free, h igh  q u a l i t y  Landsat 1E.S d a t a  from e a r l y  
summer (June 28, 1981) were obtained f o r  t h e  s tudy s i t e .  RIS d a t a  were 
acquired by NASA on Ailgust 19,  1981. i n  a s i n g l e  60-mile-long f l i g h t  
l i n e  s t r e t c h i n g  from t h e  mouth of t h e  Clintor .  River a t  Lake S t .  C l a i r  
throush t h e  town of Pont iac  t o  Or tonv i l l c .  These d a t a  a t  a  s p a t i a l  
r e s o l u t i o n  of 31 meters  were cloud-free and of good t o  e x c e l l e n t  q u a l i t y  
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i n  most bands. Color i n f r a r e d  a e r i a l  photography was flown simul- 
t aneous ly  w i t h  t h e  TMS aboard t h e  NASA E a r t h  ;',csources Labora tory ' s  Lear 
Jet f o r  u se  i n  v i s u a l  i n t e r p r e t a t i o n .  

Twenty-seven USGS 7.5 minute (1: 24,000 s c a l e )  topographic maps 
cover ing  t h e  C l in ton  River  Basin wcre obtained.  Using 1978 a e r i a l  
photography, t h e  Southcas t  Michigan Counci l  of G o v e m e n t s  (SEMCOS) pre- 
pared convent iona l  land cove t  m p s  on n y l a r  over lays  a t  a s c a l e  of 
1:24,000 f o r  t h e  Corps DetroLe D i s t r i c t .  Se lec ted  m p s  wcre d i g i t i z e d  
and converted t o  r a s t e r  h g e s  f o r  u se  i n  v e r i f i c a t i o n  and accuracy 
assessment  of TMS and HSS c l a s s i f i c a t i o n s .  

3.2 Preprocess ing  and S p a t i a l  Reg i s t r a t i on  

3.2.1 Preprocess ing  

The Landsat 1"SS d a t a  were r e f o m t t e d  t o  rcmc?t*e e a r t h - r o t a t i o n a l  
skew and s y n t h e t i c  p i x e l s .  Then t h e  d a t a  were cornputcr enhanced t o  
f a c i l i t a t e  t h e  s e l e c t i o n  of ground c o n t r o l  po in t s  and t r a i n i n g  a r e a s .  

NASA's Goddard I n s t i t u t e  f o r  Space S tud i e s  (GISS) r z d i o m e t r i c a l l y  
co r r ec t ed  t h e  TMS d a t a  f o r  cl-singes in i l l umixa t i on  a c r o s s  t h e  seen l i n e  
and r e s a p l e d  a long  each scan l i n e  t , ~  c o r r e c t  f o r  t h e  a i r c r a f t  s canne r ' s  
v a r i a b l e  viewing angle.  The 31-meter RIS t h c m a l  bznd was dcgrnded t o  
124 meters  by s imple averaging t o  s imu la t e  t h e  s p a t i a l  r e so lu2 ion  of t h e  
Landsat-4 T&I t h e r n a l  band. No weights  were used i n  t h e  averaging 
process ,  a s  would be  r equ i r ed  t o  s imu la t e  t h e  sensor  po in t  spread func- 
t i o n  r e s u l t i n g  f r o n  t h e  o p t i c a l  p rope r t i eo  of t h e  scanner  c y s t c a  
(Sadowski and Sarno, 1976). A simple averaging,  as i n  t h i s  p rocess ,  
s i g n i f i c a n t l y  i nc r ea se s  t h e  s igna l - to -noise  r a t i o  above t h a t  which would 
be  expected from t h e  a c t u a l  sensor .  No a t t m p t  was made t o  s i n u l z t e  t h e  
thermal  sensor  s igna l - to -noise  r a t i o  t h a t  would c h a r a c t e r i z e  lower 
s p a t i a l  r e s o l u t i o n  d a t a  o r  t h e  d i s t o r t i o n  introduced by t h e  fo rva rd  and 
r e v e r s e  scanning of t h e  TM. This  image was then  expanded back t o  31- 
meter  p i x e l s ,  where each block of 16  p i x e l s  had t h e  same value ,  and 
merged w i th  t h e  o t h e r  six bands of 31-meter s p e c t r a l  d a t a .  

The o t h e r  TMS bands had much lower dynamic ranges than  a r e  expected from 
t h e  a c t u a l  TM bands (NASA, 1982). Table 2 pre sen t s  t h e  means and 
va r i ances  of a l l  bands. S ince  va r i ance  can be r e l a t e d  t o  t h e  s igna l - to -  
n o i s e  r a t i o ,  TMS bands 1, 5 and 6 had t h e  lowest  r e l a t i v e  n o i s e  a s  con- 
firmed by v i s u a l  examination. Tt.i d a t a  is expected t o  provide  a f u l l  
rad iomet r ic  range of 256 l e v e l s  compared w i th  a s  few a s  54 l e v e l s  f r o n  
TMS (Band 6 ) .  

I 3.2.2 S p a t i a l  Reg i s t r a t i on  

The TMS and Landsnt MSS d a t a  cover ing  t h e  M t .  Clemens West a r e a  were 
s p a t i a l l y  r e g i s t e r e d  t o  t h e  d i g i t a l  ground v e r i f i c a t i o n  maps us ing  ground 
c o n t r o l  po in t s .  S ix ty  c o n t r o l  p o i n t s  cozmon t o  bc th  d u t a  s e t s  and uni-  
formly d i s t r i b u t c d  throughout t h e  s tudy a r e a  were recorded and rnarked on 
t h e  USGS 7 .5  minute tcpograpl1.l~ nap. The Universal  Transverse Mercator 



(UTM) coo rd ina t e s  were digitized from t h e  nap us ing  a Talos d i g i t  ;zing 
t a b l e  w i t h  t h e  C1e:tronagnctic Systems Lcboratory 's  Geographic Entry 
System (EsL/GES).  To produce on image d a t a  b ~ s e  r e p r e s e n t a t i v e  of t h e  
U l N  p r o j e c t i o n ,  t h e  d i g i t i z e d  coo rd ina t c s  wcrd r c sca l ed  t o  image c 0 . t ~ -  
d i n n t e s  r ep re scn t inp  30-mctcr s q a a r c  p i x e l s  f o r  lXS d a t a  acd 60-a.eter 
square  p i x e l s  f o r  NSS d a t a ,  wit11 an  o r i g i n  at  334000E an6 4722000N; t h a t  
is,  t h e  l o c a t i o n  of l i n e  and samplc c o o r d i c a t c  (0, 0) i n  t h e  ou tput  
image. Two th i rd-order  polynominal equa t i ons  were used t o  model ( i n  a  
i e a s t  squares  f i t )  t h e  rclnt ions: . ip  between h a g e  coo rd ina t c s  and t h e  
transformed lJR1 coord ina tcs .  Control  p o i n t s  w i th  l a r g e  res id i*rJ  s were 
i t e r a t i v e l y  de l e t ed  u n t i l  t h e  fJ-rial r e s i d u a l s  ran;ed from Q t o  _f_ 1.6 
p i x e l s .  Tile XSS and R:S d a t a  were then resampled us ing  n e a r e s t  neighbor 
i r ~ t e r p o l a t l o n  t o  30 and 60 n e t c r  r e so lu t i on .  

When t h e  regis tra: icn of t h e  !tSS and RIS d a t a  t o  t h e  d i g i t a l  ground 
t r u t h  was checked on a d i s p l a y  device ,  po r t i ons  of t h e  RIS d a t a  were 
found t o  be more thzn a  p i x e l  o f f .  i n d i c a t i n g  t h a t  t h e  t h i r d  order  poiy- 
nominal used was no t  adequate  t o  produce p r e c i s e  r e g i s t r c t i o n  of the 
e n t i r e  f l i g h t  l i n e .  S ince  s a t e l l i t e  platfonr 's  a r e  norc  sLable,  a c t u a l  
I'M d a t a  should no t  p r e sen t  a s  mucl. of a r n i s r e g i s t r n t i ~ n .  problem. 

3  .? Supervised i l a s s i f  i c a t i o n s  

Forty t r a i n i . 1 ~  s i t e s  were i n i t i a l . 1 ~  l oca t ed  i n  the TkIS d a t a  d s ing  
ground survey d a t . ~  provlded by t h e  Corps D e t r o i t  D i s t r i c t  Of f i ce  and 
simultaneous c o l o r  inf  ra rcd  a e r i a l  p1:otography acquired by KASA. S t a t  is- 
t i c s  were generated f o r  cach s i t e  and saved i n  a  s p e c i a l  s t a t i s t i c s  f i l e  
which cotald be e a s i l y  ed i t ed .  Tllese s i t c s  represen ted  tl;e f o l l o r~ i l l g  land 
use  c a t e g o r i e s  ilscd by t h e  D e t r o i t  D i s t r i c t :  

o  Low-, medium-, and high-densi ty  r e s i d e n t i a l  

o  l n s t i t r ~ t i o n a l ,  i n d u s t r i a l ,  and cornqcrc l a1  

o  Act ive  cropland 

o  Ex t r ac t i ve  and bar ren  

o  Brusliland 

o  Grassland 

A ninrimum 1  ikcl ihood a l g o r  i t l ~ ~  WAS us*>d t o  c l a s s i f y  t h e  W ! I ~ ~ C  T?;S 
d a t a  s e t  based on s t a t i s t i c s  fron $ 0  t r a i n i n g  s i t e s .  This  c l n . ~ s i f i c a t i o n  
imagc was thrcs':loldcd us ing  n ch i - sq~ ia r e  conf idrncc of '39 percent  t o  form 
a  second c l a s s i i  i c a t i a n  i ~ . i t ; c \ .  Dot11 c l a s s i  f ; ca t  ion i m g c s ,  tlic 
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t h r e ~ h o l d e d  ~ n d  unthrosholded,  were ddsplayed on a n  i n t e r a c t i v e  d i s p l n y  
device .  Transforaed divergence a n a l y s i s  was used t o  i d e n t i f y  stat is-  
t icc r l ly  s i m i l a r  s i t c c  (Sunin and Davis, 19?8). Ten colorr .  were csoignad 
t o  t hc  c l t i s ses  t o  r ep re sen t  t h e  land u se  cn t cgo r i ee  l i s t e d  above. By 
f l agg ing  t h e  same c l a s s  i n  each image p l cne  ~ n d  f l i c k e r i n g  between t h e  
two c l a s s i f i e d  inngee, i t  was poss ib l a  t o  d e t e r n i c e  which c l a s s e s  needed 
t o  be th resholded  o r  f u r t h e r  zef incd .  Kajor  e r r o r e  of omission and com- 
m i s s i o ~ l  were found i n  t ho  g r a s s l and ,  a g r i c u l t u r a l ,  and brushland ca t c -  
g o r i e s .  Moreover, much of t h e  RIS scene r a a l 3 e d  u n c l n s s i f i e d  a c  t h e  
99 percent  confidcnco l e v e l .  Addi t iona l  t r c i n i n g  s i t c s  v c r c  l o c s t c d  i n  
t h e  h g e  t o  minimize thaoo a r r o r s ,  b r i ng ing  t h e  t o t a l  nunber of t r a i n i n g  
sites t o  67. Once t h e  e n t i r z  TMS scene  wa3 c l a s s i f i e d ,  t h e  onme s t a t i s -  
t i c s  were used t o  c l n s s i f y  t h e  r e g i o t c r e d  TMS d a t a  f o r  t h e  M t .  Cleneno 
West a r e a  u s ing  t h e  maximrm~ l i ke l i hood  a l g c r i t h x .  The r e s u l t a n t  c l a s -  
s i f i e d  h g e  was th resholded  us ing  a  chi-square conf idence  of 99 pe rcen t  
t o  form a  second c l a s s i f i e d  image. 

+ 
The snme 67 t r a i n i n g  s i te  s t a t i s t i c s  were a l s o  used t o  c l a s s i f y  

s e v e r a l  d a t a  s e t s  us ing  o t h e r  TNS band combinotiono. The f i r s t  was com- 
posed of ThIS Bands 2,  3 and 4 ,  innking it s p e c t r a l l y  s i r c i l a r  t o  MSS bu t  
w i t h  g r e a t e r  s p c c t r e l  and rad iomet r ic  r e so lu t i on .  Transformed 3 ivergencc ,  
which measures t h e  s t a t i s t i c a l  s e p a r a b i l i t y  betwecn cach clriso p a i r  f o r  
a l l  band combinatiofis, wno cppl icd  t o  t h e  f i r s t  40 t r a i n i n g  s i t e s  t o  
se lec t .  opt imal  TMS band c o a t i n a t i o n s  from t h e  127 possi1,lc pemuta t i o r . s .  
An opt imal  band s o l c c t i o n  rrould reduce process ing  tirne v h i l e  hopefu l ly  
preserv ing  most of t h e  information contepc i n  t h e  scene. T l ~ e  t ransformed 
divergence t e s t  i d e n t i f i e d  Bands 3, 4 and 7 and 3 ,  4 ,  5 and 7 a s  tl- 
optimum 3 and 4 band combinations, r c spec t i vc ly .  Th-sc t h r e e  I N S  3 

s e t s ,  composcd of Bands 2 ,  3 and 4;  3, 4 and 7; and 3 ,  4 ,  5 and 7 werc 
c l a s s i f i e d  u s ing  67 t r a i n i n g  site s t a t i s t i c s  and a n,ximum l i k e l i h o o d  
a i g o r i t h .  Companion Fmnges th resholded  a t  a  chi-square conf idcncc  of 
99 pcrcent  werc a l s o  produced. 

Both t h e  thrcsholded and unthresholded c l n s s i f i c a t i o n o  werc c ro s s -  
t abu l a t ed  w i th  t h e  d i g i t a l  r--ound t r u t h .  Using a  s imple  p l u r a l i t y  dec i -  
s i o n  r u l c ,  each t r a i n i n g  c ik -  s i g n a t u r e  was re lobe led  based upon t h e  most 
predominant l and  cover prcueiit . Using t h i s  method, d i s c r c p a ~ ~ c i e s  were 
qu ick ly  found botweer~ t h e  ca tegory  detcrmincd by t h c  p l u r a l i t y  r u l c  and 
t h e  land  cover  w i th in  t h e  o r i g i n a l  t r a i n i n g  s i t e .  Thc ma jo r i t y  of con- 
fu s ion  was between grass '  1 (both n c t u r n l  and plnnncd, such  a s  i d l c l a n d ,  
go l f  cou r se s  and . l i g r i cu l t u rn l  a r ea s .  Using t h e  p l u r a l i t y  
dccis ior l  r u l e ,  t he  67 c l a c ~ e s  developed from tho  r r a l n i n s  s i t e  s t a t i s -  
t i c s  i n  bo th  thrcsholdcd and unthrcsholdcd c l a s s i f  i c a t i o n s  were a s s i g n x i  
t o  one of t en  cn tcgor ico :  water ,  c rop land ,  woodland, woodcd wetland,  
opcn wetland,  brush,  g rass land ,  c o m e r c i n l / t n d u s t r l i ~ l ,  r e s i d e n t i a l ,  and 
e x t r a c t i v e .  

The MSS h a g c  was c1nssi.f ied i n  a  s i m i l a r  manner u s ing  73 d i f  f  c r c n t  
t r a i n i n g  c l a s s e s .  Because of t h e  d i f  f c r cnce  i n  r e s o l u t i o n  be t r~ecn  b1SS 
and TEIS t l a ta ,  171s t r a i n i n g  o i t e s  werc gene ra l l y  too smnl l  ( i . e . ,  hnd too  
few p i x e l s )  t o  u se  i n  c l a s s i f y i n g  t h e  MSS da t a .  Both th rcsholdcd  a n d .  
unthrcsholdcd c l a s s i f  i r n t  ions were produccd. 
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For t 11c1 l ~ r c l i ~ u f n : \ r p  : rc t : t i rc rcy  n c c s c ~ s s m c t a t ,  t ho  tcn 1cc11d c o v c t r  crltcr- 
t?.tjr t t \ r l  w c ~ r r *  t tggrag;~tcd l r r t o  :iix h c c t r t i ~ r  lrej  o p c t t \  w c * L l ; ~ i \ d  c~l rc \  very 1 i t  t l r  
I ~ ~ I I I ~ I \ I : I I \ ~ I  or ~ w ~ ~ c i t ~ d  w ~ * t l u l r d  w i * r l 3  p r c * c ~ - t ~ t  111 t 111- E l t .  C l c~ rnc* t au  Wost n r c w .  
I \ r u : t \ \ l ; ~ ~ \ t l ,  w t j o d a d  w c \ t . l n u d  rind w t l o d l ; k n d  wc*r i l  t l r t l r i ~ l o r c  c o r n l \ t ~ r c d  i n t c l  r l  
:a t ~ \ ~ l r l  w t r ~ l d  l:rt\ti c u t n ~ t ) t . y .  S i t r c c *  t 11c1 cxt r : t r t  i v a / h n r r c n  c n t c t ; o r y  i n r  l l l d c i l  
III : II \~ ~:t)lr::t rtli-t ion  s l t ~ : ~  i l l  L 9 i S  w l \ i c l r  I r y  1931 rc1>rc t1c*1 r l c*d  other l c ~ t r d  
c s t \ v i* r  ( ypt*:: t Itis C : I ~  ijmttry wits r c * ~ t t ~ v c + d  f rc tm CII~:I 1 ys 1 t ~ .  

that1 tlSt:S y u a d r : l ~ i g l c * ,  ) I t  . C l c m i - t a u  \ . le i s t ,  w i t s  c:cl rcst r J  for t l ~ c *  l i r c l -  
1 ln1i11:lry :~c ' i~ t . : t cy  : ~ t a : a o u u n ~ t * ~ ~ t .  A1 t l ~ t ~ i i g l ~  p r ! m : r r i  l y  r c ~ s t ~ l e - ~ l t  it11 , t l ~ l s  L I ~ L * ~  

l . r r r \ ta  l ~ \ t \ t l  nr;lt\y (9 t l w r  ~ n ~ : t l  l I \ i * t e r i 1 l~c*11o i~11 t a  1 ~ t l 1 d  CL)VL*~.  partst-1 s , i l r r  1 u t l  Ins 
~ d t r  I :  I J c - o n u l ~ r l r c  la1 b r ~  l l t l  tnr;:; n l o i r g  m : i J o r  ro :~dw:ig :a ,  timi11 1 
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Tho 01 scrvtl t  lo11 t l t o t  u ~ i i r g  7 hclndu i n s t c u d  of  4 halrds d i d  n o t  
iinyrovo t lrc ~10::sii i c ~ ~ f o i r  ucc\ir:icy is s u p p o r t a d  by p rcv io r l s  t l l c o r c t  ic ; l l  
r c s r l l t s  o l  p : l t t c ~ r n - c l : ~ s s I f i ~ ~ r  sys tcma.  Swnir. nild D:rvf:; (1978) tirlggcst 
t l r u ~  Cor :I f ixc!d uumbur o f  tr:linlirg samplus  t l ro rc  is i1n o p t i m a l  nuinbcr 
of t : l )ac t rn l  b:rnd:: o r  b r i ~ l r t u c s s  l o v c l s  p a r  build. T t l c r c c i s i n ~  t lrc number 
o f  ::pcctrnl band:; r u s \ i l t u  Ln a ll igllcr  and lrlgllor J imcnslonci l  s c t  o f  
s t : ~ t  ist i c s  t o  be cst t n u t c d  w it.lr :I C Cxcd ~ ~ u i n b c r  of somplcs .  Tl icorc t  i c n l  l y  , 
l l rc.r~*nslng tlrt* dlmcils i o l l a l i t y  rcqri i r e s  mora t rcl in i i lg  snmplcs  t o  cl1nr:ic- 
Lcrf.-..c\ tlrc :rdclccl \ ~ ; ~ r f : ~ l , f l i t y ,  bu t  wit11 a f ixod :;omplo, c l : l s s i f  i c n l i o i r  
nrclir:icy c:ru :ictu:;lLy dut:rcasc. III t l l l s  r a s e ,  t h e  most o p t  im:11 com- 
b l n : ~ t  Lon o f  f c;ittrrcls c o n t 3 l n c d  l o u r  I ~ ~ n d s ,  w i t h  ciiclr \wnJ from n nrujor 
riy; I ~ I I  of tlie :;pcct rum: v i u i b l p ,  ilu:ir i i l fr :rrcd,  i n i t l d l ~  itrf r i i r cd ,  :llrd 
t lrc t hurm;i 1 i n f  r:r red . 

Tlrc :~l>ovr* t ~ t s c r v : i t l r ~ n  i o  l u r t l i ~ * r  conf irmc-d I)y cxumirr;it i o n  of  t l i c  
Lllrcslroldcd rct::rilts prau~!atud ill Tnblo  9. h rh l -squir rc  coirf idcilcc lcv'l 
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419 pt*rc.t*~rL t.oirf l~lt*rr~:c 1 ~ * v t - l .  

'l'lrc 1urgt.r arc\:ru of  lowcr colrf ldencu (T;ilrlo 9 )  wlrcrr 11:: 111s Rmrd:: 3, 
b nird 7 ia;ry bt* tluc 111 part Lo t l ~ c  l o \ ~ t * r  :;lr;iti:ll r c n ~ ) l u t t o i r  of I\crnd 7 
(120 mt- t  c r s )  . 'i'lri:; ::ulrlrouLt ioir w 1 l l  1lc i*x;iminud iir dcL;ii l rrsiiig 3(h 
L l i i r n ~ i l  ~ t :  1 1  t I I I L I ~ L .  l':iltc.n tot;t-Lhcr , t l lcs~!  rc%ul t  s iird i c n t c  th:\t 
:t l):irrd :;rih:;t-t of :4 hdrrtlr, wclu opt Lm:il l o r  '1u:;sif t cu t  i o n  purpo::cs, whcrcus  
t 1rrc.t- 11:iutI:; s lt;irlt'it-uirt 1 y do~ . rc : i s~ -d  t I I ~  tSl:is:: i f  ic:it toil :iccrir:rcv. 'i'lll- 
iii~l~rcrvt-d ?>IS : t p ~ ~ t ~ t  r a l  r c u o l u t  1er11 t llcrcf arc s igir if  Ici lnt  l y  i u c r c ; ~ s c d  t lrc 
c 1:r:;sil' ic;rt 1011 crrcrrraclas f o r  t hc  cluudranylu. 

5.0 (:ONCI,IIS I ONS AN11 I~lI'l.ICAT1C~NS 

'r11c::c rtlsrrlt s a r c  pri-1Iiclrr:iry :IIILI :my ctrirclti::ltri~s dr:rwr~ from tlrcrn 
:;lr~)ultI 1)t- t~~ i~rpc r t - t l  w i t 1 1  tll;iL c:lrit in1r. 111 i i ;rr t icul . : tr ,  L ~ I L * ! ; ~  r c s r i l t s  i1rc 
\j:r:;txd or\ orrly orlc t opogral)lric- m:rp f ron n Ilcnv i l y  rc::td't-rrt I:rl /conmrc-rcial 
:trt8;r. 'i'lit) tl:it:i :ire fro111 :I ' ~ ' I I ~ I I I : I ~  it. N:ipp~*r Slinul:~Ltir r:itIicr t l r : ~ i ~  tlrP 
~ ~ c L u : i \  ' I l l .  I:lrr;rl l y  . tlrc ElSS d:~r:r wcrc ohta l i rcd  ill ta:rrly :;unmrcr wlri It* t lrr- 
'SFI:; w;rs 1' 1,1t.*ir iir l;it c s~inuni~r;  tlrcrt'f ~ r r c  snmc of  t l r l -  d 1 f f c r c r l c ~ * s   rot c.d 
rorrltl bv drrt* L O  :;c\a::ar~ul. o tmo:~ l~ l rc r l c  :ii1(1 :;uu crirglo clf cc- ts  rn t l r c r  tI1;11r 
sl~l1::trl- 'I 1 t' i tur,*lll-,I:;. 

I\:ist*cl a n  t 11tn::c \rr~>.L lniirr:iry ri'::ul ts. 'ITIS d:rtn ~ ~ r o d r r c c d  :1 n o r v  
:11*1.tlr:Itc- ;1111l :;p;rt i;r L I y t!alrt igll<l\l:: c- 13s:: i f ic:at [or1 t 11:rr1 FtSS f o r  t l r f  :: st\\cIy 
: I . 1411 I 1 t. tl*tb ;r~:crirdc-y o i  t11c !a-lr;rtld TPIS tl:it;i ::ct w ; ~ ? ;  :r 1iiro:;t :IS );trod 
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The combinstian of bands s e l e c t e d  bsscd on t h e  transformed d iver -  
gence technique  provided o r o  band i n  each of t h e  m j o r  r eg ions  of t h e  
spectrum: v i s i b l e  (Band 3) ,  near  IR (Eand 4), n i d d l e  I R  (Band 5) and 
thermal  I R  (Band 7) .  Th i s  s e l e c t i o n  agrees  reasonably  w e l l  w i th  r e s u l t s  
ob ta ined  by Dattnvio and Williams (1982) u s ing  l i n e a r  d i s c r iminan t  
a n a l y s i s  and L s t t y  and Hcffcr  (1982) us ing  d ivergencc  neasureu f o r  
f o r e s t  types .  This  would be  e.xpected i n  l i g h t  of  t h e  i n t e r c o r r e l c t i c n  
s t u d i e s  of Staenz e t  n1. (1980). Addit ionhl  r e l a z e d  n t u d i e c  a r c  sum- 
marized i n  I r o n s  (1982). 

The imp l i ca t ions  of t h e  inproved c l o n s i f i c o t i o n  accuracy of TM3 d a t a  
a r e  important f o r  Corps hydro logica l  and econonic modeling. I n  p a r t i c u -  
l a r ,  t h e  h igher  accurac ioa  f o r  t h e  developed c a t e g o r i e s  ( r e s i d e n t i a l  and 
c o m e r c i n l )  should inprove t h e  p r e d i c t  i ons  of runoff  i n  f lood  f o r e c a s t i n g  
models and of f l ood  damoga f o r  damnge c a l c u l a t i o n  models apprecinbly.  
The increased  s p a c t r a l  s e n s i t i v i t y  of R3 m y  a l s o  improve c a l c u l e t i o n s  
of watershed i n f i l t r a t i o n  capac i ty .  Moreover, t h e  promising r e s u l t s  w i th  
bnnd s e l e c t i o n  w i l l  p enn i t  u s e r s  of t h e  doto  t o  b e n e f i t  from t h e  improved 
clczsoif icot ion c a p a b i l i t y  without  having t o  d e a l  w i th  t h e  e n t i r e  d a t a  
volume. 
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RI - MSS - 
Spcctrn l  BnnJs 

(11m) 

Spat  i n 1  Resolution 
(m) 

Rudiomutr ic Rcsolut  i o n  
( b i ~ s )  

Tublc 1 .  R l  and PlSS Sensor Cl lnrnctcr i s t i c s  

Elux imum 

255 

255 

255 

2 34 

148 

185 

255 

Mcnn - S t d .  Dcv. 

56 1 0  

8 1 18 

7 2 2 5 

103 19 

49 10 

2 9 9 

101 3 0 

E l i  n imum 

Notc: T l ~ c  tlicrmal hnild on tllc T l l cmnt ic  Mnppc-r is Bnnd 6 ,  not 
Band 7 as oil the  Thcm;lt i c  1lnppc.r S imula tor .  

Dntc: 8 /19 /81  Timc: 9 : 5 9  u.m. I.oc:ll Timc 

Tnblc 2 .  Summry S t n t i s t i c s  f o r  RlS Fl ig l i t  I.iuc o f  
Clintoil  I'\ivt-r , Nicliigan 
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Toblo 3.  Comparison o f  Ground Trut:: Dntn and MSS C l n s s l f  i c n t i o n  f o r  ..- -. ., . 

T n b l c  4 .  Comparison of Crotind T r u t l ~  Dntn and 1MS ( A l l  Bands) C l ; ~ s s i f i c n t i o n  
f o r  Mt. Clmrcns Wcvt 
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Table 5. Comparison of Ground Truth Data and TMS (Bands 2 ,  3 ,  4 )  
C l a s s i f i c a t i o n  for M t .  Clemcns West 

Totcl 

T a b l e  6. Comparison of Ground Truth Data and TPfS (Bands 3 ,  4 ,  7 )  
Class i f  i cn t lon  for P l t .  C lmens  West 
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TfsFS CATEGORIES (UAMDS 3.4,6,7) 

C o ~ m d d /  neantinl rotd PO-% l9la?czv ilgllcumpr WoaiEcnd G- C a T U t  

VJst.9 2 3  1 64 I 184 1W #n 3!3.9 

Abrfculture 24 1 em 443 4,157 133 $,a7 7 . ~ 5  23.7 

VZdlend 42 Og3 4.m 2,Ul 2 3  1 ,  8,647 42.7 

Oman It3 1,243 2 , ~  17,m 3,217 10,OTS 32,CSl U.8 

CommnWI 16 76 14 6,C;n 4,454 11.13 61.0 

RsrWantld ta 4Xl 639 6,637 1,fiit 31,339 42,a e0.6 

- - - - - - - -  
T O ~  G 5  4,293 7,153 31,- C , S 3  1 100,CQI 61.3 

Table 7. Comparison of Ground Truth Data and TlG (Rands 3 ,  4 ,  5 ,  7) 
Clnss i f i ca t ion  for  M t .  Clemens West 

PERCEM CORGECt 

Psrcenl 
Sonsor LYater Agdcuhtum Lai&lErnd Gmsa Tnd","Zi1' F.o-,ldsnttel Totd Auerc~a by 

Catwwy 

M I I  05 20 4.2 22 49 71 43 43 

Tr.:S 
(Cm& 2, 3, 4) * IS 3 49 40 74 €6 U 

TW8 
(0- 2,3,4j 32 21) 43 47 47 C7 63 43 

Tr;l C 
( C 4 o  3.4.6. 7) 21 a t5 61 rn 61 oa 

TMC 
(A!! mdel 35 28 42 GO 69 C3 61 43 

Table 8 .  C las s i f i cn t ion  Accuracy Assessment Summary, 100% Class i f i ca t ion  
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PERCEPdT CORRECT 
I I 

TMS 1 19 63 60 60 6S Cd 
(Bmdr 3,4,7) l 
TMS I 34 62 63 G6 89 71 
(All Dande) 

Table 9. Classification Accuracy Assessment Summary, 99% Chi-square 
Confidence Level 







THE ROLE OF M O T E  SENSING IN ASSESSING 
FOREST BIONASS IN APPALACHIAN SOUTH CAROLINA 
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Department of Forestry, Clemson University 
--I  Clemsan, South Carolina, U.S.A. 

ABSTRACT 

Information is presented on the use of color infrared aerial 
photographs end ground sampling methods to quantify standing forest 
biomass in Appalachian South Carolina. Local tree biomass equations 
are given and subsequent evaluation of stand density and size classes 
using renote sensins methods is presented. Methods of terrain 
analysis, environmental hazard rating and subsequent determination of 
accessibility of forest biomass are discussed. Computer-based 
statistical analyses are used to expznd Lndlvidual cover-type 
specific ground sample data to area-wide cover type inventory figures 
based on aerial photogrzphic interpretation and area measurement. 
Forest bionass data are presented for the study area in terms of 
discriminant size classes, merchantability limits, accessibility (as 
related to terrain and yieldlharvest constraints) and potential 
environmental impact of harvest. 

1.1 : INTRODUCTION 

South Carolina, like many other states, is heavily dependent 
upon non-renewable fuels obtained outside its economy for a large 
portion of its energy needs. Piany industries are using natural gas 
or fuel oil to meet their energy needs and these fuels are 
particularly vulnerable to fluctuations in cost and supply. Thus, 
alternative, local sources of energy, such as wind, solar, and 
biomass are becoming increasingly more attracrtive. This study was 
undertaken because information available on the amount and 
availability of wood resources wes insufficient to allow confident 
commercial decisions to be made about converting to wood as a fuel. 

Past inventories of the forest resource have been made primarily 
as an assessment of conventional products .such as pulpwood and 
lumber. Net forest growth of this comnercial material is currently 
double the amoxnt harvested in Appalachian Scluth Carolina 'Snyder, 
1978). Forest industries have not quantified the non-merchantable 
material, the tops and limbs of merchantable trees, the trees less 
than 4 inches diameter breast height ( d b h ) ,  an2 the trces too crooked 
or defective to be of much conventional comercial value. These 
unquantified materials are often considered to be the potential fuel 
wood resource. 
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The hardwood material in the study area that is traditionally 
classified as pulpwood has few markets compared to its abundance. 
Hardwood is the predornix~ant forest cover type in each Appalachian 
county and ~ u c h  of it is of low quality (Snyder, 1978). Should the 
future bring an increase in the demand 50r thcse naturally 
reproducing and grouing hsrdwoods, such 2s for fuel wood, forest 
managers in this area m y  be able to reduce thz expensive need for 
removing "junk hardwoods" from potentially productive sites and, 
thus, stop spending enoilnous amounts of money in clearing land so 
that the currently more commercially valusble pines may be planted 
and managed effectively. 

However, before any effort can be made to entice large users of 
energy in this area of South Carolina to convert to energy systems 
that utilize w ~ o d  biomass, the amount and stability of supply/cost of 
such fuelwood must be clearly established. Such determinations must 
inclugo, the total amount of biomass available, the portion of the 
total that is readily accessible, and from a logging and ownership 
standpoint, the amount and location of excess low value conventional 
products that would be readily available to any potential fuel wood 
user. This study was designed to provide the types of data that will 
help encourage the use of wood for industrial fuel in upstate South 
Carolina. 

MATERIALS AND METHODS 

1.1. Standing Forest Biomass 

Multiphase sampling involving aerial photographs and ground 
samples was used to quantify the standing forest blomass in the six 
counties that make up the Appalachian port!.on of South Carolina 
(Figure 1). Estimates of the forest biomass within predetermined 
naturally-occurring species groups or forest cover types were made 
from measurements of trees on ground sample plots within the 
different forest types. Aerial photographs, interpreted with the aid 
of ground samples, were then used to calculate the number of acres in 
each forest cover type and the total acreage of forests within the 
study area. Biomass was estimated based on equations derived from 
individual tree measurements and stand tree size and dencity 
estimates for each cover type taken from aerial photographs. 

Color infrared aerial photographs were taken by the Clemson 
University Departnent of Forestry in the form of thirteen strips 
located nine miles apart at a scale of 1/12,000 (Figure 1). The 
photographs were developed as positive transparencies and viewed on 
light tables. Aerial coverage was taken in early spring of 1980 to 
allow maximum forest cover type differentiation, based on foliage 
coloration. 

A two-man crew collected ground sample data during a six-month 
period. Groups or clusters of three samples were taken at 95 
locations so as to coincide with the aerial photographic coverage 
(Figure 1). On each plot, sample trees were selected with an ocular 
prism method ( basal are2 factor 10 - Grcsenbaugh, 1952) and measured 
or observed for each of the following factors: species, dbh, total 
height, defects, product class, and canopy position. Trees less than 
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Figure 1. Locations c f  aerial photographic strips 
and ground sample grou?s in the six ccunty 
study area of Appalachian South Carolina. 

3.6 inches dbh were sampled with a 1/100th acre rectangblar ylot. 
For every tree on these small plots, species, dbh (in 1 inch 
classes), and t~tal height were recorded. 

In addition to the individual tree data, detailed descriptioas 
of the surrounding site or stand (a groq of similar, associated 
trees) were made at every point. The general zr2a or stand vas 
evaluated for fozest cover type, understory vegetative cover, 
topography, erosion hazard, and accessibility. Site quality was 
determined by using tree heights, increment core age sampling, and 
species cross reference site index curves (danph, 1955). Site 
quality was expressed as sitz index (heizht at base age 50 yrs.) S>r 
commercial southern pines. 

On the aerial photographs forest cmer types which were usually 
stands were delineated on clear acetate Sy trained 
photo-interpreters. The overall land classification scheme j.nclxded 
two general classes, forest and non-£crest. The forest land was 
subdivided into major forest cover type;, pine, hardwood, xixed 
pine-hardwood, harvested, and darnaged tores t . In turn the major 
types were further subdivided into specific cover types as follows: 
two pine types (natural or artificial, deperlding uDon how they had 
been regenerated), four hdrdwood types (swamp, bottomlar?d, cove or 
upland, based on physiographic site types), and three mixed types 
(26-40% pine, 41-602 pine, or 61-75% p j n e ,  based upor the proportion 
of p i ~ e  stocking). These specifj.~ cover types were felt to b.2 of 
sufficient differecce in biomass pro6uctivity to warrant separate 
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d c l i n c n t i o n  and  biomuss e s t i m a t c s .  The o r e s  i n  e a c h  s p e c i f i c  c o v e r  
t y p c  was e s t i n ~ a t c d  f o r  e e c l ~  county  from t l ic  photographs u s i n g  o d o t  
g r i d  o v e r l a y  o f  4  d o t s  p e r  s q u a r e  i n c h  (Bonncr ,  1975)  and  e x p r e s s e d  
i n  a c r e s .  

S i n c e  fores t :  b iomass  c o r r e s p o n d s  c l o s e l y  w i t h  t r e e  s i z e  and 
s t c ~ t ~ d  d c n s l t y  (number o f  t r e c s  p e r  a c r e ) ,  a  s y s t e n l a t i c  g roup  o f  
sumplcs  was t n k e n  on the  n e r i u l  pho tog raphs  w i t h  a g r i d  d o t  o v e r l a y  
o f  one  clot p e r  s q u a r e  i n c h  i n  o r d e r  t o  e s t i m a t e  t h e s e  p a r a m e t e r s  f o r  
c a c h  c o v e r  typ:?. A t  c ach  d o t  a t e n t h - a c r e ,  s c n l e d ,  c i r c u l a r  p l o t  wns 
supc1rinpo:;cd on t h e  d c l i n c n t c d  c o v e r  t y p e  ( s t a n d )  and  t h e  p h o t o  
i n t r ~ r p r t - t : e r  c s t i n ~ a t c d  t r c c  d c n s i t y  (crown c l o s u r e  c l a s s )  and t r c c  
h c i g h t  c l : ~ s s  f o r  that. scxnplc. T r e e  h e i g h t  c l n s s  was b n s r d  on  t h e  
nvestlgc height:  of v i s i b l e  crowns w i t h i n  t h e  s c n l e d  t e n t h - a c r e  p l o t ,  
a c c o r d i n g  t - t h e  c l n s n  limits shown bclow: 

Medium 
T n l l  

Crown c l o s u r c  c l ; ~ s s  ( s t a n d  d e n s i t y )  was d e f i n e d  a s  t h c  p e r c e n t a g e  o f  
t h e  p h o t o - p l o t  occup ied  by v i s i b l e  t r c c  crowns when coniparcd t o  
prcdc t .c r~a inc t l  crown d c n s i t y  r c f e r c i l c e  s c i l l c s .  Thc c l o s u r c  c l n s s c s  
tit:c811 a r c  shown bclow: 

Cl13su1-c C l n s s  D c s c r i  t i o n  Cnno v C l o s u r e  ( > e r c c l \ t )  
1- L i g  I- ~t --*+ 

2 Elodcrti r c  40-70 
3 llcnvy 75-100  

Diomnss p e r  i i c rc  on t h c  ground was co r r c l i l t . cd  t o  t h e  s t a n d  crown 
c l o s u r c  a1111 hc ig!~t  c l a s s e s  on t h e  n c r i n l  p l ~ o t o g r a p h s  nnd c o v c r  t y p e  
s ~ ~ c i  t'ic biomn: :~  p r c d i c  ti011 equnt  i o n s  wcrc ricvcloped u s i n g  t h c  s t a n d  
s t o c k  iny, c t r r c l  s i z e  pnscimctcrn , crown c l o s u r e  ilnd t ~ e i p h t  c l n s s ,  as 
p r e d i c t i v e  v a r i r ~ b l c s ,  :;uc11 a s  d e s c s i b c d  by hlcnd iitld Smith (1979) i n  a  
: ~ i n i i l i i t *  C : ~ S C .  

1 . 2 .  I n d i v i d i ~ l l l  T r c c  Rionrnss 

I,occ~l biom:lss cqu:tt i o n s  wcrc dcvc.lopcd for s p e c i f i c  u s c  i n  t h i s  . . sul-vtby. 1 hcs2  c q u : ~  t i o n s  wcrc d ~ t r i v c d  I rom i n d i v i d u : ~ l  r r c c  b iomass  
prtt(ii1-t i on  cqt1;1t ion:; f o r  v c ~ r i a u s  spccic:: of t h e  Piedmont llnd 
i t  I :  o f  t h e  Sour l l c ~ i ~ s t  provf  tlcd by t h e  U.  S .  F o r e s t  S e r v i c e  
( I  1 i s  1060) 21nd wcsc wcir,htcd by t h c  Ercciucncy w i t h  which 
v i ~ r i o u s  spc-c-icas were t 11 11 i c d  d u r i l l ~  groui~t i  :::imp1 Lng. A1 1 c q u n t i o n s  
wcrc  t l s t b ~ \  t o  p r c - J i c t  grccli  weight  t ~ b o v c  ground biomass i u  pounds f o r  
i 1 t 1 i i t I . i  t r e v s .  Sepziri~t c l o i . ; ~ l  e q u a t i o n s  wcrc  dcvc lopcd  f o r  cnch  
spcc\ic.s grclup i~nt! f o r  thcx differ-cnt p roduc t  compot~cnts  w i t l ~ i t l  cuch 
:;pc~c it.:; t:t-oup, c . k:. , saw l o g s ,  pulpwood , crown,  ii:; shown bc lcw,  

11;) t-11 l i : ~  ~-(lwootl ovcl-s I o1.y 1 scnc:; : 1 .(I32200 I '  i i l'r-cC i i t : :  ()7,:-cc.11 potlnds 1 = 0 . 1 4 4  15DLH 
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1,ohlol  l y  ~ t n c .  o v c r s t  ory t  t * t 8 ~ ? i :  '' 1.03450  tot:^\ Trctt  Rlom:~:;s ( g r c c n  p o t ~ n d s )  - 0. 114480'11 

Sl lor t  ltk:~f :~n( l  p i t  cl\ p i t l c  ovc.r::tory t l ' ccs  : ') 1 .11931  
'I't\t.;~ I 'l'rt*~ 1\ itj111:1ss ( K I - ~ ~ C I I  pcr~~\tl::) - 0 , Otr 175DLll 

Vlrgi1\1; \  t111il w l ~ i t t -  p i t ~ t \  i~v t*rsLi j ry  t ~ - c c * s :  2 0 .05706 
'Sot ill 'l'rt>tt Rttrnr;~:::: ( y , r c c ~ ~  potu\ds) - 0. 2776511 I \  

l1:1ri\ I\:~cdwt~otl t ~ n t l t ~ r s  to?-!: t I-ccs : 2 1.152'5S 
Tot :I 1 'Srci\ l \ i ~ \ t r ~ : ~ s s  ( ~ r c * t * ~ \  pounds)  5 .001'0') ( n  

$+.!;!.--.XYF I ~ I . ~ ~ ~ I  i L- t i K( A \t;l t i 011 I< 2 

t : ~  - - 1 8 .  ~ ? ~ ~ - ~ ~ G ~ ? I T ( ~ . ~ . ~ T I  . :*5:\(\1'l'} . IT47 
\I;I I - ~ I \ , ~ ~ ) O ~ I  t : ~  .. - / , : ) . I I I  t :'~.<l:sf,t:t:) 4 : \ ~ . s I o ( I I * ~ )  .s!17 
El i  s tQ i! t ; \~  - L'f~.?~rtr I O.$:\'l([:(:) .t :'7.71'$(11T1 . SHH 
t\ 1 I I:t\t.t\:: t t:W - - . \ O . : ' O \  i I\).(lt~i'((:t:) I 3LI.:'O1(II'S) . R 7'3 



considerable effort. Fsctars utilized in evaluating field plots 
included drainage conditions, size and isoletion of the forest 
property, nearness to road network, and topographic configuration 
which included botb degree of s!.ope sitd terrain variability. These 
factors were also considered in interpreting accessibLlity for each 
photo-plot on the aerial photographs using both planimetric and 
topographic maps. Accessibj.lity crit-eria were evaluate? for each 
photo-plot and accessibility classes were assigned based on the above 
information plus additional physical exaniination of unusual 
conditions and constraints that might have influenced accessibility, 
such as deep streams with no evident crossing, extremely steep or 
rough topography isolating o stand from all-weather roads or other 
obstacles like swamps, cliffs, or gulleys. Slopes exceeding 30% were 
considered difficult, those exceeding 40% were rated very difficult. 

Because of the strong influence of slope and ground cover on 
potetitial environmental hazard of harvesting (erosion/siftation 
potential), slope assessment and grcund cover evaluation were related 
to specific cover types delineated and used to rote forest acreage 
for potential site impact due to harvesting fuel biomass. Hazard 
ratings closely corresponded to accessibility ratings and were 
considered equivalent for restricting potentially harvcstable acres. 

f 1.5. Loggiag Residues 

The study field crew cooperated with personnel of the South 
Carolina .Forestry Commission in a state-wide collection of logging 
residue data including the study area. The line-intersect method of 
sampling (Van Wagner, 1968) was csed in estimating the biomass of the 
branches and cull logs that covered the sites already logged. For 
the timher left standing, the dbh and height of standing trees was 
used together with a prediction equation for understory soft 
hardwoods (Phillips, 1980) to predict standing residual biomass. 

RESULTS AND DISCUSSION 

2.1. Forest Cover Type Estimates 
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The basic procedure used in this study for estimating forest 
acreage is very similer to that used by the U. S. Forest Service, 
Southeastern Forest Experiment Station to estimate cover type acreage 
in the detailed and intensive Forest Survey (Sheffield, 1979). 
Personnel of the U. S. Forest Service (Knight and McClure, 1980) 
provided data which allowed a comparison of estimates of the number 
of acres of forest. land in the six-county study area to estimates 
made by the Forest Survey (Table 1). Except for one county, the 
Forest Survey estimates of forest land area were consistently higher 
than those of this study. The definition of forest land used in this 
study does not encompass all forest land termed "cornnercial" by the 
Forest Service. The U. S. Forest Service estimates of forest land 
area include "land at least 16.7 percent stocked by forest trees of 
any size, or forrncrly hnving had such tree cover, and not currently 
developed for non-forest use" (Snyder, 1978). The current study 
excluded many acres that were included in the Forest Service 
definition, i.e., from a practical standpoint there is little 



Table 1. Estircates of forest land area in Appalachian South Carolina, including 
"secondary" forest land that was not inventoried in this survey. 

Land. U.S.F.S. Clemson Survey "Secondary1' 
krea' Forest Area Forest Area Forest Area 

County (N-acres) (M-acres) ( 4 )  (M-acres 1 (I) (M-acres) (I) 

Anderson 

Cherokee 253  156 62 130 51 2  6 11 

Spart anburg 5  3 1 27 1 5 1  2 7 2  5 1 0 0 %I 
-43 - 0 2  
03 

T o t a l  Area  2 . 4 9 0  1 , 4 3 4  57 .6  1 , 2 9 5  5 2 . 4  1 4 0  5 . 2  a' 
roo 
C P  
P a  'u. S. Bureau 'of Census estimates (includes water). M-acres = 1,000 acres. C m  
2~ 



liklihood of the harvest of "residential foresr," fringe areas or 
small isolated stands ( c  5 acres). In the six-county study area, 
"primary" forests occupy 52.5% of the total land area (including 
water), and "secondary" forests occupy another 5.22 (Table 1). 

The extent of the forest cover types within the study area and 
total biomass estimztes are sunmarized in Table 2. 'It is apparent 
that hardwoods are the predominant forest type in every county. 
Based on cover type clnssification of primary forests, 25.4% of the 
l ~ n d  area is occupied by hardwoods, 13.2X by pines, and 11.72 i.s 
occtipied by the mixed pine-hardwood type. The cover type proportion 
estimates reflect differences in physiographic and land use 
conditions of the six counties. For example, the most rugged 
counties (Oconee and Pickens) have high percentages of primsry forest 
while Cherokee County, which has been farmed heavily in the past has 
substantial (11%) secondary forest land (Table 1). 

2.2. Standing Forest Biomass 
ORIGINAL PAGE IS 
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There is a significant proportion (26%) of the study area 
biomass in the non-merchantable category (Table 2); and in addition, 
low value hardwood pulpwood constitutes a significant proportion 
(25%) of the biomass in the most prevalent cover type (hardwood). 
The hardwood cover ty7e also has the highest average standing biomass 
per acre (94.8 tons). These two factors, high yield and high 
acreage, make the hardwood cover type the majoi- source of biomass in 
the study area. 

Surprisingly, the amount of biomass pzr acre differed little 
among the specific cover types within major cover types, although, as 
shown in Table 2, the major cover types differed considerably. For 
example, within the mixed pine-hardwood cover type the various 
proportions of pine, 26-75%, effected estimates of blomass by less 
than 1 ton per acre, while within the hardwood cover type biomass 
estimates differed by as much as 30 tons per acre from the swamp to 
the bottomland hardwood cover type (data not shown but available - 
Nix et al., 1981). Thus, subdividing the major cover types into 
specific types was useful in improving accuracy of biomass estimates 
in some cases (the hardwood cover type) but not in others (the mixed 
pine-hardwood cover type). 

Large amounts of the standing forest biomass in the six counties 
will normally be utilized for products higher in value than energy 
wood, e.g., the 36.2% that is sawtimber and pine pulpwood. Under 
current econamic conditions, forest biomass with potential use for 
szwtimber products would rarely be used as energy wocd. Although 
manufacture of sawn products results in substantial wood waste much 
of this material is already being used for fuel by the forest 
industries. There is a reasonable demand for pine pulpwood products 
within the study area, although this demand varies locally. Hardwood 
pulpwood which is 18.3% of the total biomass is of considerably 
reduced demand and value, and much of this category could be 
harvested as enerqy wood. Trees above 3.5 inches dbh but below 
pulpwood size ( 4 . 6 ' - i -  dbh), che tops and crobms of trees utilized for 
pulpwood and sawtimber, and hardwood specjes that are not used for 
conventional products constitute an appreciable 'non-merchantable' 



Table 2. Proportion of t o t a l  land a r e a  i n  Appalachian South Carolina i n  the  f o r e s t  cover 
types and d i s t r i b u t i o n  of biomass by product ca tegor ies .  

Port ion of Tota l  Product Category ~ i s t r i b u t i o n l  
Cover Total  Area B iornas s Tons/ Pine Hdwd Non- Trees < 
Types (7.1 (MH G. Tons) acre  Sawtimber Pulp Pulp Nerch. 3.6" dbh 

-------- Percent o t  Total  Biomass -------- 
Pine 13.2 30.3 91.4 23.1 35.2 3.4 22.2 16.0 

Hardwood 25.4 59 .O 94.8 24.9 3.7 25.3 26.2 19.9 
W .- 
C Mixed 11.7 23.6 82.1 17.7 12.3 21.5 26.7 21.8 

Harvested 2 .0  2.0 39.2 0.0 0.0 0.0 61.7 38.3 

Damaged 0.1 0.2 56.7 23.6 35.9 3.5 22.6 14.4 

%3 
A l l  Fores t  52.4 115.1 88.8 22.4 13.8 18.3 25.9 19.6 , as , 
- 0 s  m r -  
'percentages i n  product ca tegor ies  a r e  for cover types.  
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category (262 of the total biomass) in the six counties. The 
non-merchantable standing biomass is the category with the greotes t 
potential for use as energy wood; but because of its low value, its 
harvest may be linked with conventional product removals. Although 
technology continues to be developed for utilization of small stems 
(below 3.6" dbh), it is questionable whether this size material can 
be harvested econoinically on n large-scale basis with current logging 
equipment. The hardwood pulpwood together with the non-merchantable 
catqgory > 3.5" dbh make up 44 .2% of the total or about 51 million 
green tons of potentic? fuel wood in the study area. 

2.3. Accessibility of Forest Cover Types and Biomass 

The percentages of forest cover type areas that were rated in 
the three accessibility classes are shown in Table 3. Approximately 
877, of the primary forest area was rated as 'readily accessible.' An 
additional 104 was rated as 'accessible under certain conditions,' 
and only 32 was reted as 'accessible with considerable difficulty.' 

Table 3. Distribution of forest cover type acreages in three 
accessibility classes in Appalachian South Carolina. 

Access. Cover T e 
Class Pine Hardwood Mixed Damaged Total 

.- --------- Percent of Total Area --------- 

There was little variai:ion in the distribution of forest land 
among accessibility classes between counties. On the other hand, 
because of differences associated with physiographic site conditions 
common to cover types, there was considerable variation in the 
general acccssibility characteristics of the different forest cover 
types (Table 3). For example, the least accessible type is the 
hardwood cover type, of which 82% was classed as readily accessible 
as compared to 94% for the pine cover type. 

Because of the very close correlation between accessibility and 
harvesting hazard and duc to the manner in which the two parameters 
were evaluated, they can be considered equivalent in this study. 
Thus, an average of 13 percent of the forested acreage in the study 
aren was rated as potentially too fragile to enter with mechanized 
equipn~cnt for fuclwo~d harvest. In addition, because of cover 
typc-phy::ioy,rnphic i~~cerrclation , some cover types arc: more 
restricted than others, c . g . ,  18 percent of the hardwood typc acreage 
could bc considered in a "harvcst with care" category (Table 3). 111 
a careful, detailed examination of data accumulated by the USDA 
Forcst Scr\lice's Kenewablc Rcsourccs Evaluation Unit, Dissmcycr (1979) 
indicntc3s that as much i-is 20 percent of the forested aren of the 
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South Carolina Piedmont could be in a high risk category for 
intensive harvest-related activities. Because of the precence of the 
mountain site types in the six county area, it would not be 
unwarranted to assume an even higher proportion of high risk forest 
acres in the Appalachian counties than for the Piedmont Region as a 
whole. Thus, for the hardwood type in particular, the 18 percent 
restricted acreage value may be an underestimate by as much as 
10 percent. 

The acreage of primary forest in a county is the major reason 
for differences in total. biomass among counties. As shown in 
Table 4, thc amount of total biomass in a county increases directly 
with the amount of forest land and readily accessible biomess follows 
the same course. The differences among counties in the amount of 
biomass that is readily accessible are only slightly ameliorated by 
tl~c interactions that occur between the total forcst acreage and the 
accessibility and the biomass per acre of ifidividual cover types 
within counties. Since the least accessible cover type, lIardwood 
(82% readily accessible), also happet~s to have the highest biomass 
per acrc (94.8 tons per acre) the counties having a high proportion 
of liardwood acrcage (Oconec - 364 and Pickens - 312) do not depart 
appreciably from the high acreage-high biomnss pattern typical of the 
study area. 

Table 4. Forested arca, total biomass, and readily accessible 
biomass for counties in Appalachian South Carolina. 

Total Primary Bionass (la1 G. Tons) Percent: 
Forest Area of 

County (M acres) Total Readi.1~ accessible Total 

Anderson 170.3 15.3 13.4 87.6 

Cherokec 129.7 11.5 10.1 87.8 

Greenville 255.2 23.3 19.8 65.0 

Oconec 270.4 23 .!I 20.1 86.0 

Pickens 197.6 17.4 14.9 85.6 

Spartanburg 272.4 24.3 21.2 87.2 

Total Study Arca 1,295.7 115.2 99.6 86.4 

2.4. Harvest Residues 

Bnscd on the results of the cooperative study with the South 
Carolina Forestry Commission, it was estimated t h a t  21.7 grccn tons 
of fellccl mittcrial (crowns, cull, waste) were left pcr acre after . 

lo~gitlg. Bascd on the biomnss prediction equations, an avcragc of 
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5.7 tons of standing material, greater than 3.5 inches dbh, were left 
on the average acrc after logging. Based on 285 ground semples, the 
average forestcd acre contained 17.0 tons of biomass in material less 
than 3.6 inches dbh. Thus, the average acre could supply 44 .4  tons 
of biomass in addition to the amounts removed as conventional wood 
products, provided that the ioatzrial could be harvested economically. 

A similar estimate was obtained in a different manner. The 
product-size categories listed below and estimated from ground sample 
plots in the fie1.d werc assumed to have minimal comercial value and 
would, thus, constitute probable logging residues. The total of 
40.1 tons per acrc includes undersized and cull material as well as 
upper stems and crowns. It does not include any hardwood pulpwood, 
some of which may be left behind in many operations due to its low 
economic value. 

Average Biomass 
Product-size Category 
Pine  on-merchants- 
Pine Understory 
Hardwood Non-merchantable 
Hardwood Non-commercial 
Hardwood Understory 

TOTAL 40.1 

The harvested acreages in each county werc dividcd into cleared 
(site prepared) versus not cleared sites using aerial photographs. 
The uncleared sites were assuii-;ed to contain 4 4 . 4  tons of residual 
biomass per acre. \Jhile no biomass estimates were attached to the 
cleared sites, these should be recognized for their potential to 
supply an average 44.4  tonslacre of residues prior to clearing. The 
estimates of acreages and biomass of harvested stands are listed in 
Table 5. Nearly 2 million tons of logging residue remains after 
harvest in the six county area. 

2.5. Estimates of Potential Productivity (Annual Growth) 

In considering the availability of forest biomass for industrial 
fuel use, the aspect of sustained or stable supply of fuel must be 
considered. To this point the subject ot the standing forest 
resource has been addressed as if it were a relatively static 
phenorr,cnon. Forests are, fortunately, not static, but rather are 
like the principal of a savings deposit that draws compounded 
interest. As such, the availability of forest biomass for any use 
should be assessed on the basis of growth or annual increment. 
4Forescs are normally managed such that a resource base is established 
of sufficient size to produce an annual increment or growth that is 
at least equal to the annual demand placed on the forest. After such 
condition is reached, sustained or stable supply is assured. In as 
much as such a s*lstainnble supply of biomass fuel would be highly 
desirable, it was necessary to estimate current and future annual 
growth for the six county study srea. Additionally, the estimates of 
growth must reflect accurately the impact of harvest removals and 
natural mortality, that is, they mcst be estimates of net growth. 
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Table 5. Acreage in cleared (site prepared) versus not cleared 
logging sites vith resulting logging residue estimates 
£0: ~ppalachian South Carolina. (Logging residues are 
based on 44.4 tons per acre oniy on sites not cleared.) 

Area Lo~ged (M acres) Logging Residues 
County Total Cleared Not clears (M green tons) 

Anderson 6.7 --- 6.7 293 

Cherokee 6.3 - - - 6.3 279 

Greenville 7.0 1.2 5.8 

Oconee 11.7 1.5 10.2 

Pickens 5.6 0.2 5.4 

Spartanburg 12.8 2.3 10.5 

Study Area 50.1 5.2 44.9 1,994 

Current annual forest growth rates for the six count) area were 
derived from estimates of site quality for each cover type and the 
known growth rates for comercial species in the cover types as 
related to site quality. The predicted growth rates in this study 
werc based on expected'volume yields of normally stocked stands at 
age 50 years (Anon., 1976). These growth rates, which are termed 
mean annual increment, arc in merchantable volume units, i. e. , cubic 
feet per acre per year of main stem for trees 4 inches dbh (3.6-4.5" 
dbh) and larger. Estimates of annual volume growth were converted to 
green weight of wood and bark using cover type-specific conversion 
values derived from species conversion values provided by Dr. M. A .  
Taras, Wood Scientist, Clemson University. Estimates of merchantable 
annual growrh for each cover type are available (Nix et al., 1981). 
Total merchantable annual growth is 4.395 million green tons of wood 
and barlc. In estimating growth potential of the cover types, 
harvested and damaged areas werc treated as 41-61% pine and 100% 
pine, respectively. The distribu~ion of annual growth among the six 
counties is available (Nix et al., 1981). Although these estimates 
of growth are based on the predicted growth of loblolly or shortleaf 
pine at age 50, they should serve as reasonable estimates of 
productivity of the cover types examined in this study, particularly 
since cover-type specific site index and volume/weight factors were 
used. 

The estimates of growth for merchantable material (conventional. 
products) were converted to total biomass growth for use in fuel 
availability assessment. Previously in this study, the proportion of 
the total biomass per acre (average for the study area) that is in 
each utilization component was estirilatcd (Table 2). For example, the 
merchantable proportion of total bioness was estimated as being 
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54.5 percent based on an analysis of all ground sample data. These 
proportions were applied to the merchantable growth estimates and the 
total annual biomass growth and each of its component parts were 
estimated for the study area (Table 6). 

Table 6. Total annual forest biomass growth for Appalachian South 
Car~lina~according to cover type and roajor utilization 
category . 

Non-Merch. Growth 
All Merch. > 3.5" dbh Totcl Biomass 

Cover Type (Z of Total) ( X  of Total) (M G. Tons) 

Pine 
Hardwood 
Mixed 
Harvested 
Damaged 

Total 54.5 25.9 8,063.8 

l~erchantable material includes pine and hardwood pulpwood and saw 
timber. Non-merchantable material less than 3.6" dbh is part of 
total biomass growth but is not considered as avaiiab1.e in this 
study because of harvesting constraints. 

The annual growth estimates in Tablc 6 indicate that over 
8 million green tons of forest biomass are grown each year in the six 
county study area. Assuming that the proportions of the various 
components of total biomass given previously are valid for the growth 
estimates, then estimates of the annual growth of the different 
components that are of particular interest as fuel potential can be 
calculated. Annual growth of non-merchantable material greater thzn 
3.5" dbh is 25 .9% of the total growth or 2 .088  million tons of wood 
and bark. Annual growth of the hardwood pulpwood component which is 
currently the lowest valued merchmtable product is 18.3% of the 
total or 1.476 million green tons of wood and bark. The 
unmerchantable growth greater than 3.5"  dbh and the hardwood pulpwood 
taken together annually provide 3 . 5 6 4  million tons of porential wood 
suitable for fuel. 

SUMMARY AND CONCLUSIONS 

In order to stimulate the consideration of an abundant renewable 
resource for use as an energy source in South Carolina, a survey was 
conducted in six upstate counties to find the amount of realistically 
available forest biomass that might be utilized commercially for 
fuel. This survey provides information necessary to both non-forest 
and forest-based industries that are corlsidering the use of forest 
biomass as their major or supplenlental source of energy. Forest 
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biomass information has been complled in this study utilizing 
multi-phase inventory methods which include ground samples, low 
altitude color infrared aerial photographs, and computer-based data 
assimilation. 

The total amount of aboveground forest biomass in six county 
study area is 115 million green tons of which 51 million tons are 
economically suited for use as fuel wood. On the average, 87X of 
this biomass is readily accessible. The annual growth of forest 
biomass is estimated to be 8 million green tons of which 3.6 million 
tons are economically suited for fuel use. The au?rage yield of 
biomass was estimated to be 88.8 reen tons per acre a d  ranged from 
57 tons per acre for the damaged forest type to 95 tons per acre for 
the hardwood cover type. The hardwood cover type is also the most 
prevalent in the study area, thus, over half (511) of the available 
biomass in the six counties and an apprzciable. proportion (20-30%) of 
the biomass economically suitable for fuel is hardwood. 

The study indicates that there is a considerable amount of 
forest biomass available for fuel in Appalachian South Carolina 
(50-100 MM tons). In addition, this biomass is growing at a rapid 
rate (8 MM tonslyear) and could supply a significant fuel wood demand 
(3-5 MN tunslyear) in the six county area on a sustained basis for a 
meaningful period. In a companion study of the six col~nty area, 
Harris (1982) estimated that the total demand for fuel wood by 
industries in the study area with a high porential for converting to 
wood fuel would not exceed 1 million green tons per year. It is of 
interest to note that even one small pulp mill can consume in excess 
of a million green tons of wood annunlly. Based on these 
considerations, there is every rcasoti to encourage local industries 
with favorable ecotlomic feasibility to make use of this abundant 
renewable energy resource in Appalachian South Carolina. 
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1 . l NTRODUCT l ON 

Peatlands c o n s t i t u t e  a v i a b l e  eneryy source. Europeans have burned 
peat  f o r  heat ing  ana cocking f o r  centur ies.  Moro recently, o i c c t r l c  and 
d i s t r i c t  hea t i cg  p l a n t s  powered by pes t  have been b u i l t  i n  Ireland, 
Finland, and t h e  Sov ie t  Union. Est imates i nd i ca te  t h a t  I r e land  produces 
about 20 percent  o f  i t s  energy needs by burn ing  peat (Minneapolis Tribune, 
1982). 

The experience i n  t h e  Uni ted States has n o t  been comparable. i nd l -  
v l dua l s  have burned peat  f o r  heating, b u t  larger-scale development o f  
t h e  resource has n o t  occurred. I n  fact ,  it requ i rod  t h e  energy c r i s e s  
o f  t h e  1970s t o  awaken r,~ost Americans t o  t h e  p o t e n t l a l  r o l e  o f  a l t o r -  
n a t i v e  energy sources such as peat. 

Our paper exanlines t h e  c m p l e x l t i e s  o f  poatland management i n  blln- 
nesota and t h e  use o f  a geographic i n f o r m a t i ~ n  system, t h e  Minnesota Land 
blanaqwcnt ln fo rmat ion  System (MLMIS) i n  t h e  nlanagement process. lle 
begtn our d iscussion w i t h  a b r i e f  descr ipSion o f   hat peat  is,  where it 
I s  found, and t h e  d l s t r l b u t i o n  and amount o f  Minnesotals peat  resource. 

2. WAT IS PEAT? 

Peat I s  organic matter, I n  vary ing  stages o f  deconlposi t i on ,  t h a t  
accumulates under more-or-lass saturated condi t ions.  I t  i s  generally 
cmlposed o f  t h e  remains 3 f  reeds, sedges, Grasses, mosses, and wood. 
Tho c l imate,  topography, and drainage o f  an area deternlirle t he  degree 
of docanposi t ion o f  t h e  accumulating organ ic  mattor.  
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I n  Nl nnosota, pout lands covur about 6 t o  7 n r l  l 1 lor1 Qcrus, c r  
approxlrnotuly l b  purcunt, o f  t ho  land surfaca. Tho l a s t  q l a c l a t l o n  
n lod l f lod  t l l e  lundscapo and croatod many poor ly  dro lnud urous t h a t  r o r  
l dou l  l w a t l o n s  f o r  pout land fornrdt lon ( f i g .  1 ) .  Lurgo, corl t lgucus 
poatlunds formud I n  tho  nor thcont ru l  p a r t  o f  t hu  s t a t 0  on tho  p l a i n s  
o f  soveral g I a c I o I  lokos. Snlall, sca t tu rud poatlundr, forri~od I n  moral 
uruas and on outwdsh p l d l n s  t b d t  occur throughout t h o  statu,  uxcept 
f o r  t h u  0x1-runlo southnost and southeast corrlurs. 

0 

n l c  

3.1 P l l  nnosotu Poot Prograr  

Tho h l l  nnusota Puilt Prograin of t he  MI nnoeota Duportnrunt o f  Natura l  
I ~ ~ S O ~ I ~ C O S  (I-IUNf<I 16 d l  r o c t  l y rvspvns 1 b 1 u f o r  t hu  marlege~~ont of 0 1  I 
state-ow fwd o r  stuto-. ld?~l n l  s tu rod puo l  lands. Thosu puat l ands cullpr 1 su 
on ostlmatod 50 porcorrt o t  t h u  s t d t c ' s  rosourco. 

Tllu Puot !'rogrlmnr bugan I n  1975, p r  l r a r  l l y i n  rusponsu t o  a luileu 
r o q ~ u s t  by o MI nnosota u t  l l l ty,  &ll I ~ ~ U ~ U S C O  ( I l l  nnu5otu tios Cwpany 1 .  
Tho curpony ruquustod u 25-yuar louse f o r  ZO0,OCO ocrds o f  puatlund, 
must o f  wlllcb I s  sttito-ourlud, t o  produce s u b e t l t u t o  na tu ra l  gas t r a n  
punt. Uocousu l l t t l o  was known dbuttt t he  s t u t u ' e  puot rusourca, o 
morcltoriunr on p o a t l u ~ ~ l !  l u a s i ~ ~ g  was i n lyvb~d t o  1 1  lc;v t lmo t o  uxunrlno 
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quost ions r o l u t o d  t o  lurgo- and smal l -scalu dovolopnenf. I iork bogon 
on u poat Invontory, baso l lne  onvlronrnentol studlos, and s tud los  o f  
dovolopnient opt lor is  and t h o l r  po ton t l o :  onvlronrnunttll and s o c l e  
sconarilc ln~pucts. Tho Poat Proyruni was chargod w i t h  t h e  dovolop- 
rnont and i~ lp lc t l i~enta t lon  o f  a peat lond rnenoyemunt po l i cy .  

3.2 C1ancly'mlun.t Pol I c y  

Puot lands const  1 t u t u  u niul t l  f i lcotod rusourco. A l  thouyh nllf l lng 
poat  f o r  unurgy i s  d curront ,  prlrnary In toros t ,  poatlands can a l s o  
be nilned f o r  h o r t l c u l t u r d l  o r  l n d u s t r l a l  chomlcol uso. Usod I n  s l t u ,  
poatlands can bo rndnoyod f o r  bloonorgy crops, 8y r I cu l t u r0 ,  forestry, 
w 1 l d l  1 fu, r o c r o o t  Ion, o r  sowuge troetnlont. S~vo rc l l  MI nnusota pootlands 
aro  a l s o  bolny consldurod f o r  p rosurvu t lon  bocausu o f  unlquo londforns 
und r d r o  p l a n t  cnd an ln~a l  spoclos. 

Tlro cu r ran t  MONR pot l t land nanugtnlent p o l l c y  I s  t o  

- nlclnoclo f o r  niul t l p l u  uso, - l d u n t l i y  pootlunds t o r  p ro toc t lon ,  - c o n t r o l  ~ n v  1 ror?nlcntell aird suc 1 ouconm l c  Impacts, und - d l  r u c t  dovulopnlon-l. 

Tlio bIL)NH d l  so rwur~~nlonds t h a t  1 o(lsos stiuu I d riot uxcuod 3,000 ocrus I n  
slzo. Th ls  roc in~n i~~nda t l on  I s  basod on sovordl fac tors :  It i s  f u l t  t h d t  
duvolopr,lont In~j>octs mciy bo succossf u l  1 y n i l  t lgatud on l uoso t r a c t s  o f  
t h i s  slzo, Luropoan oxpurlcnco su:]gosts t h a t  3,000 acros can support a 
v l d b l o  cnorgy product ion  Industry,  and Idrgo-scalu dovdlopnont has n o t  
boon proven onvl ronn~ontol  ly, oconunlcirl l y e  o r  tochno log lca l  1 y. I n  tac t ,  
t f i i s  sunrilor, Ptlnnu~jdsco r o l ~ u s o d  t h u  rUsv l  t s  o f  t l l o i r  fuclsibi  l l t y  s tud ios  
f o r  largo-scalu prouuct lon o f  s u b s t l t u t o  r iaturir l  gds tronr peat. Tholr  
c o n c l u s l o ~ ~  hds t l l ~ l t  I t  1s not  oconomlcal l y  foclslblo a t  t l i l s  tlnio. 

Pocrtl dnd r ~ l d r ~ ~ ~ j o r t ~ o ~ i t  r t lqui  r o s  mdtchiny potont  1 d i  usos w i t h  t ho  
rosourco chLlr i lctur 1 s t  lcs. Thl s procoss Invo l \~os  i l l 0  i dunt 1 t l c a t l o n  
o t  potont lc t l  u:.ot;, tho  rt lsourcu roquircn~lonts f u r  t ho  usus, a v d l l d b l l l t y  
o f  t l lu  rosourco, poss I b 1 o co l l s t ra  1 n t s  d r~d 1 In1 1 t s t o  duvol opliiunt, dnJ 
roclcrnldtlon cpt lo~rr ; .  

Tllo !-'oat Progrunl s t a f f  dos I gr~od (I f o u r - j ) l ~ ~ ~ s u  proccbs t o  m t c h  tho  
podt ro>courco w I t h  1 110 ruqu i rcvllt~lit s of spuc 1 f IC ~51)s: 
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Tho procoss progresses frcm gonerallzed rasourco deta ot phase I to 
detailed lnformatlon at phase IV. 

Tho Poot Program staff decided to uso a geographic tnformetlon 
system for several aspects of tho r~ianagmunt procoss. Tho decision 
was basod on two primary fsctors: ( 1 )  the avalleblllty of en already 
oxlstlng data boso vlPh a large number of data varlablos nnd 
( 2 )  the analysls and gruphlc capabllltlos of the system. 

4,  hILMIS: A GEOGRAPHIC INFORMATION SYSTEM 

BLbIIS was developed ot tho Unlvorslty of lillnnosota In 1968 with the 
llrnltod purpose of developlng an lnvontory of tho statots lakoshore resour- 
cos. In 1969, tho inventor-y progrm wwts oxpondod to Include land usa pat- 
terns of tho stato. This data Item sorved as tho geographic rofaronce for 
the systeni, a statuwidu $0-acre grid flio. Botwoen 1969 and 1977, the data 
bas0 was oxpandod, coinputor softwaro was dovolopsd, and caso study projacts 
woro complotod. In 1977, MLMlS wes transferred fraq the univorslty to tho 
stato government to function ns a sorvlco bureau. At this tlme, tho data 
baso and ccxllputor progrunts wero fully oporatlonal for nature1 resourco 
planning. MLFllS had now bocon~o part of tho Land Msnagoment Information 
Cuntor (LMIC) in tho Mlnnusota Dopartmunt of Enorgy, Planning, and 
Dovulopmcnt (KOEPD). 

Tho service bureau acts qs a cloarlnghousc botwoon doto sourcos and 
data uswrs. Data are provlded and maintalnod bv vdrlous agoncios at 
state, federal, and local ievols, and offorts aro mado to coordlnato tholr 
colluctfon procedures. Currently, thore are hundreds of data vbriablos 
In tho systom many of which are based on a 40-acre statunldo grid cull. 
Thoru aro approximately 1.35 n~llllon cells In a slnglo statcwldo data 
varlablo. Tho following aro tho nioro Important ddta varlablos: 

- Watersheds for Minnosoia have boen dollnoatod fran topographlc 
maps and lncludo olovon major drainago basins, UL major watershods, 
and 5700 nt i nor watcrsheds. - Land uso and land covor have boon lnterprotod f i a  high altitude 
aerial photographs Into nine catugorlos. - Forest cover has beon dotcrmincd for tho stato provldlng on In- 
vbntcry of forus* cam~uni ty types. - Land ownership by govornmunt agunclos has also boon rocordod tor 
tho ontiro stdto. - Gcnural solls and yoomorphic dafa hdvu boon collected for thu stato, 
which allows fur nodrly 25 capabll lty Interprotations of the sol 1 
;data including product 1 vlty rdtings, enginour-lny 1 irnltatlons, and 
physlcol propertius. 

Althvugh the statuwide data baso, which has devolopod ovor the past flf- 
icon years, consists pr1n:drlly of natural rosourco datd such as soils and 
forest covor, it also contains seloctod ddta on Gcmograpnlcs, physical dov- 
oloprnont, and adrninistrr~tlvo bounddrios. 
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In addition to the 40-acre grld cell data baso there are numerous data 
bases of moro generalized data and very detailed data. For examplo, de- 
tailed data basos, conslsting of 2.5 acre grld coils, exlst for many of ihe 
townships surrounding the cltles of Minneapolis and St. Paul. A dotallsd 
data base consisting of 50 meters x 50 meters grid cells exists for the 
14lnnosota Valley National Wildlife Refuge and Recroatlon Area. Also, thero 
Is a new generation of data currently belng developed. One example of these 
data is the digital terrain information obtained from U.S. Geological 
Survey maps. Thoso maps were dlgltlzed by tho U.S. Defense dappirly Agoncy 
for use with the cruise missles and are now available In digital format for 
most of tho country. This Information has beon stored for Minnesota In 
grld cells of 100 meters x 100 meters as elevation data and can be Inter- 
preted to obtain slope and aspect. LANDSAT data aro also belng collected 
for the state to enhance the extstlng 40-acre land use and land cover data. 
These new data will be stored as 100 motors x 100 motors grld cells. 

LMlC not only provides data to users, but also provides a cmpro- 
henslvo set of computer programs, computer hardware, and trained staff to 
meet users1 nesds. These include tho foliowing: 

- Analysis packages for polygon and grid modeling, data base 
managers, stal-istlcal packages, and a bib!lographic retrieval 
system. - Graphics facllitlus lncluda polygon and st-16 display progril~ls, 
text display, and business graphics. Tlleso products are genor- 
ated on either hardcopy printers or video displays, in color or 
black and white. - Computer progra~nnlny si-af f that continue to nlalntain and 
augment the system and also provide systems design advico to 
users. 

Over tho past f lfteer! years IJILIIIIS, as a part of the Univorsl ty of Clinn- 
osota and now as a part of LCIIC, has served many users in a variofy of ca- 
pdcltlos. Users have includud fuderal, state, and local government agon- 
cles as well as private organizations. Many projects havc dealt with 
onv ironmental asscssmunts for surf ace wdtctr, gr-oundwater, sol l erosion, 
and unique scientific resources on s statcwldo or local level. Other 
studlcs have included the identification of potuntlal sites for tho 
devolopnlent of power plants, transnilssion lines, highway corrldors, and 
wasto d i sposa I. 

5. LILl.11 S AS A MANhGEl.tENT TOOL 

5.1 Regional Ar.aiysls Clodel 

Thu suitability model developud by LI.lIC and L!DNR stuff was designed to 
ful ly utl l izo the capabi l ities of the P;LI.IIS. Most ot the data used in the 
lnoaol already oxisted in the I.IL).lIS data baso, and most of tho proyrarns used 
to analyze the data existed as part of the Environmental Planning Pro- 
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grartlr,liny Lsnbuagc (EPPL) . EPPL I s  1.ILBlIS's y r i  d  c e l  I ana lys is  package. 
The ob j cc t  i vo of t h e  model i s  t o  prov idc  rllarlircec~ent supporl. f o r  t h e  Peat 
Prograw s t a f f  by determining what peatlanas might be ava i l ab le  f o r  poss ib l c  
leas ing  as s l ~ e r n a t e  oncrgy sources. T h i s  niodc.1 I s  p a r t  o f  a four-phase 
process d o s i g ~ e d  by t h e  Peat  Progrdn~ s t i i f  f and i s  intended t o  be a  reg iona l  
ana lys is  only. A l l  ana lys is  WJS p e r f o r r d  using a 40-acre data c u l l .  
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-. 
The study ares definod by the Peat Progrem staff as part of Phsso I 

... of the1 r progra! I nc l udas el ght countfes In northern Mi nnosota: Eel trernl , . - Cass, Carl ton, Itasca, Koochlching, Lake, Lake of the Wmds, and St. Louls. 
Thls area contalns tho vast majorlty of poat in Minnesota and Is of primary 

5 Interest -to both the public and private sector. It is also the area In 
whlch there have boen leasa requests. 

. * , Tho davolopnent of the Roglonal Analysis Codel ( f l g .  2 )  bogan by do- 
termlnlng what data would bo necossary to identify peatlands with dovolop- 
ment potontl al : 

. .. 
- Soli Atlas Solls. The Soli Atlss serios was deslgnod to provlde 
general solls info;matIon for planning purposes. Thls is tho 
only soils lnformatlon avsilable with state~ide coverogo. Peat 
P r q r m  staff use the serlos Po Identify tho distribution and 
areal extent of tha state's peaflands. - 1969 Land Use / Land Cover. Land Use / Land Cover provides state- 
wide coverage of nlne classos of uses or cover. Thoso data pro- 
vide tho necossary water resourco Information. - Hlghway Crientatlon. This data variable Identifies, stat~wido, 
those 40-acre parcels adjacent to Oi containing roads and lntor- 
sections. - County Civll Divisions (CCDSI. CCDS Idontlflos all incorporated 
municipal I ties, townshlps, or unorganized territories in -the 
state. - 1978 Publlc Land Odnorshlp. This variable describes onnorship 
for land under federal, state, or county jurlsdlction in the 
state. - Peat Prvservation Areas. Thls data variablo was special iy 
croatod for this study frm naps prepared by Peat Frograil steff. 
Three classos of prot~xtion were  sod to indentify areas 
containing unique landforms and rare plant and animal speclos. 

The rmalnlng stops used In developing the Regional Analysis lbdol 
used EPPL to analyze the selected data. These stops were as follows: 

- By uslng soils, land cover, and land use data, poatlands and 
40-acre parcels dominantly covered by wator were idontifiod. 
These peatlands were then examined to detarmlne those covering 
at loast 1000 contiguous acres. - Using CCbS, the locatlons of s i x  cities wore identified In the 
study aroa: Demldjl, Duluth, Grand Rapids, Hibbing, Internatlona! 
Falls, and Virginia. A circle one mile in dirtn~oter, placed at the 
controld of each city, ropresent tho  clties' lncorporatod aroas. - Noxt, usi rlg Highway Or iontatlori and the rov ised ci ty locations, 
a dlstanco analysis was performed. Starting at tho edgo of a 
city, a search was done to idsntify 40-acro parcols which 
weto orientod toward or containing d paved or unpaved road and 
were within 50 miles or 10 ml!os, respectively, of tho city. 
Dlstanco *as measurcd along a road using eight points of tho 
compass: N, HE, E, SE, S ,  SW, W, and I4M. A one m i  lo proxlrnlty 



F l gu re  3. Peatlands With Oovelopnlent P o t o n t l e l  

~ I I T L I Y ~ S  Y I T Y  DIYILP)XIIT IOT~IITIIL:  I P D I  u r t t  vlelwitr 

ORIGINAL PAGE IS 
OF POOR QUALtW 

zone was then pli?cod around pilvcd and unpaved roads nlaetlny tho  
d is tanco c r i t e r i a .  - Using Pub l i c  Land Ownership, a doterminat ion was mado by t ho  
Peat Program siilf f as t o  what pub1 i c s l  1 y owned lands should 
be considered as a v a l l a b l o  fo r  poss ib lo  loaslng. P r l v a t o  lands 
uoro consldurcd as a soperata c lass.  

- F i n a l  1 y, through a se r i es  c f  con~positos, t h e  new data c raatcd  I n  



t h e  provlous steps were combined u l t h  peat  p rcsc rva t l on  I n f o r -  
mat lon t o  y i e l d  a f l n a l  s u l t a b l l l t y  da ta  va r i ab le .  

Tho Regional Analys is  Model l d s n t f f l e d  those peat lands w i t h  aevelop- 
mont p o t e n t i a l  as an energy resource. They cover 1000 contiguous acres 
o r  moro, a re  w i t h i n  51  n l l o s  (as measured a long paved roads) o r  11 m l l o s  
(as measured a long unpaved roads) o f  ono o f  s l x  ss lec ted  c l t l o s ,  a ro  con- 
s idered s t a t e  aval lablo,  and a re  no t  w i t h i n  a p rese rva t i on  area. I n  addl- 
t i o n  t o  t h o  c r i t e r i a  described abovo, any p o r t i o n  of a poat land t h a t  was 
consldorod t o  havo development po ten t i a l ,  b u t  oxtondod beyond s i x  m i l e s  
o f  t h e  p rox im i t y  zono, was considarcd n o t  a v a i i a b l o  f o r  development 
( f l y .  3 ) .  S t a t i s t l c a l l y ,  w l t h l n  t h e  study area used by t h o  model, noa r l y  
950,000 acres were l d e n t i f l c d  as being p o t e n t i a l l y  ~ u a l l a b l e  f o r  s t a t e  
leasing, 123,000 acres met a l l  o f  t h e  c r l t e r l a  bu t  were on p r l v a t o  land, 
and 2,500,000 acres o f  peat  f a i l e d  t o  meat t h e  modol*s c r l t e r l a ,  

6. CONCL US I ON 

Poatlands I n  Mlnnesotd c c n s t i t u t e  a v i a b l e  energy resource t h a t  
roqu i r e  caro f  u l  c~dnagentcnt t o  ensure t h e i  r proper dovclopn~t:nt i;nd pro tcc-  
t l on .  As a t o o l  f c r  gu id ing  t h e  dovelopmant o f  Mlnncsotais peatlands, 
t h e  ClLbllS proved t o  be very valuable through Phase 1 o f  t h e  Peat Program. 
FILCiI S w I l l cont inuo t o  be used by Peat Program sl-af f as  a nlclnagcmcnt t o o l  
as Phases I I - I V  a re  l n i t i a t u u .  I n  Phase I I continued r ~ f  lncrnont o f  i h c  
Peat l and Su I tab  i 1 i t y  t:odo 1 w i l l oczur so t h a t  more d e t c  I l ed  county- 1 ovel 
ana lys is  can be performed. Two r e f  lncmcnts a r e  ?he untry o f  more dota l  l od  
peat resource information and n ~ o d i f l c a t l o n s  t o  t h o  d i s tance  ana lys is  p o r t i o n  
o f  t he  modol . Whi l o  more de ta f  l e d  Information, r e q u i r e d  f o r  phases 1 I I 
and I V ,  w i l l  bo obtd lncd on-site, MLMIS c a p a b l l i t l c s  w i l l  be f u r t h e r  u t l l -  
l zod  t o  ho lp  Peat Program s t a f f  nicrnltor t he  t e s t i n g  and permit processing 
r c q u i r c d  before  an i nd i v idua l  s i t e  can bo developed. 
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I 982. 

Rob i notto, Alan. "Clanag 1 ng rJatural Resource Data: I..lirlnosotsr Land 
Eldnsycmcnt l n f o r n ~ a t i o n  Systcnl." 1982, 
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INTRODUCTION 

The Management C o n s t r u c t  d e s c r i b e d  forms p a r t  of a n  o v e r a l l  
Landscape E c o l o g i c a l  P l a n n i n g  Model which h a s  a s  a p r i n c i p a l  
o b j e c t i v e  t h e  e x t e n s i o n  o f  t h e  t r a d i t i o n a l  d e s c r i p t i v e  l a n d  
u s e  mapping c a p a b i l i t i e s  o f  g5ograph ic  i n f o r m a t i o n  sys t ems  
i n t o  l a n d  manegement r e a l m s .  The management c o n s t r u c t  s h o u l d  
b e  s e e n  t o  be a n  a b s t r a c t  o r  t h e o s o p h i c a l  p r o c e d u r e  f o r  o r d e r i n g  
t h e  many i s s u e s ,  p a r a t m t e r s  and variables which r e q u i r e  con- 
s i d e r a t i o n  i n  r u r a l  p l a n n i n g  t o d a y .  C u r r e n t  r u r a l  p l a n n i n g  
i s s u e s  which t h e  c o n s t r u c t  s e e k s  t o  a s s i s t  i n  s o l v i n g  i n c l u d e  
t h e  i n f i l l i n g  of  an  a c c e p t e d  knowledge a n d  communlcation gap 
between l a n d  u s e  p l a n n i n g  and l a n d  managenent r e a l m s  ( H e l d ,  
1980)  ( T l u s  t y  , 1 9 7 9 ) ,  w h i l s t  acknowledging  t h e  r e c o n i z e d  com- 
p l e x i t y  of  i n t e r r e l a t i o n s h i p s  between t h e  two (Healy and  S n o r t ,  
1981) .  The c o n s t r u c t  i s  t h e r e f o r e  p roposed  as b e i n g  o f  p r o b a b l e  
wide u s e  f o r  n o t  o n l y  h i g h l i g h t i n g  p r e s e n t  r u r a l  p l a n n i n g  con- 
c e r n s ,  b u t  a s  a means o f  a r r a n g i n g  t h e  l a r g e  in fo rma t iona l .  and  
d a t a  i n p u t s  r e q u i r e d  t o  comprehens ive ly  a d d r e s s  a l l  r u r a l  p l an -  
n i n g  i s s u e s  i n  a h o l i s t i c  way ( T o f f l e r ,  1980). The l a s t  p o i n t  
i s  made i n  awareness  t h a t  g e o g r a p h i c  i n f o r m a t i o n  sys tems a p p e a r  
t o  be  moving t o  more comprehens ive  methods o f  d a t a  h a n d l i n g  and 
s t o r a g e ,  such  a s  r e l a t i o n a l  and h i e r a r c h i c a l  d a t a  managemc-nt 
s y s t e m s ,  and a c l e a r  need h a s  s i m u l t a n e o u s l y  a r i s e n  t h e r e f o r e  
f o r  p l a n n i n g  a s ses smen t  t e c h n i q u e s  and me thodo log ie s  which can  
s c t u a l l y  u s e  such  complex l e v e l s  of' d a t a  i n  a  s y s t e m a t i c ,  y e t  
f l e x i b l e  and s c e n a r i o  dependent  way. The d e s c r i p t i v e  o r  rnap- 
p i n g  method proposed  h e r e i n  t h e r e f o r e  b r o a c h e s  such  i s s u e s  and 
u t i l i z e s  a  c u r r e n t  New England b i o e n e r g y  s c e n a r i o ,  s t i m u l a t e d  
by t h e  u s e  of hardwoods f o r  houset lold h c a t l n g  pu rposes  e s t a -  
b l i s h e d  i n  t h e  p o s t  o i l  c r l s i s  e r a  and t h e  l n c r e a s c d  awareness  
o f  t h e  p o s s i b l e  l andscape  and e c o l o g i c a l  r a m i f i c a t i o n s  o f  t h e  
c o n t i n u e d  i n c r c n ~ i n g  u s e  of  t h e  r e s o u r c e .  
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1. EXPLICIT RESEARCH GOALS 

D e s p i t e  t h e  r e g i o n a l i z e d  o r  New England  n a t u r e  01' t h e  re- 
s e a r c h  t h e  model a s  deve loped  t o  d a t e ,  h a s  been  f o r m u l a t e d  
w i t h  a view t o  mee t ing  s e v e r a l  o t h e r  more u n i v e r s a l  y e t  
e x p l i c i t  g o a l s .  B r i e f l y  , t h e s e  g o a l s  a r e :  

To d i s p l a y  and re-emphasize t h e  i m p o r t a n c e  o f  h i o e n e r g y  as a 
renewable  r e s o u r c e  o f  i m p o r t a n c e  t o  man's s u r v i v a l  a t  g l o b a l ,  
n a t i o n a l ,  r e g i o n a l ,  r i g h t  down t o  l o c a l  scales.  F o r  bionlass  
r ema ins  t h e  one ,  1 - e l a t i v e l y  cheap ,  u n i v e r s a l l y  a v a i l a b l e ,  re- 
s o u r c e  which i s  e f f i c i e n t  i n  t h e  c a p t u r e  of t h e  d i l u t e  e n e r -  
g i e s  o f  s u n l i g h t .  P l a n t  d e r i v e d  p h o t o s y n t l l a t e s ,  e x p r e s s e d  
h e r e  a s  b iomass  and t h e i r  f u e l  e n d  u s e  a s  b i o e n e r g y ,  r e p r e s e n t  
i n  s in lp l e  t e rms  one o f  t h e  few s y n t ~ o p i c  - o r  m a t t e r  c r e a t i n g  - 
p r o c e s s e s  a v a i l a b l e  t o  common man (McHarg, 1 9 8 1 ) .  P l a n t  and  
p l a n t  p r o c e s s e s  t h e r e f o r e  o f f e r  one o f  t h e  few p r o s p e c t s  o f  
"wi th -ho ld ing"  t i le  i nc raeased  d e g r a d a t i o n a l  e f f ' e c t s  due t o  
e n t r o p y  w i t h  nimy po r t e t l d  i s  t h e  f u t u r e ,  g i v e n  i n c r e a s i n g  popu- 
l a t i o n  p r e s s i i r c s ,  I n c r e a s i n g  u s e  o f  f i n i t e  f  o s s i  1 f u e l  r l e s e r v e s ,  
and  i n c r e a s i n g  g l o b a l  a tn io sphe r i c  p o l l u t i o n ;  p a r t i c u l a r l y  o f  
carbon  d i o x i d e ,  upon which p l a n t s  r e l y  f o r  p h o t . o s y n t h e s l s  and  
t h e n c e  f o r  growth (Ayensu, e t  a l . ,  1980)  ( C o a t c s ,  1 9 8 1 ) .  

1 . 2 .  Coal  Two 

To u t i l i z e  an ex i s t : i ng  g e o g r a p h i c a l  i n f o r r c z t i o n  and  d a t a  
mnriagcment s y s t e m ,  i n  tf~Ls c a s e  t h e  METLANE s y s t c n ~  a s  d e v e l -  
oped s i n c e  1972 ,  w i t h  a  view t o  e x t e n d i n g  p r e s e n t  c a p a b i l i t i e s  
towarBds glBe,?ter  I l i f o ~ ~ m n t i o n a l  and i n t e r p r e t a t i o n a l  cont:enl;s, 
a s  wel l  a s  a  g r e a t e r  flexibility of  u s e  which i s  concoin i tan t  
w i t h  t h e  p r o s p e c t s  i n  l a r g e r  d a t a  baze m a l l s ~ e i ~ i c r ~ t  syst.crns 
(Fnbos and C a s w e l l ,  1977;  Fabos,  Crecne  and  J o y n e r ,  1 9 7 9 ) .  
Yet, a t  t h c  same t ime  r e c o g n i z e  and extenci t h e  v a l u e  o f  e a r l i e r  
s y s t e m s ;  p a r t i c u l a r l y  t h e i l l  e d u c a t i o n a l  capabilities addressee! 
t o  a l l  l c v c l s  o f  u s e r s ,  whe the r  s t u d e n t ,  b u s i n e s s  p e r s o n ,  o r  
l a y  u::cr. 

1 . 3  Goal  Thl-ce 

Thc :;ubJect o f  t h i s  p a p e r ;  which s e e k s  t o  explo l ' e  t h e  a s  yet; 
un tapped  i r l t c r p r c t n t . l v e  c a p a b i 1 l t ; i e s  of  com:piitt?r a s s i s t e d  
geogr-al~h 1 c n l  i~ l r 'o r rnnt ic~r  s y s t e m s  I n  .? w3y t.h;f t p e n e t r a t e s  i n t o  
laild mnnngemcnt c o n s i d e r a t i o n s ,  as i t en i ze r f !  i n  t h e  i n t r o d u c -  
t i o ~ l ,  p n r t i c ~ i l a r - l y  n s  a c t u a l  l a n d  managemclet p r a c t i c e s  c o u l d  
e f f e c t  t h e  " t lcal t l i"  of t h e  r e g i o r l n l  ccosyst.-2m. 

T:le empllaals i s  11owevt.r p r i m a r i l y  ;iddrmps::ed t o  t l lc d e v e l -  
opmellt o f  t.he rnana~emcnt, cons  t l - u c t  and  i t s  ~or*dc1*1 11g o f  t h e  t o -  



ORIGINAL PAGE IS 
OF FOQR QUALlTY 

t a l  n o d e l  and i t s  subsequen t  v a l i d a t i o n  t o  d a t e  on a c a s e  
s t u d y  a r e a  i n  t h e  Upper Housa ton ic  Bas in ,  Western  Massachu- 
s e t t s .  O f  s e v e r a l  s c e n a r i o s  c e s t e d ,  t h e  one d i s p l a y e d  h e r e  
h a s  beei! c l a s s i f i e d  a s  t h e  l lmos t - l ike ly ' l  o f  any ,  i n  r e s p e c t  t o  
economic v i a b i l i t y ,  a s  w e l l  as i n  r e s p e c t  t o  a c o n s e r v a t i o n a r y  
d e s i r e  t o  s e e k  ene rgy  e f f i c i e n c i e s  i n  a l l  l a n d  management oper -  
a t i o n s  f o r  t h e  f u t u r e .  

2.0 THE MAN AGEMEF'T CONSTRUCT 

The body of  d e f i n i t i o n ,  b e l i e f ,  end  f a c t ,  a s s o c i a t e d  w i t h  l a n d  
management i s  a paradigm o r  s u p e r  modei i n  i t s e l f  b e c a u s e  
management pe rvades  most o f  n a n t s  c o n s i d e r e d  a c t i o n s .  The 
c o n t e x t  i n  which management i s  used  h e r e  r e l a t e s ,  however,  t o  
t h a t  tendency  o f  man t o  s e e k  o r d e r  i n  h i s  env i ronmen t ,  some- 
t i m e s  t o  s i m p l i f y  i t  i n  such  a f a s h i o n  t h a t  t h e  p a r t s  o f  i n t e r -  
e s t  t o  him become more c o n i ~ r e h e n d a b l e ;  a r d  f o r  some, more con- 
t r o l l a b l e .  But a l s o  i m p l i e d  w i t h i n  t h e  c o n s t r u c t  which f o l -  
lows i s  t h a t  d e e p e r  d e v e l o p i n g  c o n s c i e n c e  of  a need t o  f u r t h e r  
deve lop  a l a n d  e t h i c  which pe rmea te s  t h e  whole s t r u c t u r e  o f  
management sys t ems  a s  t h e y  might  e f f e c t  t h e  l a n d .  ( D e v a l l ,  
1980;  Leopold,  1966;  NcHarg, 1969) .  Any m o d e l l i n g  c o n s t r u c t  
f o r  r u r z l  l a n d  managemeat; t h a t  s e t s  out. t o  b e  s n  a j u v a n t  pro-  
c e s s  - or1 a i d  - t o  a h o l i s t i c ,  o r  m u l t i - f a c e t e d  p l a n n i n g  ap- 
p roach ,  must n o t  o n l y  hz.ve a s  a  pr imary  o b j e c t i v e  t h e  p r o s p e c t  
o f  f o r m u l a t i n g  p o s i t i v e ,  r a t h e r  than e x c l u s i o ~ a r y  r u r a l  p o l i -  
c i e s ,  based  o f f  tile n a t u r a l  r e s o u r c e  b a s e ,  b u t  s h o u l d  a l s o  
r e c o g n i z e  t h e  d i v e r s e  r a n g e  o f  management a t t l t x d e s  and aims 
which a r e  t h e  p r e r o g a t i v e  o f  e a c h  and  e v e r y  l a n d  u s e r  i n  r e a l -  
wor ld  s i t u a t i o n s  ( H e a l t y  and S h o r t ,  1981) . The i m p l i c a t i o n s  
o f  t h e  p r e c e d i n g  s t a t e m e n t  a re  as complex as they a r e  p ro found  
f o r  c l e a r l y ,  t h e  s h a d e s  o f  d i f f e r e n c e  i n  t h e  use  and  p e r s o n a l  
o b j e c t i v e s  w i t h i n  t h e  te rm "managenrent" are ex t r eme ly  d i v e r s i -  
f i e d ,  and c l e a r l y  t!le l a n d  conlnlands d i f f e r e n t  l e v e l s  o f  r e s p e c t  
by d i f f e r e n t  u s e r s .  Yet, w i t h i n  t h i s  d i v e r s i t y  a p a t t e r n  
emerges which i s  s e e n  t o  be  sonlewhat h i e r a r c h i c a l  i n  t h e  ques-  
t i o n s  and a t  t h e  l e v e l s  o f  d e t a j l  t h a t  e a c h  p e r s o n  might  a s k  
him o r  h e r s e l f  i n  d e t e r m i n i n g  t h e  economic/ecological/ethical 
r i gh t r zes s  and v i a b i l i t y  o f  p o s s i b l e  management o p t i o n s  i n  t h e  
use  o f  t h e  l a n d .  

The l e v e l s ,  h e r e i n  ternled o r d e r s ,  have t h e r e f o r e  been  
s e t  fo r - th  w l t h i n  a descenden t  p a t t e r n  within t h e  management 
cons t ; ruc t .  I n  t h e  model economic - o r  d o l l a r  r e l a t e d  - v a l u e  
s y s t e m s  come f i r s t ,  l e a d i n g  t o  t h e  second ~ v h l c h  c o n s i d e r s  r e a l -  
world c o n s t r a i n t s  t o  and conf  l ic t ; s  on maxi rn iz i l~g  bo th  e x i s t i t l e ;  
and p o t e n t i a l  r e s o u r c e  s u p p l i e s ,  and t h e n c e  t o  t h e  t h i r d  which 
co ; i s ide r s  e n e r g y - e f f i c i e n c y  c r i t e r i a  which i n p r e s s  t h e  e t h i c a l  
nec*d t o  b c  c o n s c r v a t i o n a r y  111 a l l  managt?ncnt ope;.ations on t h e  
l a n d .  The  f o u r t h  and f i n a l  or1der* t o  d a t e  deve loped ,  e x p r e s s e s  
all e c o l o g i c a l  v a l u e  sys t em wi t l l i n  t h e  c o n s t r u c t  arid i s  r e l a t e d  
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t o  t h e  n e e d  t o  d e t e r m i n e  t h e  p o s s i b l e  e c o l o g i c a l  lmpac t  o r  
any p roposed  management a c t i o n  on t h e  l a n d ;  a t  a t i h e  when 
decisions on economic v i a b i l i t y  a r e  b e i n g  made, r a t h e -  t h a n  
a f t e r  t h e  e v e n t ,  a s  s o  o f t e n  h a s  been p r ~ v e d  t o  be  t h e  c?.se i n  
t h e  p a s t .  C l e a r l y ,  t h e  descenden t  n a t n r e  and o r d e r i n g  of t i l e  
c o n s t r u c t  c o u l d  b e  r e v e r s e d  dependent  on t h e  v a l u e  sys t ems  o f  
t h e  u s e r .  The v a l u e  o f  t h e  c o n s t r u c t ,  however,  y r 3 v e s  t o  be  
t h a t  b o t h  economic d e c i s i o n  making and t h e  p o s s i b l e  e c o l o g i c a l  
r a m i f a c a t i o n s  of  t h o s e  d e c i s i o n s  a r e  p l a c e d  i n  c o n c e r t ,  and  
e a c h  imbues t h e  o t h e r  w i t h  t h e  wisdoms and  v a l u e s  of  i t s  sys- 
tem. A f u r t h e r  v a l u e  o f  t h e  app roach  t o  method t h e r e f o r e  be- 
comes e s t a b l i s h e d  i n  t h a t  i t  s e r v e s  t o  communicate and  e d u c ~ t e  
i n  t h e  r a t i o n a l e s  o f  d i f f e r e n t  v a l u e  sys t ems  and a demonstra-  
t i o n  program h a s  bee11 p r e p a r e d  on t h a t  b a s i s ,  ~ r i n a r i l y  f o r  
s t u d e n t  u s e .  
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F i g u r e  1. t h e r e f o r e  d i s p l a y s  t h e  1-lanagement C o n s t r u c t :  
Note t h a t ,  t h e  Orde r s  of Management f o l l o w  t h o s e  , j u s t  de- 
s c r i b e d  b u t ,  a r e  ex t ended  t o  i n c l u d e  a f i f t h  t o  d i s p l a y  pene- 
t l o a t i o n  i n t o  d e t a i l e d  management c ~ n s i d e r a t i o n ~  and  t h e  need  
t o  a s c e r t a i n  t h e  a c t u a l  p r o c e s s e s  of r~lnnagemeilt on t h e  l a n d  if 
l i l c z l y  e c o l o g i c a l  impac t s  a r e  t o  b e  d e t e r m i n e d  i n  p a r a l l e l  w i t h  
economic v i a b i l i t y  c o n s i d e r a t i o n s .  A f u r t h e r  v a l u e  o f  t h e  con- 
s t r u c t  coulci t h e r e f o r e  be  t h a t  i t  o f f e r s  t h e  o p p o r t u n i t y  o f  
b e i n g  i n t e r g r a f t e d  w i t h  a c t u a l  l a n d  management p r a c t i c e s  and  
d a t a  s t o r a g e  sys t ems  a l r e a d y  i n  u se  by l a n d  managers ;  which i n  
t h e  example pu r sued  h e r e ,  i m p l i e s  f o r e s t r y  manage r s ,  u s i n g  
s u c h  i n v e n t o r y  s t o r a g e  sys t ems  a s  C R I S  (Comarc Resource  Inven-  
t o r y  Sys t em) ,  1978.  It s h o u l d  a l s o  b e  r e c o g n i z e d  t h a t  t h i s  
p a r t i c u l a r  d iagram o f  t h e  Management C o n s t r u c t  forms  p a r t  o f  
l a t e r ,  more deve loped  d iagrammat ic  models o f  f i g u r e s  3, 4 and 
5. 

3 .  RELATING THE MANAGEMENT CONSTRUCT TO LANDSCAPE ECOLOGICAL 
PLANNING PRINCIPLES 

E c o l o g i c a l  i n t e r a c t i o n s  i n  t h e  l a n d s c a p e  a r e  c l e a r l y  r e l a t e d  
t o  t h e  " t r a n s a c t i o n s t 1  d e s c r i b e d  as o c c u r r i n g  between ecosys t em 
compartments  by Odum, E.P. ( 1 9 6 9 ) ;  and have  b e e n  d e f i n e d  a s  
exchanges  o f  m a t t e r ,  ene rgy  and/or  o rgan i sms  - o r  l a c k  t h e r e o f  - 
t h a t  a r e  c o n d i t i o n s  f o r  m a i n t a i n i n g  t h e  b i o l o ~ i z a l  i n f o r m a t i c n ,  
and t h e r e f o r e  t h e  " h e a l t h "  o f  a s i n g l e  compartment  i n  r e l a t i o n  
t o  o t h e r s ,  a s  w e l l  as t o  t h e  t c t a l  ecosys t em (Pic lce t ,  1 9 7 6 ) .  
Hendr ix ,  1977,  h a s  demons t r a t ed  that; by u t i l i z i n g  t h e  compart-  
ment sys t em a t t r i b u t a b l e  t o  Odum t h a t  l a n d  u s e s  can  b e  c l a s s i -  
f i e d  and  mapped a c c o r d i n g  t o  whe the r  t hey  are P r o t e c t i v e ,  Pro- 
d u c t i v e ,  Compromised, i n  r e s p e c t  t o  o r  Non-v i t a l  t o ,  ecosys t em 
" h e a l t h t t .  Odum's c l a s s i f i c a t i o n  h a s  i n  f a c t  been  broadened  by 
Hendr ix ,  t o  i n c l u d e  a f i f t h  compartment i n  r c c o g n i t i o n  t h a t  
t h e r e  i s  a  d i s t i n c t i o n  between t h e  growth c h a r a c t e r i s t i c s  o f  
a g r i c u l t u r a l  p r o d u c t i o n  compartments  and  t h e  growth  and  accun-  
u l a t e d  b iomass  o f  f o r e s t r y  product . ion  compar tments ,  p a r t i c u l a r -  
l y  as a p p l i e d  t o  s t u d i e s  i n  r u r a l  a r e a s .  F i g u r e  2 .  i l l u s t r a t e s  
t h e  f i v e  compartments1 sys t em a c c o r d i n g  t o  I I cnd r ix ,  and a s  de- 
r i v e d  f rvom i n t e r p r e t a t i o n s  o f  a v a i l a b l e  knowledge on t h e  g r o s s  
p r i m a r y  p r o d u c t i o n / r e s p i r a t i o n  ( P / R )  conveyed on t h e  d iagram.  
The! g r a p h i c  symbols b e s i d e  each  compar tmen ta l  box d e n o t e  matur-  
i t y  and  d e g r e e  o f  c l o s u r e  which a r e  e x h i b i t e d  by l a n d  u s e s  
which can  be a s c r i b e d  t o  each  compartment.  F o r  example,  mature  
f o r e s t r y  i s  r e p r e s e n t e d  w i t h i n  t h e  P r o t e c t i v e  compartment b y  a 
b l a c k  r e c t a n g l e  i n d i c a t i v e  o f  a  r e l a t i v e l y  c l o s e d  sys t em w i t h  
a P/R r a t i o  of  1. I n  c o n t r a s t ,  t h e  w h i t e  r e c t a n g l e ,  r e p r e s e n -  
t a t i v e  o f  Non-v i t a l  l a n d  u s e s  such  as d e n s e l y  deve loped  u rban  
and  i n d u s t r i a l  env i ronmen t s  have F/R r a t i o s  f r c q u e n t  l y  much 
l e s s  t h a n  1, and a r e  t h e r e f o r e  c o n s i d e r e d  open  s y s t e m s ,  o f  
h i g h  e n t r o p y ,  and t h e r e f o r e  "non-vl t a l "  t o  e c o s y s t e m  " h e a l t h " .  
The a r rows  l i n k i n g  t h e  compartments  a r e  t h e  t t t ; r m s a c t i o n s "  
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known t o  o c c u r ,  b u t  s t i l l  r e c o g n i z e d  as v e r y  d i f f i c u l t  t o  
mcasurc ,  between compartments .  The q u e s t i o n s  i n  r e s p e c t  c o  
e c o s y s  tem ' Ihea l th"  t h e r e f  o r e  becone:  how much o f  e a c h  compart- 
~ n e n t a l  t y p e  o f  l a n d  use ,  and  i n  what p a t t e r n s  o f  a r r angemen t ,  
s h o u l d  we be  s t r i v i n g  f o r  t o  e n s u r e  t h a t  t h e  " h c a l t h "  o f  t h e  
ecosys t em,  i n d e p e n d e ~ l t  o f  s c a l e  o f  c o n s i d e r a t i o n ,  i s  mair.- 
t a i n c d - o r  even  improved? It i s  on t h c s c  two c o n s i d e r a t i o n s  
t h a t  t h e  e c o l o g i c a l  impact  e v a l u a t i o n  method, s t i l l  i n  t h e  
p r o c e s s  of  dcve lopme~l t  I s  b a s e d ,  and i t  i s  cons ide l led  t o  have 
a u n i v e r s a l  a p p l i c a b i l i t y ;  d e s p i t e  some n e c e s s a r y  a s s u m p t i o n s ,  
be i t  f o r  b i o e n e r g y  s c e n a r i o s  f o r  t h e  u s e  of  t h e  l a n d  as t h e  
n a t u r a l  r e s o u r c e  b a s e ,  o r  n o t ,  (Fabos ,  Jackman, and O s k i ,  1 9 8 2 ) .  
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4, THE FORMAT FOR THE GENERAL MODEL 

C l e a r l y ,  t h e  o v e r a l l  mcdel  i s  s t r u c t u r e d  i n  s u c h  a way t h a t  
l a n d s c a p e  e c o l o g i c a l  p l a i ~ n i n g  p r i n c i p l e s .  have  p l a y e d  a dominant  
r o l e  i n  i t s  f o r m u l a t i o n .  J u s t  as c l e a r l y ,  and  drawn f r o n ~  t h e  
s t a t e d  g o a l s  o f  t h i s  s t u d y ,  t h e  v a l u e s  o f  a n  e x i s t e n t  geogra-  
p h i c  i n f o r m a t  i o n  s y s t e m ,  n a n e l y  , METLAND ( M e t r o p o l i t a n  I.snd- 
s c a p e  P l a n n i n g  Model) ,  have  been  i n i t i a l l y  u s e d  f o r  a s s e m b l i n g  
t h e  l a r g e  and  s c e n a r i o  dependen t  d a t a  :*equi rements  needed t o  
s u p p o r t  all t h e  c o n s i d e ~ a t i o n s  which emanate  f rom t h e  r u r a l  
r e s e a r c h  g o a l s  and  p r i n c i p l e s  s t a t e d ;  a s  wel l  as f rom t h e  
management cons  t rBuc  t . 
4 . 1  A b i o t i c  Pal-ameters  as t h e  H o r i z o n t a l  Component o f  Resource  
Supply  M a t r i c e s :  The f o r m a t  o f  t h e  model t h e r e f o r e  p l a c e s  t h e  
a b i o t i c  p a r a m e t e r s  o f  t h e  p h y s i c a l  env i ronmen t  i n  t h e  p r e -  
eminen t  p o s i t i o n  w i t h i n  a m a t r i x .  The a b i o t i c  p a r a m e t e r s  - o r  
p h y s i c a l  a t t r i b u t e s  o f  s i t e  - a r e  s e e n  t o  b e  more f;xed i n  t i m e  
t h a n  u s e s  o f  them ( a f t e r  Ove r t cn ,  1 9 7 7 ) ,  and  t h e r e f m e  form 
t h e  h o r i z o n t a l  component o f  an  E x i s t i n g  Supp ly  M a t r i x  as w e l l  
a s  a  P ~ t e n t i a l  Supply  M a t r i x .  Tile u s e  o f  tllc n a t u r a l  l a n d  r e -  
s o u r c e  b a s e  t h e r e f o r e  a c t s  a s  t h e  pr ime d e t c r n i n a t : o r  o f  any  o f  
man's u s e s  o f ,  and management a c t i o n s  on t h e  l a n d ,  and a l s o  
e n f o r c e s  a  c o n s e r v a t i o n a r y  c o n s i d e r a t i o n  f o r  t h e i r  v a l u e  I n  
t e rms  o f  maximi z i n g  t h e  e n e r g y  e f f i c i e n c i e s  o f  d i f  f e r e n t  manage- 
ment a c t i o n s .  F i g u r e  3. d e m c t ~ s t r a t e s  t h e  f o r m a t  o f  t h e  G e n e r a l  
Model and d i s p l a y s  a l i m i t e d  s e l e c t i o n  o f  a b l c t i c  p a r a m e t e r s ,  
namely s o i l s ,  s l o p e ,  a s p e c t ,  and w a t e r  a t  p h r e a t i c  ( g r o u n d )  
i e v e l s .  C l e a r l y ,  t h i s  l i s t  c o u l d  be e x t e l ~ d c d  t o  l r i c lude  geo log -  
i c a l  and c l i m a t o l o g i c a l  i n f o r m a t i o n ,  b u t  i n  t h i s  c a s e  t h e  d i a -  
gram i s  framed t o  m e e t l n g  t h e  i n t e r * p r e t a t i v e  and  i n d i v i d u a l  
r e q u i r e m e n t s  o f  d i f f e r e n t  p l a n t  s p e c i e s  f o r  maximiz ing  n a t u r a l  
g rowth;  w i t h o u t  t h e  need f o r  h i g h l y  s u b s i d i z e d  i n p u t s  o f  exo-  
genous ly  d e r i v e d  f e r t i l i z e ~ s ,  t i l l i n g  and  h a r v e s t i n g  cjpe18ations,  
and i r r i g a t i o n  needs .  The d a t a  i n f o r m a t i o n  i n p u t s  r e q u i r e d  a r e  
t h e r e f o r e  s c e n a r i o  dependen t  b e c a u s e  t h e y  r e l y  on t h e  p l a n t  
g r o u p ,  o r  s p e c i e ,  unde r  c o n s i d e r a t ; i o n  f o r  b i o e n e r g y  u s e .  The 
i n t e r p r e t a t i v e  s k i l l s  r e q u i r e d  t o  do  t h l s  c l e a r l y  r e s t  w i t h  
t h e  i n d i v i d u a l ' s  a b i l i t y  t o  do s o ;  b u t  mos t  i n f o r m a t i o n  can  be  
g l e a r ~ c d  frorn S o i l  Conse r*va t ion  S e r v i c e  T e c h n i c a l  Data S h e e t s ,  
p a r t , i c u l a r l y  t h o s e  f o r  s o i l  t y p e s .  Thc. S n t c x l p r e t e d  i n f o r n i a t i o n  
a c c o r d i n g  t o  s p e c i f i c  p l a n t  r e q u i r e r n e ~ ~ t s  i s  t;l~cn encoded  i n  
t y p i c a l  a g g r e g a t i o r l  o r  d a t a  f l  l e s  which a t t r i b u t e s  eac11 c e l l  
o f  t h e  d a t a  b a s e  a  number a s  t o  whe the r  i t  m e e t s  t h e  g i v e n  
c r i t e r i o n  o r  n o t .  

4 . 2  n l o t l c  and Antti?-opic V a r i a b l e s  a s  t h e  V e l * t i c n l  C o ~ p o n e n t  
o f  Hesourcc Supply M a t r i c e s  F i g u r e  3. a l s o  d e m o n s t ~ l a t e s  t h e  
for-n~ c f  t h c  v e ~ > t i c n l  components o f  t h e  r e s t i l t a n t .  m a t r l x .  Note 
t h a t  I n  t h e  dlagrarn o n l y  one m a t r i x  i s  shown,  b u t  1 1 1  f a c t  i t  
Is b e t t e r  t o  r e g a r d  I t  a s  s e r v i n g  a d u a l  g r a p h i c  p u r p o s e ;  
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i m p l y i n g  t h a t  i t  s h o u l d  be  r e g a r d e d  as the f o r m a t  f o r  b o t h  
t h e  E x i s t i n g  and  P o t e n t i a l  R e s m r c e  SupplX M a t r i c e s ,  which a r e  
b e s t  s e e n  t o  b e  two s e p a r a t e  e l en l en t s  s i t t i n g  s i d e  by s i d e  as 
shown i n  F i g u r e  4. The v e r t i c a l  components o f  t h e  m a t r i c e s  
a r e  a l s o  conunon as shown i n  t h e  G e n e r a l  Model d i s p l a y e d  i n  
F i g a r e  3. The f i r s t  component i n  t h e  d e s c e n d e n t  s e r i e s  a r e  
B i o t i c  and An th rop ic  V a r i a b l e s ,  s e e n  t o  b e  l l v a r i a b l e "  and  
i n c l u s i v e  o f  v e g e t a t i o n  and  w i l d l i f e  h a b i t a t s  because  t h e y  a r e  
l e s s  f i x e d  i n  t h e  t e m p o r a l  s e n s a  t h a n  z r e  t h e  a b i o t i c  p a r a -  
m e t e r s  (Over ton ,  1 9 7 7 ) .  E x i s t i n g  l a n d  u s e s  and  l a n d  c o v e r  
a t t r i b u t e s  a s c r i b a b l e  t o  a n t h r o p i c  s o u r c e s  (man and h i s  ac- 
t i o n s )  are l i k e w i s e  s c e n a r i o  dependen t  a n d  t h e  a g g r e g a t i o n  
f i l e s  t h e r e f o r e  r e q u i r e d  f o r  e a c h  i n d i v i d u a l  b i o e n e r g y  s c e n a r i o  
t e s t e d  needs  t o  be  i n t e r p r e t e d  f o r  i t s  own s p e c i f i c  r e q u i r e -  
ments .  Although t h e  d iagram h i n t s  a t  onesuch  f o r m u l a t i o n  i t  
must  be r e s t a t e d  t b a t  i t  i s  g e n e r a l ;  with a more s p e c i f i c  
example t o  f o l l o w  w1:lch t e s t s  t h e  v a l i d i t y  of t h e  model f o r  
a s s e s s i n g  t h e  l i k e l i h o o d  o f  v i a b l e  economic o p e r a t i o n s  a t  
v a r i o u s  s c a l e s  f o r  fue l - end  u s e s  of ha rduoods  o f  t h e  oak  g roup .  

4 . 3  C o n f l i c t s  and C o n s t r a i n t s :  The v e r t i c a l  components,  t h e r e -  
f o r e ,  s e r v e  t o  d i s p l a y  in a  d e s c r i p t i v e  o r  mapping s e n s e  where 
t h e  C o n f l i c t s  and C o n s t r a i n t s  (C/Cts  - a f t z r  OIBanion 1980)  
o f  r e a l - w o r l d  s i t u a t i o n s  a r e  l i k e l y  t o  o c c u r ,  b o t h  o f  which 
s e r v e  t o  r e d u c e  t h e  l i k e l i h o o d  o f  m a x l m i z a t l o n  o f  b o t h  e x i s t i n g  
and  p o t e n t i a l  r e s o u r c e  u s e s .  I n  t u r n  failure t o  maximize re- 
s o u r c e s  i s  r e l a t e d  t o  whe the r  any g i v e n  s c e n a r i o  i s  economica l ly  
v i a b l e  o r  n o t .  A p a r t i c u l a r  v a l u e  01' t h e  model  hav ing  p roved  
t o  be ( a l t h o u g h  n o t  shown h e r e ) ,  t h a t  two d i s t i n c t  t y p e s  o f  
p o s s i b l e  c o n f l i c t  ( C / * )  between l a n d  u s e s  can be d i s p l a y e d  i n  
map o u t p u t s  when d e r i v e d  by o v e r l a y i ~ g  c e r t a i n  combina t ions  of  
a g g r e g a t i o n  f ' i l -es  drawn from b o t h ,  o r  e i t h e r ,  o f  t h e  h o r i z o n t a l .  
and v e r t i c a l  components o f  t h e  m a t r i c e s .  P a r t i c u l a r l y  i s  con- 
f l i c t  d i s p l a y  a f f o r d e d  f o r  compar isons  of e x i s t i n g  l a n d  u s e s  
w i t h  p o t e n t i a l  u s e s  such  as more a v a n t e - g a r d e  b ioene rgy  s c e n a r i o s  
l i k e  t h e  growing of a spen  p o p l a r s  f o r  alcoPno1 fue l - end  u s e s .  
Although n o t  pu r sued  as t h e  example o f  t h e  'model i n  u s e  h e r e i n ,  
a f i r s t  t y p e  o r  l e v e l  o f  p o s s i b l e  c o n f l i c t  i s  c l e a r l y  e s t a b l i s h -  
c d  b e t ~ e e n  u s e s  o f  t h e  l a n d  f o r  more t r a d i t . b o n a 1  c r o p s ,  such  a s  
co rn .  A s econd  l e v e l  o f  c o n f l i c t  can a l s o  !be established i n  
t h e  end u s e  o f  co rn  a s  a c rop  f o r  fue l - end  1 ~ 5 ~ 3 ,  r a t h e r - t h a n  
s t o c k  feed-to-food-end u s e s .  A s  a l s o  disp1:ayed ir. F i g u r e  3 ,  
p o t e n t i a l  l a n d  ownersh lp  c o n f l i c t s  a r e  a l s o .  mappable.  Note  
t h a t  t h e  c o n s l d c r a t l o ~ l s  cif l a n d  u s e ,  l a n d  ziovcr and l a n d  owner- 
s h i p  a r c  c o n s i d e r e d  t o  'De Second Orde r  14ana~;cment c o n f l i c t s  
( C / * )  a c c o r d j n g  t o  t h e  r4anagement C o n s t r u c t  d e s c r i b e d  b e f o r e  
and  shown i n  F i g u r e  1. T h i r d  Orde r  of  Management c o n s i d e r a t i o n s  
t;tlcn f e l l o w  a n d  a s  s t a t e d  they  a r e  r e g a r d e d  .as  c o n s t r a i n t s  
( / C )  t o  rnaxirnlzing t h e  ene rgy  cf'f l c i e n c i e s .  rof a c t u a l  manage- 
rncnt. opr?rmnt.! ons .  I n  a  g e n e r a l  se11::c t h e  crI':. .c?rla cons idc re r i  
t o  d a t t ?  a r e  t f ~ o s c  w h i c h  a re  irnpor.tant i n  th: s t u d y  a r e a  and i n -  
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v o l v e  s u c h  s p e c i f i c a l l y  r u r a l  i s s u e s  a s  p a r c e l l a t i o n .  Ic- 
c r e a s e d  f r a g m e n t a t i o n  o f  l a n d  o w n e r s h i p ,  p a r t i c u l a ~ l y  e f f e c t s  
t h e  e n e r g y  a n d  t h e r e f o r e  e c o n o m i c  e f f i c i e n c y  o f  m a c h i n e r y  a n d  
p l a n t  l i k e l y  t o  b e  u s e d  by  l a r g e  a n d  medium-sca les  o f  b u s i n e s s  
o p e r a t i o n .  C o n t i g u o u s  o r  i n t e r c o n n e c t e d  p a r c e l s  o f  s imi la r  
owners t i ip  c l a s s  a r e  a b l e  t o  be  u s e d  w i t h  g r e a t e r  e f f i c i e n c y  
t h a n  f r a c t u r e d  - o r  d i s p e r s e d  - p a r c e l s .  T!le l a n d  o w n e r s h i p  com- 
p o n e n t  o f  t h e  d a t a  b a s e  }:as b e e n  u s e d  t o  p r e p a r e  a g g r e g a t i o n  
f i l e s  w h i c h  mee t  t h i s  c r i t e r i o n  o f  irnprcs:;illg a c o n s e r v a t i o n -  
a r y  d e s i r e  f o r  i n c r e a s e d  e n e r g y  e f f i c i e n c y  i n  management o p e r a -  
t i o n s  ( I !ea l ty  a n d  S h o r t ,  1981) .  

O t h e r  available c r i t e r i a  which  s e r v e  t o  e n f o r c e  a c o n s e r -  
v a t o r y  r a t i o n a l e  f o r  i n c r e a s e d  e n e r g y  e i ' f l c i e n c y  i n  mariagement 
o p e r a t i o n s  i n c l u d e ,  t h e  Inore ' t . r ad i  t i o n a l  f a c t o r s  o f  p lnox imi  t y  
t o  e x i s t i n g  r o a d i n g  i n f r a s t r u c t u ~ . e s ,  a n d  a c c e s s i b i l i t y  t;o h a r -  
v e s t i n g  s i t e s ,  which  i n  t h e  c a s e  o f  p r o s p r ? c t i v e  u s e  o f  h a r d -  
woods i s  g o v e r n e d  by s l o p e .  Tlie mode l  c o u l d  b e  e x t e n d e d ,  
t h e r e f  o r e ,  t o  i n c l u c i c  o t h e r  m a r k e t i n g  f o ~ ~ c s  s u c h  a s  p r o x i m i t y  
t o  l o c a l  and  o u t - o f - r e g i o n  p r o c e s s i n g  c e n t e r s .  

F o u r t h  O r d e r  Milnagemetit o p t i o n s  t1lc.n f o l l o w  a n d  r e l a t e ,  
a s  s t a t e d ,  t o  a c t u a l  l a n d  nlanagc'ment; p r l a c t l c e s  :;ucI! as how t h e  
s e a s o n  o f  e x t r a c t 1  or1 c c u l d  e l ' f c c t  t h e  e c o l o g i c a l  " I lea l  t h "  o f  
t h e  l o c a l  and  r e g i o n a l  e c o s y s t e m .  A p r e d 1 c t ; i v c  mode?. w i t h  de -  
s c r i p t l v c  capabilities i n  map f o r m  b e i n g  t h e  b a s i s  o f  t l i e  con-  
c e p t  i n  which  t h e  u s e r  o f  t h e  p r o g r a m  e l e c t s  ari a r e a  by  windo- 
wing  t e c h t ~ i r ~ u e s ;  l e t  u s  s a y ,  i n  t h l s  c a s e  f o ~ '  summer h a r v e s t i n g  
by c l e a r - c u t t i n [ : ,  a n d  i s  p r o v i d e d  w i ' , t ~  a v a l u e  a t t r i h u t c d  t o  
t h e  e x i : i t l n g  " I i e a l t h "  o f  t!le systc?rn. l lhe  l l l t r ~ p a c t l l  o f  h i s  o r  
l l e r  s e l e c t i o n  i s  gaged b y  t h e  d i f f c r e n c c  a t t r i b u t e d  t o  tlie 
c h a n g e  i n  "health" v a l u e s  established b y  111:: 2 c t i o n s .  The p r e -  
d i c t i v e  rnndul i s  t h e  s u b j e c t  o f  on-go ing  r e s e a r c h .  

4.11. P r e d i c t i v e  bIodel f o r  D c t e r l m i n i n g  Ecosyst;em "IIt:althll a n d  
I m p a c t s  o f  bIanat:ement Act3 orls : B r i e f l y ,  t h e  e c o l o g l  c n l  v a l u e  
s y s t e m  c u r l 1 e n t l y  i s  b e i n g  d c r l v e d  f r o m  how d i s t a n t  a c e r t a i l i  
l a n d  u s c  i s  away f rom rnntlll*l t y  - o r  c l o s u r c  - o f  a  P/R r a t i o  o f  
1. S c c  F l g u r c  2 .  'I1he "impact" b e i n g  d c t e ~ - ; n t n e r i  b y  t h c  a t t l - I -  
b u t e d  chatigc 111 P/I< r a t i o  f r o ~ r i  !;he a::scr;sctl c x l s t l n g  v a l u e  t o  
t h a t  as a ~ ~ s u l t  of t h e  pl -opoccd rnanagcncnt  a c t l o r i .  The p l a n -  
n i n g  valuct o f  t h e  e c o 1 o y ; i c a l  "11(?31th" c o n c e p t  c l e a r l y  r v e l a t e s  
t o  t h c  goals s t a t e d  a t  t t ~ e  bclr,lnnlrlg o f  t h i  r, p a p e r ,  iiI11ch i n -  
cludc?d n coti:;idc1-3t.lon of econornic f o r c t l n  !~Z,lycd 111 c o t l c c r t  
riit.11 c c o l o g l ( : a l  v c i l u c s .  Tile D c r r , o i ~ s t r a t i o n  I'rograrn t o  d a t e  ? r e -  
pnr7~-d lia:; 1 t:: cmpil?sit;  I r l  comtr,unicat,lon anrl c d u c a t  I o n  i n  b o t h  
se t : ;  o f  v a l u c  sgstcm:;, h o 1 , e f u l i y  n o t  oril.:' u : , c f u l  t o  b u s i n c s s  
perason-;, t l l t l c t e d  of f i  c i a l : ; ,  atid :;tudcnt:;,  b u t  bec:~ur ,c  01% i t s  
l n t e r B r i c t  lvc? u s e r - f  l* i  c ~ , d l ; r  na!ulle a l r , o  of '  ~itlt:1. p o p u l a r  u s e .  



5. BIOMASS SSTIMATGS: 

F ' igure 4 .  t h e r e f o r e  r e p r e s e n t s  t h e  s c h e m a t i c  f o r m a t  o f  t h e  
o v e r a l l  g e n e r a l  model.  Note t h a t  a n  a d j u n c t  p r o c e d u r e  f o r  b i o -  
mass e s t l l ? a t e s ,  a l s o  d e r i v e d  from Hendr ix ,  1517, i s  a v a i l a b l e  
as  a map o u t - p u t  r o u t i n e  fror; t h e  E x i s t i n g  Supply  K a t r i x ,  
t h r o u g h o u t  t h e  Managemer~t O r d e r s .  T h i s  e s t i i n a t i o n  t e c h n i q u e  
has been  d e v e l c p e d  from t h e  l a n d  u s e  component o f  t h e  d a t a  
b a s e  and i s  dex-ived from c o n s i d e r a t i o n s  o f  a g e ,  canopy c o v e r  
and h e i g h t  o f  v e g e t a t i o n  which i s  t h e n  r e l a t e d  t o  what Is p r e -  
s e n t l y  known o f  b iomass  and y i e l d  c h a r a c t e r i s t i c s  o f  each  l a n d  
u s e  c l a s s  of  t h e  M a s s a c h u s e t t s  "MAPDOWN" c l a s s i f i c a t i o n  sys t em,  
a t t r i b u t a b l e  t o  MacConnell ,  ( 1960-p re sen t  ) . Biomass c-s timate:; 
a r e  presen t l ! ,  c s l . c u l a t e d  i n  joules/mett! r2  (4186  j o u l e s / k i l o -  
c a l o r i e )  b u t  c o u l d  b e  ex t ended  t o  c o v e r  more t r a d i t i o n a l  f o r e s -  
try u n i t s  o f  measure .  The method r e q u i r e s  f u r t h e r  r e f i n e m e n t  
b u t  i s  p roposed  a s  b e i c g  of  p a r t i c u l a r  u s e  t o  p l a n n e r s  a t  a n  
i n t e r m e d i a t e  l e v e l  between r e m o t e . s e n s i n g  e s t i m a t i o n  p r o c e d u r e s  
and  ground t r a t h e d  p r o c e d u r e s .  F o r  f u r t h e r  d e t a i l s  s e e  As ton ,  
Fabos, a n d  MacDougall ,  1982. 

6 .  CO-OCCURRENCES: 

A:; d e s c r i p t i v e  ma.p o u t - p u t s  o f  t h e  o v e r a l l  model most o f  t h e  
g e n e r a l l y - a c c c p t c d  r a n g e  o f  mapping r e q u i r e m e n t s  g c n c r a t a b l e  
by g e o g r a p h i c  infol.rnation sys t ems  a r e  a v a i l a b l e ;  namely,  s e a r c h ,  
o v e r l a y  and  a g g r e g a t i o n  p r o c e d u r e s  coup led  i n t o  one  and  c a l l e d  
"ACCOVF:Rtt , (METLAND, 1 9 7 7 ) .  C o - o c c u ~ ~ e n c e s  o f  s e l e c t e d  a b i o t i c  
p a r a m e t e r s  an w e l l  a s  a l l  a n t h r o p i c a l l y  and b i o t i c a l l y  d e r i v e d  
v a r i a b l e s  am? t h e r e f o r e  mappable;  a s  a r e  compar i sons  of' where 
e x i s t i n g  s u p p l i e s  meet ,  o r  do n o t  meet ,  p o t e n t i a l  s i t e  s u i t a -  
b l  li t i e s .  
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7.  A SELECTED SCENARIO: 

F i g u r e  5. i l l u s t r a t e s  t h e  network d i ag ram for t h e  Demonstra- 
t i o n  Pr80gram o f  a s c e n a r i o w h i c h  c o n s i d e r s  t h e  economic v i a b i l i t y  
o f  e x i s t i n g  s u p p l i e s  o f  oak ,  i n  more-pure s t a n d s ,  a s  d e t e r -  
mined by a  c h o i c e  o f  s c a l e  o f  o p e r a t e i o n  gove rned  by  t h e  user .  
T h i s  i m p l i e s  a  d o l l a r  / a r e s 1  r e l a t i o n s i ~ i p  i n s e r t e d  a s  o p t i o n s  
i n  i n t r * o d u c t o r y  q u e s t i o n s ;  a c h o i c e  between l a r ~ e ,  medium and  
s m a l l  s c a l e s  of b u s i n e s s  o p e r a t i o n  a s  r e l a t e d  t o  t h e  $ / a r e a s  
( h e c t a r e s )  r e q u i  rements  o f  Lne i n d i v i d u a l  u s e r  b e i n g  c a l l e d  
for w i t h i n  t h e  F i r s t  Orde r  of  Management O p t i o n s - o r  Q u e s t i o n s .  
T ree  group  o r  s p e c i e  c h o i c e  a r e  a l s o  F i r s t  O r d e r  O p t i o n s  be- 
cause  c f  t h e i r  government o f  t h e  a g g r e g a t i o n  f i l e s  u sed  i n  l a t e r  
q u e s t i o n s  a s  t h e  u s e r  de scends  t h e  management o r d e r s  o f  t h e  
h i e r a r c h y  p r e v i o u s l y  o u t l i n e d .  The p r i n c i p a l  v a l u e  o f  t h e  
llanagcment C o n s t r u c t ,  t h e r e f o r e ,  i s  t h a t  i t  s e r v e s  t o  u l t i m a t -  
e l y  p e n c t r a t e  t o  l e v e l s  o f  a c t u a l  l a n d  p r a c t i c e s  which i n  them- 
s e l v e s  a r e  p r i n c i p a l  g o v e r n o r s  o f  l i k e l y  e c o l o g i c a l  " impac t s " .  
The c o n s t r u c t  a l s o  s e r v e s  t o  a r r a n g e  t h e  i n f o r m a t i o n  i n  a  
r a t i o n a l  - p e r h a p s ,  r e l a t j  o n a l  - way d e s i g n e d  t o  s u i t  t h e  s t a t e d  
e d u c a t i o n a l  and communica t iona l  g o a l s  o f  t h e  Demons t ra t ion  Pro-  
gram. 

7 . 1  C l z s s i f i c a t i o n  o f  S c e n a r i o s  a s  t o  L i k e l l h o o d :  F i g u r e s  6 ,  
7 and 8 a r e  s e l e c t e d  map ou t -pu t  f rom t h e  program, and a r e  
drawn from t h e  s c e n a r i o  f o r  e x i s t . i n g  oak i n  more-pure s t a n d s ,  
which h a s  been c l a s s i f i e d  s u b s e q u e n t  t o  map r e s u l t s  a s  t h e  
" m o s t - l i k e l y "  of  a l l  b i o e r ~ e r g y  s c e n a r i o s  t e s t e d  t o  d a t e .  Note 
on F i g u r e  5 where t h e  figure:; 6 ,  7 and 8 arc- drawn from. O t h e r  
s c e n a r i o s  which have  beer1 con:;ide17ed i n c l u d e  t h e  p r o s p e c t s  and 
impac t s  o f  t t t o t a l - t ~ l e e - r c m o v a l "  which i n v ~ l v e s  t h e  r e n o v n l  of 
a l l  t h e  trBett i n c l u d i n g  r o o t s  f r o m  non-rocky s i t e s  and p robab ly  
t l l e r l e fo rc  a  summer' s e a s o n  ope raL ion ;  w i t h  !l igh p o t e n t l  a 1  i rnpac ts  
on s o i l  h o r i z o n  development  and t h e  movement o f  s o i l  f i n e s  
a : ;sociatcd w i t h  w a t e r  a s  t h e  a b i o t i c  agency .  A s c e n a r i o  which 
t e s t s  t h e  l i l < c l i h o o d  of  c a t t a i l s  (Typlla s p p . )  a s  a  b i o e n c r g y  
c rop  on wc t t . c r  t o  p e r s i s t e n t l y  wet l a n d s  h a s  been  c l a s s i f i e d  
a l o n g  r i t h  t h e  s c e n a r i o  f o r  t o t a l - t r c e - r e ~ n o v a l  a s  b e i n g  o f  t;hc 
"1ca : ; t - l ike l i f iood"  f o r  t h e  s t u d y  a r e a .  Dcmonstr la t ion Prlograrns 
fo11 t l ~ e s e  tv:o s c e n a r i o s  a r e  t o  be r u n  c o t ~ c u r r e n t l y  f 'or s u c h  
combina t ions  d i s p l a y  a n o t h o r  c a p ~ b l  l i t y  o f  t i le  o v c r a l l  model.  
O t h e r  ' s c ~ n a r i o s ,  c l a s s i f l  e d  a s  cf  "moderate-lllct?lihood" f o r  
t h e  s t u d y  a r e a ,  l n c l u d e  t h e  u s e  of abandoned a g r i c u l t u r a l  l a n d s  
w i t 1 1  a vlclrr t o  d i s p l a y i r ~ e  a  f u r t . h c r  u se  o f  t h e  model i n  min i -  
miz lng  l a r ~ d  u::e c o n f l i c t s  ( * / C ) .  P o p l a r s  of  tile a spen  g roup  
w i t : \ ]  eit11c.r f u e l  o r  a l c o h o l  a s  t h e  end-use  Is t;hc t r e e  po t en -  
t i a l  t e s t e d .  'l'h!s s c e n a r i o  ha.; a l s o  been  p r e p a r e d  i n  a con- 
c u r r e n t .  f:i.:tliorl x i t h  a  :;ccnnllln f o r  co rn  1::lth n l co t io l  f u e l  a s  
t h e  end -use ,  S ~ I ~ C C  on prc-:~ic?l?!>c>d r ~ ? s u l  t z  t ~ o t i - ~  a r e  r ,o r~ : ; idc~ 'ed  o f  
0111:: "~nodcr-:~t,!.?-l I I:i!l lhood" . Tile vnl ut? of t h e  comb l r ~ a t l o n ,  how- 
e v e r ,  bei t~[ :  t l l a t  bo th  .:,ce~lario::, c c u l d  cornpcttt f'orm : ; l m i l a r  l l ind  
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r e s o u r c e s  i n  t h e  f u t u r e ,  and t h e  d i s p l a y  o f  cuch  compet ing  u s e s  
can  a s s i s t  i n  s h a p i n g  p o l i c i e s  dependent  p r o b a b l y  on t h e  u l t i -  
mate economic v i a b i l i t y  and energy  e f f i c i e n c i e s  embodied i n  
a c t u a l  and qompara t ive  management o p e r a t i o n s .  T h a t  i s ,  r e s o l s -  
t i o n  o f  such  c o n f l i c t s  i s  n o t  p r e t e n d e d ,  s i n c e  compara t ive  
s o l u t i o n s  w i l l  p robab ly  b e s t  b e  accompl ished  i n  t h e  f u t u r e  by 
c o n s i d e r a t i o n  o f  n o t  o n l y  economic and e c o l o g i c  v a l u e s  b u t  con- 
s i d e r a t i o n  a l s o  o f  ]nore d e t a i  l e d  a n a l y s i s  o f  t h e  compara t ive  
embodied e n e r g i e s  i n v o l v e d  i n  t h e  a c t u a l  marlagement p r a c t i c e s  
(Odum, H.T. and Odum, E.C., 1 9 8 1 ) .  

8. CONCLUSION: The v a l u e  of  t h e  o v e r a l l  model i s  t h e r e f o r e  n o t  
o n l y  s e e n  t o  l i e  i n  ;ts r e c o g n i t i o n  o f  d i f f e r e n t  v a l u e  s y s t e m s  
c o u n t e r p o s e d  a g a i n s t  e ~ c h  o t h e r ,  w i t h  a view t o  d i s p l a y i n g  t h a t  
such  d o  e x i s t ,  b u t  a l s ~  i n  d i s p l a y i n g  t h e  p o s i t i v e  n a t u r e  o f  
d e v e l o p i n g  11ura1 p l a n n i n g  p o l i c i e s  o f f  t h e  n a t u r a l  r e s o u r c e  
b a s e  b e f o r e  t h e  e v e n t  o f  e c o l o g i c a l  i m p a c t s .  R a t h e r  t h a n  f o r -  
m u l a t e  n e g a t i v e  - o r  exc lus io r i a ry  and  s e c t o r i a l  r u r a l  p o l i c i e s  
aimed a t  p r o t e c t i n g  t h e  r e s o u r c e  b a s e  i n  r e s p o n s e  t o  c o n t i n u e d  
urban  e x p a n s i o ~ ; a r y  t r e n d s  and s t y l e s ;  t h e  r e s u l t s  o f  which have  
d e s c r l b e d  m u l t i f a r i o u s l y  as "buckshot1 '  u r b a n i z a t i o i l ,  and  as t h e  
" c o u n t r y f i e d  c i t y " ,  (American Land Forun R e p o r t ,  Number 1, 
1 9 7 3 )  ( F u g u i t t ,  Voss and Doher ty ,  1 9 7 9 ) .  

The v a l u e  o f  t h e  management c o n s t r u c t  r e s t s  w i t h  t h e  r ea -  
s o n s  f o r  i t s  f o r m u l a t i o n ;  f o r  i t  h a s  proved  a  v a l u a b l e  g u i d e  
t o  o r d e r i n g  complex b u t  i n t e r r e l a t e d  r u r a l  p l a n n i n g  t o  manage- 
ment i s s u e s  i n  a r e l a t i v e l y  s i m p l e  manner whlch e n s u r e s  t h e i r  
c o n s i d e r a t i o n ,  r a t h e r  t h a n  t h e i r  d i s m i s s a l  as b e i n g  t o o  complex 
f o r  r e s o l u t i o n .  

The v a l u e  o f  t h e  b ioene rgy  s c e n a r i o s  u sed  t o  v a l i d a t e  t h e  
g e n e r a l  model l i e s  i n  t h e  r e i n f o r c e m e n t  o f  t h e  need t o  c o n s i d e r  
biomass d e r i v e d  renewable  ene rgy  s o u r c e s  as a g l o b a l  i s s u e  of 
irnmedlate i m p o r t a n c e ,  p a r t i c u l a r l y  i n  c o u n t r i e s  and r e g i o n s  
whlc:, a r e  n o t  b l e s s e d  w i t h  an abundancy o f  f o s s i l  r e l a t e d  e n e r -  
gy  r e s o u r c e s .  That  t h e  g e n e r a l  model l l e q u i r e s  i n d i v i d u a l .  i n -  
t e r p r e t i v e  :;kt11 dependent  on t h e  b i o e n e r g y  s c e n a r i o  unde r  
t e s t  may appear t o  o f f e r 1  an untiuely c o m p l c x i f i e d  approach  t o  
s o l v i n g  l a n d  u s e  p lanni l ig  i s s u c s ,  b u t  i t  i s  con tended ,  t h a t  i t ,  
1 :; o n l y  when one doc:: t h a t  many c u ~ ~ r e n t  r u r a l  p ia l in ing  i s s u c s  
p r e s e n t  t;hcm:;elves f o r  rc!solut ion.  

The  v a l u e  o f  u:;ltir: computer* a s s i s t e d  techniques t h e r e -  
f o r e  \)cco~lc:: e : ; t a b l i  shed  from a l l  p r e c e d i n g  p o i n t s ,  f o r  :natiual 
t;ecliniquc:-, can not matcil t h e  nap ou t -pu t s  and  many p e r m u t a t i o n s  
o f  t i le  pal.arnl?t,crs and variab3c.s o f f c r e d  by t h e  use  of . g e o ~ ; r a p h i c  
inl'orma: ion  sy.-tcms o f  t ! ~ e  p r r s e n t ,  and p r o s ! ~ e c t i v c l y  morc3 s o  
i n  t h e  f t i t u ~ ~ c ! .  
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ASSESSMENT OF COASTAL DETERIORATION USING 
BISTORICAL PHOTOCIL~PllY AND A GIs 

El, D o s i e r  and C. S a s s e r ,  C o a s t a l  Ecology L a b o r a t o r y  
J. I l i l l ,  Dcpartmcnt o f  C i v i l  Eng inee r ing  

L o u i s i a n a  S t a t c  U n i v e r s i t y ,  Baton Eouge, LA 70803 USA 

The g o a l  of t h i s  p r o j e c t  was t o  u t i l i z c  t h e  c a p a b i l i t i e s  of a  geogr i iphic  
i n f o r m a t i o n  sys tem t o  q u a n t i t a t i v e l y  a s s e s s  t h e  amount, r a t e ,  and l o c a t i o n  
o f  marsh d e t e r i o r a t i o n  i n  a  945 km2 (365 sq  m i l e )  subsystem of B a r a t a r i a  
Rosin ,  1,ouisiana.  Forty-one p e r c e n t  of t h e  c o a s t a l  w e t l a n d s  o f  t h e  
c o n t i g u o u s  Uni ted  S t a t e s  l i e  w i t h i n  t h e  d e l t a i c  p l a i n  of L o u i s i a n a .  These  
w e t l a n d s  and t h e  l a r g e  commercial f i s h e r y  t h e y  s u p p o r t  r e p r e s e n t  a  v a l u a b l e  
rencwablc  r e s o u r c e .  R a t e s  of l o s s  from 1940 t o  1970 were dc te rmlued  t o  b e  
o n l y  43 kniZ (16.5 s q  m i l e s )  p e r  y c a r .  1,oss of t h i s  r e s o u r c e  i n  L o u i s i a n a  
is p r e s e n t l y  o c c u r r i n g  a t  an  i n c r e a s e d  r a t e  of 130 km2 (50 s q  m i l e s )  p e r  
y e a r .  Some o f  t h i s  mars11 l o s s  can b e  d i r e c t l y  a t t r i b u t e d  t o  human 
a c t i v i t i e s  such  a s  a g r i c u l t u r a l  iind r c s i d c n t i a l  d c v c l o p n e n t ,  .,nd t o  t h e  . 
d r e d g i n g  of c a n a l s  f o r  o i l  and g a s  e x p l o r a t i o n  and p r o d u c t i o n .  However, 
o v e r  50 p e r c e n t  o f  t h i s  l o s s  is c o n v e r s i o n  of marsh t o  open w a t e r  which 
r e s u l t s  from some combinat ion a n d / o r  i n t e r a c t i o n  between n a t u r a l  p r o c e s s e s  
ant1 t h e  i n d i r e c t  c f  f e c t s  o f  humans. Causa l  meclir . l i s m s  i o r  t h i s  marsh 
d c t c r i o r a t i o n  have n o t  y e t  been f u l l y  de te rmined .  

Raw d a t a  f o r  t h i s  p r o j e c t  c o n s i s t e d  of a e r i a l  p\ .otography a c q u i r e d  i n  1945, 
1956,  and 1980. These t l a t a  were manually p l i o t o i n t c r p r c t e d  u s i n g  n c l n s s i f  i- 
c a t i o n  sys tem developed t o  r e s o l v e  mars11 s t a t c s  i n t o  d i s c r e t e  c a t e g o r i e s  
based on s i z c  and s p a t i a l  d i s t r i b u t i o n  of w a t e r  b o d i e s .  Tliese maps were  
mosaiccd i n t o  n  c o n t r o l l e d  d a t a  b a s e ,  d i g i t i z e d  i n  polygon f o r m a t ,  ~ n d  t h e n  
c o n v e r t e d  t o  a  g r i d  form;it compa t ib le  w i t h  t l ie NASA dcvcloped E a r t h  
Resources  Labora to ry  A p p l i c a t i o n s  Sof twal-c ( 1 A  j . EI,AS a 1  lowed d e f i n i t i o n  
of t h e  t empora l  seqrlclicc of mars11 d e t e r i c r a t  i o n  and i d e n t i f  i c n t  i o n  of 
s p a t i a l  t r e n d s .  S p a t i a l  r e s o l u t i o n  was de te rmined  by a  1 .0  ha minimum 
mapping u n i t  and a  0.25 Iia g r i d  c e l l  s i z e ,  w h i l e  t h e  a t t r i l ~ u t c  r e s o l u t i o n  
was dctcrmirled by tlic 20 c a t c g o r i c s  of t h e  c l a s s i f i c a t i o n  scheme. 

R c s u l t s  sllow d i f f e r e n t i a l  r a t e s  of marsh l o s s  between t h e  f i r s t ,  11 y e a r  
i n t e r v ; ~ l  (1945-1956) and t l ic second,  24 ycnr  i n t e r v a l  (1956-1980). Summary 
dil ta from n  s p a t i a l l y  i n t e g r a t e d  change d e t c c t i o r l  a n a l y s i s  hctwcen 1945 and 
1956 y i e l d s  a r a t c  of mnrsli l o s s  o i  2 .3  km2 (0 .9  sq  m i l c s ) ,  o r  0.2 p e r c e n t ,  
of t h e  s tu t ip  a r e a  p e r  ycnr .  Ocly 44 p c r c e u t  of t h i s  l o s s  is accoun ted  f o r  
by d i r c c t  human a c t i v i t i e s .  The r a t e  of marsli l o s s  f o r  t h e  1956 t o  1980 
i n t e r v a l  is 8 .2  km2 (3.6 sq  m i l e s ) ,  o r  0.9 p c r c c n t ,  p e r  y e a r .  Only 
43 p c r c c n t  o f  t h i s  l o s s  is :~ccoun tcd  f o r  by d i r e c t  human a c t i v i t i e s .  The 
l o s s  f o r  t h e  c a r l l c r  i r l t e r v a l  agrccbs  w i t h  t h e  co r respon t l ing  n a t i o n a l  r a  t c  
of 0.2 p c r c c n t  p e r  y r n r ,  w h i l e  t h e  secontl i r i t c r v a l  is mnrkctlly h i g h e r  t h a n  
t h e  c o r r e s p o n d i n g  n a t i o n a l  r a t c  of 0 .5  pcrcc:nt p e r  y c n r .  T o t a l  a r e a  of  
marsh l o s s  betwccr~ 1945 and 1980 is 220 km2 (85 sq m i l c s ) ,  o r  23 p c r c c n t  o f  
t h e  s t u d y  a r e a .  
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Prel iminary s p a t i a l  a n a l y s i s  i n d i c a t e s  f i v e  d i s c r e t e  a r e a s ,  each of which 
h a s  a  unique c h a r a c t e r i s t i c  sequence of clu~nge over  time. These s p a t i a l  
p a t t e r n s  a r e  being synthesized wi th  e x i s t i n g  environmental d a t a  which a r e  
be ing  r e i n t e r p r e t e d  w i t h  respec t  t o  s p a t i a l  a t t r i b u t e s .  Th i s ,  i n  t u r n ,  is  
gene ra t ing  new hypotheres t o  expla in  changes i n  marsh p a t t e r n s  and t h e  
eco log ica l  processes they represent .  
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ABSTRACT 

T h i s  paper  summr?rizes t h e  f i r s t  p h a s e  of a c o o p e r a t i v e  d e m o n s t r a t i o n  
p r o j e c t  between t h e  E a s t e r n  Reg iona l  Remote ScnsLng A p p l i c a t i o n s  C z n t e r  
(ERRSAC) and t h e  Delaware Department o f  N a t u r a l  R:sour-ces and Environ-  
merttal C o n t r o l  w i t h  s u p p o r t  from t h e  U n i v e r s i t y  of Delaware 's  C o l l e g e  o f  
Marine  S t u d i e s .  S e p a r a t e  l a n d  cover  c l a s s i f i c a t i o n s  were performed f o r  
t h r e e  cour.tie.s i n  Delaware u s i n g  m u l t i s e a s o ~ t a l  I a n d s a t  d a t a  from A p r i l  3 
and J u l y  20,  1974. The o b j e c t i v e  of t h e  New C a s c l e  County and Kent 
County c l a s s i f i c a t i o n s  was t o  p r o v i d e  g e n e r a l  l a n d  covcr  i n f o m a t i o n  
w i t \ \  s p e c i a l  emphasis on e x i s t i n g  fa rmland  and d e c i d u o u s  and c o n i f e r o s s  
f o r e s t ,  r e s p e c t i v e l y .  A d e t a i l e d  s t u d y  of e x i s t i n g  i n l a n d  and c o a s t a l  
we t l and  v e g e t a t i o n  communities was a t t e m p t e d  f o r  Sussex  County. D e t a i l e d  
a c c u r a c ,  a s s e s s m e n t s  were  conductcd f o r  g e n c r n l  Land c o v c r  i n  New C a s t l e  
and KrnL C o u n t i e s  and f o r  we t l and  c o m u n i t i c s  i n  Sussex  County. The 
c l a ~ . s i f i c a t i o n s  were combined t o  p r o v i d e  a  s t s t a u : i d e  Leve l  I l and  c o v e r  
map and a c r e a f l e  s t a t i s t i c s .  Based on t h e s e  r e s u l . c s ,  t h e  p a r t i c i p a t i n g  
s t a t e  a g e n c i e s  de tc rmincd  t h a t  Landsat  is a  v i a b E e  t o o l  f o r  napp ing  and 
m o n i t o r i n g  l and  covcr  w i t h i n  t h e  s t a t e .  

1. INTRODUCTION 

On A p r i l  30, 1979, ERRSAC sponsored r e m o t e  s e n s i n g  a p p l i c a t i o n s  
workshop i n  Delaware f o r  s t a t e  and l o c a l  r e s o u r c e  managers and u n i v e r s i t y  
p e r s o n n e l ,  a s  p a r t  O F  i t s  mandate t o  t r a n s f e r  NASA-dcvelopcd remote  
s e ~ l s i n g  t e c h ~ i o l o g y  t o  s t a t e  and l o c a l  government . a g e n c i e s  i n  19 nor t l i -  
e a s t e r n  and n o r t h - c e n t r a l  s t a t e s .  T h i s  worl~sllop in t ro t luccd  s t a t e  pc r -  
s o n n e l  t o  t h c  c l ~ a r a c t e r i s t i c s  of Lnndcat d a t a  and a p p l i c a t i o n s ,  e spe -  
c i a l l y  f o r  w a t c r  r r s o u r c e s  and c o a s t a l  zone manap~cmcnt,  and t o  a c t i v e  
a p p l i c a t i o n s  programs be ing  conducted i n  o t l i c r  s t . a t e s .  T h i s  was fo l lowed  
by a  demons t r a t i o n  o f  1,andsat dnta  a n a l y s i s  c a p a b . C l i t i c s  a t  t l ic  Goddard 
Sp;icc F l i g h t  Cen te r  (GSEC) on ?lay 2 2 ,  1979, t o  25: p e o p l e  from Delaware.  
I t e p r c s e n t a t i v c s  f r o n  Delaware s t a t e  govcrnnlcnt a r l so  a t  tcndcd ERRSAC's 
f i r s t  Rcmotc Scns ing  Applications Corlfcrcnce i n  h ihs ton,  > la ry land ,  
October  2-5. 1979 ( 1 ) .  
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These e v e n t s  r e s u l t e d  i n  a  meet ing on October  29 ,  1979, t o  d i s c u s s  
t h e  f e a s i b i l i t y  o f  Delaware u s i n g  Landsat  d a t a  f o r  r e s o u r c e  management. 
C o n s i d e r a b l e  i n t e r e s t  was expressed  i n  e x p l o r i n g  t h e  c a p a b i l i t i e s  o f  
Landsat  d a t a  f o r  mee t ing  t h e  s t a t e ' s  i n f o r m a t i o n  needs .  As a  r e s u l t ,  n 
q u e s t i o n n a i r e  o u t l i n i n g  1 7  p o s s i b l e  Landsat  d e m a n s t r a t i o n  p r o j e c t s  was 
c i r c u l a t e d  among s t a t e  and l o c a l  government p e r s o n n e l  by t h e  Delaware 
Department of N a t u r a l  Resources  and Eavironmental  C o n t r o l  (DNREC). The 
p r o j e c t  a r e a s  t h a t  e l i c i t e d  t h e  g r e a t e s t  r e s p o n s e  were:  

e Mapping l a n d  cover  change. 

o Mapping development of we t l ands .  

Mapping c o n v e r s l o r ~  o f  a g r i c u l t u r a l  l a n d  t o  o t h e r  u s e s .  

e I n t e g r a t i o n  of Landsat  l a n d  cover  d a t a  i n t o  a n  e x i s t i n g  d a t a  base .  

Based on t h i s  r e s p o n s e ,  a  l e t t e r  was s e n t  t o  Governor P i e r r e  DuPont 
i n  A p r i l  198U r e q u e s t i n g  h i s  s u p p o r t  f o r  t h e  c o o p e r a t i v e  program. The 
f o l l o w i n g  September ,  DNREC reached  a n  agreement  w i t h  ERRSAC t o  conduc t  a  
c o o p e r a t i v e  remote  s e n s i n g  a p p l i c a t i o n s  program and convened a  d e t a i l e d  
p l a n n i n g  mee t ing  w i t h  ERRSAC and t h e  I l n i v e r s i t y  o f  Delaware.  

DNREC, as De laware ' s  p r i n c i p a l  n a t u r a l  r e s o u r c e s  agency,  t o o k  t h e  
l e a d i n g  r o l e  f o r  t h e  s t a t e .  ERYSAC provided t e c h n i c a l  e x p e r t i s e ,  p r o j e c t  
gu idance ,  and  t h e  p r imary  c a p a b i l i t y  i n  p r o c e s s i n g  and a n a l y s i s  o f  
Landsat  d a t a .  The U n i v e r s i t y  of De laware ' s  Co l l ege  of Marine  S t u d i e s  
p rov ided  a d d i t i o n a l  t e c h n i c a l  . a s s i s t a n c e  i n  e s t a b l i s l ~ i n g  a n  o p e r a t i o n a l  
remote  a c c e s s  c a p a b i l i t y  t o  t h e  Pennsy lvan ia  S t a t e  U n i v e r s i t y  O f f i c e  of 
Remote S e n s i n g  of E a r t h  Resources  (ORSER) and t h e  E a r t h  Resources  Data  
A n a l y s i s  Systems (ERDAS), I n c .  image p r o c e s s i n g  s o f t w a r e  a v a i l a b l e  a t  
t h c  U n i v e r s i t y  of Delaware C e n t e r  f o r  Rcmotc Sensing.  

Tlrree remote  s e n s i n g  d e m o n s t r a t i o n  p r o j e c t s  were s e l e c t e d ,  s t u d y  
s i t e s  i d e n t i f i e d ,  and p r o j e c t  p l a n s  d i s c u s s e d  d u r i n g  t h i s  mee t ing  ( s e e  
F i g u r e  1 ) .  The f i r s t ,  on a g r i c u l t u r a l  l and  c o n v e r s i o n  s t u d y ,  was 
prompted by t h e  r c q u i r c m c n t s  of House B i l l  No. 307 on A g r i c u l t u r a l  Land 
P r c s c r v a t i o n  passed by t h e  Delaware S t a t c  1 , c ~ ; i s l a t u r e  i n  1981. I n  t h i s  
l e g i s l a t i o n ,  t h e  S e c r z t a r y  of ! i g r i c u l t u r c  i s  r e q u i r e d  t o  r c p o r t  t o  t h e  
Govcrnor ,  t h e  Genera l  Assembly, and t h e  Governor ' s  Ccunc i l  on A g r i c u l t u r e  
abou t  t l ic  e x t e n t ,  l o c a t i o n ,  and c a u s e s  of farmland l o s s  p r e s e n t l y  occur -  
r i n g  i n  t h c  s t a t e .  Thc D i v i s i o n  of S o i l  and Ir'nter Conse rva t ion  of t h c  
DNREC bcci:mc invo lvcd  i n  t h e  Landsnt dc inons t ra t ion  p r o j e c t  t o  s c c  i f  
Landsat  cou ld  h e l p  i d c n t i f y  t l i c sc  farmland l o s s e s .  S i n c e  Ncw Cast  l c  
County I n s  t h e  l a r g e s t  p o p u l a t i o n  arrd mosL p r e s s u r e  f o r  dcvclopment ,  i t  
was c l ~ o s c n  a s  t h c  tcs:  a r e a  f o r  c v a l u a ~ i n l ;  l a n d s a t  d a t a  a s  a  t o o l  i n  
moni to r ing  fa rmlands .  

The g e n e r a l  l and  cover  chnngc p r o j c c t  was of p a r t i c u l a r  i n t e r e s t  t o  
DNHIIC 'S  L) iv is ion of I'arks and ICecreation [which is now p a r t  of t h e  Depar t -  
ment of A g r i c u l t u r e  (DUA)] f o r  cxarnining changes  i n  t h e  d i s t r i b u t i o n  o i  
f o r e s t  cover .  Kent County was s e l e c t e d  a s  t h e  most r c p r c s e n t n t i v c  county  
i n  wliiclr t o  t e s t  t h i s  a p p l i c a t  ion .  



F i n a l l y ,  t h e  Wetlands s e c t i o n  of  DNREC's D i v i s i o n  of  Environmental  
Cont ro l  wanted t o  u s e  Landsat  Eor trapping and moni to r ing  we t land  comuni- 
t ies,  p a r t i c u l a r l y  i n   ela aware's r a p i d l y  deve lop ing  Sussex  County. 

For  t h e  demons t ra t ion  p r o j e c t ,  o n l y  o n e  of t h e  two change d e t e c t i o n  
y e a r s  would b e  cxamincd. The s t a t e  would b e  r e s p o n s i b l e  f o r  a n a l y z i n g  
t h e  second year .  Moreover,  s i n c e  a l l  of   ela aware's t h r e e  c o u n t i e s  were  
t o  be  s t u d i e d ,  a  s t a t e w i d e  l a n d  cover  c l a s s i f i c a t i o n  was p o s s i b l e .  
T h c r c f o r e ,  t h e  d a t a  a n a l y s i s  was des igned  and conducted t o  e n s u r e  t h a t  
t h e  r e s u l t s  would b e  compat ib le  and cou ld  b e  combined t o  form a s t a t e w i d e  
l a n d  cover  c l n s s i f  i c a t i o n .  

2 .  DATA COLLECTION 

I n i t i a l l y ,  t h e  p r o j e c t  p l a n  c a l l e d  f o r  t h e  c l a s s i f i c a t i o n  of  a 
s i n g l e  Landsat  scene .  S i n c e  t h e  a c c u r a c y  of a p r e l i m i n a r y  unsuperv i sed  
c l a s s i f i c a t i o n  of t h e  Ju ly  20, 1974 d a t a  s e t  used by i t s e l f  proved t o  b e  
u n a c c e p t a b l e ,  a n  a l t e r n a t i v e  approach  was a t t empted .  To i n c r e a s e  t h e  
c l a s s i f i c a t i o n  accuracy ,  a n  A p r i l  3 ,  1974 Landsat  s c e n e  was merged w i t h  
t h e  J u l y  d a t a  s e t  t o  p r o v i d e  a  r a l t i s c a s o n a l  d a t a  s e t  a c q u i r e d  w i t h i n  a  
s i n g l e  y e a r .  I n  a d d i t i o n ,  USGS 7.5 minu te  s e r i e s  topograph ic  mmps s n d  
197311974 c o l o r - i n f r a r e d  a e r i a l  photograptis a t  s c a l e s  of 1:24,000 and 
1:126,000 r e s p e c t i v e l y  were used i n  t h e  d a t a  a n a l y s i s .  F i e l d  o b s e r -  
v a t i o n s  and t h e  r e c e n t l y  a v a i l a b l e  N a t i o n a l  Wetlands Survey !laps (based 
on 1979 aerial  photography) were used i n  support: of t h e  accuracy  
assessment .  

3 .  PRECLASSIFICATIOX METHODS 

A s  noted above,  a n  A p r i l  3 ,  1974 Landsat  s c e n e  was merged w i t h  t h e  
J u l y  d a t a  s e t .  T h i s  e f f o r t  was accomplished by u t i l i z i n g  t h e  f o l l o w i n g  
p roccdurcs :  

o P r e p r o c e s s i n g  t o  minimize r a d i o m e t r i c  n o i s e  i n  t h e  Landsat  
m u l t i s p c c t r a l  s c a n n e r  (EISS) d a t a .  

e S p a t i a l  r e g i s t r a t i o n  of m u l t i t e m p o r a l  images t o  a  common map 
p r o j e c t i o n .  

C l a s s i f  i c a t i o t l  by county of t h e  e i g h t  s p e c t r a l / t e m p o r a l  c h a n n e l s  
u s i n g  a n  i t e r a t i v e  u n s i ~ p e r v i s e d  c l u s t e r i n g  approac!l fo l lowed  by 
manual c l u s t e r  l a b e l i n g .  

Wetland t r a i n i t l g  s i t e  s e l e c t i o n  and superv i sed  c l a s s i f i c a t i o n  
of wet land a r e a s  i n  Susscx County, subsequen t ly  merged w i t h  
u n s ~ i p c r v i s c J  l and  cover  c l u s t e r s .  

o F i n a l  s t a t i s t i c a l  summary and accuracy  assessment .  

The in~agc  p r o c e s s i n g  s o f  tware  used t o  accomplish t h e  above t a s k s  
inc ludcd  t h e  f o l l o r ~ i n g  systems:  
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ERRSAC' s I n t e r a c t i v e  D i g i t a l  Image X a n i p u l a t i o n  S y s t e s  (IDIMS) . 
ERRSACts Geographic  En t ry  System [GES). 

o Goddard Spaca F l i g h t  C e n t e r ' s  Video Image C o w i n i c a t i o n  3r.d 
R e t r i e v a l  (VIC4R) System. 

e U n i v e r s i t y  of  Delaware 's  ORSER System. 

e U n i v e r s i t y  of  Delaware 's  E a r t h  Resources  Data A n a l y s i s  System 
( EFaAS) . 

IDLMS and GES were  developed f o r  a n  HP-3000 computer by t h e  E l e c t r o -  
magnet ic  Systems Labora to ry  (ESL) I n c . ,  s s u b s i d i a r y  of TRK I n c .  i n  
Sunnyvale ,  C a l i f o r n i a .  VICAR is a n  IBM-based image p r o c e s s i n g  s ~ f t w a r e  
s y s ~ c m  developed by t h e  J e t  P r o p u l s i o n  Labora to ry  ( J P L )  i n  Pasadena,  
C a l i f o r n i a .  ORSER is  a n  IBM-based irnage p r o c e s s i n g  s o f t w a r e  system 
developed by t h e  Pennsy lvan ia  S t a t e  U n i v e r s i t y  O f f i c e  f o r  Remote Sens ing  
of E a r t h  Resources  and modif ied t o  r u n  on t h e  U n i v e r s i t y  of   ela aware's 
Burroughs B7700 computer. ERDAS is a n  image p r o c e s s i n g  and g e o g r a p h i c  
i n f o r m a t i o n  system developed by ERDAS, I n c .  of  A t l a n t a ,  Georgia  f o r  a 
2-60 microprocessor .  

3 . 1  Rad iomet r i c  P r e p r o c e s s i n g  

When e n t e r e d  i n t o  IDIMS, t h e  two-date d i g i t a l  i a n d ~ a t  d a t a  were 
r e f o r m a t t e d  and c o r r e c t e d  f o r  d i s t o r t i o n s  i n t r o d u c e d  by e a r t h - r o t a t i o n a l  
skew and i n c l u s i o n  of  s y n t h e t i c  p i x e l s .  The d a t a  werc  unleaved l ine-by-  
l i n e  and d i g i t a l  v a l u e s  were conver ted  i n t o  256 q u a c t i z a t i o n  l e v e l s .  
llowever, a s p e c t  r a t i o ,  m i r r o r  s c a n  v e l o c i t y  p r o f i l e ,  pznorana e f f e c t ,  
band-to-band m i s r e g i s t r a t  ion., and r a d i o m e t r i c  r e c a l i b r a t i o n  a r e  n o t  com- 
pensa ted  f o r  by t h i s  IDIEIS s o f t w a r e .  Visual  examinirtion on an i n t e r -  
a c t i v e  v ideo-d i sp lay  d e v i c e  r e v e a l e d  no s i g n i f i c a n t  geomet r i c  d i s t o r t i o n .  

Two r a d i o m e t r i c  d i s t o r t i o n s  e v i d e n t  i n  t h e  d a t a  werc l i n e  d r o p o u t s  
and s i x - l i n e  s t r i p i n g .  D i g i t a l  v a l u e s  i n  bad d a t a  l i n e s  were r e p l a c e d  
by t h e  a v e r a g e  of t h e  d i g i t a l  v a l u e s  i n  t h e  p reced ing  and f o l l o w i n g  l i n e s .  
Based on t h e  assumption t h a t  each  of t h e  s i x  s e n s o r s  i n  e a c h  band had 
been exposed t o  s c e n e  r a d i a n c e s  w i t h  approx imate ly  t h e  same p r o b a b i l i t y  
d i s t r i b u t i o n ,  a n o n - l i n e a r  approach was used f o r  d e s t r i p i n g .  Sensor  
v a l u e s  were modif ied SG t h a t  each  one would h e  r c l a t c d  i n  t h e  same way t o  
t h e  a c t u a l  s c e n e  r a d i a n c e .  T h i s  p rocedure ,  a v a i l a b l e  w i t h i n  t h e  VICAR 
i m ~ g e  p r o c e s s i n g  s o f t w a r e ,  a d j u s t s  o r  "equa l i zes"  every  s t r i p e d  s e r ~ s o r ' s  
cumula t ive  h i s togram t o  t h e  s c e n e  cumula t ive  h i s togram ( 2 ) .  No m u l t i d a t e  
r o d i o m c t r i c  c a l i b r a t i o n s  such a s  a sun a n g l e  c o r r e c t i o n  o r  a  band-to-band 
rad io rnc t r i c  c a l i b r a t i o n  were performed.  Bands 4 and 5 of  t h e  A p r i l  s c e n e  
were l e f t  i n  t h e  o r i g i n a l  h igh-gain  mode, s e t  a t  t h e  t ime  of o v e r p a s s  t o  
m~ximizr?  wa te r  pcnet  r a t i o n .  

3 . 2  Gcomctric Adjustment and County S t r a t  i f  i c a t i o n  

The two dates of inage  d a t a  werf s p a t i a l l y  r e g i s t e r e d  t o  a common 
map p r o j c c t i o ~ ~ ,  t h e  Universal  'I 'rnnsvcrsc ? ic rca to r  (IJ'171). F r i o r  t o  
s p a t i a l  r ~ g i s t r a ' .  i on ,  corn!:lc.rl ilna[;C 1 i n e s  were found i n  two .July 
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scenes  (pa th  15,  rowc 32 and 33) .  ' ii~o subscencs were e x t r a c t e d  and 
nooaicked t oge the r  top  t o  bottom. Complete s t a t e  coverage was n o t  used 
f o r  t h e  A p r i l  da ta .  A nor the rn  p o r t i o n  of N w  C a s t l e  County was ,miss ing  
from t h e  A p r i l  d a t e  because of c loud coverage. 

Image coo rd ina t e s  f o r  about 60 uniformly d r s t r i b u t e d  ground c o n t r o l  
p o i n t s  were l oca t ed  w i t h i n  each county f o r  each d a t e .  The p o i n t s  were 
s imultaneously marked on USGS 7.5 minute s e r i e s  topographic maps t o  t i e  
common f e a t u r e s  i n  bo th  d a t e s  of i m g e r y  t o  n s e l e c t e d  base  nap. Using 
t h e s e  maps t h e  URI coo rd ina t e s  were d i g i t i z e d  on a  d i g i t i z i n g  t a b l e  w i t h  
sof tware  i n  t h e  Geographic Entry System (GES). The mul t i t empora l  imagery 
was r e g i s t e r e d  f o r  each county s e p a r a t e l y .  A UTM o r i g i n  was s e l e c t e d  f o r  
each county and t h e  corresponding d i g i t i z e d  ground c o n t r o l  p o i n t s  were 
r e sca l cd  t o  image coo rd ina t e s  r ep re sen t ing  50-mctcr squa re  p i x e l s .  
Third-order polynominal equa t ions  were used t o  provide  a  l e a s t  squa re s  
t ransformat ion  between raw image coo rd ina t e s  and t h e  r e sca l ed  UTM coor- 
d i n a t e s .  Son t ro l  p o i n t s  w i th  l a r g e  r e s i d u a l s  were i t e r a t i v e l y  d e l e t e d  
u n t i l  t h e  f i n a l  l e a s t  s q ~ . a r e s  r e s i d u a l s  ranged between + 1.5 p i x e l s .  
The average r e s i d u a l  e r r o r  was always l e s s  than 0.5 p i x e l  f o r  each of 
t h e  s i x  r e g i s t r a t i o n s .  

A s imple  b i l i n e a r  i n t e r p o l a t i o n  was used t o  resample t h e  i npu t  
image d e n s i t y  va lues  t o  t h e  de s i r ed  ou tpu t  p i x e l  l o c a t i o n .  B i l i n e a r  
i n t e r p o l a t i c n  was chosen because i t  produces a l e s s  blocky appearance of 
l i n e a r  f e a t u r e s  than t h a t  assoc ia t rd .  w i th  nearest-neighbor i n t e r p o l a t i o n .  
Althcugh high-order i n t e r p o l a t i o n  i1:proved t h e  v i s u a l  appearance of 
images, a n a l y s i s  techniqucs such as c l a s s i f i c a t i o n  cou1.d be s e n s i t i v e  t o  
t h e  resampling method employed ( 3 ) .  For a genera l  land cover  c l a s s i f i -  
c a t i o n  such a s  t h a t  developed i n  t h i s  s t udy ,  i t  was f e l t  t h a t  t h e  
b i l i n e a r  method would no t  h a v e - a  s i g n i f i c a n t  e f f e c t  on t h e  c l a s s i f i -  
c a t i o n ,  althougll no t e s t s  were done t o  v e r i f y  t h i s  assumption. E thr idge  
and Nelson (4) found 110 s i g n i f i c a n t  d i f f e r e n c e  between t h e  maximum l i k e -  
l ihood  c l a s s i f i c a t i o n  r e s u l t s  of t h e  t h r e e  resampling methods. However, 
Logan and S t r a h l e r  (5) found t h a t  t h e  average  f o r e s t  t r a i n i n g  c l a s s  mean 
decreased by 4.56 d i g i t ~ l  counts  and was accompanied by an  i n c r e a s e  i n  
t h e  s tandard  d e v i a t i o n  of 42  percent  f o r  b i l i n e a r  resampled d a t a  and 
60 percent  f o r  cubic  i n t e r p o l a t i o n .  

Mul t ida te  r e g i s t r a t i o n  was v e r i f i c d  on n video  d i s p l a y  by f l i c k e r i n g  
between t he  two image d a t e s .  The base  mzp r e g i s t r a t i o n  was v e r i f i e d  by 
over lay ing  r a s t e r  p l o t t e r  gray maps on t h e  7.5 minute topographic maps. 
Visua l  examination revealed t h a t  t h e  r e g i s t r a t i o n  dev i a t ed  no n o r e  than  
one p i x e l  i n  any a r e a .  ~ZEter t h i s  s p a t i a l  adjustment  slas app l i ed  t o  t h e  
raw d a t a ,  a  copy was recorded on magnetic t ape  and s e n t  t o  t h e  Un ive r s i t y  
of Delaware f o r  input  t o  t he  OKSEK and EXDAS image process ing  systems.  
Herc, t h e  d a t a  could e a s i l y  be  accessed by DNREC and MA a n a l y s t s .  

Tlic county and 7.5 minute topogr:cphic rnap boufidarics were c l ig i t i zed  
a s  s e p a r a t e  polygon ovc r l ays  wi th  tlic GES software.  Each over lay  was 
converted i n t o  a  r a s t e r  ixagc  w i th  Lhc. same o r i g i n  and p i x e l  s i z e  a s  t h e  
s p a t i a l l y  ad ju s t ed  Landsat d a t a .  Tlic county irt-.agc was used t o  s t r a t i f y  
trie Landsat d a t a  by county and e l i m i n a t e  any da t a  o u t s i d e  of t h e  S t a t e  
of Delaware. The topographic map i~mge was used t o  produce 7.5 minute 
map ove r l ays  on a  r a s t e r  p l o t t e r  t o  ( I )  v a l i d a t e  t h e  Landsat geometr ic  
adjustrucnts,  and (2 )  produce c l a s s i f i c a t i o n  maps f o r  t h e  accuracy a s s e s s -  
ment. An example of t h e  d i g i t i z e d  boundaries  is shown i n  ~ i g u r e  2 .  
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Two approaches  t o  c l a s s i f i c a t i o n  were used a s  p a r t  of  t h e  Delaware 
s t a t e  p r o j e c t s .  For  t h e  g e n e r a l  l a n d  cover  s u r v e y s ,  s e p a r a t e  unsuper-  
v i s e d  c l a s s i f i c a t i o n s  were  performed f o r  each  county.  A  s u p e r v i s e d  
approach was used f o r  t h e  more s p e c i f i c  c i a s s i f i c a t i o n  of  wet land com- 
m u n i t i e s  i n  Sussax  County. 

4 . 1  Unsupervised C l u s t e r i n g  

An unsuperv i sed  approach was used t o  deve lop  ground cover  c l a s s i f i -  
c a t i o n  s i g n a t u r e s  f o r  e a c h  county.  The aim of unsuperv i sed  c l u s t e r i n g  
was t o  p a r t i t i o n  t h e  multispectral/multitemporal d a t a  i n t o  d i s j o i n t  s a t s  
of  s p e c t r a l l y  honogeneous c l u s t e r s  w i t h o u t  p r i o r  knowledge abou t  t h e  
a c t u a l  s i g a a t u t e  d i s t r i b u t i o n  of  i n d i v i d u a l  l a n d  cover  c a t e g o r i e s .  The 
most impor tan t  f e a t u r e  o f  t h i s  approach was t h a t  i t  d e f i n e s  n o t  o n l y  t h e  
pure  ground cover  t y p e s  i n  a Landsat  s c e n e ,  but  a l s o  t h e  m i x t u r e  c l a s s e s  
thqt were p r e s e n t .  The term unsuperv i sed  can  b e  m i s l e a d i n g  because  a 
h i g h  d e g r e e  o f  a n a l y s t  i n t e r a c t i o n  was r e q u i r e d  t o  s u c c e s s f u l l y  u s e  t h i s  
t echn ique .  As diagrammed i n  F i g u r e  3 ,  t h i s  was a n  i t e r a t i v e  p rocedure .  
The a n a l y s t  f i r s t  s e l e c t e d  an a l g o r i t h m  s u i t a b l e  f o r  t h e  a p p l i c a t i o n  and 
then  i t e r a t i v e l y  changed t h e  numer ica l  pa ramete r s  u n t i l  a n  a c c e p t a b l e  
r e s u l t  was o b t a i n e d .  

The a l g o r i t h m  used was t h e  ISOCLS s o f t w a r e  a v a i l a b l e  i n  IDIWS. T h i s  
program w a s  b o t h  v e r s a t i l e  and compl ica ted  because t h e  a l g o r i t h q  sub- 
j e c t e d  t h e  m u l t i v a r i a t e  d a t a  t o  n c e r t a i n  number of s p l i t  and c-o~nbine 
i t e r a t i o n s .  The number and o r d e r  of i t e r a t i o n s  were  determined by t h e  
a n a l y s t .  On n s p l i t  i t e r a t i o n ,  c l u s t e r s  which e x h i b i t e d  s t a n d a r d  
d e v i a t i o n s  ( i n  one o r  more c h a n n e l s )  g r e a t e r  t h a n  t h e  a n a l y s t - s p e c i f i e d  
s t a n d a d  d e v i a t i o n  were s p l i t .  On a combine i t e r a t i o n ,  p a i r s  of c l u s t r r s  
were  e v a l u a t e d  t o  s e e  i f  t h e i r  means were Less t h a n  a n  a n a l y s t - s p e c i f i e d  
d i s t a n c e  a p a r t .  I f  t l le  s e p a r a t i o n  was less t h a n  t h i s  d i s t a n c e ,  t h e  
c l u s t c r s  were merged. I n  a d d i t i o n  t o  a n  o u t p u t  c l u s t e r  image, a  s t a t i s -  
t i c s  f i l e  d e s c r i b i n g  t l ie s t a t i s t i c a l  d i s t r i b u t i o n  of each  c l u s t e r ' s  
s p e c t r a l / t e r n p o r a l  s i g n a t u r e  was g e n e r a t e d .  

The s p a t i a l  l o c a t i o n  of each c l u s t e r  was d i s p l a y e d  on a n  i n t e r a c V i v e  
v ideo  d i s p l a y  d e v i c e  and manually a s s i g n e d  a  l a n d  cover  l a b e l .  Topo- 
g r a p h i c  maps, a e r i a l  photographs,  and two-band s p e c z r a l  p l o t s  were used 
a s  l a b e l i n g  a i d s  i n  t h e  p r o c e s s .  The a n a l y s t  made a n  i n i t i a l  v i s u a l  
i n t e r ~ r e t a t i o n  3s t o  t h e  land cover  c a t e g o r y  t o  which each c l u s t c r  
belonged by cxan in ing  t h e  s p e c t r a l  p l o t  of means and c o v a r i a u c e s .  When 
t h e  most a p p r o p r i a t e  l and  cover  t y p e  was determined f o r  a  c J . u s t e r ,  t i le 
a n a l y s t  i n t e r a c t i v e l y  a s s i g n e d  a  c o l o r  t o  i t .  C l u s t e r  l a b e l i n g  was a 
very s u b j c c t i v e  procedure .  A s  a  r e s u l t ,  t h e  a n a l y s t  needcd t o  have g )od 
a e r i a l  p h o t o i n t e r p r e t i v e  s k i l l s ,  a  p h y s i c a l  u n d e r s t a n d i n g  of t h e  s p e c t r a l  
d a t a  t o  interpret t h e  s p e c t r a l  p l o t s ,  and a d e q u a t e  f i e l d  l:nowledgc of t h e  
s t u d y  s i t e .  I n  t h i s  a p p l i c a t i o n ,  t h e  l a b e l  of each  c1ustc.t. vss evnluclted 
by t h c  DSRI'C o r  DOA a l i a l y s t  who was t h e  most f a m i l  i a r  w i t h  t h e  cor rcspon-  
d ing  area. 



4.2 Masking and Rec lus te r ing  

.Addtng a second d a t e  t o  :he unsupervised c l a s s i f i c a t i o n  i nc r ea sed  
t h e  v a r i a b i l i t y  w i th in  t h e  d a t a  s e t ,  and t h e r e f o r e ,  t h e  c l u s t e r i n g  
a lgo r i t hm should have generated more c l u s t e r s  t o  c h a r a c t e r i z e  t h e  
s ea sona l  v a r i a b i l i t y  i n  s p e c t r a l  response. However, a s  t h e  num5er of 
channels  increased ,  t h e  maximm number of c l u s t e r s  t h a t  could be 
genera ted  by t h e  IDIMS ISOCLS a l g o r i t h  decreased.  For an  eight-channel  
d a t a  s e t  t h e  mximum number of c l u s t e r s  was 64. A th reshold ing  and 
masking technique was used t o  gene ra t e  more c l u s t e r s  i n  a  two-phase 
approach t o  c l u s t e r i n g .  

I n  t h e  f i r s t  phase masks f o r  t h e  water  c l a s s  were c r e a t e d  f o r  both 
d a t e s  by f i n d i n u  a b ina ry  th reshold  i n  Landsat MSS band 7.  Thecc two 
masks were combined (i.e., mul t i p l i ed  t oge the r )  and used t o  mask o u t  
water  by mu l t i p ly ing  t h e  eight-channel d a t a  s e t  by t h e  water  mask. The 
a r e a  of missing d a t a  i n  t h e  Apr i l  scene  w a s  e l im ina t ed  from t h e  J u l y  
scene. Th i s  masking technique e l imina ted  water  c l a s s e s ,  f o r c i n g  t h e  
ISOCLS a lgo r i t hm t o  produce more land cover  c l u s t e r s .  The water  mask 
was subsequcnt ly added back t o  t h e  c l u s t e r  c l a s s i f i c a t i o n  t o  r e c r e a t e  
t h e  water  ca tegory .  

The r e s u l t i n g  63 land cover c i u s t e r s  were aggregated f o r  each county 
t o  o b t a i n  n i n e  land cover ca t ego r i e s  f o r  New C a s t l e  County, e i g h t  c a t e -  
g o r i e s  f o r  Kent County and s i x  c a t e g o r i e s  f o r  Sussex County ( s ee  Resu l t s  
s ec t i on ) .  Eva lua t ion  of each county c l a s s i f i c a t i o n  revea led  sone a r e a s  
of confusion Letween wetlands and f o r e s t s ,  c o m e r c i a l / i n d u s t r i a l  and 
a g r i c u l t u r e ,  and r e s i d e n t i a l  and a g r i c u l t u r e .  I n  p a r t ,  t h i s  problem was 
due t o  t h e  l a r g e  v a r i a t i o n  added t o  t h e  d a t a  by t h e  a d d i t i o n  of d a t a  f o r  
a  second d a t e  wi thout  a comparable i n c r e a s e  i n  t h e  number o f , c l u s t e r s  
generated.  Examination of t h e  covar iance  mtri:: of each c l u s t e r  revea led  
a l a r g e r  covar iance  w i th in  t h e  da t a  f o r  each d a t e  than between d a t e s .  
Thus t h e  mulCitcmpora1 v a r i a t i o n  was w e l l  segmented, but  t h e  within-date  
v a r i a t i o n s  were no t  adcquntely segmented i n t o  meaningful c l u s t e r s .  

I n  t h e  second phase of c l u s t e r i n g ,  an  a t tempt  was made t o  reduce t h e  
va r i ance  w i t h i n  c l u s t e r s  by doubling t h e  number of c l u s t e r s  genera ted  by 
t h e  ISOCLS program. For exanple,  twenty-seven of t h e  c l u s t e r s  w i th  t h e  
l a r g e s t  wi th in-da te  va r i ances  were grouped t oge the r  t o  form a mask i n  New 
C a s t l e  County. The remaining d a t a  formed a second mask. Each mask was 
m u l t i p l i e d  w i t 1 1  t h e  raw d a t a ,  c l u s t e r e d  i n t o  63 c l u s t e r s ,  and subse- 
quent ly  added t o  form 126 new c l u s t e r s .  The new c l u s t e r  irnage was c ro s s -  
t abu l a t ed  w i th  t h e  prev ious  land cover c l a s s i f i c a t i o n  t o  speed up t h e  
l a b e l i n g  process .  Using a silnple p l u r a l i t y  d e c i s i o n  r u l c ,  c l u s t e r  l a b e l s  
were ass igned  based upon t h e  predominant land cover  presen t  i n  t h e  pre-  
v ious  c l a s s i f i c a t i o n  ( 6 ) .  

4 . 3  S t r a t i f i c d  C l u s t e r  Labeling 

Each s t a t e  p a r t i c i p a n t  v i s i t e d  ERRSAC f o r  a  l-day i n t e n s i v e  a n a l y s i s  
s e s s i o n  t o  he lp  refine t h e  c l u s t e r  l abe l i ngs .  For t h e  no r the rn  p o r t i o n  
of New C a s t l e  County, t h e  small  a r ea  of s ing le -da te  d a t a  was c l u s t e r e d  
s e p a r a t e l y ,  l abe l ed  and merged wi th  t h e  county c l a s s i f i c a t i o n  map. An 
evn lua t i oc  by t h e  s t a t e  p a r t i c i p a n t  revea led  some rcna in ing  confus ion  
between a g r i c u l t u r a ,  urban, and wetland cover types .  I n  p a r t i c u l a r ,  t h e  
commission e r r o r s  of t h e  urban categories were too high.  
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To save  t ima and t o  reduce comis s i . o r  e r r o r s ,  3 s t r a t i f i e d  approach 
t o  c l u s t a r  l a b e l i n g  was pursued. Using 7.5 minute topographic m p s ,  t h e  
t h r e e  c l u s t e r  images were segmented i n t o  two zones, one corrcsponding t o  
a r e a s  of mzjor urban i n f luence  ( i . e . ,  r e s i d e n t i a l ,  i n d u s t r i a l ,  comner- 
c i a l )  and t h e  o t h e r  w i th  no u rban i za t i on  (Figure 4 ) .  C l u s t e r s  t h a t  were 
p r ec ious ly  l abe l ed  a s  urban f-n t h e  non-urbsn s t r a t a  were grouped i n t o  
wetland o r  a g r i c u l t u r a l  covcr types.  This  c l ~ s s i f i c a t i o n  was merged w i th  
t h e  urban c l a s s i f i c a t i o n  t o  c r a t e  t h e  f i n a l  land cover  c l s s s i f i c a t i o n .  
A c o l o r  nega t i ve  of titic; ircage was s e n t  t o  DNREC, f r o& which 1:50,000- 
s c a l e  c o l o r  p r i n t s  of t h e  county c l a s s i f i c a t i o n s  were m d e .  

4.4 S t a t e  Level  Aggregation 

For  t h e  s t a t e  l e v e l  c l a s s i f i c a t i o n ,  t h e  c a t e g o r i e s  i n  t h e  unsuper- 
v i s ed  c l a s s i f i c a t i o n s  of each county were aggregated i n t c  s i x  ca t ego r i e s :  
a g r i c u l t u r e ,  developed, wet lands,  con i f e rous  woodland, decl.duous wood- 
l and ,  and water .  I n  New C a s t l e  and Kent Counties ,  shal low water  arid 
wa te r  were grouped i n t o  t h e  water  ca tegory ,  and commerc ia l / indus t r ia l ,  
r e s i d e n t i a l ,  and cons t ruc t i on /ba re  s o i l  were grouped t c g e t h e r  i n t o  t h e  
developed category.  The t h r e e  counties ,were mosaicked t oge the r  acd t h e  
county boundaries  were d i g i t a l l y  superimposed onto  t h e  f i n a l  s t a t e  l e v e l  
c l a s c i f i c a t i o n  map. 

4.5 Supervised Wetland C l a s s i f i c a t i o n  

S ince  t h e  o b j e c t i v e  of t h e  wetland c l a s s i f i z a t i o n  was a d e l i n e a t i o n  
of s e v e r a l  marsh s p e c i e s  a s  w e l l ' a s  t h e  s e p a r a t i o n  of f reshwater  and 
t i d a l  s p e c i e s  c o n ~ u n i t i e s ,  a  more i n t e n s i v e  approach combining super- 
v i s ed  and unsupervised techniques was used f o r  Sussur  County. Thc wet- 
land  s p e c i e s  c o r n u n i t i e s  incl.uded (i) reed g r a s s  ( p h r a ~ n i t e s  comuri is)  , 
(2)  s a l t  hay ( s p a r t i n a  pa tens  j , (3) cord g r n s s  ( s p a r t i n a  a l t e r n i f l o r n )  , 
(4) b r ack i sh  marsh (a mix t s r e  of s a l t - t o l e r a n t  and f r e s h d a t e r  s p e c i e s ) ,  
(5) f reshwater  marsh, (6) evergreen swamp (cypress  and ceda r ) ,  and 
(7) hardwood swmp (water oak, b lack  gum, sweet gum, and r e d  maple). 

F i r s t ,  u n ~ u p e r v i o e d  c l u s t e r i n g  was used t o  gene ra t e  64 mu i t i -  
t empora l /mul t iopec t ra l  c l u s t e r s .  These c l u s t e r s  were grouped i n t o  s i x  
gene ra l  l and  covcr  ca t ego r i e s :  (1) water ,  (2 )  developed, (3) wetlands,  
(4) coni fe rous  woodland, (5) deciduous woodland, and (6) a g r i c u l t u r e .  
Next, superv ised  t r a i n i n g  s i t e s  were l oca t ed  w i th in  t h e  wetland communi- 
t i e s  and o t h e r  cover  types  t h a t  were mistakenly c l a s s i f i e d  as wetlands.  
A number of i t e r a t i o n s  were r equ i r ed  be fo re  most of t h e  wetland seasona l  
s p e c t r a l  responses  were cha rac t e r i zed .  F i n a l  mean v e c t o r s  and covar iance  
m a t r i c e s  were generated f o r  60 wetland t r a i n i n g  s i t e s  d i s t r i b u t e d  through- 
o u t  Sussex County w i th  t h e  a i d  of t h e  DNREC ana lyz t  and 1973 c o l o r  
i n f r a r e d  a e r i a l  photographs. Each t r a i n i n g  s i t e  was e i t h e r  accepted  o r  
r e j e c t e d  dur ing  t h i s  p rocess  based on t h e  s t a t i s t i c s  f o r ' r a c h  band of 
da t a .  For exanple,  any s i t e  w i th  a  bimodal d i s t r i b u t i o n  was r e j e c t e d .  

A f t e r  each i t e r a t i o n ,  t h e  Landsat da t a  were c l a s s i f i e d  u s ing  a  
maximum l i k e l i h o o d  dec i s ion  r u l e  f o r  each of t h e  60 s i t e s .  Each c l a s s  
was then  d isp layed  and s e l e c t i v e l y  th resholded ,  us ing  t h e  l i k e l i h o o d  
v a l u e  of  each pPxel t o  e l i m i n a t e  a r e a s  no t  belonging t o  t h e  c l a s s .  



F i n a l l y ,  s o v o r n l  of  t h e  unsupcrviacd wct lend s i g n a t u r e s  ware merged w i t h  
t h e  t luporvisod c l o s a i f i c n t i o n  u s i n g  nn imngt? o v o r l n y i n g  t c c h n i q u c  t o  
crcata o f  inn1 wat lnnd  map. 

5 .  . RESULTS 

P r e s e n t e d  balow i n  Tnblc  I n r c  t h e  r e s u l t s  of  t h c  t h r e e  i n d i v i d u a l  
coutity c l a u s i f i c n t i o r ~ n  aggrcga tcd  f o r  t h e  S t o t c  o f  Dclnwnrc, n long  w i t h  
o v e r a l l  accuracy  l c v u l s .  Thcrc  n r c  no c o r r c l r ~ t i v c ?  s o u r c e s  of information 
avai1:r l lc  from t h e  s t a t c  f o r  compnrison, but  t l ~ c  h i g h  a c c u r a c y  l c v c l s  
conf i rm tl ic r o l i u b i l i t y  of t l ic t r l - c o ~ i n t y  c l n s s i f i c n t i o n .  

Tlic o t h e r  t a b l o s  i n  t l i i s  H C C ~ ~ O I I  p r c a c n t  t h c  r c s u l t s  of  t h e  i n d i v i -  
du:11 coi~r i ty  accuracy  assessments ,  nnd t l ic  S U ~ S C X  County wct l n n d s  c l a s s i f  i- 
c a t i o n .  A g c n e r u l  lolid covcr  nccurcicy nsscssmcnt  W:I:I n o t  done f o r  Sussex  
County bc~causc  t l la p r o J o c t  was dcs igncd  to  nclp we t lands  n t  t l w  s p e c i e s  
1cvc:L. T l lo ru for t~ ,  tlro p u r c c n t  .rccurncy f l g u r c s  111 Tnblc  I arc t h c  con- 
bincd l a n d  covcr  n c c u r u c i e s  f o r  tlrc Ncw Crlstlo r~nd  Kclit Counties. 

I'crccnt 
C u t ~ g o r y  Ncw Custlu Kcnt S\is:;t-x S t n t a  Acct~rrccy 

Dcvc~lopc*d 64212 15035 23581 102828 91.5 

Agricti l  t u r c  138658 221605 298851 6591lh 93.4 

(\ l tr tur ucrclnCc.s f o r  Kent rind Susscx (:o1111t tcss i ricludc 
t  liu Dclnwr~rc Ilay) . 

5.1 Kuct ;riad Now C n s t l c  Cot~u t  i e > s  

'The rlccuracy ossessmcl l ts  f o r  Ncw Cnst l c  iiud Kcnt Cntint ics wcrc 
cclr r icd o u t  u u i r l ~  u, t o t a l  of scvc.n IlS(;S 7 .  5 ~ n i ~ i u t r  topo~r : lp l i l c  qrl:rtlrctn- 
glcts,  and s u 1 c c t i n g  u i t l ~ u r  u 5 or  1 0  pc rc twt  r:~irdom :;crmplr nf ~ ~ l x c l s  on 
c*nct~ q t~ :~d  :;llut!t. Tltfs r c p r c s c ~ ~ t c t l  LI 4 . 5  PC-rccnt  s~ln~plc-  of Ijt-ltiwt~rc':; 
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The acccracy aosessmcnts were co~rducted by over lay ing  themat ic  
p l o t t e r  maps of t h e  Landsat c l a s s i f i c a t i o n  and photographic n y l a r s  of 
t h e  ground t r u t h  in fcnna t ion  (1973 black-and-white a e r i a l  photography) 
on to  tl ic 7.5 minute quads. Both t h e  photo mylars  and p l o t t e r  mops were 
reproduced a t  a s c n l c  of 1:24,000 i n  o rde r  t o  f i t  t h e  7.5 minut- quad 
shee t s .  A g r i d  wi th  n c e l l  s i z c  of 25 p i x e l s  (5  x 5 p i x e l  b locks) ,  
numbfrcd a long  its x and y axes ,  then was superimposed on t h e  o t h e r  
products .  Using a random numbers t a b l e ,  251 c e l l s  were sampled f o r  each  
quad i n  New C a s t l e  County, o r  a t o t a l  of 6275 p i x e l s  pe r  map, and 125  
c c l l s  were sampled f o r  each quad i n  Kent County, o r  a t o t a l  of opproxf- 
matcly 3125 p i x e l s  per  map. Each c e l l  of t h c  p l o t t e r  map was compared 
w i th  t h e  photo mylar (ground t r u t h )  on a pixel-by-pixcl b a s i s .  Areas 
which could no t  be i d e n t i f i e d  on t he  a e r i a l  photography were checked i n  
t h e  f i e l d .  A count of  t h e  number of c o r r e c t  and i n c o r r e c t  p i x e l s  was 
recorded,  and t h e s e  r e s u l t s  a l e  summarized i n  t h e  fo l lowing  t a b l e s .  

TABLE I1 

NEN CASTLE COUNTY ACCURACY ASSESSEIEKT 

Tot ill 2156 Rho3 5132 6 1  616 1477  18295 8 9 . 7  

( U m b i ~ i ~ * d  cont  itiycncy table f o r  NIdd lcLow~,  h't.u;~rk Eas t .  and Wllmlnjiton Sorrt h  
q u a d r i ~ n ~ l r . d ;  10 p r r r c n t  sample of p i x c l s  p r r  qlrnd) 

*map aczurilcy e q i ~ a l s  t l ~ r  t o t a l  numhcr of p lxcl? ;  crrrrccL1y idcn t  i f  l ed ,  d l v i d c d  by  t h e  
tot.11 nunbcr o f  p i x r l s  111 t h r  ):round t r u t t ~  ~ a t c g o r y .  p l u s  t t l r  niimhcr of p l x r l s  i nco r -  
r e c t l y  L~ lc ludc~ l  I n  t 1~1 t  r i i t ~ ~ o r y  by t h r  1311dsat d.lt;l c1as t : l i I ca t  Ion. 



The o n l y  c a t e g o r y  t h a t  was c l a s s i f i e d  with less t h n a  a d e q u a t e  a c c u r a c y  
i n  New C a s t l e  County was we t lands ,  which t h e  Londsat i n t c r p r c t o t i o n  con- 
f u s e d  mos t ly  wit11 a g r i c u l t u r c .  A l l  o t h c r  c a t e g o r i e s  wcre c l o s s i f i c d  w i t h  
n p p r o x i m t c l y  90 p c r c c n t  accuracy  ( i . e . ,  p e r c e n t  correct). T h i s  is  
p n r t i c u l u r l y  impor tan t  i n  Ncw C n s t l c  County, bt?cause h e r e  1,andszt d a t a  
may be  used i n  c o n j u n c t i o n  w i t h  o t h c r  in fo rmat ion  t o  moni to r  t h e  conver-  
s i o n  of l a r g e  b l o c k s  of  farrulnnd t o  o t h e r  l and  u s e  types .  

Therc  arc s e v e r a l  r easons  which e x p l a i n  why c u n f u s i o n  e x i s t s  between 
t h e  major l a n d  c o v c r  c a t c g o r i c s .  These can  bo suurnarizcrl a s  f o l l o w s :  

- m i s c l n s s i f  i c a t i o n  due t o  edge e f f e c t s  c r e a t e d  whan m u l t f p l c  c a t p -  
g o r i c s  appcnr  w i t h i n  n s m a l l  a r e a ;  

- e r r o r s  t h a t  c a n  be a t t r i b u t e d  t o  out-of-context  c l a s s i f i c n t i o n ;  
c.g., park land  w i t h i n  urban a r c a s  be ing  c l a s s i f  i e d  a s  a g r i c u l t u r e ;  

- s e a s o n n l  d i f f c r c n c e s  bctwccn a e r i a l  pho tos  (Harch 1973) a r ~ d  
Londsnt d a t a  s e t s  ( A p r l l  and J u l y  1974) ,  n s  w e l l  a s  a c t u a l  l a n d  c o v c r  
changes  d u c  t o  construct iol : ;  and 

- m i s r c g i s t r n t i o n  nmong tl lc Lnndsnt d a t e s  and ground v e r i f i c n t i o n  
d a t a .  

TABLE I11  

KF.NT C t W N n '  ACCURACY ASSESSMENT 

IANDSAT CIASSIFICATIUN 

!UP 
*CATE~:URYI A 2 R l d  WETID R E S I D  CO?M'L (:oil< DEt:l l l  UATSll WATER TOTAI. : CORRECT h[:CIlRACY (x )  - -- -- - -- -- -- - - 

RESIDENTIAL 59 1  259 2; -- 7 -- -- 350 7 4 . 0  6 4 . 0  

CON1 FEKUUS -- -- -- - - 143 -- -- -- 143 100.U 9 7 . 9  

DEZIUl lUUS 79 b 3  I -- 3188 -- -- 3 2 7 7  9 7 . 3  95.3 

WATER. SIIAI.I.LJW -- -- -- -- -- -- 14 -- 34 ~on.o 8'4.5 
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Only t h e  developed c a t e g o r i e s  (commercial-industrial and reaiden-  
t i a l )  i n  Kent County were c l a s ~ i f i e d  wi th  modcrcte accuracy; a l l  o t h e r s  
werc once a g c i n  i n  t h e  9 0 x 0  100 percent  range. Many of t h e  a m e  prob- 
lems t h i c h  a f f e c t e d  the Nev C a s t l e  County c l a s s i f i c a t i o n  were a l s o  
p r e s e n t  he re ,  inc luding  t h e  edge f a c t o r ,  t ime changes, and confus ion  
between s i m i l a r  s p e c t r a l  c l a s s e s  r ep re sen t ing  d i f f e r e n t  land  u s e  o r  land  
cover  ca t ego r i e s .  The o v e r a l l  Kent County c l i i s s i f i c a t i o n ,  however, had 
e x c e l l e n t  accu rac i e s  f o r  agriculture, f o r e s t  and veter. It can be s t a t e d  
t h a t  i n  gene ra l ,  both Kent m d  Mew C a s t l e  Counties werc a c c u r a t e l y  c l a s -  
s i f i e d  over  l a r g e  a r e a s ,  tnd  t h t  n o s t  of t h e  c l a n e i f i c a t i o n  e r r o r s  
occurred iil sml: a r e a s ,  such as along boundaries o r  i n  o t h e r  t r a n s i -  
t i o n a l  ereas. 

5.2 Sussex County Wetlands Inventory 

The c l a s o i f i c o t i o n  of wetland communities in .Sussex  County, inc lu-  
d ing  s e v e r a l  i nd iv idua l  spec i e s ,  was only  p a r t i a l l y  successfu l .  Hardwood 
swanp (52 percent  of a l l  wetlands) was by f a r  t h e  l a r g e s t  ca tegory  a s  
mapped by Landsat;  whi le  no doubt ex tens ive ,  t h i s  f i g u r e  is obviously 
o v e r e s t b t e d .  S h i l o r l y ,  coni fe rous  swamp i s  we l l  underestimated. The 
s t a t e  a n a l y s t ,  however, confirms t h a t  t h e  e s t ima te s  of b rack i sh  na r sh ,  
cord g ros s  ( s p a r t i n a  o l t e r n i f l o r a ) ,  and s a l t  hay ( spa r t i na  patens) a r e  
reasonable,  wh i l e  t hose  f o r  f reshwater  na r sh  and reed g r a s s  ( 9 h r a p i t e s )  
a r c  s c n e w h ~ ~ t  uncer ta in .  Thin is mirrored i n  t h e  accuracy nssescme11t by 
t h e  f a c t  t h a t  on ly  s p s r t i n a  a l t c r n i f l a r a ,  water ,  and tke o t h e r  gellcral 
land cover (non-maroh) ca t cgo r i c s  were mapped wi th  acccptsb le  (2 50 per- 
cen t )  accurac ies .  Freshwater na r sh  was de l inea t ed  wi th  only approxi- 
matc1.y 30 percent  accuracy, brackish  marsh wi th  approXicztcPl 40 perccnt ,  
and hardwood swamp, coni fe rous  swamp, and s p a r t i n a  patens were capped a t  
appro~: ina te ly  t h e  46 percent  accuracy l e v e l .  

WETLAND COMPlUNITY 

TABLE IV 

SUSSEX COUNTY, DELA\JrtPE 

1974 LANDSAT WETUNDS INVENTORY 

ACREAGE 

Hardwood Swamp 36701 52.0 

Coniferous Swamp 2506 3.6 

Freshwater Marsh 6191 8.8 

Phragmites 2162 3.1 

Brackish Marsh 

Spa r t i na  A l t e r n i f l o r a  

Spa r t i na  Pa tens  

To ta l  70573 100.0 

36 4 ; 
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Reasons f o r  t he sa  low a=curac i c s  inc lude  t h e  d i f f i c u l v y  of s e l e c t i n g  
r e l i a b l e  t r a i n i n g  s i t e s  f o r  t h e  va r ious  marsh types ,  t h e  need f o r  d a t a  
from o t h e r  o r  a d d i t i o n a l  seasons,  and t h e  l i n i t e d  s p a t i a l  end s p e c t r a l  
r e s o l u t i o n  a v a i l o b l a  w i th  t h e  Landsat MSS (7).  It is p o s s i b l e  t h a t  i f  
t h e  s tudy  area had f i r s t  been s t r a t i f i e d  i n t o  upland and lowland types  
a s  repor tcd  i n  Err-st e t  a l .  (a), much h igher  nap accur-c iee  could have 
been achieved. 

TABLE V 

1974 ACCURACY ASSESSMENT 

WETLAKIS CLASSIFICATION, SUSSEX COUNTY, DELAWAXE 

UN3SAT IDENTIFICATION (8-BANDS) 

Conifsroua I 30 

I 
Svsmp 

Water I 1 31 40 1399 1 It 139 3 75 1705 82.1 

Spartin. 
Alternif lora 

Spare ina 
Pat ens I 
Other I 205 6 21 4 71 48 80 80 6836 7351 93.0 

Total I 428 125 169 1432 133 270 633 180 7414 10985 
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klu l t i t empora l  Lnndsat E!SS d a t a  produced nn a c c u r a t e  and u s c f ~ r l  
1.nvcntory of  farmland,  f o r e s t  and g e n c r a l  l a n d  cover  f o r  t h e  s t a t e .  
Comparison of  l a n d  cover  c l i i s s i f i c n t i o n s  from d i f f c r c n t  y c a r s  t i i c r e f o r c  
would p r o v i d e  t h c  change d e t e c t i o n  i n f o r m a t i o n  r e q u i r e d  by P u b l i c  Law 
307. Bascd on t h e  s u c c c s s  of t h e s e  a p p l i c a t i o n s ,  t h c  S t a t c  o f  Delawarc 
has e s t a b l i s h e d  a n  ilnagc proccs::inc c a p a b i l i t y  a t  t h e  U n i v e r s i t y ' s  C c n t e r  
f o r  Rcmote Sens ing  i n  Ncwark, and p l a n s  t o  e x p l o r e  f u r t h e r  o p p l i c n t i o n s  
of  Lnndsnt d a t a .  S p c c i f i c o l l y ,  a  mgre r c c e n t  ( c r i c a  1980) s t a t e ~ i d e  l a n d  
cover  c l a s s : f i c a t i o n  f o r  exnmiuing l a p ?  u s e  clmnge is anticipated. 
Although Lnndsat EISS d a t a  wcrc found t o  h c  o n l y  m a r g i n a l l y  u s e f u l  f o r  
mapping c o m c ~ n i e i c s  of wct land s p c c i c o ,  t h c  Landsnt 4 Themaiic Flappcr, 
a n  advallccd rcmotc. s e n s o r  launched i n  J u l y  1982, h o l d s  o p c c f a l  promise  
f o r  improving d i s c r i m i n a t i o n  of wet l a n d  types .  The S t u t c  and U n i v e r s i t y  
of  Delownrc p l a n  t o  i n v c s t i g a t c  t h c  c a p a b i l i t i e s  of  t h i s  new s e n s o r  i n  
f  u t u r c  r e s o u r c e  moni to r ing  p r o j e c t s .  

The u u t h o r s  would l i k e  t o  thank  Roger Cnves, P a t r i c k  Redden, and 
I J a n c  S q u i r e s  of t h e  Dclowarc Depsrtmeat of Agriculture, and Dcvid Hardin  

(Wctlnnds S e c t i o n ) ,  Wil l iam Noycr (Mnnngcr , Wetlands S e c t i o n ) ,  and 

0 Lynn Sprnguc ( D i v i s i o n  of S o i l  nnd G a t c r )  of t h c  Delaware Department of 
N a t u r a l  Rcsourccs  and E ~ ~ v i r o n m e n t a l  C o n t r o l ;  and V .  Klcmcs of  t h e  C o l l c g c  
of Marinc S t u d i c c  ( U n i v e r s i t y  of  Dclawarc).  T h c i r  p a r t i c i p a t i o n  and 
v a l u a b l e  contributions wrrc  c r u c i a l  t o  t h e  s u c c e s s  of t l ic Dc lnuare  
dcmonst r:lt i on program. The nu t1:ors a l s o  c x p r c s s  t h p i r  o p p r c c i a t  i o n  t o  
Yun-CIii Lu of t h e  Computer S c i c n c c s  C o r p o r a t i o n ,  who provided i n i t i n l  
t c c h ~ l i c c l l  gu idancc  f o r  t h i s  program. 
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'IMPACT OF DElIOGRI\F'I?IC SITING CRXTERIlZ AND 
ENVIRONMEEflAL SUITABILITY ON LAND AVAILABILITY 

FOR NUCLEAR REACTOR SITING 

K.L. Hansen 
Dames & Moore 

1100 Glendon Avcnue, S u i t e  1090 
Los Angeles ,  C a l i f o r n i a  90024 USA 

Development o f  a  comprehensive p o l i c y  f o r  t h e  i n t e g r a t e d  manngment  of  t h e  
n a t i o n ' s  energy  r e s o u r c e s  i s  hampered by a  l a c k  o f  d e t a i l e d  d a t a  b a s e s .  
Cont inu ing  advances  i n  computer napp ing  technology e n a b l e  the e f f i ~ i e n t  
p r o c e s s i n g  of d e t a i l e d  d a t a  f o r  l c r g e  r e g i o n a l  a n a l y s e s .  For  exemple,  
Dames & Moore conducted a s t u d y  f o r  Sand ia  Na t ions1  L a b o r n t o r l e s  and t h e  
U.S. Nuclear  Regula to ry  Commission (NRC) t o  a s s e q s  t h e  e f f e c t  o f  popula- 
t i o n  and c e r t a i n  environmental  c h a r n c t s r i s t i c s  on t h e  a v a i l x b  ll i t y  of l and  
f o r  s i t i n g  n u c l e a r  power p l a n t c .  The s t u d y  a r e a ,  c o n s i s t i n g  o f  t h e  48 
con t iguous  s t a t e s ,  was d i v i d e d  i n t o  5 ki ion le te r  (km) s q u a r e  g r i d  c e l l s  
y i e l d i n g  a  t o t a l  o f  600,000 c e l l s .  Through t h e  u s e  o f  a  modern geograph ic  
i n f o r m a t i o n  system,  i t  was p o s s i b l e  t o  p rov ide  a  d e t a i l e d  a i ~ a i y s i ~  o f  n  
q u i t e  l a r g e  a r e a .  Numerous maps and s t a t i s t i c a l  t a b l e s  were produced,  tFle 
d e t a i l  of  which were l i rn i t ed  o n l y  by a v a i l a b l e  d a t a .  

The s t u d y  n r o s e  from t h e  198@ Nuclear  Regulatory C m i c s i o n  a ~ p r o p r i a t i o n  
a u t h o r i z a t i o n  which d i r e c t e d  t h e  NRC t o  deve lop  populot  ion  d e n s i t y  and 
d i s t r i b u t i o n  c r i t e r i a  f o r  n u c l z a r  f a c i l i t y  s i t l a g .  B e c a u s e  t h e  U.S. 
Congress f u r t h e r  s t a t e d  t h a t  t h e  NRC should deve lop  t h e s e  s t n n d a r d s  s o  as 
n o t  t o  p r e c l u d e  f u r t h e r  s i t i n g  of r e a c t o r s  i n  nny  r e g i o ?  of t h e  Uni ted 
S t a t e s ,  r l ~ e  s t u d y  was enhanced by examining t h e  cr,vironn.entnl s u i t a b i l i t y  
a s  w e l l  a s  t h e  demographic c h a r a c t e r i s t i c s  o f  t h e  n a t i o n .  The a n a l y s i s  
a s s e s s e d  and compared t h e  impacts  o f  a  v a r i e t y  o f  i n d i v i d u a l  and conp lex  
s i t i n g  c r i t e r i a  which inc luded  p o p u l a t i o n  d e n s i t y  and d i s t r i b u t i o n ,  and 
cnvironmental/engineerin~ c o s t  f a c t o r s .  

2 .  METHODOLOGY 

I h e  a n a l y t i c a l  method was an i t e r a t i v e - t y p e  a n a l y s i s  based on computer 
lnapping t echno logy .  The i n v e s t i g n t  ion u t i l i z e d  Dames G ?loore 's  Geographic 
In format ion  Management System (GIMS),  which a n a l y z e s  d a t a  i n  a  uniform 
s a m p l e  b a s e d  on a b s t r a c t i o n  i n  a  g r i d  c e l l  f o r m a t .  GIMS p r o v i d e ?  a  
comprehensive approach t o  r e c o r d i n g ,  s t o r i n g ,  m a n i p u l a t i n g  and d i s p l a y i n g  
t h e  mappable in fo rmat ion  used i n  s p a t i a l  ana lyses  a s  w e l l  ns a  dynamic d a t e  
base  b%ich can be  r e a d i l y  upda ted ,  and s imul taneous ly  a l l o w s  e v s l u a t i o n  of  
many a l t e r n a t i v e s  t h a t  would o t h e r w i s e  be exp lored  by time-consuming manual 

e ")+" . . . : . '.' a .  ,,'<', . . - .  
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p r o c e d u r c * ~ .  I n  a d d i t  i o n  t o  s i m p l e  o v e r l a y  t e c l l n i q o e n ,  i t s  c a p n b i l  i t y  i n -  
c l u d e s  w e i g h t e d  o v c r l t ~ y s  and  c o s t  mc c l i n g  b a s e d  o n  d i e t n n c c  a n d  i m p e d a n c e  
f  uric t  i o n s  . 
T h e  s e l e c t i o n  o f  a  h a s p  map ant1 g r i d  c e l l  s i z e  o n  w h i c h  t o  p e r f o r m  t h e  
n n n l y u i s  wns b a s e d  o n  c o n s i d e r a t i o n  o f  f o u r  r e l a t e d  f a c t o r s :  ( 1 )  c h n r -  
n c t c r i n t i c s  o f  tilt. set!iiy P:PR: ( 2 )  n n t i l r e  cf ttlc i n p r ~ t  d a t a ;  ( 3 )  a n a t y ~ i s  
a e t h o d o I o ~ v :  nrltl ( 4 )  d r s i r c d  o u t p t t t  or d i s p l a y  p r o d r ~ c t s .  Ry u s i n g  nn e q u a l  
a r c n  p r o j c c t  i o n ,  nnd n  s q u n r c  5-km g r i d  c e l l ,  t h e  v i s u n l l y  imp1 i e d  r e g i o n a l  
r c - l a t i o n s l t i p n  r c p n r d i ~ r g  t l l c  m o t t n t  o f  l n n d  n r c n  n f f c c t c d  by s i t  i n 8  c r i t e r i a  
bccnrnc vctl id .  

T o  mcct  t h c  o h j e c t i v t * s  of t h i s  s t \ t d y ,  a  set o f  p e n e r n l  s i t i n g  i s s u e s  W ~ R  

ust-(1 t o  i d r n t  i f y  and  d i s c r i n , i n c t t c *  more  s u i t n h l c  s i t  i n s  n r c a s  f r o m  l e ~ s  
u u i t n h l c  o n c s .  Tllc i n s l c c s  c o v r r  a  v a r i e t y  o f  i i c m o ~ r n p l l i c  c r i t c r i n  and  a  
d i v c r ~ c  n e t  o f  envirclnmc*ntnl  s i t i n g  c r i t e r i a  t h a t  r e l a t e  r iorrnnl ly t o  c o s t  
c o n s i d r r n t i o n s .  I t  i n  i rnpor tn l i t  t o  n o t e  :Irnt t h e  t c n n  " c : l v i ~ . o n m r n t n l "  is 
h c i n g  usc*d i n  n  sornt8wtrnt l i m i t c d  s t ~ u s c .  The f ~ c t o r n  conrr idcrt*d i n  : h i s  
j i t ~ i s c  r c l n t c  t o  irnptcrnt-ntnt i o n ,  r n p , i n e c r i n g ,  c o n s t r u c t  i n n ,  o r  c o s t  i s s u e s  
wtlicll shnrc* n  l i n k  t o  t h c  pl1::sicnl r n v i r o n m r n t  -- h e n c e ,  t l l c  1abt.l .  

T t l r r c  isst~t-s w t * r ~  d e f i n e d  f o r  tilt- poptll n t  i o n  c r i t t a r i n :  

o  S tn l i t l -o f f  z n n r a  -- R e s t r i c t  i o n s  impoacd hv distance. froin u r b a n  
I . . c r - n t t - r s  o f  n  p n r t i c ~ i l n r  s iz tn ;  

o  A n r l u l n r  p o p r l l r ~ t  i o n  d c n s i  t y  -- A rncnsur tx  o f  p o p u l n t  i o n  d e r r s i t y  
wi t  11 i  11 n s p e c  i  f  i  tvi ( c  i  rctt l  t ~ r  n r e n  ; -:!(I 

o  S t * c t o r  p o p t l l n t i o n  d c n s i t y  -- A r n r n s u r c  o f  t l l c  d i s t r i b u t i o n  o f  
p o p u l n t i o n  hy n r c t o r s  w i t l ; i l ~  c i r c u l n r  n r c n s  o f  s p e c i f i e d  d e n s i t y .  

F o u r  ~ N S ~ I C R  w r r r  d c f  i w d  f o r  t l l c  c r i v i r n n m c n t n l  c r i t c r i n :  

o Rent r i c t c d  l c t n d s  -- T h n s c  a t - e n s  i n  w h i c t l  t h e  d c v c l o p m r n t  o f  n  
u t l c l c n r  powt*r p l n n t  i s  d i  f f i c ~ t l t  d u e  t c r  l c g n l  c o n n t r n i n t s  o r  t h c  
p r t*domi l~ni lcc  o f  wct l  rinds; 

n  S c i s m i r  I~nr t l t - l i ing  -- 1'11t- n d t l i t i o u n l  c o s t  o r  d i f f i c l ~ l t y  o f  c o v p l i -  
ntlct> wi tlr s t % i  s m i c  c!cs it:l1 r r i  t r r  i : ~ ;  nssiln~c*d t n  h e  ~nt*nsllrcci hy  t h e  
mnximtirn rxl>c%ett-d (50-yclnr) \ :o r iznn t  n l  jirotlnd n c c c l v r n t  i o n  c x p r t ~ s s e d  
i n  frnctions of K r n v i t y  ( K ) ;  

o  S i  t c  p r t % p n r n t  i n n  -- A r r l n t  ivt-  rncnsurtb of r t ~ p . ~ c d n c s s  o r  t o p o ~ r n p l l i c  
c h n r c t c t c r  cxl>: . t~ssrd n s  nn iritlt*x wtiicll i ~ i d i c n t r s  t h c  p c r c c n t n p c  o f  
Innd  wit11 a c c e s s  and  c o n s t  r w t  i o n  c l i f f  i c r i l t y ;  nr\d 



o  Water a v a i l a b i l i t y  -- An index  r e f l e c t i n g  t h e  r e l a t i v e  c o s t  o f  
o b t a i n i n g  wate r  f o r  c o o l i n g ,  from bo th  c u r f a c e  and ground wate r  
source8 .  

The l a t t e r  t h r e e  c o s t  d a t a  were f u r t h e r  combined t o  y i e l d  i n f o r m a t i o n  
r e g a r d i n g  o v e r a l l  environmental  s u i t a b i l i t y .  

TO d e s c r i b e  t h e  f low o f  d a t a  and t h e  developnent  of a n a l y s i s  th rough  t h i s  
p r o j e c t ,  s d a t a  s t r u c t u r e  diagram was used ( F i g u r e  1 ) .  I t  i l l u s t r a t e s  how 
in format ion  about t h e  e v a l u a t i o n  i s s ~ ~ e s  wan d e r i v e d  from source  d a t a  a s  
w e l l  a s  how t h e s e  were combined t o  y i e l d  t h e  impacts  o f  s i t i n g  c r i t e r i a  on 
land a v a i l a b i l i t y .  For  t h e  most p a r t ,  each box on t h e  d i s g r a n  r e p r e s e n t s  a 
map t h a t  was c r e a t e d  o r  a  d a t a  f i l e  t h a t  cou ld  be d i s p l a y e d  e i t h e r  a s  a map 
o r  t a b l e .  

4. DATA BASE 

D e t a i l  o f  d a t a  employed i n  p a s t  s t u d i e s  c o n s i d e r i n g  l a r g e  geograph ic  a r e a s  
was o f t e n  l i m i t e d  by t h e  e f f o r t  and c o s t  o f  computing huge map f i l e s .  
T o d a y ' s  l i m i t a t i o n s  on d e t a i l ,  a s  i n  t h i s  s t u d y ,  c o n s i u t  more o f  t h e  
a v a i l a b i l i t y  o f  d e t a i l e d  d i g i t a l  na t ionwide  d a t a  b a s e s  a s  GIs modeling 
h a s  b e c o m i  s o r e  e f f i c i z n t .  Demograph ic  d a t a  were  t h e  mos t  d e t a i l e d ,  
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e a e i e e t  t o  o b t a i n  i n  a d i g i t s 1  f o r n a t ,  and c o n s i s t e d  o f  popu ln t ion  c o u n t s  
g e o g r a p h i c a l l y  r e f e r e n c e d  by e a u n c r e ~ i c n  d i s t r i c t  c e n t r o i d s  and urban 
c e n t e r s .  EnvironmenLal de:a w.-re l a c k i n g  i n  bo th  format  conv in tency  and 
l e v e l  uf d e t a i l .  They i n c l u d e 3  t h e  l o c a t i o n  o l  p r o t e c t e d  n a t i o n a l  and 
s t a t e  r e s o u r c e s  such as f o r e s t  ~.r ,d pa rko ,  major  we t lands ,  oeisrnic a c c e l e r a -  
t i o n  and c s s o c i a t c d  c o n s t r u c t i o n  cof i t s ,  o  measure o f  t e r r a i n  ruggedness  f o r  
a c c e s s  and c o n s t r u c t i o n  c o n o i d c r a t i o n o ,  nod h y d r o l o g i c  d a t a  i n d i c a t i n g  
a u s t a i n e d  e v a i l a b i l i t y  o f  b a t h  s u r f a c e  and ground wate r .  mile it is 
beyond t h e  scope of  t h i s  paper  t o  i l l u s t r ~ t e  a l l  o f  t h e  d a t a  employed 
and thoroup.hly d i s c u s s  t h e i r  s t r e n g t h s  and weaknesses ,  t h e  use! o f  t h e s e  
d a t n  i f l u m i n a t e d  t h e  need f o r  v a s t l y  improved d a t a  b a s e s .  The i s s u e s  
d e f i n e d ,  however,  d i d  suppor t  an a n a l y s i s  t h a t  shoved t r e n d s  and i d e n t i f i e d  
a r e a s  t n a t  cou ld  s u b s e q u e n t l y  be cons ide red  f o r  s e l e c t i o n  o f  power p l a n t  
sites. 

4.1. Urban C e n t e r s  

Data concern ing  urban c e n t e r s  were e x t r e c t e d  f r o ~ n  t h e  p u b l i c a t i o n  NUREG- 
034P [ I ] .  T h i s  p u b l i c a t i o n  c a t e g o r i z e s  urban c e n t e r s  i n t o  t h r e e  groups: 
t h o s e  c e n t e r s  wi th  p o p u l a t i o n s  i n  cxceos  o f  25,030 peop le ;  E r e a t c r  t h a n  

a 100,000 peop le ;  and g r e a t e r  than  200,000 people .  The l i s t i n g  wns l a t e r  
updated with  in fo rmat ion  provided by t h e  NKC t o  i n c l u d e  popu la t ion  f i g u r e s  
f o r  urban c e n t e r s  g r e a t e r  than  250,090 peop le ,  g r e a t e r  than  503,009 peop le ,  
and g r e a t e r  than  1  n ~ i l l i c n  peop le  

4.2. P o p u l a t i o n  Dens i ty  

To c a l c u l a t e  p o p u l a t i o n  d e n s i t y  f o r  a n n u l i  and s e c t o r s ,  a n a l y z e  v n r i o u s  
c r i t e r i a ,  and e n s u r e  t h a t  t h e  r e s u l t s  be r e l i c b l e  i n  t h e  f a c e  o f  changing 
n a t i o n a l  p o p c l e t i o n  t r e n d s ,  i t  was n e c e s s a r y  t o  o b t a i n  t h e  most up-to-date 
and d e t r i i l e d  p o p u l a t i o n  f i g u r e s .  F i g u r e s  from t h e  1980 Decenial  Census 
were n o t  a v a i l a b l e  i n  t ime f o r  u s e  i n  t h i s  s t u d y .  I n  t h e i r  p l a c e ,  e e t i -  
mates  f o r  1980 populn t ion  were used a s  s u p p l i e d  by t h e  Na t iona l  P lann ing  
Data Corpora t ion  ( I t h a c a ,  New York).  The d a t a  were fo rmat ted  on mngnetic 
t a p e s  wi th  popu ln t ion  f i g u r e s  g e o g r a p h i c a l l y  r e f e r e n c e d  by t h e  l a t i t u d e  and 
l o n g i t u d e  o f  cnumcrat ion d i s t r i c t  c e n t r o i d s .  

4 .3.  S t a t e  Roundnries 

Using an A l b e r s  Equal Area Base M R ~  a t  a 1:3 ,168,000 s c a l e ,  a l l  c o a s t l i n e s ,  
i n t e r n n t  ionn l  b o u n d a r i e s ,  and s t a t c  boundnries  were d i p i t  i z e d .  The a r e a  
w i t h i n  each s t a t c  was a s s i ~ n e d  a uniqrre code t o  i d e n t i f y  i t  f o r  f u r t h e r  
u s e .  The s t a t c  boundar ies  mnp f i l e  was trsed t o  a n a l y z e  d a t n  and d i s p l a y  
t h e  r e s u l t s  g r n p h i c n l l y  and s t n t i s t i c n l l y  both  on an i n d i v i d u a l  s t n t e  b a s i s  
and by RroupR o f  R t a t e s .  



4.4. Restricted Lands 

The n a t u r e  o f  c e r t a i n  e r e n e  o f  t h e  c o u n t r y  c a u s e s  them to  be p r o t e c t e d  or  
r e n t r i c t e d  from dcvclopment .  Two t y p e s  o f  l endo  were c o n s i d e r e d  38 rc- 
8 t r i c t e d :  n  l a r g e  group o f  l a n d s  t5a t  a r e  l e g a l l y  p r o t e c t e d ;  and e x i s t i n g  
ma jo r  w~t l ln r tda .  

The B n c r ~ y  Rcor f i an ien t ion  Act o f  1974 ( S e c t i o n  207) o t a t e o  t h n t  n a t i o n a l  
f o r e s t s ,  p a r k s ,  h i s t o r i c  monumcnt3, and w i l d e r n e s s  o r e n s  s h o u l d  b e  e x c l u d c d  
from c o n s i d e r c t  i o n  a s  p o t e n t  i n 1  n u c l e a r  e n c r p y  c e n t e r  s i tes .  ~ c ~ a r d l i s e  
o f  a  n a t i o n a l  p o l i c y  on t h i a  mrittcr, t h e  u t i l i t y  i n d u s t r i e s  t e n d  t o  a v o i d  
suc11 a r e a s  b c c n u s c  of t h e  p o s s i b i  l i t y  o f  t irne-consuming and c o a t  ly l c g n l  
b a t t l e s .  Witli t h i s  i n  mind,  t h e  l is t  was expanded t o  i n c l u d c  n v a r i e t y  o f  
o t h e r  p r o t e c t e d  l n n d s  such  an: n ~ t  i o n a l  ~ r a n a l n n d s ,  wi l d l  i fc r e f u g e e .  
r c c r e n t  i o n  a r r n n ,  U C - R R I ~ O ~ ~ S ;  s t a t e  p a r k s ,  f o r e e t s .  r e s e r v e s / r c f u ~ e s ,  
r c c r e n t  i o n  n r c n s  ; and m i l  i t  a r y  and Intl i a n  r t* se rva t  ions. 

T h r e e  d i f f e r e n t  n a p  so l l r ces  u p r e  u s e d  t o  o b t a i n  t h e  l o c a t i o i r s  o f  t l r c se  
p r o t e c t e d  l a n d s :  t h e  l l ~ i i t ~ d  S t a t e s  base mctp u t i ! i x c d  i n  t h i s  n tudy  (com- 
p i l e d  hy t h e  1t.S. Croloy. icn1 S u r v ~ y ,  1965) ;  s e c t i o n a l  u h e e t s  a t  n s c n l e  o f  
1 :2 ,000.000 from t h c  h? r t ionn l  A t l n a  121;  and t h e  19.30 Pnnd Hctlollp At la t i  aa 
t h i s  vr-!: nnc o f  :he most de t ca i l ed .  up - to -da te ,  nnd u n i f o n n  sutlrcl.cs o f  
i n f o r n n t  i o n .  n c c n u s r  t l l i a  s t i ~ d y  d c t i l t  n o t  w i t h  n i t c  s e l e c t  ior ' ,  h u t  w i t h  
t h e  ~ . r n c * r n l  p a t t c r n s  o f  l and  n v n i l n b i l i t y ,  n  minimum s i z c  ncrccrr o f  1011 
sqtrnrc m i i r s  wna r ~ s c d  f o r  somc o f  t l l c  r e s o u r c e s .  

I t  i s  t h e  p o l i c y  o f  t h e  Wntpr Rcuourcen Counc i l  t o  cl luurc ttrc p r o t a c t i o n  o f  
wct  l n n d s  f r o m  n d v c r s r  i m p a c t s  nnd d c j i r n d n t  i o n  [ 3 )  ; c o n a r q u c n t  l y ,  t h e  
l o c a t  i o n  of m a j o r  w c t l n n d s  w r r c  mnppcd nn nn ~ d d i t  i o n a l  c o n s t r a i n t .  
liowcvt-r, n o  u n i f o r m  n a t  i onwid r  d n t ~ b n a c  e x i n t s  r e g a r d i n g  t h e  l o c a t  i o n  of 
mnjor  wt-t lnndn.  A f t e r  c o n d i d e r a t i o n  o f  s e v e r a l  approaches  d e f i n i n g  t h e  
c x t c n t  o f  w e t l n n d s  i n  nn efficient m a n n e r ,  i t  wan d e c i d e d  t o  u s e  t h e  
1 :2 ,000 ,000  s c a l e  s e c t i o n a l  s h e e t s  o f  t l lc  Nat ior ta l  A t l a s  ( 2 1 .  A t  t h i s  
s c n l r ,  o n l y  ma jo r  w c t l n n d s  can  h e  shown. A c a m p n r i ~ o n  o f  thcrre r.ourcSc d a t a  
w i t h  more  l i e t n i  I e d  mnp d ~ t a  n f  A l n r p e r  s c a l e  shows  t h n t  somtg  o f  t h c  
wet 1 nnd t rounde r i r s  tinvc h r c n  g c n c r a l  i e c d  and moat v c t  lnndn l e a s  thnn  60 
s q u n r c  m i  l e n  were p rohah l  y n o t  shown on t h e  ucc t  i o n ~ l  n l r r c t s  . 

4 . 5 .  S e i s m i c  Hnrd rn inp  

Tlre d n t n  n e c e s s a r y  t o  e v n l u n t c  t h e  p o t e n t  i n 1  prctblcm from tlrc s t a n d p n i n t s  
o f  r u p t u r c  h n z n r d  a n d  d y n n m i c  s o i l  s t n h i l  i c y  ( 1  i q u c l n c t  i o n )  w e r e  n o t  
u n i f o r m l y  n v n i l n b l e  t h r o t i ~ h o r ~ t  t h e  Un i t ed  S t n t r s .  F o r  t h i s  r e a e o n ,  s r i s m i c  
h a r d e n i n g  was ~ v n l r i n t ~ d  s o l e l y  an  t h e  h a s i s  of v i h r c t o r y  s r n l ~ n d  n o t i o n .  

Whi l e  tlrc d r t n i l e d  i n v e s t  i s a t  i o n s  r c q u i r c d  f o r  t h r  dc*tcminc; t  i o n  o f  t h e  
Saft- Shutdown Enrtliqttnkc (sSE)  f o r  cnch 5- hy 5-kn g r i d  c e l l  v c r c  c l e a r l y  
beyond t h c  scope  o f  t h i s  st \ i r iy,  i t  was p o s s i b l c  uriinji n v r r i l n b l e  d n t n  t o  

a prohnb i  1  i s t  i c n l  l v  cvnl i ln t  r t h e  r c l n t  i v c  s e v e r i t y  o f  t h e  s t  ronp ~ r o l ~ n d  
r l~o t ion  Ir.seard i n  t h e  s t i ~ d y  clrt*a and co t i s idc r  c o s t n  o f  s e i s m i c  I r n r d r n i n ~ ,  
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This was accomplished using pr ~babil ist ic studies of seislnic risk prepared 
by Algermissen and Perkins [ 4 1 ,  and the Applied Technology Council (ATc) 
151 ,  and supplemented with information fron a U.S. Geological Survey 
professional paper (61 . The resul tant map showed accelerations in bedrock 
expressed as a fraction of gravity (R). 

The general impact of seismic design requiremente is assumed to be propor- 
tional to the specific costs of the necessary aciditionol design and con- 
struction features. In NUREG/ CR-1508 [ 7 ] ,  seismic hardening casts were 
calculated and related to the SSE expressed as a fraction of gravity by 
estimating changes in cost. Applying the cost information to the map of 
probabilistic seismic acceleration yielded a cap which was transformed into 
a cost surface showing the additional cost of seismic hardening. 

4.6. Site Preparation 

An increase in slope or ruggedness of terrain translates directly into 
increased cost for construction. This includes the difficulty that may be 
encou6tered in excavation for foundations, construction of the occcss roads 
where low grades are required (due to the extreme wei~ht of components such 
as turbine or pressure vessels), and finally measures that must be taken to 
mit igate environmental disturbances such as con:rol of runoff and erosion 
from cut slopes. 

Data representing a general index of both the steepness of slopes nnd the 
aerial extent of such slopes were found in a paper by E.H. Hnmmond [ 8 ]  and 
his map which was adapted and found in the National Atlas ( 2 1 .  Regions on 
the map were characterized by the percentage of thei; area classified with 
a topographical gradient of less than 8 percent slope (gently eloping). 
Ttle 8 percent slope is not strictly a critical threshold value for land 
utilization. It docs, however, indicate a value beyond which movement of 
vehicles becomes impeded, and in general, construction and operation 
becomes more iifficult. 

4.7. Watcr Availability and Cost 

Cooling system cost has becone a msjor component of the total power plant 
cost. Several factors are involved in this issue: the type of cooling 
system -- mechanical draft wet towers, natural draft wet towers, cooling 
ponds, once-through cooling, or dry cooling; climatic temperature distribu- 
tions: existing priorities for use of available water: and restrictions 
such as wild and scenic rivers. A methodolopy was developed to present a 
general picture of water availability and thc cost involved in its use by 
taking a consel-vative approach and considering the cooling system to be the 
water consumptive draft vet towers. 

Sources of both surface water and ground water were mepped and costs (for 
satisfying 100 percent of the cooling water need) were determined fcr 
each. A computer model was used to calculate, for each ccl1, the cost of 
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o b t a i n i n g  w a t e r  a s  a f u n c t i o n  o f  v e r t i c a l  and h o r i z o n t a l  pumping c a s t s  o v e r  
a v a r i e t y  o f  t e r r a i n  and ,  i f  n e c e s s a r y ,  t h e  lise o f  a  r e s e r v o i r .  Cos t  
e s t  i m a t e s  i n c l u d e d  bo th  an  i n i t i a l  c a p i t a l  e x p e n d i t u r e  and 30-year o p e r a t -  
i n g  and main tenance  r e q u i r e m e n t s .  The madel de te rmined  t h e  l e a s t  o f  t h e  
c o s t  a l t e r n a t i v e s  f o r  s u p p l y i n g  e i t h e r  s u r f a c e  o r  ground w a t e r  i o  a  c e l l ;  
t h e  two map f i l e s  v e r e  t h e n  o v e r l a i d  t o  produce a  nap  showing t h e  l e a s t  
c o s t  o f  a v a i l a b l e  w a t e r .  

S u r f a c e  w a t e r .  H y d r o l o g i c a l  i m p l i c a t i o n s  o f  w a t e r  consumption by 
n u c l e a r  power p l a n t s  have been discusser! by C i u s t i  and Meycr ( 9 1 .  I n  
s i t i n g  nlong r i v e r s ,  one must c o n s i d e r  t h e  p e r i o d s  o f  low s t r e a m  
f l o w  when t h e  impact on t h e  w a t e r  r e s o u r c e s  o f  t o t ~ l  w a t e r  consumed i n  t h e  
c o o l i n g  p r o c e s s  is a t  a maximum. Stankowski ,  L imer inos ,  and B u e l l  [ l o ]  
have  examined t h e  low f l o w  i n  t h e  Uni ted  S t a t e s  t o  ~ r o v i l c  i n f o m a t i o n  
r e g a r d i n g  p o t e n t i a l  s o u r c e s  o f  c o o l i n g  w a t e r .  They p repared  a map which 
i d e n t i f i e s  t h o s e  s t r e a m s  f o r  w h i c h  t h e  a v e r a g e  7-day low f l o w  w i t h  a  
r e c u r r e n c e  i n t e r v a l  o f  10 y e a r s  i s  a t  l e a s t  300 c u b i c  f e e t  p e r  second 
( c f s ) .  (The 7-day, 10-year low f low o r  7410, is t h e  a v e r a g e  low f l o w  t h a t  
o c c u r s  over  7 c o n s e c u t i v e  days  w i t h  a  p r o b a b l e  r e c u r r e n c e  o f  10 y e a r s . )  
T h e i r  map shows t h o s e  s t r e a n  r e a c h e s  t h a t :  ( 1 )  have  a  7410 o f  a t  l e a s t  300 
c f s ;  o r  ( 2 )  c o u l d  f u r n i s h  a  s u s t a i n e d  f low o f  a t  l e a s t  300 c f s  i f  s t o r a g e  
were p rov ided .  For  t h e i r  s t u d y ,  300 c f s  was s e l e c t e d  a s  t h e  r e q u i r e d  f l o w  
i n  t h i s  s t r e a m  011 t h e  assumption t h a t  many s t a t e s  w i l l  no t  pe rmi t  more t h a n  
10 p e r c e n t  o f  t h e  dependable  f low t o  be withdrawn f o r  a  consumptive  u s e .  
Ten p e r c e n t  o f  300 c f s  e q u a l e  30 c i s ,  which i s  t h e  amount o f  w a t e r  t h a t  
might b e  c o n s i d e r e d  n e c e s s a r y  t o  c o o l  a  1 ,000  megawatt ( M W e )  n u c l e a r  power 
p l a n t  i f  c o o l i n g  t o w e r s ,  s p r a y s ,  o r  ponds were used.  

Ground w a t e r .  A v i a b l e  s o u r c e  of c o o l i n g  woter  i n  many p a r t o  o f  t h e  
c o u n t r y  i s  ground w a t e r .  Al though,  c h a r a c t e r i s t i c s  of ground w a t e r  can 
vnry  q u i t e  d r n m a t i c a l l y  w i t h i n  a  smal l  r e g i o n ,  an a t t e m p t  was mede t o  
l o c a t e  a  s o u r c e  of i n f o r m a t i o n  t h a t  would s a t i s f y  t h e  broad s c a l e  r e q u i r o -  
ments o f  t h i s  s t u d y .  Using t h e  USGS wate r  s u p p l y  paper  1800 [ I l l ,  major  
r e g i o n s  cn3 s u b r e g i o n s  o f  t h e  c o u n t r y  were m ~ p p e d  a s  s o u r c e  d a t a .  The 
a r e a s  were f u r t h e r  d e f i n e d  by supplement ing t h i s  d a t a  w i t h  such maps a s  t h e  
Hydrogeologic  I n v e s t i g a t i o n s  A t l a s  [ 121,  T e c t o n i c  Map o f  North America 
(131 ,  and Shaded R e l i e f  o f  t h e  U.S. [ 1 4 ] .  Even though v a r i a b i l i t y  e x i s t s  
w i t h i n  any one  o f  che r e g i o n s  o r  s u b r e g i o n s ,  and t h e y  do n o t  accoun t  f o r  
l o c a l  prater a v a i l a b i l i t y  such  a s  i n  a l l u v i a l  v a l l e y s  and o t h e r  l o c a t i o n s ,  
t h e y  d o  show r e g i o n a l  d i f f e r e n c e s  r e g a r d i n g  c h a r a c t e r i s t i c s  o f  q u a l i t y ,  
q u a n t i t y ,  d e p t h  t o  w a t e r ,  and r e q u i r e d  w e l l  f i e l d  s i z e .  

5 .  ENVIROPMENTAL SUITABILITY ANALYSIS 

The  o v e r a l l  g o a l  o f  t h i s  s t u d y  was t o  p r o v i d e >  i n f o r m a t i o n  a b o u t  t h e  
impact o f  s i t i n g  c r i t e r i a ,  e s p e c i a l l y  demograt.hic c r i t e r i a ,  on l and  a v a i l -  
a b i l i t y .  To d e t e r n i n e  t h i s  impact and i d e n t i f y  p o t e n t i s 1  s i t i n g  6;eas f o r  
n u c l e a r  power p l a n t s ,  a  s u i t a b i l i t y  a n a l y s i s  was f i r s t  conducted and was 
based on t h e  e n v i r o n ~ e n t a l  c r i t e r i a .  A s  t h e  d a t a  s t r u c t u r e  diagram ( F i g u r e  
1) shows, t h e  c o s t s  o f  s e i s m i c  h a r d e n i n g ,  s i t e  p r e p a r a t i o n ,  and w a t e r  
a v a i l a b i l i t y  were combined i n t o  an  env i rcnmenta l  s u i t a b i l i t y  f i l e .  The 
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r e s t r i c t e d  lcnds  f i l e  was then added t o  r e s u l t  i n  a  mrp f i l e  i n d i c a t i n g  
a v a i l a b i l i t y  of land and showing l e v e l s  of environmental s u i t a b i l i t y .  

The s u i t a b i l i t y  a n a l y s i s  proceeded a s  follows: an everunt ion  of  each 
i s s u e  map was mede independently t o  determine those  a r e a s  t h a t  a r e  more o r  
l e s s  s u i t a b l e  f o r  p l a n t  l o c a t i o n ;  t h e  i s s u e  maps were t h e n  o v e r l a i d ,  
forming o composite t h a t  considered a l l  i s s n e s  s i nu l t aneous ly .  The evalua- 
t i o n  of  each i s sue  independently was accorcplished by de f in ing  a u t i l i t y  
func t i on  f o r  each i s s u e  such t h a t  t h e  c h a r h c t e r i s t i c o  of a  s p e c i f i c  o i t e  
a r e a  could be t r a n s l a t e d  i t l to  a  va lue  on a  def ined  s u i t a b i l i t y  s ca l e .  This  
wae a numeric s c a l e ,  ranging from 1 t o  9 ,  where 1 was t he  lowest l e v e l  o f  
s u i t a b i l i t y  and 9 was t h e  h ighes t .  

To c r e a t e  t he  composite s u i t a b i l i t y  map, t h e  t h r e e  u t i l i t y  va lue  map f i l e s  
were added t oge the r  and t he  r e s u l t a n t  map conta ined  c e l l s  with va lues  
ranging from 4 through 25 -- each va lue  having a d i f f e r e n t  frequency of  
occurrence.  The  d i s t r i b u t i o n  of  t h e  compoaited u t i l i t y  va lues  was d iv ided  
i n t o  f i v e  i n t e r v a l s  such t h a t  each i n t e r v a l  cha rac t e r i zed  an eqnal amount 
of lcnd a r ea  -- approximately 20 percent  of t h e  a r e s  a v a i l s b l c  f o r  c i t i n g .  
The r e s u l t  i s  ohown i n  Figure 2. 

When the  t h r e e  maps were o v e r l a i d ,  each c a r r i e d  an equal  i npo r t rnce  weight- 
ing .  It was f e l t  t h a t  t he  reconnaissance na tu re  of t h i s  s tudy -- not  being 
a s i t e - s e l e c t i o n  -- a s  wzll a s  t he  brood-scale r ep re sen t a t i on  of  environ- 
mental da tn  d id  no t  j u s t i f y  a  more s o p h i s t i c a t e d  mnnipulction of f i l e s .  
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With b e t t e r  d a t a ,  howevr r ,  it would hove been o s i m p l e  m a t t e r  t o  w i g h t  o r  
r a ~ k  e a c h  of t h e  i s s u e s  and d e r i v e  a we igh ted  o v e r l a y .  

To qunnt i f y  t h e  impac t s  o f  v n r i o u s  s i t  i n p  c r i t e r i a ,  t a b l e s  were p r e p a r e d  
w h i c h  u s e d  t h e  d a t a  f i l e s  c r e a t e d  d u r i n g  t h ~  v i s u a l  o r  map a n n l y s i c .  
S t a t i s t  i c a  r e g a r d i n g  t h e  amount o f  a r e a  i n  e a c h  d a t a  c a t e g o r y  were  computed 
f o r  e a c h  o f  t h e  48 s t a t e s ,  and an  example o f  a p o r t i o n  o f  one  o f  t h e s e  
t a b l e s  i s  shown i n  T a b l e  l.* The numbers i n  e a c h  column i n d i c a t e  t h e  
amount o f  l and  i n  t h e  s p e c i f i e d  c a t e g o r y .  The a r e a  is shown i n  s q u a r e  
m i l e s  a s  w e l l  n s  p e r c e n t  o f  t h e  t o t c l  s t a t e  n r e n .  

6. DEHOGUAPHIC ANALYSIS 

A l l  o f  t h e  d e m o ~ r n p h i c  c r i t e r i a  i n v e s t i g a t e d  and vapped were done s o  a t  t h e  
r eq t i e s t  o f  NRC and Snnd in .  The r e a s o n s  f o r  c h o o s i n g  s p e c i f i c  v a l u e s  t o  
r e p r e s e n t  anntrlnr  a r e a ,  d e n s i t y  t h r e s h o l d ,  and s e c t o r  w i d t h  r e l a t e d  t o  t h e  
r e s u l t s  o f  r e n c t o r  a c c i d e n t  consequence  c a l c u l o t  i o n  performed by S a n d i a  a s  
nn i n t e g r a l  p a r t  of t h i s  s t u d y .  

6 .1.  Stand-Of € Zone$: 

, T a b l e  2 shows t h e  13  s t a n d - o f f  zone mApS t h a t  were c r e c t e d :  

---------- - 
*Due t o  s p a c e  l i m i t a t i o n s ,  o n l y  p o r t i o n s  o f  computer  o u t p u t  t a b l e s  a r e  

p r e s e n t e d  i n  t h i s  p a p e r .  l!owrver, t h e  majorit!: o f  n a p s  2nd t a b l e s  pro-  
duced can  be  examiut-d i n  NUKEG/CR-2239  ( s c h e d u l e d  f o r  pub1 i c a t  i on  i n  
Sep tember ,  1 9 8 2 )  o r  by c o n t a c t i n g  t h e  a u t h o r .  
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TABLE 2 

STAND-OI'F ZONE CRITERIA HAPS 

SIZE OF MAPPED STAND-OFF 
URBAN CENTEK DISTANCE (in miles) 

As an example, Figure 3 shows a stand-off zone criterion of 25 miles from 
population centers of greater :han or equal to !00,000 people. It should 
be noted that the location of urban centers was identified by a single 
point corresponding to the city center. Stand-off zone criterio are based 
on a specified distance from that point -- not from the edge of the urban 
population. To ensure the effectiveness of stand-oEf zone criteria, one 
must assume a relationship between the magnitude of the metropolitan 
population and the size of the area it occupies and increase the stnnd-off 
distance accordingly. 



6.2. Annular P o p u l o t i o c  Dens i ty  

A wide v a r i e t y  o f  popn la t  i o n  d i s t r i b u t i o n s  baned on d e n s i t y  were s t u d i e d  
f o r  t h e i r  impact on l and  a v a i l a b i l i t y .  D e n s i t i e s  were c a l c u l c t c d  f o r  
a n n u l a r  a r e a s  shaped an both c i r c i e n  end r i n g s .  The m a t r i x  shoim i n  F i g u r e  
4 i n d i c a t e s  t h e  s imple  a o p  f i l e s  t h a t  were produced r e g a r d i n g  annu lnr  
p o p u l a t i o n  d e n s i t y .  

I n  a d d i t i o n  t o  c a l c u l e t i u g  and mapping t h e  inlpacts o f  t h e s e  i n d i v i d u a l  
demographic c r i t e r i a ,  combinat ions  were c r e a t e d  t o  produce f i l e s  r e p r e -  
p e n t i n g  composi te  p o p u l a t i o n  d e n s i t y  c r i t e r i a .  The f i r s t  such  o f  t h e s e  was 
produced f o r  t h e  2- t o  30-mile  a a n u l u s ,  which r e p r e s e n t s  a  l a r g e  a r e a  -- 
approx imate ly  2,815 square  m i l e s .  I f  a s i n g l e  d e n s i t y  t h r e s h o l d ,  f o r  
example,  500 peop le  p e r  s q u r e  m i l e ,  were e s t a b l i s h e d  f o r  t h r  a r e a ,  a  t o t a l  
o f  1 ,407,500 peop le  would be a l lowed w i t h i n  t h e  annu lus .  Because a n n u l a r  
p o p u l a t i o n  c r i t e r i a  d i d  n o t  c o n s i d e r  t h e  d i s t r i b u t i o n  o f  p o p u l a t i o n ,  t h i s  
t h r e s h o l d  p o s s i b l y  cou ld  have a l lowed a  l a r g e  p o r t i o n  o f  t h e  p o p u l c t i o n  t o  
be l o c a t e d  r e l a t i v e l y  c l o s e  t o  t h e  c e n t e r  of t h e  a n n u l u s ,  c r e s t i n g  a n  
u n s a f e  s i t u n t  ion. Or pe rhaps ,  s e v e r a l  h i g h l y  dense c o n c e n ~ r a t  i o n s  o f  
p o p u l a t i o l ~  might e x i s t  a t  c r i t i c a l  d i s t a n c e s  from t h e  c e n t e r .  I d e n t i f y i n g  
t h e s e  a r e a s  was an impor tan t  s a f e t y  o b j e c t i v e .  

The method dev i sed  t o  overcome t h i s  p o t e n t i a l  problem c o n s i d e r e d  t h r e s h o l d s  
a t  a v a r i e t y  o f  r a d i i  which were t h e n  composi ted.  Using t h e  example o f  

ANNUCUS DENSITY P f O r l t l S O l ~ ~ a i  MI! c 
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mapping any c e l l s  t h a t  exceeded t h e  500 persons per  square n i l e  th reshold  
f o r  t h e  2- t o  3 0 a i l e  annulus, d e n s i t y  c a l c u l n t i o n s  were made f o r  s i x  
po r t i ons  o f  t h e  annulus. F i r c t ,  any c e l l  t h a t  exceeded tllc 509 pcrsono pe r  
square mi l e  t h r e sho ld  w i th in  t h e  2- t o  3 l n i l e  annulus was recorded. Next, 
unsu i t ab l e  c e l l s  i n  t he  2- t o  [+-mile annulus were recorded. This  proceoa 
wes repeated f o r  t h e  2- t o  5-miIe,  t h e  2- t o  10--3ile, t h e  2- t o  ZOmile,  
and t h e  l a rge  2- t o  3 0 m i l e  ennul i .  Thene s i x  i nd iv idua l  f i l e o  were then 
added t o g e t h e r ,  c r e s t i n g  a f i l e  i n  which a c e l l  t h a t  was shown t o  b e  
unsu i t eb l e  i n  any of  t h e  s i x  w s s  a l s o  considered unsu i t ab l e  f o r  t h e  2- 

' t o  30-mile  composite annulus. I n  t h i s  mcnner, d a t a  f i l e s  were c rea t ed  
f o r  t h e  2-  t o  30-mile composite annulus applying t h e  fol lowing d e n s i t y  
thresholds :  

o  250 pcrsono per  square m i l e ;  
o 500 persons per  oquare n i l e ;  
o  750 percons per  cquare mi le ;  
o 1,000 persons per  square n i l e ;  and 
o 1,500 pernons per  square mile .  

Besides c r e a t i n g  6 composite mop f i l e  f o r  a p a r t i c u l a r  annulus (such &o 2 
t o  30 mi l e s )  and o p c r t i c u l a r  d e n s i t y  (such a s  5C0 percons pe r  square 
n i l e ) ,  ' a n o t h e r  t y p e  o f  c o m p o s i t e  was c r e a t e d .  T h i s  c o n s i e t c d  o f  two 
sepa ra t e  annu l i  -- each w i t h  i t s  own given popuis t ion  dens i ty  threshold .  
Above, f o r  example, s i x  i nd iv idua l  d a t a  f i l e s  wore added toge the r  t o  c r e a t e  
t h e  2- t o  30-mile  composite annulus. Now, e d i f f e r e n t  cnnuluo with 3 

d i f f e r e n t  populat ion d e n s i t y  threshold  was added t o  t h e  2- t o  3 0 ~ 1 i l e  
ccmposite annulus,  thereby c r e a t i n g  a  much more complex da t a  f i l e .  S i x  
d i f f e r e n t  combinations of  dens i ty  t h r e sho lds  f o r  t he  0- t o  2 7 z I l e  ennulus 
and t h e  cornposited 2- t o  30-mile  annulus ( cons i s t i ng  of t h e  add i t i on  of s i x  
s epa ra t e  annu l i )  were c r ea t ed  and o r e  bhown i n  Table 3. 

TABLE 3 

CONFLEX COMPOSITE POPUJATION DENSITIES 

2 TO 30 MILES 
0 TO 2 MILES (composite) 

Figure 5 is  an example of applying both a  100 persons per  squnre n i l e  
d e n s i t y  threshold  within the  0- Ca 2 n i I e  annulus and a 500 persons per  
square mi le  threshold  i n  the  2- t o  30-mile composite annulus. 
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Composite c r i t e r i a  had been developed a s  a s o l u t i o n  to p o p u l a t i o n  con- 
c e n t r a t i o n s  l o c a t e d  n e a r  t h e  c e n t e r  o f  an annulus .  Iiowcver, r e s u l t s  o f  
r e a c t o r  a c c i d e n t  cooaequence c a l c u l a t i o n s  a t  Sand ia  i n d i c a t e d  t h c t  c e r t a i n  
r i s k  c h a r a c t e r i s t i c s  depend s t r o n g l y  on t h e  maximum n l c 3 e r  o f  pe r sons  
w i t h i n  any g i v e n  d i r e c t i o n  s e c t o r .  There fore ,  t h e  HRC c o n s i d e r e d  c r i t e r i a  
r e g a r d i n g  t h e  mnxinum a l l o w a b l e  p o p u l a t i o n  w i t h i n  s e c t o r s  i n  s d d i t i o n  t o  
t o t a l  p o p u l a t i o n  su r round ing  a  s i te .  The impact on l i n d  a v a i l a b i l i t y  was 
examined f o r  a l t e r n a t i v e  s e c t o r  c r i t e r i a  and compared to t h e  impact o f  
uniform d e n s i t y  c r i t e r i a .  

S e c t o r  c r i t e r i a  were s t a t e d  i n  terms o f  a l lowing  up t o  a  p s r t i c u l o r  f r a c -  
t i o n  o f  t h e  allowed t o t a l  number o f  peop le  t o  be l o c a t e d  i n  any s e c t o r  o f  a  
p a r t i c u l a r  width .  For  e x a n p l e ,  a  s e c t o r  c r i t e r i o n  n i g h t  b e  s t a t e d :  up t o  
one-s ix th  of t h e  peop le  a l lowed by n uniform d e n s i t y  o f  500 persons  p e r  
s q u a r e  m i l e  can  be l o c a t e d  i n  a  45-degree s e c t o r  w i t h i n  30 m i l e s  o f  a  
s i t e .  

The NRC r e q u e s t e d  t h a t  t h e  inipact o f  s e c t o r  c r i t e r i a  be i r ~ e s t i g a t e d  with  
r e g a r d  t o  s e v e r a l  v a r i a b l e s .  The parnmeters  were: 

o  D i s t l n c e :  r a d i i  of  2 ,  5 ,  1 0 ,  20, and 30 m i l e s  ( t h e r e  were a l l  
composited w i t h i n  t h e  0- t o  30-mi le  a n n u l u s ) ;  
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o  S e c t o r  w i d t h :  22 .5 ,  4 5 . 0 ,  and 90 .0  d e g r e e s  (360 d e g r e e s  f o r  
uniform d e n s i t y ) ;  

o  F rac t i on :  1/16, 1 /8 ,  1/4,  113, an6 112 t h e  populet ion a l l w e d  Sy 
uniform dens i t y ;  and 

o  Density: 250, 500, 750, and 1,500 pcrsons per  square mile .  

Popula t ion  counts  were determined w i th in  2 ,  5 ,  111, 20, ~ n d  33 mi!es of 
p o t e n t i a l  s i t e s  ( g r i d  c e l l s )  and w i th in  s e c t o r  widths of 22.5, 4 5 . C ,  and 
90.0 degrees .  The maximum number o f  persons found i n  a  s e c t o r  o f  a  s t a t e 6  
width f o r  a  p a r t i c u l a r  r ad iu s  vas  recorded. A l t e r n a t i v e  c r i t e r i a  were t \ en  
appl ied  t o  t he  count d a t a  on t h c  b a s i s  of a l towing a c e r t a i n  f r a c t i o n  or' 
t he  t o t a l  number of people allowed wi th in  t he  c i r c l e  (!BY a d e n s i t y  th res -  
h o l d )  t o  be  l o c a t e d  i n  any s e c t o r .  Be ing  c o n s i s t e n t  w i t h  p r ~ v i e u s i y  
computed i m p a c t s ,  t h e  i m p a c t s  f o r  P e c t o r  c r i t e r i a  f o r  any p a r t i l u l a r  
d e n s i t y  o r  f r a c t i o n  were composites of r a d i i  out  t o  30 mi les .  

S e c t x  c r i t e r i a  were of i n t e r e s t  t o  t h e  NRC regard ing  t h e i r  ixpact  on lanC 
a v a i l a b i l i t y  above and beyond t h a t  a l ready  a f f e c t e d  by ur , i farn d e n s i t y  
c r i t e r i a .  To dep i c t  and quan t i fy  t h i s  information,  t ~ b l e s  were c r ea t ed  t o  
show the  amount of land ava i laSle /cons t ra ined  f o r  s i t i n g  in  each s t a t e  i f  a  
p a r t i c u l a r  s e c t o r  c r i t e r i o n  were e s t ab l i she6 .  A s  an exasp le ,  a por t ion  of 
one of t he se  t a b l e s  i s  shown i n  Table 4 .  Each t a b l e  considered a  unity 2 

combination of a l lowable populat ion d e n s i ~ y  and s e c t o r  width and shoved t he  
impact of a l t e r n a t i v e  f r a c t i o n a l  c r i t e r i a  as well  3s  t he  uniform d e n s i t y  
c r i t e r i a  on land a v a i l a b i l i t y .  
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T a b l e  4 h a s  been f o r m a t t e d  s u c h  t h a t  t h e  numbers i n  t h e  columns r e p r e s e n t  
t h e  amount o f  l a n d  t h a t  is u n i q u e l y  c o n s t r a i n e d  by t h e  s p e c i f i e d  c r i t e r i u  
&.id t h e  colctmns a r e  a r r a n g e d  s o  t h e  t o t e l  magn i tude  o f  c o n s t r a i n e d  l a n d  
d e c r e a s e s  from l e f t  t o  r i g h t .  The l e f t - m o s t  c o l u z n ,  "Avnil i?ble i c n d , "  
shows ttre amount o f  l and  c o n s i d e r e d  a v a i l a b l e  f o r  s i t i n s  i f  t h e  c r i t e r i o n  
s t a t e d  i n  t h e  a d j a c e n t  column were  a p p l i e d ;  t h a t  i o ,  no more t h a n  one- 
c i ~ l r t t r  o f  t h e  popu la t io l r  a l l o w e d  i n  t h e  a n n u l u s  ( c o m p o s i t e  o f  5 r a d i i  t o  30 
milcs) n t  a  d e n s i t y  o f  500 p e o p l e  p e r  s q u a r e  mile c a n  be l o c a t e d  i n  any 
45.0 dcgrccr s e c t o r .  Tire r i g t t t - m o s t  column, " R e s t r i c t e d  Lands ," shows t h e  
nmaunt o f  l a n d  c o n s t r u i n e d  hy b e i n g  e i t h c r  l e g a l l y  p r o t e c t e d  o r  n major  
w e t l a n d .  (No demographic  c r i t e r i a  a f f e c t  t h e s e  numbers.)  

Tlrc numbers i n  ench  o f  t h e  m i d d l e  coliltnns show t h e  amortnt o f  l a n d  t h a t  is 
u n i q u e l y  c o n s t r a i n e d  by t h e  s p e c i f i e d  " f r a c t i o n "  c r i t e r i o n .  T h i s  magn i tude  

, o f  c o n s t r a i n t  is abovc t h a t  a l r e a d y  c o n s t r a i n e d  by t h e  t o t a l  o f  a l l  columns 
; t o   it^ r i g h t .  The column, "Uniform D e n s i t y , "  shows t h e  u r e a  c o n s t r a i n e d  by 
a p p l y i n g  a  s i m p l e  d e n s i t y  t h r e s h o l d ,  r e g c r d l c s s  o f  s e c t o r  d i s t r i b u t i o n .  

7 .  COFrPARISON OF IMPACTS 

Ttrc d n t n  s t r u c t u r t .  J i n ~ r a m  ( F i g u r e  1 )  g r a p h i c a l l y  s h o w s  t h e  u l t i m a t e  
informnt ior t  p r o d u c t  o f  t h e  s t u d y  t o  he  an  a n a l y s i s  o f  t h e  conlbined i n p a c c s  
o f  env i ronn icn ta l  s u i t n b i l i t y  and dcmogrnphic c r i t c r i n  on t h e  a v a i l a b i l i t y  
o f  lntrtl f o r  n i t  i n g  n u c l c n r  power p l n n t s .  Wiiile t l rc ove t  l a y  o f  t r a n F p a r e n t  
maps p rov idcd  a q u i c k  l o o k  a t  p o t e n t  i n l  l a n d  a v n i l n b i l i t y ,  t h e  comhinat  i on  
o f  a  mnp co r r tn in ing  s i x  l e v e l s  o f  envi ronmt%ntnl  s u i t o h i l i t y ,  when o. - l a i d  
w i t h  n  v n r  i c t  y  o f  ~ r c l p ~ l l n t  i o n  c r i t r r i c ~ ,  produced numerods g r o o p i n ~ s  < c t a .  
To c l e n r l y  i l l r ~ s t r n t c  t h e  conlhincd e f f e c t  o f  v n r i o u s  s i t i n g  c r i t e r i a ,  
t n h u l  nr  ~t nt is t  i c s  werc prodttcctl.  

To q i l n n t i f y  t h e s e  d a t a ,  f i v e  popu:ntioi \  c n s e s  were f i r s t  d e f i n e d  on tht? 
, b a s i s  o f  complex compos i t e  n n n u l n r  d e n s i t y  c r i t c r i n  a s  shown i n  T a b l e  5. 

COHPLE:X COMPOSITE POPIILATION CASES ---- -- - 

POPI1LATION 2 TO 30 MILES 
CASE: ---- TO 2 MII.E:S --- ( c o m n o s i t c )  ---- 

Tht* numhrrs  i n  tht. colulnns u l i d c r l l r ~ t l r  t h e  s p e c i f i e d  annrlltls r e p r e s e n t  
poprt1:it i o n  d e l l s i t y  t h r r s l r o l d s .  Notc tlr.?t t h e  2- t o  30-mile a n n u l u s  was n  

':ompositc d a t a  f i l e ;  t l ln t  i s .  s i x  d i f f e r r n t  a n n u l i  wcrc nnn lyzcd  a t  n  
spvc  i  Cicbtl d c n s i  t v  t l rr t-slrnld nnd tlrc. f i  l c s  w r r r  added t o g e t l r c r .  Poprllnt i on  
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Caae 1  wea t h e  moat c o n t i t r a i n i n g  an i t  a p p l i e d  t h e  lowest d e n o i t y  t h r e a -  
h o l d s ;  w h i l e  populnt  ion Cnsc  5 was t h e  l e a ~ t  c o n o t r n i n i n g .  

Ae i n  the  c a s e  of  moat d~?rr~ojiraphic c r i t e r i a ,  t s b l c e  were c r e a t e d  i n  trm 
d i f  f c r t - n t  f o r m e t n  t o  allow t h e  mrximr~m amount of i n f o r m a t  i o n  c l e a r l y .  
T a b l e s  6 and 7 a r c  t-xnmplcs o f  p q r t i a r ~ s  of thcne  t a b l e s .  

U S '  V l I O l N l A  

l J l f : c ~ r M  

U V l l W l N O  
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., . l ~ l ~ ~ ~ ~ ~ l ~ ~ l ~ l J l ~ ~ I ~  , * \ % \  

U l A l r  A I I A ' I  I Y  *JiOA*l M I L I B  AND % LW 5 Y A l C  



T a b l e  6 shows t h e  c o n p a t i s o n  between t h e  envirofiiaental  s u i t a b i l i t y  l e v e l n  
and p o p u l a t i o n  Cane 1. The s t a t i s t i c s  i n d i c a t e  t h e  amount of lnnd i n  e a c h  
o f  t h e  f i v e  env i ronmenta l  e u i t n ' i l i l i t y  l e v e l 0  t h n t  would b e  a v n i l a b ? e  f o r  
o i t i n g  n u c l e a r  power p l a n t s  i f  a g i v e n  s e t  o f  p o p u l a t i o n  c r i t e r i a ;  e . ~ . ,  
p o p u l a t i o n  Case 1, were tcpplicd. I n  a d d i t i o n ,  t h e  numbers i n  t h e  columns 
l a b e l e d  "Densi ty  R c n t r i c t i o n s l '  allow t h e  amount o f  land u n i q u e l y  c o n s t r a i n e d  
by t h e  g i v e n  popu!scion c a s e .  The numbere i n  t h e  column "Dens L Land 
R e s t r i c t "  i n d i c a t e  t h e  emount o f  l a n d  c o n o t r ~ i n e d  by bo th  t h e  p o p u l a t i o n  
c r i t e r i a  and t h e  r e s t r i c t e d  l e n d s  ( l e g a l l y  p r o t e c t e d  o r  major  we t land)  
d e s i g n a t i o n .  Thus,  t h e  t o t a l  amount of  l and  a f f e c t e d  by a  giveil p o p u l a t i o n  
c a s e  would b e  e q u a l  t o  t he  surc o f  t h e s e  two columns. 

It wan found t h a t  t h e  a p p l i c a t i o n  of er.y p o p u l a t i o n  c a s e  a e  dcmogrnphic 
s i t i n g  c r i t e r i a  had i t c  g r e a t e a t  impact on l and  i n  t h e  h i g h  env i ronmenta l  
s u i t a b i l i t y  c a t e g o r y .  I n  f a c t ,  t h e  impact u s u a l l y  i n c r e a s e d  a t  t h e  l e v e l  
o f  sui:abili*.y d i d .  T h i s  is n o t  t o o  s u r p r i s i n g  us  r e s i d e n c e s  and power 
p l a n t o  a r e  bo th  eng ineered  s t r u c t u r e s  and s h a r e  n i m i l a r  r e q u i r e n e n t s  . 
To i l l u s t r a t e  t h e  e f f e c t  o f  a p p l y i n g  a l t e r n a t i v e  populnt  i o n  c r i t e r i a  ( t h e  
f i v e  p o p u l a t i o n  c e s e s )  on t h e  a v a i l a b i l i t y  o f  land w i t h i n  e a c h  env i ron-  
mental  c u i t n b i l i t y  c l a s s ,  s t a t i s t i c s  such a s  t h o s e  p r e s e n t e d  i n  T a b l e  7 
wcre produced. The numbers r e p r e o e n t  t h e  m o u n t  o f  land a v a i l a b l e  f o r  
s i t i n g  n u c l e a r  power p l n n t s  i n  a given  environmental  s u i t n S i l i t y  c l n s o  a s  
w e l l  a s  t h e  amount o f  land un ique ly  c o n s t r a i n e d  by each  o f  t h c  f i v e  popula- 
t i o n  c a s e s .  The columns r e p r e s e n t i n g  p o p r ~ l n t  i o n  cnncs  have been a r ranged  
such t h a t  i n  moving from l e f t  t o  r i g h t ,  t h e  s t r i n g e n c y  o f  t h e  c r i t e r i a  
d e c r e a s e o .  The l e f t m o n t  column o f  t h e  t a b l e ,  "Avni lcble  Land," chows lnnd  
t h a t  is a v n i l a b l c  f o r  t h e  g iven  environmental  s u i t a b i l i t y  c l c n a  (Ln t h i s  
c a s e  -- h i g h )  even i f  t h e  most s t r i n g e n t  p o p u l a t i o n  c r i t e r i o n  ( p o p u l a t i o n  
Case 1 )  i s  a p p l i e d .  The occond co lunn  "Popolat ion Cnse 1" r e p r e s c n t o  an 
a d d i t  i o n a l  amount of land c o n s i d e r e d  a v a i l a b l e  i f  t h a t  p a r t i c u l a r  popula- 
t i o n  c r i t e r i o n  wcre r e l a x e d ,  which would a l o o  imply t h e  a p p l i c a t i o n  of  
p o p u l a t i o n  Case 2 .  S i m i l a r l y ,  the n e x t  co1u;nn "Populat ion Cnsc 2" r e p r e -  
s e n t s  t h e  a d d i t i o n a l  i n c r e m e n t  o f  l a n d  available i f  t h e  c r i t e r i a  f o r  
p o p u l a t i o n  Case 2 were a l o o  r e l a x e d  and p o p u l a t i o n  Ccse 3 were o p p l i c d .  I t  
fo l lows  t h a t  i f  no popu la t ion  c r i t e r i n  were e s t e b l i s h e d ,  t h c  m o u n t  o f  land 
a v a i l a b l e  i n  a p a r t i c u l a r  environmet t ta l  ~ u i t a b i l i t y  c l a s s  would b c  e q u a l  t o  
t h e  t o t a l  o f  t h e  f i r s t  s i x  columns i n  t h e  t a b l e ;  t h e  o n l y  lnnd cons ide red  
c o n s t r a i n e d  would bc t h a t  by a  r e s t r i c t e d  l ands  d e s i g n a t i o n .  The numbers 
i n  t h e  column "Other S u i t n b i l i t  i e s "  shov  t h e  cmour~t o f  land e x i s t i n g  i n  t h e  
f o u r  env i ronmenta l  suitability c a t e g o r i e s  which a r e  n o t  s p e c i f i e d  i n  t h e  
t i t l e  o f  t h e  t a b l e .  

8. CONCLUSIONS 

The a n r i l y t i c a l  methods u ~ e d  i n  t h i s  s tudy  wcrc des igned  t o  e x p l o r e  t h e  
impact of v a r i o u s  demographic ~ i t i n g  c r i t e r i a  on t h e  a v a i l a b i l i t y  o f  lnnd 
cons ide red  s u i t n b l c  f o r  t h e  nit in^ o f  n t ~ c l e a r  power p l a n t s .  Maps werc 
c r e n t c d  s o  t h a t  impncto could b c  e a s i l y  v i f i u e l i z e d  and t a b u l a r  ~ t s t i s t i c s  
werc p repared  t o  a l l o w  more r i j iorous  a n a l y s i s .  
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The d e t e r m i n a t i o n  o f  land c o n s i d e r e d  s u i t a b l e  f o r  s i t i n g  was accomplished 
th rough  m u l t i - o b j e c t i v e  env i ronmenta l  s u i t a b i l i t y  a n a l y s i s .  The a n a l y n i s  
was performed u s i n g  f a c t o r s  g e n e r a l l y  r e l a t e d  to e c g i n e e r i n g  c o s t s  89 w e l l  
as c o n s e r v a t i o n  of  s p e c i f i c  r e s o u r c e s .  Because t h i s  i n v e s t i g a t i o n  con- 
c e r n e d  t h e  e n t i r e  48 con t iguous  Uni ted S t a t e s  and was n o t  a  s i t e - s e l e c t i o n  
p r o j e c t ,  env i ronmenta l  f a c t o r s  v e r e  ana lyzed  a t  a r e l a t i v e l y  z e n e r a l  l e v e l  
of d e t a i l  and were each c o n s i d e r e d  t o  b e  o f  e q u a l  importance.  Powever, t h e  
c a p a b i l i t i e s  o f  modern geograph ic  in fo rmat  i o n  systems would have  a l lowed  
t h e  p r o d u c t i o n  o f  p e r h e p s  more s i g n i f i c a n t  r e s u l t s  and  s o p h i s t i c a t e d  
a n a l y s i s  i f  b e t t e r  d a t a  were' a v a i l a b l e .  

The most s u i t a b l e  a r e a s  were c h a r a c t e r i z e d  by a n  adequa te  w a t e r  cupp ly ,  
low s e i s m i c i t y  and g e n t l e  topography a s  w e l l  a s  a n  absence o f  p r o t e c t e d  
r e s o u r c e s .  Although t h e  map o f  env i ronmenta l  s u i t a b i l i t y  ( F i g u r e  2 )  shows 
t h e  e a s t e r n  one-half  of  t h e  c o u n t r y  t o  b e  more s u i t a b l e  t h a n  t h e  w e s t e r n ,  
i t  is f e l t  t h a t  t h e r e  a r e  numerous s u i t a b l e  s i tes a v a i l a b l e  i n  t h e  wes te rn  
p o r t i o n .  

Three  t y p e s  of  p o p u l a t i o n  c r i t e r i a  were i n v e s t i g a t e d :  s t and-of f  zones ,  
clnnulnr d e n s i t y ,  and s e c t o r  d e n s i t y .  The e f f e c t s  o f  s t and-of f  zone c r i -  
t e r i a  a r e  s t r a i g h t - f o r w a r d .  There  i s  a  d i r e c t  r e l a t i o n s h i p  between t h e  

I s t and-of f  d i s t a n c e  and t h e  amount o f  l a n d  a r e a  c o n s t r a i n e d .  

The a n a l y s i s  o f  a n n u l a r  d e n s i t y  t h r e s h o l d s  showed t h a t  t h e  u s e  o f  s m a l l e r  
r a d i i  t o  d e f i n e  t h e  annu lus  r e s u l t e d  i n  c o n s t r a i n t s  on both l a r g e  and smal l  
urban p o p u l a t i o n s  a s  w e l l  a s  some l o c a l l y  dense r u r h l  a r e a s .  Larger  r a d i i  
tended t o  c o n s t r a i n  a g r e a t e r  amount of  urban p o p u l e t i o n ,  b u t  o n l y  around 
major  c i t i e s ;  s m a l l  u rban  and r u r a l  a r e a s  were n o t  c o n s t r a i n e d .  These 
f i n d i n g s  l e d  t o  t h e  u s e  of  complex composi te  c r i t e r i a  i n  which d i f f e r e n t  
t h r e s h o l d s  were a p p l i e d  t o  a  v a r i e t y  o f  a n n u l i  and t h e  r e s u l t s  of  a l l  
c o n s t r a i n t s  were added t o g e t h e r  t o  form one map f i l e .  

Because r e s u l t s  of r e a c t o r  a c c i d e n t  consequence c a l c u l a t i o n s  i n d i c a t e d  
t h a t  c e r t a i n  r i s k  c h a r a c t e r i s t i c s  depended s t r o n g l y  on t h e  maximum number 
o f  pe r sons  w i t h i n  any g iven  d i r e c t i o n  s e c t o r ,  s e c t o r  p o p u l a t i o n  c r i t e r i a  
were des igned .  T h e i r  impacts  were i n v e s t i g a t e d  t o  de te rmine  t h e  amount 
o f  l and  a r e a  t h a t  would be c o n s t r a i n e d  a d d i t i o n a l  t o  t h a t  a f f e c t e d  by 
a n n u l a r  d e n s i t y  c r i t e r i a .  I t  was found t h a t  t h e  e f f e c t s  of  s e c t o r  c r i t e r i a  
occur red  i n  t h e  saTe a r e a s  and a d j a c e n t  t o  t h o s e  o f  ~ n n u l a r  d e n s i t i e s .  
Also,  t h e  a r e a  of impact responded t o  changes  i n  a n n u l a r  r a d i u s  t h e  seme a s  
f o r  a n n u l a r  d e n s i t y  c r i t e r i a .  For  t h i s  r e a s o n ,  a l l  s e c t o r  c r i t e r i a  were 
complex composi tes  o f  d i f f e r e n t  t h r e s h o l d s  and r a d i i .  . 

T r a n s p a r e n t  o v e r l a y  maps and t a h u l a r  s t a t i s t i c s  were provided t o  t h e  U.S. 
Nuclear  Regula to ry  Comnrission f o r  u s e  i n  e s t s b l i s h i n ~  s i t i n g  c r i t e r i a  h i c h  
would be n u m e r i c a l l y  based upon p o p u l a t i o n  d e n s i t y ,  d i s t r i b u t i o n ,  and 
e x c l u s i o n  d i s t a n c e .  Using both a nap o v e r l a y  procedure  and a  comparison o f  
s t a t i s t i c s ,  i t  was found t h a t  t h e  g r e a t e s t  impacts  o f  demographic c r i t e r i a  
occur  i n  t h e  a r e a s  of h i g h  environmental  s u i t a b i l i t y .  
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Demographic c r i t c r i o  h a v e  n o t  y e t  bccti e s t a b l i e h c d  by NRC. Thue,  t h e  
i m p a c t s  d e u c r i h e d  i n  t h i ~  r e p o r t  a r c  c o n s i d e r e d  t o  be c o n t i n g e n t  upon 
f u t o r c  c i t i n c  rulc-ma kin^. W1nt h.?s been o h o m  t rc  t h e  r c ~ u l t a  o f  a n  
" i f - then"  c x c r c i a c .  The fitudy i l  l u s t r a t e d  t h c t  g e o g r a p h i c  inforrl lnt  i c n  
Rystcmo n r r  c a p a b l e  o f  e f  f  i c i c n t  l y  p e r  forming ~ o p h i  s t  i c a t e d  and d e t a i l e d  
a n n l y a c s  f o r  l a r g e  r e g i o n s .  Tlrc a v a i l a b i l i t y  of d a t e  a p p c a r o  to  be thr? 
most  s i g n i f i c a n t  o v e r a l l  1  i m i t a t i o n  t o  A U C ~  s t u d i e s .  
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MULTIDIMENSIONAL PROGRAMMING MSTHODS FOR ENERGY FACILITY 
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West V i r g i n i a  Un ive r s i t y  Ind iana  Un ive r s i t y  

Morgantown, WV 26506 Bloomington, I N  47405 

ABSTRACT 

Th i s  paper reviews t h e  u s e  of mult idimensional  op t imiza t ion  nethods 
i n  so lv ing  power p l a n t  s i t i n g  probleas ,  which a r e  cha rac t e r i zed  by sev- 
e r a l  c o n f l i c t i n g ,  ?oncommensurable o b j e c t i v e s .  Af t e r  a d i s s u s s i o n  of d a t a  
requirements  and exc lus ionary  s i t e  sc reen ing  methods f o r  bounding t h e  de- 
c i s i o n  space,  c l a s s e s  of mu l t i ob j ec t i ve  and goa l  programming models a r e  
d i s cus sed  i n  t h e  contex t  o f  f i n a l  s i t e  s e l e c t i o n .  Advantages and l i m i t a -  
t i o n s  of t h e s e  approaches a r e  h igh l igh t ed  and t h e  l i nkage  of mult idinen-  
s i o n a l  methods wi th  t h e  s u b j e c t i v e ,  b e t ~ a v i o r a l  components of t h e  power 
p l a n t  s i t i n g  process  is  emphasized. 

1. INTRODUCTLON 

Although most r eg iona l  power p l a n t  s i t i n g  o r  planning d c c i s i c n s  have ! 4 

t r a d i t i o n a l l y  been a t  l e a s t  p a r t l y  based on a n a l y t i c a l  methods [14] [50] a 

(381 [47] [3 ] ,  t h e  u se  of formal  mult idimensional  ~ e t h o d s - - p r i n c i p a l l y  
m u l t i o b j e c t i v e  mathematical programming and game theory--have gained pop- 

; 
u l a r i t y  i n  r ecen t  yea r s  [31-341 [ l l -13)  [16] [19] [ l ]  [56].  This  i.s no t  ! 

s u r p r i s i n g ,  cons ide r ing  t h e  growing acceptance of mult idimensional  
methods i n  t h e  f i e l d  of  ope ra t i ons  r e sea rch  and t h e  numerous planning ap- 
p l i c a t i o n s  [15] [16] [45] [49] [57] [61]. 

The purposes of t h i s  paper i s  twofold: (1) t o  update  and broaden 
t h e  Hobbs [31] [32] survey and c r i t i q u e  of m u l t i o b j e c t i v e  d e c i s i o n  
methods f o r  power p l a n t  s i t i n g ,  g iv ing  more atte.3tion t o  goa l  programming, 
and (2)  t o  specu l a t e  on t h e  p o s s i b i l i t y  and promi:;e f o r  mult idimensional  
programming approaches t o  power p l a n t  s i t i n g  problems i n  t h e  f u t u r e .  

The next  s e c t i o n  of t h e  paper d i s c u s s e s  t h e  n a t u r e  of power p l a n t  
s i t i n g  d a t a  and the  i s s u e  of s i t e - s u i t a b i l i t y  s c a l i n g .  This  is  followed 
by a  review of common exc lus ionary  s i t e  sc reen ing  methods and a more de- 
t a i l e d  s e c t i o n  on s i t e  s e l e c t i o n  a lgor i thms .  A f i n a l  s e c t i o n  p re sen t s  a 
summary and some conc lus ions  of t h e  paper. 

2. THE NATLJRE OF SITING DATA AND SUITABILITY SCALING 

Y A l a r g e  and d i v e r s e  d a t a  s e t  may be  important  i n  power p l a n t  s i t i n g  
ana lyses .  One r o l e  of t h e  s i t i n g  team is t o  reduce t he  data base  t o  t h e  
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most important  s i t i n g  f a c t o r s .  Tne d a t a  can then  b e  ordered h i e r s r c h i -  
c a l l y  t o  s t r eaml ine  t h e  s i t i n g  ana ly s i s .  For example, water  a v a i l a b i l -  
i t y  might be  followed i n  importance by l o c a l  popula t ion  d e n s i t y ,  a i r  pol- 
l u t i o n  impacts,  water  withdrawal r a t e ,  e t c .  Doing t h i s  can ensure  t h a t  
t h e  most important  s i t i n g  f a c t o r s  w i l l  b e  considered i f  some f a c t o r s  have 
t o  be  neglec ted  due t o  loca t ior ia l  cons t r a i i l t s .  

Power p l a n t  s i t i n g  d a t a  a r e  expressed i n  noncommensurable u n i t s ,  en- 
compassing engineering,  economic, s o c i a l ,  and o t h e r  phys i ca l  dimensions 
on a l l  measurement s c a l e s .  For example, popula t ion  d e n s i t y  might be  ex- 
pressed  i n  i n h a b i t a n t s  per  square  mi le ,  whi le  t ransmiss ion  d i s t a n c e  would 
b e  expressed i n  mi l e s  and water  withdrawal r a t e  would b e  measured i n  
cubic- fee t  per  second ( c i s ) .  Comparing and amalgamating such d i v e r s e  
d a t a  i n  s i t e - s u i t a b i l i t y  ( o r  d e s i r a b i l i t y )  terms is extremely d i f f i c u l t ,  
e s p e c i a l l y  when i t  is necessary t o  t ransform t h e  d a t a  t o  a  lower measure- 
ment s c a l e  t o  make i t  commensurate, which w i l l  o f t e n  improve d e c i s i o n  
making. 

Most of t h e  important  s i t i n g  d a t a  a r e  a v a i l a b l e  and s tandard ized  on 
t h e  r a t i o  s c a l e  of measurement, and a r e  f a i r l y  r e l i a b l e  over  a  s n ~ a l l  t ime 
horizon.  Never the less ,  important  i n f o n ~ a t i o n  may b e  l o s t  i n  t h c  t r ans -  
formation process ,  and s i t i n g  a n a l y s i s  can be based on t h e  o r i g i n a l  phys- 
i c a l  da t a .  I f  s i t e - s u i t a b i l i t y  s c a l i n g  is  undertaken,  i t  is o f t e n  d c -  
s i r a b l c  t o  have s u i t a b i l i t y  d a t a  expressed on t h e  i n t e r v a l  s c a l e  s o  t h a t  
b a s i c  a r i t h m e t i c  ope ra t i ons  can s t i l l  b e  performed. l i o ~ e v e r ,  a s i t i n g  
f a c t o r  t h a t  is  ra t io -sca led  wi th  r e spec t  t o  a  phys ica l  c h a r a c t e r i s t i c  
(e.g., water  withdrawal i n  c f s )  might b e  only ord ina l - sca led  w i t h  r e s p e c t  
t o  s u i t a b i l i t y  (a  flow below 200 c i s  is inadequate ,  b u t  above t h a t  is  
s u f f i c i e n t ) .  Although r a t i o - s ca l ed  d a t a  might be more meaningful t o  t h e  
a n a l y s t ,  i t  is u s u a l l y  no t  necessary  f o r  s i t i n g  purposes s i n c e  t h i s  re-  
q u i r e s  an  e x t r a  s t e p ,  and only t h e  power law s i t e - s u i t a b i l i t y  amalgame- 
t i o n  method r equ i r e s  r a t i o - s ca l ed  d a t a  [28]. 

In te rva l - sca led  s i t e - s u i t a b i l i t y  t ransformat ions  u sua l l y  involve  
i n d i f f e r e n c e  a n a l y s i s .  I? one approach, t he  d e c i s i o n  maker is  asked t o  
compare a l t e r n a t i v e  s i t e s  t h a t  have d i f f e r e n t  l e v e l s  of two impact and 
s i t e  c h a r a c t e r i s t i c s ,  per  s i t i n g  f a c t c r .  When d i f f e r e n t  s i t e s  w i th  d i f -  
f e r e n t  f a c t o r  l e v c l s  a r e  equa l l y  p r e f e r r ed ,  d e c i s i o n  maker d e s i r a b i l i t y  
l e v e l s  even tua l l y  can be deduced. 

Fishburn [24] and Hobbs [31]  review s e v e r a l  a l t e r n a t i v e  methods t h a t  
can be  used f o r  s u i t a b i l i t y  s c a l i n g .  Most of t he se  methods do n o t  ac- 
count f o r  pos s ib l e  unce r t a in ty  involved i n  impact and s i t e  c h a r a c t e r i s t i c  
assessment ,  o r  r i s k  i n  succes s fu l l y  ob t a in ing  t h e  d e s i r e d  s i t e .  I t  is  
pos s ib l e  t o  u se  t he  l o t t e r y  method of d e c i s i o n  a ~ a l y s i s  f o r  t h e  l a t t e r  
purpose [ 2 7 ] ,  al though i t  has  been found t h a t  people do not  fo l low t h e  
necessary  p r i n c i p l e s  of p r o b a b i l i t y  theory  i n  judging t h e  l i k e l i h o o d  of 
unce r t a in  events  [54] .  If t h i s  approach is taken,  a  few important  as -  
sumptions n u s t  hold t r u e  f o r  t h e  a n a l y s i s  t o  be  v a l i d ,  such a s  t h e  prop- 
e r t y  of u t i l i t y  independence between lotteries f o r  d i f f e r e n t  s i t i n g  fac-  
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si te  l i m i t a t i o n s  as a r a t i o n a l e  f o r  t e c h n o l o g i c 2 1  change, where  p o s s i b l e ,  
such  a s  f o r  more e f f e c t i v e  ( a l b e i t  c o s t l y )  p o l l u t i o n  c o n t r o l  d e v i c e s ,  
which r e q u i r e s  i n t e r a c t i o n  w i t h  d e z i s i o n  makers. 

3.2. Conjunc t ive  Screen ing  

Conjunc t ive  s c r e e n i n g  methods make no d i s c r i m i n a t i o r ~  i n  import.ance 
between t h e  s i t i n g  c o n s t r a i n t s ,  a l t h o u g h  a g a i n ,  i f  d e s i r e d ,  some of t h e  
c o n s t r a i n t s  can b e  ignored  f o r  each s i te .  The f u l l  o r  reduced set  of  
s i t i n g  c o n s t r a i n t s  a r e  t h e n  cons ide red  s imul t r tneously ,  which r e s u l t s  i n  
t h e  same group of  a c c c p t a b l c  s i t e s  a s  t h e  l e x i c o g r a p h i c  ne thod  whcn a l l  
o f  t l ie s m e  c o n s t r a i n t s  a r e  cons ide red .  T h i s  is b e c a u s e  n e i t h e r  method 
d i s t i n g u i s h e s  between t h e  s i t e s  t h a t  s u r v i v e  t h e  s c r e e n i n g s ,  b u t  o n l y  
s e r v e  t o  hound t h e  f i n a l  d e c i s i o n  space .  These g e n e r a l  methods have bcen 
used t o  e v a l u a t e  a l t e r n a t i v e  geothermal  energy  s i t e s  f o r  1 m d  r e l a t e d  jm- 
p a c t s  [46]  and t o  c v a l u a t c  e l e c t r i c  powcr p l a n t  l o c a t i o n  p a t t e r n s  [13]  

[351. 

4. SITE SELECTION ALG0I?ITIIEIS 

Two major c l a s s e s  of mul t id imcns ionn l  s i t e  s e l e c t i o n  a l g o r i t h ~ n s  can  
be  i d c n t i f i c d :  mul t io11ject ivc  mrithcmatical p r o g r a m i n g  and g o a l  pro- 
gramming (Table  1) . E l u l t i o b j c c t i v e  progrnmning , t h e  l e a s t  u n d e r s t o o d  
and more r e c e n t l y  developed of  t h e  two, was p ioneered  by  FIzrglin [42]  
[43]  and 14ajor [41]  i n  t h e  c o n t e x t  of  w a t e r  r e s o u r c e s  p lann ing ,  and ac- 
t u a l l y  r e f c r s  t o  a  c l a s s  of a n a l y s i s  and a l g o r i t h m s .  I t  l ias been  pro- 
posed and used f o r  power p l a n t  l o c a t i o n  a n a l y s i s  ( n o t  s i t i n g )  [ I l l  (191 
1561 and c r i t i q u e d  by s e v e r a l  r ev iewers  [18]  [31-341 [1.2]. 

Co;il progronuning was developed by C l ~ a r n e s  and Cooper abou t  1952 
( a l s o  [ 6 ] ) ,  fo rmal ly  recognized i n  1961 [4 I ,  and is now c o n s i d e r e d  n sub- 
cn tcgory  of  mu1 t i o b j c c  t i v e  programqing methods. Although g o a l  pro- 
grcln~~in) :  lias never  been a p p l i c d  t o  powcr p l a n t  s i t i n s ,  i t  h a s  b c e n  s t ~ p e r -  
f i c i a l l y  exp lored  i n  a  power p l a n t  s i t i n g  framework [SO] [ 5 5 ] .  Tll~are ap- 
p a r e n t 1  y is somc prortl ise of  u t i l i z i n g  such  methods f o r  s i t   in^ problems,  
c s p c c l a l l y  i n  t l ic  form of a " s a t i s f i c i n g "  model o r  g o a l  i n t e r v a l  pro- 
gramming, a l s o  a t t r i b u t e d  t o  Charncn and Cooper [ 4 1 .  

Both m u l t i o b j e c t i v e  and g o a l  programming have  been devc.lopcd f o r  
problems whcrc unidimensional  d e c i s i o n  c r i t c r i a  does  n o t  r e f l e c t  a c t u a l  
d c c i s i o n  making p r o c e s s e s ,  such  a s  i n  power p l a n t  s i t i n g .  Goals  o r  ob- 
j c c t  i v c s  a r c  recognized a s  noncommensurable and o p t i m i z i n g  one o b j e c t i v e  

, f u n c t i o n ,  s u c l ~  i~s f o r  a i r  q u a l i t y ,  u s u a l l y  r e s u l t s  i n  a  different c i t e  
than  whcn o p t i m i z i n g  f o r  a n o t h e r  o b j e c t i v e  f u n c t i o n ,  such  a s  f o r  t r a n s -  
nlissiorl d i s t a n c e .  The purpose o f  t h e  f o l l o w i ~ ~ g  d i s c u s s i o n  is t o  examine 
t l ie u t i  l i  t y  of t h e s e  two r e l a t e d  c l a s s e s  of n u l t i d i m c n s i ~ n a l  op t imiza-  
t i o n s  f o r  powcr p1;int s i t i n g  p rob lcns .  



Table 1 

Classes  of Multidimensional S i t e  S e l e c t i o n  Algorithms 

P a s t  Appl ica t ions  P o t e n t i a l  Use i n  
F i e ld  of t o  Power P l a n t  Power P l a n t  

Class  of Algorithm Pioneer  (s) Origin S i t i n g  P rob l em S i t i n g  Problems 

!Ioninferior Curve Marglin [42] [43] Water Severa l  High 
Generating Tech- & Yajor [ 4 l ]  Resources 
niques o r  E f f i c i e n t  
Pro grarn ing  

Preference Weighting &of f r i o n  (261 Operat i ons  Few Medim 
Research 

Mult iple  Decis ion Dorfrn-zn & Jacoby Water Few Medium 
Maker h l g a n a t i o n  1 23 1 Resources 

G o & l  Programing:  Charnes & Cooper Maragenent None Low 
C l z s s i c a l  Model ( c i r c a  1952) Science 

Goal Programing:  Charnes & Cooper Managercent None Medium i f  goa l  targets 
S a t l s f  i c i n g  I.iodel 14 1 Science can be  s p e c i f i c d  

Goal I l i t e rva l  
Programing  

Charncs h Cooper Man3gcnont None IIedium i f  goa l  i n t e r -  
[41 Science v a l s  can  b e  spec?.£ i e d  

H ie r a r ch i ca l  Charncs , Cooper Manpowcr Kone High f o r  m u l t i l e v e l  
Programing  b Niehaus [ B ]  Planning ana ly se s  

- 



4.1. Mul t i ob j ec t i ve  P rog raming  

Tho mult iob j e c t i v e  o r  vec to r  op t imiza t ion  problem can be  s t a t e d  
s imply as :  

Max Z(x) = [Zl(x),  Z2(x), 9 Z p ( ~ ) l  

where Z(x) i s  a  p-dimensional o b j e c t i v e  v e c t o r  encompassing t h e  succes- 
t i v e  d e c i s i o n  c r i t e r i a ,  and K i s  a s e t  of f e a s i b l e  s o l u t i o n s  t o  t h e  op t i -  
miza t i o n  problem. 

A t  l e a s t  t h r e e  groups of mu l t i ob j ec t i ve  progranuning a lgo r i t hms  can 
be  appl ied  t o  power p l a n t  s i t i n g  [16]: n o n i n f e r i o r  curve gene ra t i ng  o r  
e f f i c i e n t  programming methods, p re fe rence  weight ing,  and m u l t i p l e  dec i -  
s i o n  maker amalgamation. A f o u r t h  approach is  h i e r a r c h i c a l  p rog raming  
[8] [ Z l ] ,  which is only  a p p l i c a b l e  t c  m u l t i l e v e l  ana ly se s  s i n c e  land must 
be  t r e a t e d  i n  a  nes ted  f a sh ion  f o r  t h e  technique t o  work. 

Noninfcr ior  curve  genera t ing  techniques.  Noninfer ior  s o l u t i o n s  t o  
t h e  mu l t i ob j ec t i ve  problem a r c  ones t h a t  a r e  f e a s i b l e  b u t  a r e  n o t  "domi- 
nated" by o t h e r  f e a s i b l e  s o l u t i o n s  on one ob j ec t i ve .  That is, where ZA 
= (ZlA, ZZA, . .. , ZpA) is an  ordered s e t  of s o l u t i o n s  i r .  a t t r i b u t e  space  
t o  t h e  P s e p a r a t e  o b j e c t i v e  func t i ons  comprising a l t e r n a t i v e  s i t e  A,  ZA 
is n o n i n f e r i o r  i f  t h e r e  e x i s t s  some ZiA > Z i , ,  i E (1, 2,  . . ., P) and 
Zi. i s  t h e  s e t  of a l l  o t h e r  s o l u t i o n s  t o  t h e  Zi o b j e c t i v e  func t ion .  By 
d e f i n i t i o n ,  an a l t e r n a t i v e  s i t e  is n o c i n f e r i o r  i f  i t  has a t  l e a s t  one 
unique o b j e c t i v e  func t i on  s o l u t i o n  which i s  maximal t o  a l l  o t h e r  a l t e r n a -  
t i v e  f e a s i b l e  s o l u t i o n s ,  per  t h a t  ob j ec t i ve .  

Also known a s  e f f i c i e n t  programming, t he se  techniqucs gene ra t e  
m u l t i p l e  s o l u t i o n s  t o  t h e  op t imiza t i on  problem. I f  two o b j e c t i v e  func- 
t i o n s  can be considered a t  a tiroc, t h e  non in fe r io r  s e t  corresponds t o  
t h e  curve  i n  Figure 1, where a l t e r n a t i v e s  i n s i d e  t h e  curve a r e  i n f e r i o r .  

I n  t h i s  example, two non in fe r io r  s i t e s  e x i s t ,  s i t e s  E and H. The 
convexi ty  of t h e  curve  i n d i c a t e s  d in in i sh ing  marginal  r e t u r n s  i n  t rade-  
o f f s  between t he  two ob j ec t i ve s .  The process  of curve gene ra t i on  is  re -  
peated w i th  t h e  o t h e r  ob j ec t i ve s ,  and t h e  l o g i c  can be  gene ra l i z ed  t o  t h e  
n - c r i t e r i a  case .  The r e s u l t  is  a s e t  of non in fe r io r  s i t e s ,  and t h e  
curves  supply dec i s ion  makers wi th  t rade-off  information among s i t e s  on 
t h e  curves  f o r  t h e  s e t s  of o b j e c t i v e  funct?.ons, which i s  used t o  a s t ab -  

I l i s h  a  s a t i s f a c t o r y  so lu t i on .  

Sevc ra l  non in fe r io r  curve-generat ing techniques have been developed 
[ l l ]  [17].  These techniqucs a r e  t he  most flexible, s i n c e  s i t i n g  f a c t o r  
p re fe rence  weights  do not  have to Se Letermined i n  advance. But i f  t he  
number of o b j e c t i v e  func t i ons  is g r e a t e r  than t h r e e  and t h e  number of c f -  
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FIGURE 1 
ale Noninfer ior  Curve of Energy Faci l i ty  Sites 
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TRANSMISSION DISTANCE 
(Object ive 2) 

f i c i e n t  s o l u t i o n s  is l a r g e ,  d e c i s i o n  makers w i l l  have n s j o r  i i f f i c u l t i e s  
i n  v i s u a l i z i n g  t h e  t r ade -o f f s ,  which may make t h e s e  appraaches imprac t i -  
cal. A method t o  u s e  t h e  e f f i c i e n t  programming s o l u t i o n s  t o  a r t . i c u l a t e  
d e c i s i o n  maker prefe rences  (by involv ing  them i n  t h e  a n a l y s i s )  i s  known 
as i n t e r a c t i v e  o r  c o m p r o ~ f s e  ~ r o g r m m f n g .  Hafkamp sn.1 Ni j kamp [29 ] u:e 
a n  ad ju s t ed  ve r s ion  of Zeleny's [611 i n t e r a c t i v e  method of d i sp l aced  
i d e a l s  f o r  3n economic-environnental t rade-off  problem, wlliln o t h e i s  !58! 
sugges t  t h e  u s e  of i n t e r a c t i v e  programming f o r  pawer p l a n t  s i t i n g .  These 
methods a r e  a c t u a l l y  a  c r o s s  between e f f i c i e n t  progrdmixlg and p re f e r ence  
weight ing,  and should be  ca tegor ized  w i th  o t h e r  i t e r a t i v e  techniques  [16] 
[ 491 .  

Preference  weightin&. Prefernnce weight ing  methods, o f t e n  refe;-red 
t o  a s  m u l t i p l e  c r i t e r i a  u t i l i t y  assessment ,  addresses  t h e  2 r o b i c s  of  
amalgamating noncoinmcnsuroble o b j e c t i v e  func t i on  d e s i r a b i l i t y  l e v e l s  more 
d i r e c t l y ,  t o  e x p l i c a t e  t he  r e l a t i v e  va lue  of changes i n  f a c t o r  d c s i r a b i l -  
i t y  l e v e l s .  In  gene ra l  t he se  methods a r e  l e s s  computat ional ly i n t e n s i v e  
than  gene ra t i ng  techniques, si.nce no t  a l i  of t h e  non in fe r jo r  s e t  is ex- 
plored 1161. Preference-oriented methods can be used t o  provide d e c i s i o n  
makers wi th  s e n s i t i v i t y  ana lyses  of a l t e r n a t i v e  preference  func t i ons .  
Although a very  l a r g e  number of such methods e x i e t ,  they can be  c a t c g o r -  
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i z c d  u s  e f t h e r  tlt:cision mukcar-rcvculod o r  o h s c r v c r - d e r i v e d .  A l l  of t l resc  
mct l~ot ls  o t t cn tp t  to rt-v'r~l dcc i s lo r r  mnkcr p r c f c r t - n c c  f u n c t i o n s  bc twccn  
sit int: f n c ~ o r  d c a i r : \ b i l i t y  I c v e l s .  ( h ~ c c  t l l i u  is accomplished, n i ~ o n i n -  
f c r i o r  s o l u t i o n  can h e  1ou11d 1:s t l rc p r c f c r r c d  n l  t c r t l u t i v c ,  w l~ ic l l  i s  known 
L I S  t ! ~ e  best-ctrn 1'romi.-:c s o : ~ r t l  on. 

4 good slrn1m:iry o f  d c c  is i o n  n1ilkCr-rcvc:llcd, o r  c l i e n t - c x p l i c a t c d ,  
t c c l l ~ l i q i i c : ~  c;tn 1,t. io:rrd c1  sc.l\wcrc [ 33 1 134 1 . Tlrc must popul nr me t l ~ o d s  
i~~c l i r i l c .  r:~ukir:s, c n t c g o r i z a t  i o n ,  r i~ t iu ) : ,  rat Lo c l u c s t l o n i r ~ g ,  SII~IL)? '~ :  
mc t l~ i~ t l ,  ELbt fi*::r:ci :11 l o c a t l  on ,  i n t l i  f f c~ rcwcc  tr:rtlc-of T, ntld d c c l s  i o n  nna lv -  
sis. Wcl&l~t trl): mctl~otls  :Ire s u r v c y s d  clnd cvalu:~tce i  Ijy Iloblbs [ 31 1 [ 331 i n  
tcrnls o f  t ' lc -s lh l  l t t y ,  c; lsc ot u s c ,  t l r r  t~sc  uf t l r c o r ~ . t i c n l l  y v i l l l d  wc!~ll ts ,  
and tllibl r l > t ~ ~ ~ t ~ l ; i r l  ts. Ilut olrcc d t ~  1:: 1011 m:lkcr i n d i i  f c re t l cc  c u r v e s  ;Ire 
i l c r i v c d  (wlr lc l l  rc;rl 1 s t  1c:ll l y  :lrc nc)ul i n c i ~ r  ;i~?ti tlrtl?: h;tvc uonclt)ust;r~.t 

wlrcrr S L  I:: tilt. s u 1 t ; ~ ~ ~ L l l L y  : :~-t \rc o f  s l L c s  1, I\ :1ri8 tlri* u t i l i t y  I t - v c l s ,  \* 

; rrc L111. :; I t  111s I ; I C . ~  o r  olr.l c t* t  l v c s ,  :rird W ;1rtn t 1 1 ~  I ~ ~ C ~ ' C K - C I I C C  wc*Il:lrts. 
cltlrt.r:; 11:1\'t* ;11>1)1 1t.tI :: i1,11 1:1r s l  tc-SII l t :ll) i 1 l t y  scrc~cil i l ly:  :11~:t~ri t lrnr~ 111 

i 1 : r t  s t  1 s t r r l l ~ :  3 2 1 .  Al t l lou~ l r  i t  I:: urnrt.ss;lry t o  u::c 
111t ervit l - : ; ~ ~ i ~ l  t t l  tit i I i t  y I i-vc*l s :111d I-:I t io-scir 1 e-cl wi-i);l~ ts, nr:tnv s i t 111); ~ I I -  

:1l y s t s  I~;I\'C- l r ~ c ~ r r r c - c ~ l y  trscd ortl iu; i l  v;rlrics it\ t h L s  t*q\\;it ion ( 3 2 1  . 
'l'lrc~rl* .~rt. al:lnv t r t l~c-r  flaw:; ~ 1 1 1 1  tlrc. vcl!:l~tln): :;rrtmn;~tlo~~ rnc~dcl. I ts  

1 I11cc1r I'on11 11:rpl l i*s t l~ : r t  :11 1 iud  L i f c r c ~ l c c ~  r \ l rv i>s  :Ires I llrc;lr, wh 1 ~ 1 1  usu-  
a l  1 y f s  uut c.11 [::I i c .  I t  a l s o  :rssrnliltbs t11 ; iL  ~Ic-cLsLt~~r  m;tkcbrs IJI l l  8~111- 
1111: t cr r t*vt- .~l  ~ ) r c f c r ~ - l l ~ . c  furlct  i o n s  w I t  llotlt :I c ~ r : ~ ~ p l r . t c  p ro f  LLc- of ~ l l c  
s t  I I I ~ I ;  I 1 1 1 1 1 r f r 1 1 -  s t .  I:ur~lrcr.  t l r l s  n1oJc.l :~::::IIII~~:: t11;lt 
tllcri' I:: 11') ~ * I I . I I ~ } : ~ -  111 ~ l t t '  : t t t  I L I I C I C  o f  :I ~ C ~ C I S I C ~ I I  ~1.1kcr tow;ir~I 111ll~c*rt:1111ty 
i n  a c lv iau  tit.:;ir.~l)i l l t v  Icvc*L i t s  o t l r c r  dc%s 1r;lhl 1 Lty l i * v ~ - l s  nlrly vclry. 

\dlltsll t 11c 4 1 ~ ~ -  Is 1011 lll:~kcr 1:: 1101 I I I ~  1 f f t b r ~ ~ l t  tc>w:lrd r i s k  ;irrd ~ r n c e r -  
t : l l l l ~ y  !)ctwt.t.n tics l r.rl1 l l I Lv I i -~1.1 : :  it1111 t l~c -  dc~::lr:11)1 1 Lty lcvc*ls ;II.L* n o r  
~ I I ~ I W I I  w I t 11 t - t * r t ; ~  111t v ,  t 111- pi~rc* pro:tr~cL I I L  f I i t  y :rnr.11 &:rn1:lt 1011 IIIOLIL>I SL-C~II 111 
~-(lIl;-t 1011 4 is .l\)\)l  it.;lh It>: 



ORIGINAL PAGE 13 
OF POOR QUALITY 

~llnilo b\* t lit* \\sts r t l  \\t-c Ln l \ \ n  t l \ \ :~tyn i*. W l ~ r l ~  t \\ty 111rIl t l 'ertq~rct* ~.III.\*c*:I ~ r o  

~ ' t * t ~ \ l j i ~ \ l  t.t*rl :IS IIL~II~ 11\t*;\r, t hc* wt* 1 ~ l \ t  ot t *u t ' l~  t rbJr tst  1\.cb ~IIII\'~ 1tl11 elus t L1t8 a 
I I t I t  i t  I I t I t  I - I  I t t l r  I s  dut-s not t\ tSisur, 

t t1t9 t1111:1 1~~11ll:lt 16\11 \\r\ \ \- t%I\ lrt@ I \ N Y  \\r\hl\l\.t* tl Lllst-\ l  r t \ s \ \ \  t * , A1 tl\\\\l&l\ i t  :I ;1:1- 

:l l l l l l]~t l\\l;s ill I* I!ll~l-l~ rta;l 1 1:; I il l l t l  ;11q\1 (\*&It\ I t *  t i \  s t t t 11s pr,\t\ ~CI\L~ , t l l t* \\Ill c! 
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: i t t l* l  lt+:i 1 11) 1 * l l l l t  ~~l.11111~11 t * l y ,  t 111s ; l \ ~ l \ r k \ ; l \ . l l  W t  1 I 11t\t l l t ~ \ ~ t ~ : i : l ~ l r  i l y  g Iv1. t \It* 

:I;II!*C~ . IY:III I t s :I:$ 1 t\,*:~t* ,\I ,It!ts i 3 it111 ~~ i ;~k t -c - r t * \ * t * :~  1 t*tl 111t~t l ~ t > ~ l s ,  \$I 1 I lst.{\tt;111 1 
I i t  t I I I I 1 1 i I I I , I I I 1 t I 1 I I t  I~\r;i*t.rl. 

I t l1;cs I ~ , ~ t - l l  : i l l \~ \ *~ l l  I I1;lt tIt*t* I s  11\11 111;lLt~r -l.tsvl*:l I t-kl 1\1t*t l1,\,l:i IlSIb~l I 1\* 1~t.I.l ,\l.Ill :Is 

wt-1 1 ;I:& I \It* t,t*sl.tb:;:& 1,Ul 111t*t 11,~lI. t S \ ~ t ~ l 1  t t l l ~ l l ~ l l  I 11t- I;1t ( t a r  1t1c.t t l < l \ l  tI\t-,\v,*t ( -  
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tlicit oirly tlrc dt*cL:ric~n r.~:ikcrx c o n d c l i i r c  t lrc o v c r n l l  i t l t c r c s t ,  c n d  i t  is 
inciimbcnt ripoir t l r ' i~ r  t o  do so .  'I'llc r o l e  of t h e  ; i n ; ~ l y s t  is once  n w i n  r e l -  
cg:ttcd t c  t l i : r t  o l  l u i o r m a t  ion  p r o v i d e r ,  clnci t lrc m:.chnnistic a g g r c g n t  i o n  
i ) C  indLvtdiiu1 i n t t t r c s t s  t o  d c r l v c  u n  a v c r ~ ~ l l  i n t e r e s t  is c i t h c r  c x t r c n c l y  
d i  f f fcuLL :iud i i i~rc l i : ih lc .  o r  Luvirl L L ~ .  ,\ r c l a t c d  zrppronch t o  c o u n s e l i n g  
nl~*tlrotls is b.1rg.1 i n  ink: t l ~ t - o r y ,  ~rrh fcli his nl:idi\ ;;otnc prol:rc.ss i n  lcodcl ing 
two-p:irt icip:iirt mttlr LobJcct i \ r c  I ) ~ O ~ L C ~ I I I Y  [401 . 

'~'IIL* prc-tlict i ~ ) ~ i  o i  pol  itLc.11 outc.:)nlcgs is t l i t  f c r c i r t  from t l t C  o t l i c r  two 
:~nuilt;:im:it to11 cip~~rr~:iclit*:; t i r  tli:it i t  is ;i pos  f t l v c  :111:1l y s  is, c i l b e i t  wL t l r  
uornult L v l *  ~.tril:;t~clt1i~lr;~cs. I ' t ~ ~ ~ ~ r f i i l  ~ t j l  i t ic ;11 i l l t ~ r c s t  j i ro i~ps  tire rccog-  
~~ i ; : c t t  f o r  tlic*ir L~if l t ~ c l t ~ ~  o r  c'ontrt)l of t l c c i s l o n  n u k i n g ,  and  tlte inettiods 
wlilcli 1: i IL i t l t o  t l r i s  c . i t c ~ o r y  fi~t.lutle piircti;iir : ~ n a l y s L s ,  came t l r co ry ,  and 
scvc*raL nltbtlrods tif v o t i i ~ ~  1rroc.c-tlurt-s. Altlroit):lr ;i few c i l ~ p l i c i r t t o i ~ s  of  
~ I I L ~ S L *  ~uc*tlrods ti) l)ciwt*r pl.111t s 1 t i  nl: Ir:rvc I~ccir  nl:itit- [ 2 7  1 (53 1 ,  tlic i tscf u l -  
irt8ss uf t l i c sc  :rl)l)ro;iclrcs i s  I r i ~ I ~ l v  q ~ ~ ~ L i l ~ 1 1 i i l ) l ~  s i u c t -  t l t l l i t y  f u n c t  foils 
:tnd p.tyt)C C m.rLr  1 t.t8s :Ire tist1.1 L Ly tiuk~luwn. 

TI\' 111ctl1od 6 ) i  f iizzy st8ts w:is tlcvc.l.opctl f o r  dccis i t r i r  c . r f t~ . r l i i  o r  con- 
s t r i i  iut:: LI1;iL :irc trot sl1;lrljly tlci111cel. so t l r ;~l:  p,rrt l;il s e t  u~cnrl~erslr lp 1:; 
s I 0 ALtl~ar~!:l~ t l i i s  rnt.~lio~t is n o t  i l l  irn opc-rat  io1r:rl st;ib;c [37 1 ,  
I i i I i t i s  I 4 I t  s t  1 ;  I 1 s s l l  For  ~*s:~rn~)Lc,  
L I ~ L S  .l~q)rt);ll.~r L . O ~ I ~ L I  ;11  OW ut>t- t t l - ~ - i ! ; i ~ ) ~ ~  I I I ; ~ ~ L > ~  i:r~)tll~~t~!: ;11 L L X ~ ~ ; I L ~ V C  

sttea:: 111 LtBrn;i t\f t l 1~8 t r  dt*::rt*t- i)vcr;il l at.ct*p:ilhll 1 t y  t o  d i i i c r e n t  111- 
il iv Ltl1i.11 :;, ;I 11 11~)1 t~ : l i  ~ r t )  c L L * . I ~  ly  S I I ~ L - I - ~ O ~  ;11tt*r11;1t ivc> n1;iy r t \ s i ~ l  r . 

'l'lrt- prctlct.c:;sor, clt)stx r ~ - l ; i t  tvt* ;ii1~1 SIII)~! I:ISS o f  111tilt IohJt-c-t i vc pro- 
~ I I I I I I I I :  1 s I I t r t t ~ u t ~ i ~ : .  'I ' l l  l s n i c * t l ~ r ~ t l  Ii:is iit8vtBr I)t*c.u ;rpp l i'd t o  
power pl.ii\t ::lti~rr: ~)rt'bl,.rn::, 1 1 1 t ~ s t  l i k c l s  d i ~ c  t t r  t l rc c s t r c m c  cIiiTic.:~lty 
t lr  L I \ I I ~ L > S S  111 I1 i Ly 01. S I ~ L ~ L .  I I.? i t :tr!:~t i ; l j i i I~,  i111d t I 1 ~  ~ I i I t ' ~ '~ i l  i ~ t  f t. I ~ L * I I ~ I  I t y  
f o r  a v t . r ; i ~ ~ l ~ I c ~ v t ~ ~ ~ ~ t ~ i r t  i ~ r  ttrt- t. 1;~::s l t * ; ~  I n~t~dc-I . 111 ; i~I t l l t  L C ~ I I ,  I:c~ut~. ttt ;r1 . 
150 1 II;I\V ~ ~ s p l ~ r ~ ~ ~ l  tltt- ~ I S C  of y,t);i I ~ ~ L ) ~ ; ~ . I I I I I ~ I ~ I I . ~  i ~ ~ r  ~jcwc~r  1) I ; I I I I  s i r  111s 

;11111 it)ulltl L I I ; ~ ~  t l r t '  rnt1tlit)tl t l f tr*il  c.llt)::c i l l i c l r io r  s i t c s ,  irnll t l i~ !  r c : ;u l t s  
WC-I .~-  tll.tt-il q t ~  i t c  ti L ~ . I . ~ > ~ L ~ I I L  Krt>t11 t Iltjst~ chi o t  IILT n ~ c t l ~ o ~ i s .  

(:'I;\ I ~~I-o~:r.ltllll1 i 11): prol) I <3111:: LPr I !: i l l i l  I 1 y iL!t>rt> :;<I I \lc-cI I)? l l l t~ . r l \ s  <\ f I 1 lltl;lr 
~ ) ~ ~ ~ ~ ; ~ : ~ I I I I I I ~ I I ~ ;  tv1t1 iv;i I t -~ r t  :;, :I I tIit~rt!:lr I-XI)  I I t- 1 t ::ill tit i ~ b i r s  t o  C L ) I ~ V ~ - S  t;o;~ 1 pro- 
~ : ~ ; I I I I I I I ~  II!: prtll? 1 t*111:: 11;1\*t! I ~ ~ > c I I  JL.\.~. I sq)t>tI I)v (:II;I r t ~ c s ,  c t :I 1. 1 7 ] . 'I'11rc.c. 
t ~ I W S  (1 i );LXI I I ) ~ o ! ; I - ~ ~ I I ~ I I ~  i 11~: I I I ~ ~ ~ I L -  I s w L I I 1 ) ~ -  t ~ ~ ; l ~ ~ ~ ~ ~ ~ L ~ ~ t  ljeq L O W  : t IIL- c I ; l s ~  i C-;II 
n\t>lIel , Llit \  s i t  I:;< I<. ill!: 111~)tlt*1 , ;111tl 1;txi 1 11rt tsrv:i1 ~ ~ - ~ ~ ~ ; ~ ; I I I I R I ~  I\!; n~ t~ t l c l  s . 

,r!rt-. A% l ~ i ~ s ~ - I ~ ~ ! i ~ l -  !I!,I~I~~I-. '~'IIL- ,. l;is:; L:;i l I I I ; I ~ ~ I ~ \ I I I ; ~  t iL-.i I Tc)rln t l i  L I IL ,  p ~ : i I  - - 
~~rt~~:r.l11:111ilI~; ~ ~ r i ~ l l l ~ ~ i l l  ,*.\1r I > L 1  ::t.11 t%il S1lt.t. i 11t.t I y i t s :  
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s u b j e c t  t o  t h c  N g o a l  e q u a t i o n s  

where  Zj(xj) is a  j -dimensional  g o a l  v e c t o r  which a s s o c i a t e s  t h e  magni- 
t u d e  of  t l ic p o l i c y  v a r i a b l e ,  , w i t h  t h e  achievement l e v e l  o f  t h e  g o a l  
j; d j  is t h c  p o s i t i v e  o r  n e g a t  2 v c  d e v i a t i o n  from t h c  p r e f e r r e d  g o a l  l e v e l  
f o r  t l lc  j ti1 ~ o a l ,  which is va lucd  e q u a l l y ;  W is the  wcigh t  f o r  v a r i a b l e ,  
Xj: P is a  p o s i t i v c  p u r n r e t c r ,  u s u a l l y  1 o r  i; and Vj is t h e  t a r g e t  l e v e l  
f o r  t h c  j t l i  g o a l .  T h i s  form of  g o a l  programming c a n  be  s e e n  as o s p e c i a l  
c a s c  o f  a wcigl l t ing summation n~odc l .  It is p a r t i c u l a r l y  i n a p p l i c a b l e  t o  
most power p l a n t  s i t i n g  problems duc t o  t h e  e q u a l  v a l u a t i o u  oE p o s i t i v c  
and  n c g n t i v c  g o a l  deviations; s i t i n g  a t t r i b u t e s  o r e  t y p i c a l l y  aono ton i -  
c a l l y  ciianging wit11 r e s p e c t  Lo s u i t a b i l i t y .  

S i n c c  t h e  a b s o l u t e  deviation is non- l inea r  i n  i x i t u r c ,  Charncs  and 
Coopcr [ 4 ]  proposcd t h e  l i n c a r  programming e q u i v a l c i ~ t  wliictl r e q u i r e s  r e a l  
viilued p r e f  c r c n c c  wcigl i ts  f o r  Llie d c v i a  t i o n  v a r i a b l e s .  An o r d i n a l  rank- 
i n g  of g o a l s ,  a l s o  r c f c r r c d  t o  as  pre-cmptive p r i o r i t i e s  [391 .  r e s u l t s  i n  
t h e  h i c r a r c l i i c a l  problem. Tl l is  problem c a n  h a n d l e  noncommcnsurablc g o a l s  
191, wliicli would Iiclp t o  m.ikc such a n  a l g o r i t l i n  apl11ic;iblc to powcr p l a n t  
s i t i n g  p rob lenu ,  at l e a s t  i n  u  n e s t c d .  m u l t i l c v e l  problcm. Howevcr, tlic 
s c r i o u s  problcm of  s p e c i f y i n g  t a r g e t  6031 and p r e f c r c n c c  w e i g h t s  rcmains .  
Even i f  t h c s e  problems cou ld  bc overcome, lower l c v e l  gonls n i g h t  n o t  b c  
c o n s i d c r c d .  Tiw rlsc o f  cnrdin:l l  p r e f c r e n c c  w c i g h t s  wolrld g u a r a n t e e  t h e  
cotlsidcrnLio11 of a l l  g o a l s ,  bu t  t h i s  would r e q u i r e  t l ic e x p r e s s i o n  o f  
p,o;ils i n  conuncnsurablc u n i t s  , and r e t u r n s  11s t o  t h e  s u i  t ; i b i l i t y  s c a l i n g  
problcm. 

The s a t i s f i c i n g  model and g o a l  i n t e r v a l  progr:~mming. Thc  s a t i s f  i c -  -- 
i n ~  o r  g c n c r a l i z e d  model d i f f e r s  from t l ic  c l a s s i c a l  moclcl i n  t h a t  i t  o n l y  
niinfmiztts t l ic undcrachicvcment of ~ o a l s .  I f  t h e  t a r g e t  g o n l s  (and prc -  
i c r c n c c  wcigl i ts )  can bc  s p c c i f  f e d ,  t h i s  model wauld ~hcr, bc mcrc n p p l i -  
c.iblc t o  powc%r 1]1:1t1t s i t i n g ,  since. a g a i n  most s i t i n l :  f : lc tors  a r c  c i t l ~ e r  
nronoton1c;tlLy i n c r c n s i n g  o r  t1ccrc;lsinl: w i t h  r c s p p c t  Lo s f t c - s u f t i ~ b i l i t y  
(c.~:. , u n t c r  ; ~ v , r i l a b i l i t y ,  :~rlu;l t ic ecosystcm impact ,  c o s t ,  p o p i l l a t i o n  
d e n s i t y ,  c t c . ) .  But agufn ,  a p p l i c a t i o n s  t o  power p l : ~ n t  s i t ink:  11nve n o t  

I l > c c ~ i  nmdc. 

Relatcrl  t o  t h e  s a t i s f f c i ~ l l :  cnjdel is go:il i n t c r v a l  profir;~rrmfng [ 5 ]  
[ l o ] .  W l ~ i l c  t l ~ c  "goal  progr;~mmLnl: f u n c t i o ~ ~ a l "  i l l  L l i ~ .  :;iul:lc var i ; i l , lc  x 
rcnchc.s i t s  rni~lirnui!l when x = A i l l  F i g u r e  2 ,  tile " ~ o ; r l  i11 t~rv .11  funct ior l -  
a l "  rc:ichcs t h c  same niiiilmum v;rlr~c* f o r  a l l  A 1  < s i ~ 2 .  llowcver, t l lc 
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FIGU~X 2 
Graph for Goal Programn~ing 

and Goal I n t e r v a l  P rog raming  Function0 

s l o p e s  oE t h e  two d i f f e r e n t  func t ions ,  given by S1  and S3, a r e  t h e  same 
as those f o r  t h e  corresponding g o a l  program; i n  t h i s  case ,  f o r  which a l s o  
S2 - 0. 

I f  t h e  goa l  i n t e r v a l  can be  s e t  t o  c l o s e l y  bound t h e  upper o r  lower 
f e a s i b l e  l i m i t  of po l i cy  choice x, tile s o l u t i o n  w i l l  converge t o  t h a t  r e -  
s u l t i n g  from s e v e r a l  mu l t i ob j cc t ive  programing a lgor i thms.  However, t h e  
i m p l i c i t  assumption t h a t  a t t r i b u t e  l e v e l s  w i th in  a n  i n t e r v a l  a r e  equa l ly  
d e s i ~ a b l e  is un l ike ly  t o  be t r u e ,  and t h e  e x t r a  work involved i n  goa l  
i n t e r v a l  programming may outweigh t h e  few advantages 1311. Never the less ,  
i f  t h e  aforementioned problems common t o  a l l  goa l  progrn~nming methods can 
be overcome, m o t h e r  i n t e r e s t i n g  avenue of  power p l a n t  s i t i n g  r e sea rch  
w i l l  be opened. 

5. CONCLUSIONS 

The power p l an t  s i t i n g  process is complex, t ime consuming, and not  
t o t a l l y  rtmer~able t o  a n a l y t i c a l  ~nethods. This  is duc t o  t h e  g r e a t  vn r i -  
a t i o n  O F  s i t i n g  s i t u a t i o n s  t h a t  a c t u a l l y  occur,  and t h e  important  hchav- 

e i o r a l  r o l e  of  p o l i t i c a l  nego t i a t i on  and compromise involving government 
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and i n t e r e s t  groups i n  f i n a l  s i t e  selection. I n  a d d i t i o n ,  a  f n c i l i t y  
s i t c  found through o p t i m i z a t i o n  methods may, i n  t u r n ,  subop t imize  t h e  
l o c a t i o n  o f  f u t u r e  powcr p l a n t s  t h a t  l ~ a v c  n o t  bcen  planned f o r  [ 4 4 ] .  
Thus,  t h e r e  is a n  impor tan t  nccd f o r  a  s y s t e m t i c  e v a l u c t i o n  o f  t h c  be- 
I luvior  p a t t e r n  r c l n t c d  t o  t h i s  k ind  o f  d e c i s i o n  making. F u r t h e r ,  t h e  
f a c i l i t y  s i  t i n g  p r o c c s s  i n v o l v c s  s i t i n g  d o t n  t h a t  is expressed  i n  non- 
commcnsurilblc u n i t s ,  and t h e  nccd f o r  s u i t a b i l i t y  s c a l i n g  o f t c n  d i s c o u r -  
a g e s  t l lc adop t  i o n  of  more s y s t c ~ ~ l n t i c  s i t i n g  mcthpds . However, numerotis 
mul t id imcnsio~.r i l l  progrommlng mcttlods have bcen  dcve lopcd ,  a p p l i e d ,  o r  
lluvc promising a p p l i c i i t i o n s  t o  power p l a n t  s i t i n g  o r  l o c a t i o n  a n a l y s i s .  
Tllcsc mul t id imcns ionn l  metllods a r c  most u s e f u l  when t h e y  a r c  c o n s i d c r c d  
a s  a l t c r n a t i v c  ways t o  p rov ide  d c c i s i o n  m k c r s  witt i  in fo rmat ion  nt d i f -  
f c r e n t  s t i lgcs  o f  t h e  o v e r a l l  b i  t c  s c l c c t i o n  p rocess .  
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I n  J u l y  of 1981, Hans Klunder Assoc ia tes  was r e t a ined  by t h e  Vermont 
E l e c t r i c  Power Company (VELCO) t o  f i n d  a r o a t e  f o r  a 2450 KV Dircce Currea t  
(DC) powerline which would provide a  t i e  between t h e  New England system an& 
t h a t  of Hydro-Quebec. Early i n d i c a t i o n s  were t h a t  t h e  l i n e  would be 
c a r r i e d  on wooden H-frame s t r u c t c r e s  about 100 f e e t  high and would r e q u i r e  
a  right-of-way about 150 t o  200 f e e t  wide. 

The l i n e  was t o  e n t e r  Vermont and t h e  United S t a t e s  soncwiiere between 
Lake Mempl~rcnagog and Wallace Pond (Figure 1) and te rmina te  a t  a  y e t  t o  be  
cons t ruc ted  DC/AC conver te r  s t a t i o n  t o  be l oca t ed  e i t h e r  a t  Ploore Dan o r  
Comerford Dam, both on the  Connecticut River.  This  r e s u l t e d  ir. a s tudy  
a r e a  enconpassing approximately 2030 square  mi l e s ,  an  a r ea  which inc ludes  
almost a l l  of t hc  t h r e e  coun t i e s  i n  no r theas t e rn  Vermont c a l l e d  the  
Northeast  Kingdom. 

Since cons t ruc t ion  of t h e  l i n e  would r equ i r e  about t h r e e  y e a r s  and 
Canadian power would be a v a i l a b l e  i n  1986, VELCO asked t h a t  t h e  pre l iminary  
p l ans  f o r  cons t ruc t ing  t h e  l i n e  be ready f o r  f i l i n g  wi th  t h e  Vermont Publ ic  
Se rv i ce  Board by October 15, 1981 - about t h r e e  and a  h a l f  months away. 

I n  add i t i on  t o  t he  time and l o c a t i o n  c o n s t r a i n t s  placed on t h e  p r o j e c t  
by VELCO, t h e r e  were s e v e r a l  o the r  a r e a s  of concern f o r  t h e  p r o j e c t  t o  
cons ider .  Vermont has some of t h e  s t r o n g e s t  envi ronncnta l  l e g i s l z t i o n  and 
review procedures i n  t he  United S t a t e s .  P r i o r  t~ rece iv ing  a  C e r t i f i c a t e  
of Publ ic  Good (an agreement i n  p r i n c i p l e  t o  cons t ruc t  t h e  f a c i l i t y )  f r o n  
the  S t a t e  of Vermont, a  u t i l i t y  nus t  prove t h a t  such a  p r o j e c t ,  be i t  a  
powerline o r  genera t ing  f a c i l i t y ,  w i l l  not  unduly a f f e c t  t h e  environment 
and w i l l  be designed i n  a  manner t o  p r o t e c t  t he  pub l i c  h e a l t h  and s a f e t y .  
The l e g i s l a t i o n  r equ i r e s ,  among o t h e r  t h ings ,  t h a t  ". . . . t he  p r o j e c t  w i l l  
not  unduly i n t e r f e r e  wi th  t h c  o rde r ly  development of t h e  reg ion  wi th  
cons ide ra t i on  having been given t o  t h e  r e c o n ~ c n d a t i o n s  of tlie municipal. and 
l o c a l  planning c o m i s s i o n s  and municipal l e g i s l a t i v e  bodies." The p r o j e c t  
must not  have an undue adverse e f f e c t  on t h e  a e s t h e t i c s ,  a i r  and water  
p u r i t y ,  t he  n a t u r a l  environment, h i s t o r i c  s i t e s ,  o r  t h e  publ ic  h e a l t h  and 
s a f e t y .  

Because of t he  competi t ion between f l a t  land f o r  a g r i c u l t u r e  and urban 
development, t he  Covcrnor, i n  1980, i s sued  Executive Order 52 which re- 
q u i r e s  j u s t i f i c a t i o n  f o r  any pub l i c ly  funded o r  a s s i s t e d  p ro j ec t  o r  one 
regula ted  by any s t a t e  agency o r  board t o  consume a c t i v e  Earns and/or  prime 
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a g r i c u l t u r a l  s o i l s .  Regula t ions  developed by s t a t e  agcnc ics  t o  compiy w i th  
t h i s  Order make rou t ing  a  powerline through h ighly  aeveloped a g r i c u l t u r a l  
 region^ r a t h e r  d i f f i c u l t .  

Perhaps t he  most d i f f i c u l t  constraint was t h a t  which was t h e  most 
e l u s i v e ,  t h e  percept ion  by some t h a t  t h e r e  a r e  h e ~ l t h  and s a f e t y  e f f e c t s  
r e l a t e d  t o  h igh  vo l t age  DC t ransmiso icn  l i ne ;  t h a t  a r e  no t  p r e sen t  Ln AC 
l i n e s .  Although t h i s  was on ly  a  pe rcep t ion  o r  f e e l i n g ,  avoid ing  conccntra-  
t i o n s  of popula t ion  became a major a d d i t i o n a l  ob j ec t i ve .  While c u r r e n t  
research  sugges t s  t h a t  t h e r e  a r e  no i nhe ren t  e f f e c t s  from high v o l t a g e  DC 
t ransmiss ion ,  t o  those  who b e l i e v e  t h a t  t h e r e  is  a  problem, no amount of 
evidence i s  l i k e l y  t o  persuade them d i f f 2 r e n t l y .  

These c o n s t r a i n t s  g ive  a n  i n d i c a t i o n  t h a t  a s t r a i g h t  l i n e ,  o r  t h e  
. s h o r t e s t  d i s t a n c e  between two p o i n t s ,  was u n l i k e l y  t o  succeed a s  a  p o s s i b l e  

rou t i ng  f o r  t h e  co r r i do r .  Consequently, t h e  fo l lowing  elements  had t o  ke 
inventor ied  by va r ious  techniques.  Through l i t e r a t u r e  r e sea rch ,  h i s t o r i c  
d i s t r i c t s  and s i t e s ,  a rchaeologic  s i t e s ,  land ownership p a t t e r n s ,  a r e a s  of 
unique b i o l o g i c  and geologic  s i g n i f i c a n c e ,  w i l d l i f e  h a b i t a t  a r e a s ,  and 
l o c a l  zoning and planning,  cons ide ra t i ons  were e s t a b l i s h e d .  Airpnoto 
i n t e r p r e t a t i o n  provided d a t a  c ~ n c e r n i n g  land use ,  popula t ion  L i e i r i b u t l o n ,  
wet lands ,  flooC hazard a r e a s ,  s l o p e s  over  15 l:ercent, s o i l  and s u b s o i l  
cond i t i ons ,  depth t o  bedrock and types  oE groundcover. A combination of 
1i:erature and nap a n a l y s i s ,  photobrhphic i n t e r p r e t a t i o n  and f i e l d  s tudy  
pzovided an inventory of t h e  s c e n i c  elements  of t h e  region.  

Within t he  frane-work of t h e  p r o j e c t  parameters  e s t a b l i s h e d  by VELCO 
and t he  c o n s t r a i n t s  by t h e  S t a t e  and o t h e r  sources ,  a  technique was devised  
t o  qu ick ly  focus  a t t e n t i o n  on those  geographic a r e a s  which would w a r r ~ n t  
f u r t h e r  cons idera t ion .  This  technique ,  involv ing  r a p i d  inventory  pro- 
cedures ,  i d e n t i f i e d  those  a r e a s  of major c o n s t r a i n t s  which would e l im ina t e  
them from cons idera t ion .  

Immediately upon p r o j e c t  a u t h o r i z a t i o n ,  e x t e n s i v s  l i t e r a t u r e  r e sea rch  
on t h e  s t a t e ,  regional  and l o c a l  l e v e l  was conducted. These included 
sources  such a s  l o c a l  axd r eg iona l  p lanning  agenc ies ,  t h e  S t a t e  Geologis t ,  
va r ious  s tate-wide planning s t u d i e s ,  F i sh  and Game pub l i ca t i ons ,  Fo re s t  and 
Parks d a t a ,  l i s t i n g s  of -&portant  u a t u r a l  a r e a s ,  h i s t o r i c  s i t e  l ists,  and 
l i s t s  of a r chaeo log i ca l  s i t e s .  

Probably t he  n o s t  s i g n i f i c a n t  con t r i bu t i on  i n  t h e  eva lua t i on  process  
. was t he  use  of a i rpho to  i n t e r p r e t c t i o n .  To ca r ry  ou t  t h i s  t a s k ,  3hoto- 

graphic  I n t e r p r e t a t i o n  Corporat ion jo ined  Hans Kiunder Assoc ia tes .  For 
t he  i n i t i a l  phase, 1:84,000 c o l o r  i n f r a r e d  (CIR) a i r p h o t o s  wnre en la rged  t o  
1:42,000 o r  1  inch cq, ia ls  3,500 f e e t  (Figure 2) .  These a e r i a l  photographs 
were a v a i l a b l e  i n  t he  Northeast  Kingdom from wetland s t u d i e s  performed f o r  
t he  United S t a t e s  Corps of Engineers and t h e  Nat iona l  Wetland Inventory.  
The photographs allowcd mapping informat ion  on a  r eg iona l  b a s i s  f o r  i n i t i a l  

@ planning.  Land o s r  and land cover ,  s u r f i c i a l  m a t e r i a l s ,  depth t o  bed ro i ; ,  
and gene ra l  geo logic  c h a r a c t e r i s t i c s  yrere r e a d i l y  i d e n t i f i a b l e  a t  t h i s  
s c a l e .  
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F i g u r e  3. Reduced S c n l c  - Lnrid Usc Mnp of Nor the rn  Hnlf 
of t h e  Study Arcn. 

A tcnm was c s t n b l i s t ~ c d  t o  nnn lyzc  t h c s e  n c r i n l  p l ~ o t o j i r a p l ~ s  and i n t e r -  
p r c c  them t o  t lcvclop i n f o r m a t i o n  p c r t n i n i n g  t o  lnrrd u s c ,  w c t l 3 n d s ,  rnincrnl 
r c s o u r c c s ,  un ique  g e o l o g i c  a rc i l s ,  cxcc .ss ivc  s l o p e ,  !lib11 c l c v o t i o n s ,  a!id 
d e p t h  t o  bedrock.  111 a d d i t i o n ,  n c c c s s i b i l i t y  t o  ony y n r t i c u l u r  c o r r i d o r  
v i a  p r i v a t e  and pub1 i c  ronds  wns dc tc rmincd  tllrougll p l ~ o t o g r n p l ~ i c  i u t e r p r c -  
tilt f o ~ r .  

Thc i n i t  i : ~ l  m:~ppi~lg  p r o c e s s  i t lcnt  i f i c d  1;1ud u s e  nntl r o v e r  i n  f i f t c c ~ r  
r c l c v : ~ n t ,  I j ro i~d c : ~ t c j i o r i e s  r n ~ ~ g i ~ l p  from f o r e s t  land t o  urbnn n r c n s .  Of 
p ; I r t i c i t l ; ~ r  c o ~ l c ~ r ~ ~  wcrc t l ~ o s c  c ; ~ t c ~ : n r i c s  \*;ricli sl:ould hc  : ~ v o i d c d ,  s u c l ~  a s  
.l:rkcs, m:~Jor wet 1:111ds, n g r i c u l  t u r c ,  bu i  1  t -up s r c n s .  ; ~ n d  maJor r c c r c . ; ~ t  i o n  
nrc.ls  - s k i  :Irc*;ls and g o l f  c o u r s e s .  l l ~ r i t s  ;is smal l  n s  f i v e  ncrc:; \ .ere 
d t l l ~ ~ c : ~ t e d  i n  t l~i?:  c f f o r t .  I : igi~rc 3 is 1111 cxi~mplc  o f  t h e  l and  u s e  mapping 
wliicll r c s r ~ l  t r d  t rom t h i s  p l ~ i ~ s c .  



F i g r ~ r c  4 .  I;c*dt~~t*d Sr: \ lc  - I'opu lilt lo11 :'is[ 1lj11t 1tj11 ~I:III ('1 tlrc- 
Nort lrcrll 11:1 11' o l  t l lc  Stutly  arc:^. 
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F i g a r c  5. Kcdaccd Sc i i l c  - D r n i ~ l a ~ c  bli~p o f  t h e  N o r t l ~ e r n  l l n l f  
o f  t h e  S tudy  Arcn. 

Onr o f  t l le  p r i m a r y  i n d i c a t o r s  o f  g e o l o g i c  c o n ( i i t i o a s  i n  a11 a r e a ,  sucll 
n s  s o i l  nnd s u h s u i l  t y p e s ,  bed rock  t y p e s ,  nnd d e p t h  t o  b e d r o c k ,  i s  t b c  
s u r f o c c  d r a i n a g e  p a t t c r n .  Cllaages i n  t l lc  s p n t i n l  a r r i l n g e n e n t  o f  d r a i n n p e  
wnys,  l c n p t l l s  o f  d r n i n n g c  wnys,  and  t l l r  . ~ t lmt~c r  o f  c l l a n ~ ~ r l s  i n d i c n t r  cbunges  
111 m a t c r i n l  t y p e s ,  r ' g i o ~ ~ a l  s l o p e s ,  and  t h e  c r o s i v r  c a p ? i b i l i t l c : :  of the  
u n d c r l g i n g  bc. 'mpk n s  w c l l  :la s u r f i ~ c c  s o i l s .  F i g u r e  5 d e p i c t s  t i l e  d r a i n a g e  

t h a t  W ~ I S  mapped f o r  t l lc  n o r r l l e r n  i ~ i l l f  o f  t h e  S tudy  t lrcn.  I n  a d ~ j i t i o l ~  t o  
t h e  g e o l o g i c  i n d f c n t o r s  p r o v i d c d  by d r a i n a g e  mnppirlp. t l lc  e f f o r t s  t ~ e l p c d  
d e l i n m t e  wc t l i l nds  nnd pavc  nn i n d i c a t i o n  of  t l lc  n ~ ~ m h r r  n l ~ d  l o c : , t i o n  o f  
s t r e a m  c r o s s i n g s  f o r  nny g i v c o  r o u t e .  notl l  o f  t l l c s c  l t l t t c r  f a c t o r s  would 
l ~ n v e  d i r e c t  h c n r i n g  on t h e  1 env i ronmen t i l l  p rnh lcms  t l ~ a t  uot t ld  b e  
f n c c d  i n  sitilll: r t ~ c  r o u t e  l : ~ t c r .  



F i g r l r c  6 .  K c d u c ~ d  S c i ~ l c  - C ~ o l o g i c  F c c l t u r r  Mitp o f  
t l l c  Nor t l l c r l r  lln l  f [if t l l c  S t u d y  ilrcl~. 

A n o t h e r  group o f  f a c t o r s  nxlppcd f rnm t l l r  n i  r p h o t o s  w c r c  tho::c r - c l a t c d  
t o  g c n l n ~ y  ( F i j i u r p  6). A s  n r c s u l t  o f  S t n t c - w i d c  c n v i r o l ~ n ~ c t r t n l  co l rccr t l  i n  
citr l  icl- ) .c l i l rs ,  Vcrntollt i l g c n ~ l ~ ~  Ililve i d c n t  i f  i c d  j i c o l o g i c  f c n t u r c s  rlccmcd 
u u t q u r  o r  i n p o r t i l l r t  t o  t h e  S t n t c ,  s u c h  irs e s k c r s  i ~ n d  s p e c i f i c  mitrcr i l l  
l o c n t l o n s .  T l r r s c  f i l r t o r ~  wrrr acltcvl f r o m  1 . x l s t i n g  S t i ~ t r  l j s t s  .?ncl t l t r i r  
l(icii t  t o n s  i i t * t c r n ~ I ~ ~ c ~ I  i r o c l  t l rc  i ~ c - r i ; ~  I p l t ~ l t o ~ r i ~ p l ~ s .  l ' l ~ t > t ( > ~ r : ~ p l ~ i c  i t ~ t c - r i l r c > -  
t c ~ t  i o n  W i I S  u s t a d  ti1 l o c ; ~ t c  nncl (IcI l ~ r c i l t c *  1;1rgt> ;lrc:rs cjf c o ; l r s c  ~r; l i l rc?cl  s o i l  
m ; ~ t c r i i l l : :  w l l i c l ~  s c r v c  a?: : ~ c l u l f c % r s  ir i  tllc- r c ~ i c l u  ill~rl to f111~1 i111cl C ~ C I I I I C ~ ~ C  

tlr:i::c- n r c i l s  w i t h  Ics:: tll;ln f  ivc. feet 11i s o i  1 c o v c r  c>vcBr I l c d r o c k .  Tlli s 
l i l t  t r r  ~ i i ~ ~ - ; ~ n l ~ - t c r  w i l  i l s r f i l l  111 I ~ t c n t i  tlroscx ~ r s  I n  w l ~ i r l l  l > I ; ~ ~ t  ~ I I K  

W ~ > I I  l d I,c r e q u  1  reel tcl pr-ov idc. s i l t  l i  c l t ~ l r t  t.nutrdilt i ti:ls f o r  t l l ~ .  po l c s .  
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F i g u r e  7 .  Reduced S c a l e  - Cul.ture Hap of t h e  Nor the rn  Half  
o f  t h e  Study Area. 

E x i s t i n g  a c c e s s  t o  a  p o t e n t i a l  power l ine  right-of-way is  of  p a r t i c u l a r  
concern  i n  a s s e s s i n g  t h e  env i ronmenta l  impact of a  f a c i l i t y  th rough  
r e l a t i v e l y  w i l d e r n e s s  a r e a s .  The more new c o n s t r u c t i o n  o r  r e c o n s t r u c t i o n  
of t o a d s  t h a t  is  r e q u i r e s ,  t h e  more p o t e n t i a l  impact  of t h e  p r o j e c t .  
Because mvch of t h e  N o r t h e a s t  Kingdom i s  he ld  i n  l a r g e  t r a c t s ,  t h e  a e r i a l  
pho tographs  were i n v a l u a b l e  i n  d e l i n e a t i n g  t h e  myriad p r i v a t e  r o a d s  t h a t  
have been b u i l t  but. do  n o t  a p p e a r  on s t a t e  maps. F i g u r e  7 d e p i c t s  t l l c se  
r o a d s  a s  w e l l  a s  t h e  l o c a t i o n s  of t h e  many h i s t o r i c  s i t e s  which a p p e a r  on 
l o c a l ,  S t a t e  and f e d e r a l  r e g i s t e r s  and which must be  avo ided  by any power- 
l i n e  th rough  t h e  a r e a .  While seemingly  u n r e l a t e d ,  t h e s e  two f a c t o r s  a r c  
q u i t e  c o m p a t i b l e  on t h i s  map a s  each f a c t o r  f a l l s  i n t o  t h e  b r o a d  g e n e r a l  
c a t e g o r y  of c u l t u r a l  f e a t u r e s .  Were t h e r e  any known a r c f i a e o l o g i c a l  s i t e s ,  
o r  any s u s p e c t e d  o n e s ,  i n  che Nclrtheast  Kingdom, t h e s e ,  t o o ,  would have 
been i n c l u d e d  i n  t h i s  f i g u r e .  



F i g u r c  8. Reduccd S c n l e  - S c e n c r y  C l a s s i f i c n t i o n  Kap 
o f  t h e  Norther11 l tn l f  of  t h e  Study Area .  

V i s u a l  a n a l y s i s  is d i f f i c u l t  t o  q u a n t i f y  and more d i f f i c ~ x l t  t o  p o r t r a y  
on n  map b c c n u s c  o f  t h e  s u b j c c t i v c  n n t u r c  of  t l l c  f a c t o r  ccompoundcd by 
t r a n s i t o r y  c l c m c n t s  of  c h a n g i n g  v i e w i n g  p o i n t s  and  scnsonn! changes. For  
t h i s  s t u d y ,  n  c o m b i n a t i o n  of  i d c a s  was u s e d  t o  d e t e r m i n e  those.  a r e a s  of  t l lc  
N o r t l ~ c : ~ s t  Rirlgdonl which  had h i g h  s c c n i c  v n l u c s  and  wh ich  shoul ld  b e  a v o i d e d ,  
i f  possible. F i ~ u r c  8 shows t l lc  f i n a l  p r o d u c t  wh ich  resulted: f rom j o i n i n g  
d n t n  f  rom t o p c ~ g r a p l l i c  maps, p r c v i o u s  s t u d i c s ,  :;lope m p s ,  p t r r s o n n l  know- 
l c d g c  and a i r p h o t o  i n t e r p r e t a t i o n .  

F i g i ~ r c s  3 t l l rougll  8 i l l l l s t r a t e  t11c t y p e s  of maps dcvclopco,d f rom t h c s c  
n c r i n l  p l l o t o g r n p l ~ s  f o r  i n h o ~ r s c  s t u d y  p u r p o s e s  anti,  l a t e r ,  p u b ~ * l i c  p r c s c n t a -  
t i o n s  i n  s c t  t i n g  fo r t11  n p p o r t u n i t  i e s  nnd l i m i  t n t i o n s  f o r  l o c a t i n g  t h c  
p o w c r l i n c  c o r r i d o r  i n  t h e  Nort11ca::t Kingdom. 
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F i g u r e  9. Reduced S c a l e  - L i m i t a t i o n s  and Development C a p a b i l i t y  
Nnp of t h e  Nor the rn  Half of t h e  Study Area. 

Tllese maps were used t o  deve lop  a  f i r rn l  map which i n d i c a t e d  a r e a s  w i t 1 1  
no l i m i t i l t i o n s ,  s l i g h t  l i m i t ; ~ t i o n s ,  modcr.ite and s c v c r c  l i m i t a t i o n s  t o  n  
powcr l ine  c o r r i d o r  and ,  c o n v e r s e l y ,  e l e m e n t s  t h a t  would be  of impact upon a 
power l ine  c o r r i d o r ,  such a s  s t e e p  s l o p e s ,  i n n c c e s s i b i l i t y ,  and o t h e r  condi-  
t i o n s  c r c n t i r ~ g  tccll tr icnl l i m i t n t i o n s  t o  tlrc b u i l d i n g  of n  power l ine  ( F i g u r e  
9 )  

P a r c n t l l c t i c n l l y ,  I would l i k e  t o  mentiorl tilt' f i n a l  d e s i g n ,  sllown i n  
Figitre 10. Kc lravc rcconlmcndcd n o t  n  s t e e l  l a t t i c e - t y p e  s t r u c t u r e ,  b u t  n 
l o w - p r o f i l e  wood o r  Cor tcu  r - tee1 H-frame s t r u c t u r e  t h a t  r e n d e r s  a v i s u a l l y  
l e s s  o b t r u s i v e  d e s i g n .  Tllesc s t r u c t u r e s  w i l l  b l end  i n t o  t h e  background 
w i t h  r c l n t  i v c l y  l i t t l e  d i s t u r l ~ n n c c  t o  t h e  segmcnts  of l a r g e  f o r e s t  e ~ l v i r o n -  
mcnt thrnugll  which t l le l i n c  w i l l  \ I ;  t i n l a t e l y  p a s s .  The s t r u c t u r e s  w i l l  be  
bctwecn 85 t o  95 f e e t  nhovc t h e  grol t~ld  wit11 t h e  c r o s s  arms 6 5  f c c t  ;~ l )ove 
tlrc ground.  The n~inin~um c o ~ ~ d r ~ c t o r  ( w i r e )  c1c;lrance w i l l  he  36 f c c t .  
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Figrlrc. 10. A r t i s t s  Cnnccpt ion of l l -E rnmc Strllctures 
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The first report to VE!,CO vas a document setting forth 29 study seg- 
ments. These segments were one nile in width and varied from 2 to 20 miles 
in length. They were interconnected in such a way that *l:ey could provide 
many paths from the Canadian border to either Comerford Dam or Moore Dam on 
the Connecticut River. The segments were established taking into 
consideration the constraints imposed by natural and mannade elezents. 
Figure 12 shows these segments and the myriad paths a powerline might 
follow. 

The result of this first phase was a regional overview and recommended 
preferred corridor alignment. This established the recommendation to VELCO 
that, based on information gathered in the first phase using regulatory, 
legislative, and VELCO's criteria, the Essex Mountains Corridor was the one 
that should be further investigated for location of the line. 

The Essex Mountains Corridor provides for an alignment which vill have 
the least effect on the environment and the people of the Northeast King- 
dom. The recornended corridor avoids major settlements, unique geologic 
and biologic areas, large wetlands, deer yards, steep slopes and agricul- 
tural land. It is a corridor that is 52 siles in length and provides a 
link between the New England and Hydro-Quebec systems that io environmen- 
tally acccpcable and yet proves cost effective because it avoids problems 
areas, is rclatively stra%ght and technically feasible. 

After submitting this regional overview, VELCO authorized the second 
portion of the study which analyzed all of the individual corridor segments 
in general and the Essex Mountains Corridor in detail. Also, it allowcd 
for the development of a combination of segments that would render the 
least adverse routing from an environmental standpoint. This phase would 
also recommend a study corridor that would be narrowed from one mile to a 
maximum width of 1500 feet and, where possible, more specific than 1500 
feet. For the most part, the project route would eventually be 1500 feet 
wide so thnt actual field verification could be used for the final 200 foot 
right-of-way selection within the 1500 foot band. 

Land acquisition considerations, construction considera~ions, suitable 
access for construction, and land ownership patterns were additional 
criteria in tlie determination of a final specific corridor reconmendation. 
In order to develop information with greater specificity, larger scale 
(1 : 24,000) black and white photographs were flown. In addition, enlarge- 
ments at n scale of 1:6,000 were acquired. Th!s afforded sufficient detail 
to allow the development a 1500 foot wide corridor to be submitted to the 
Vermont Public Service Board by December 1. 

At this time (mid-October), the 42 towns (townships) in the project 
are2 were informed of VELCO's intentions bzsed on the initial studies. It 
was also pointed out that a preferred corridor !lad been chosen, though it 
had not be finalized, and would not be until December 1, the date VELCO 
expected to file for approval of a corridor. This meant thnt all munici- 
palitirs in the Northenst Kingdom were ~ u t  on notice for tile project. 
Communities through which the preferred corridor passed were asked to meet 
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wi th  u s  i n  o r d e r  t o  eva lua t e  our  prel iminary f i nd ings  and render  t h e i r  own 
inpu t ,  

A t  t h i s  p o i n t  t h e  new b l ack  and whi te  a e r i a l  photographs were used t o  
i d e n t i f y  d e t a i l e d  vegetatLve cover ,  l o c n t e  i n d i v i d u a l  s t r u c t u r e s ,  d ra inage  
ways, s t e e p  s lopes ,  p r i v a t e  and pub l i c  roads,  e x i s t i n g  u t i l i t i e s ,  i d c n t i f i -  
a b l e  proper ty  l i n e s ,  wetlands,  and b i o l o g i c a l l y  and geo log ica l ly  s e n s i t i v e  
a r e a s  (Figure 11). I n  a d d i t i o n ,  t h e  towns' own p l ans ,  t a x  s t r u c t u r e s ,  t he  
impact of t h e  l i n e  on land u s e  and t h e  economy of t h e  c o m u n i t i e s  were 
incorpora ted  wi th  p h o t ~ g r a p h i c  i n t e r p r e t a t i o n  t o  s e l e c t  s 52.7 mi le  long 
co r r ido r .  Th i s  c o r r i d o r  avoided, a s  ~ u c h  a s  pos s ib l e ,  contac t  wi th  con- 
f l i c t i n g  land uses ,  year  round and seascna l  homes, n a t u r a l  c o n s t r a i n t s  and 
o t h e r  eleincnts t h a t  might cause p r o b l m s  i n  l o c a t i n g  o l a r g e  pcwerline. 

Land use  and v e g e t a t i v e  cover were mapped i n  d e t a i l  f o r  t h e  e n t i r e  
mile-wide p re fe r r ed  c o r r i d o r  and f o r  sose  d i s t a n c e  t o  e i t h e r  s ide .  The 
l a r g e r  s c a l e  a e r i a l  photographs allowed t h e  mapping r e s o l u t i o n  t o  be about 
one a c r e  f o r  f a c t o r s  such a s  wetlands. I n  a d d i t i o n  t o  t h e  increased  
d e t a i l s ,  t he  new mapping broke t h e  f o r e s t  lcnd i n t o  age and composition 
c a t e g o r i e s  s o  t h a t  softwood growth a r e a  could be avoided. 

S imi l a r ly ,  the  o t h e r  f a c t o r s  were napped t o  g r e a t e r  d e t a i l ,  bo th  i n  
r e ~ o l u t i o n  and d e f i n i t i o n  s o  t h a t  each could be c l o s e l y  s c r u t i n i z e d  2nd 
cvaluateL.  The o t h e r  f a c t o r s  evaluated a t  t h i s  s c a l e  included populat ion,  
dra inage  and geology. 

On Decen~ber 1 ,  1981, VELCO f i l c d  plans'  t o  Construct  wi th  t h e  Vermont 
Publ ic  Serv ice  Board. This  document was t h e  o f f i c i a l  n o t i c e  t o  t h e  S t a t e  
t h a t  VELCO intended t o  b u i l d  t h e  l i n e  and i t  asked t h e  S t a t e  f o r  a'pproval. 
The p l ans  showed a 1500 foo t  wide c o r r i d o r  withifa wiiich t he  f i n a l  r i g h t -  
of-way would be s e l ec t ed .  

Because of t he  soundness of t h i s  second phase, a l l  e leven towns 
through which the  c o r r i d o r  passes  e s s e n t i a l l y  approved t h e  p re fe r r ed  
c o r r i d o r  recommendations. Only a t  t he  Canadian border ,  i n  t h e  Town of 
Norton, d id  t h e  f i l i n g  wi th  t he  Publ ic  Serv ice  Board inc lude  an a l t c r r l a t e  
a s  p a r t  of t h e  f i l i n g  (Figure 12). This  a l t e r n a t e  r e s u l t e d  not from any 
problem with t h e  Town, but  becnuse of u n c e r t a i n t i e s  i n  where t he  l i n e  would 
come i n  Quebec. 

The t h i r d  and f i n a l  phase of t he  s tudy began a t  t h i s  5o in t  and f u r t h e r  
d e t a i i e d  s t u d i e s  us ing  a i rpho to  a n a l y s i s ,  a d d i t i o n a l  l i t e r a t u r e  survey,  
f i e l d  i n v e s t i g a t i o n s ,  and h e l i c o p t e r  overf l . ights  were con3uctcd t:o es tab-  
l i s h  t he  exac t  l oca t ion  of t h e  l i n e .  This  had t o  t r k e  i n t o  cons ide ra t i on  
d e t a i l e d  topography, l och t ion  of access  roads,  envirorimental c o n s t r a i n t s ,  
suck a s  wetland a r e a s ,  vege t a t i ve  cover ,  d ra inage ,  and s o i l  and subsoil.  
con . i t i o n s .  

While tt icse dptailed s t u d i e s  wcrc being undcrtnl:cn, t hc  S t a t e  of 
Vernlont assigned t h e  rcs l~on: ; ib i l i ty  of e v a l u a t i n g  VEI.CO1:; recommendations 
t o  i t s  i ) c l ~ ; l r t a ~ c n t  i'111):ic Service.  Tliev were :11so t o  d ~ ' . r ~ l o p  t h e i r  own 



F i g u r e  1 1 .  P o r t i o n  of a Black and Whitc A e r i a l  Photography Depicting 
Ffoore 1);lmc and t h e  S i t e  o f  t h c  C o n ~ i c c t i c u t  R i v c r  Cross ing  
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Figure 12. Rccomnentlcd Corridor  (Itcavy B13ck Line) f o r  
Powcrlinc Right-of-Way 
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reconmendat ions  f o r  l o c a t i n g  t h e  power l ine  c o r r i d o r .  It was h e r e  t h a t  t h e  
thorough and sound i n f o r m a t i o n  dcvcloped as p a r t  o f  ou-- i n v e n t o r y  proved 
I t s e l f .  It showed t h a t  t h e  S t a t e ' s  e v a l u a t i o n  cou ld  o n l y  conf i rm o u r  
f i n d i n g s .  Only i n  two l o c a t i o n s  d i d  t h e  S t a t e  s ~ l g g e s t  chnngcs i n  o u r  f i l e d  
c o r r i d o r .  Gne bf t h e s e  l o c a t i o n s  concerned d i f f e r i r l g  o p i n i o n s  of  t h e  :he 
v i s u a l  exposure  i n  t h e  Town o f  Granby, soaevhere  n e a r  t h e  c e n t e r  of t h e  52 
m i l e  Line. The second concernea a d e e r y a r d  a t  t h e  s o u t h e r n  e x t r e m i t y  of 
t h e  c o r r i d o r  which could n o t  be  s u b s t a n t i a t e d  by t h e  F i s h  and Game 
Department. So, when i t  came t o  tlre p u b l i c  h e a r i n g s ,  t h e  S t a t e ' s  own 
f i n d i n g s  were i n  s u p p o r t  of o u r  c o r r i d o r  s e l e c t i o n .  

It was encouraging t o  s e e  t h a t  t h e  two p r c f e s s i o n a l  approaches  con- 
duc ted  l a r g e l y  independen t ly ,  r e s u l t c d  i n  q u i t e  s i m i l a r  r o u t e s .  Ry June  
o f  1982, t h e  snow had l e f t  t h e  s t u d y  arca and t h e  p r o j e c t  team, a c c o m ~ a n i e d  
by r e p r e s e n t a t i v e s  o i  t h e  Vermcnt Agency of  Environmental  Conserva t ion ,  t h e  
Department of P u b l i c  S c r v i c e ,  and t h e  Department of A g r i c u l t u r e ,  proceeded 
t o  walk t h e  e n t i r e  c o r r i d o r .  T h i s  p h a s e . o f  t h e  p r o j e c t  f u r t h e r  documented 
t h e  soundness of i l i rphoco i n t e r p r e t a t i o n  d u r i n g  t h e  e a r l i e r  phase.  A s  we 
walked t h e  52.7 ~ ~ i l e s ,  i t  became i n c r e a s i n g  c v i d ~ n t  t h a t  t h e  l o c a t i o n  
s e l e c t e d  f o r  t h e  power l ine  c o r r i d o r  wan extremely a p y r o n r i a t e  

To summar ize ,  w i t h l n  t h e  framework of t b e  p r o j e c t  pa ramete r s  e s t a b -  
l i s h e d  by VELCO and t h e  c o n s t r a i n t s  by l e g i s l a t i o n  r e g u l a t i o n ,  a r.echniq.le 
was dev i sed  t o  q u i c k l y  f q c u s  a t t e n t i o n  t o  t h o s e  geograph ic  a r e a s  which 
would w a r r a n t  f u r t h e r  c o n s i d e r a t i o n  f o r  l o c a t i n g  a  h i g h  v o l t z g e  powerl ine .  
E x i s t i n g  c o l o r  i n f r a r e d  a e r i a l  pho tographs  were o b t a i n e d  a t  2 s c a l e  'of  
1:42,000. I n t e r p r e t a t i o n  of t h e  a e r i a l  photographs q u i c k l y  provided d a t a  
on land use, s e t  l a n d s ,  s l o p e s ,  geology,  p o p u l a t i o n  d i s t r i b u t i o n  and t h e  
t r a n s p o r t a t i o n  network. Maps and t h e  l i t e r a t u r e  augmented t h c s e  d a t a  w i t h  
in fo rmat ion  concern ing  h i s t o r i c  s i t e s ,  pronounced e l e v a t i o n s ,  b i o l o g i c a l l y  
o r  g e o l o g i c a l l y  s e n s i t i v e  a r e a s ,  p l a n n i n g  and zoning.  

Through t h i s  p r o c e s s ,  twenty-nine c o r r i d o r  s e g ~ e i l t s ,  one m i l e  wide and 
v a r y i n g  i n  l e n g t h  from twc m i l c s  t o  twenty-four  m i l e s ,  were i d e n t i f i c d  f o r  
more d e t a i l e d  s tudy .  These segments were  based on assumpt ions  concern ing  
e n t r y  and e x i t  p o i n t s  from t h e  s t u d y  a r e a  and fonncd an i n t r i c a t e  network 
of p i t h s  which avoided t h e  major  problem a r e a s .  

F u r t h e r  a e r i a l  pho tograph ic  j n t e r p r e t a t i o n  and 1 i t e ra :u re  r e s e a r c h ,  
a l o n g  w i t h  c o n s u l t a t i c n  w i t h  t h e  a f f e c t e d  c o m u n i t i e s ,  l e d  t o  t h e  s e l e c t i o n  
of  a  1500 f o o t  wide s t u d y  c o r r i d o r  which h a s  t h e  s u p p o r t  of t h e  S t a t e  and 
l o c a l  peop le  and which is  p r e s e n t l y  b e i n g  reviewed by t h e  Vermont P u b l i c  
Service Board. 
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POTENTIAL ROLE \3F LAND USE AND LAID COVER INFORMATION 
I N  POWERPLANT SITING: 

EXAMPLE OF THREE MILE ISLAND 

James R. Wray 
U.S. G e o l o g i c a l  Survey 
Res ton ,  V i r g i n i a  2 2 0 9 2  

S e l e c t i n g  a s i t e  f o r  a n u c l e a r  powerplant  c a n  be he lped  by d i g i t i z i n g  
l a n d  u s e  and l a n d  c o v e r  d a t a ,  p o p u l a t i o n  d a t a ,  and o t h e r  p e r t i n e n t  d a t a  
sets, and t h e n  p l a c i n g  them i n  a  g e o g r a p h i c  I n f o r m a t i o n  system. Such a 
sys tem beg ins  w i t h  a  s e t  o f  s t a n d a r d i z e d  n a p s  f o r  l o c a t i o n  r e f e r e n c e  and 
t h e n  p r o v i d e s  f o r  r e t r i e v a l  ~ r t d  a n a l y s i s  of s p a t i a l  d a t a  keyed t o  t h e  
maps, T h i s  nakes  p o s s i b l e  chematic  mapping by computer ,  o r  i n t e r a c t i v e  
v i s u a l  d i s p l a y  f o r  d e c i s i o n n s k i n g .  It a l s o  p e r m i t s  c o r r e l a t i n g  lnnd  u s e  
a r e a  measurements w i t h  c e n s u s  and o t h e r  d a t a  ( such  a s  f a l l o u t  d o s a g e s ) ,  
and t h e  u p d a t i n g  of a l i  d a t a  sets. The sys tem is  thv9 a t o o l  f o r  d e a l i n g  
w i t h  r e s o u r c e  management problems and f o r  a n a l y z i n ~  t h e  i n t e r a c t i o n  
between people  and t h e i r  environment .  Bes ides  powerplant  s i t i n g  and 
s e l e c t i o n  of power l ine  right-of-way, it c a n  a l s o  h e l p  t h e  p lann ing  of  
w a s t e w a t e r  t r e a t m e n t  f a c i l i t i e s ,  a s s e s s i n g  t h e  impact  o f  n a t u r a l  o r  
man-ade h a z a r d s ,  and p r e p a r i n g  f o r  emergencies .  

Under p r e s e n t  p r a c t i c e ,  s e l e c t i o n  o f  a  powerplant  s i te  b e g i n s  w i t h  a 
p r o p o s a l  and a p p l i c a t i o n  by an e x i s t i n g  u t i l i t y  conpany. T h i s  is n e a r l y  
a lways  f o r  a s i t e  w i t h i n  that company's p c e s e n t  a r e a  o f  o p e r a t i o n .  I n  
l a t e  March 1979 a  n u c l e a r  a c c i d e n t  o c c u r r e d  a t  t h e  Three  Pl i le  I s l a n d  s i t e  
on t h e  Susquehanna R i v e r ,  1 0  miles s o u t l l e a s t  of P e n n s y l v a n i a ' s  S t a t e  
c a p i t a l  a t  H a r r i s b u r g .  The a c c i d e n t  r a i s e s  q u e s t i o n s  a b o u t  where s u c h  
p l a n c  are l o c a t e d  and what a r e a s  a r e  a f f e c t e d .  A c u r r e n t  l a n d  u s e  and 
l a n d  c o v e r  map of t h e  p l a n t  s i t e  and v i c i n i t y  t h a t  i s  keyed t o  p o l i t i c a l  
u n t t s  and c e n s u s  s t a t i s t i c a l  a l e a s  is  one t o o l  t h a t  t h e  i n t e r e s t e d  layman 
c a n  u n d e r s t a n d  and t h a t  t h e  p o l i t i c i a n ,  p l a n n e r ,  and u t i l i t y  conpany c a n  
u s e  i n  d c c i s i o n n a k i n g .  Pn example of such  a map is prov ided  and 
d e s c r i b e d .  Prepared  by computer from a USGS d i g i t a l  d a t a  b a s e ,  t h i s  map 
i l l u s t r a t e s ,  a f t e r  t h e  f a c t ,  a  r a t i o n a l e  f o r  t h e  s i t e  chosen  i f  o n l y  a  
l a n d  u s e  c r t t e r i o n  is  c o n s i d e r e d .  (Other  r e l e v a n t  c r i t e r i a  i n c l u d e  
ground w a t e r  hydro lcgy ,  g e o l o g i c a l  s t r u c t u r e ,  and s e t s n i c  a c t i v i t y . )  

The a c c i d e n t  a t  Threc  Mile  I s l a n d  s e r v e s  a s  a  c a t a l y s t  f o r  examining n o t  
o n l y  t h e  s p a t i a l  d a t a  s e t s  and i n f o m a t i o n  system used i n  s i t e  s c l e c -  
t i o n ,  b u t  a l s o  t h e  p r o s p e c t i v e  r o l e  of t h a t  sys tem i n  h a z a r d  m i t i g a t i o n  
and emergency response .  The l a n d  use  and c e n s u s  a r e a s  i n f o r m a t i o n  used 
i n  t h e  T h r e e  Mile I s l a n d  example was e x t r a c t e d  from a s t a t e w i d e  d i g i t a l  
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data base completed in 1978 2s a cooperative effort between the State of 
Pennsylvania's Department of Envirormental Resources and the U.S. 
Department of t'.e Interior's Geological Survey. By 1986, land use and 
land cover maps are expected to be available for the entire country. 
C3verage in dlgital tape forn--from which the Three Mile Island aop was 
made--will follow. The land use msps are compiled largely fros remotely 
sensed data. When interpretations froa similar data for a later time are 
placed in the sane geographic information system they can be used in 
routine map revision an? update, or in energency detection of change and 
assessment of damage. 
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Computer-Plotted Map of 

0 
Land Use and Land Cover, 
Three Milc island and Vicinit 
With Census Tracts 

Explanstlon of m map I l lustrot l~~g the ave1lab:llty of 
Gl~lt lzod land use and land covor Informatlon, and one tlmoly oppllcatlon. 

A nuclear accident occilrred in late March 1979 at the Three Mile Island powerplant on the 
Susquchanna River, 10 miles southeast of Pennsylvania's state capital at Harrisburg. The accident 
raises quostions about whero such plants are located and what areas are affected. 

Using river water to cool the turbines and the nuclear reactor, the Three Mile lsland thermal 
nuclear powerplant occupies an insular locetion in  an area of r2latively low popu'ation density. 
Even so, it is at the centor of a triangle formed by populous electricitj -consuming metropolitan 
centers nt Harrishurg (10 miles away), York (13 miles), and Lancaster (23 miles). Small residential 
areas do lie nearby, but extensive open water. agricultural land, and forest land dominate the 
immediate vicinity. Suburban Middletown, however, lies less than 5 miles north. Off to tho southeast 
-snd usually downwind-lies industrial Lnncaster in the heart of a rich agricultursl area. 

A current land use and land cover map of tttc plant s i b  and vicinity that is keyed to  po\itical 
units an3 census statistical areas is one tool which the curious layman cen ur1derstar.d and which 
the politician, planner, and utility company can use in decisionmaking. The accompanying figure is 
a reduccd reproduction of such a map. An unannotated version was drawn in one evoning's time by 
a US. Geological Survey computer-driven mapping plotter. At one scale, i t  overlies a USGS 
topographic base mnp which provides other essential information, such as roads. mountains, and 
drainage lines. A separate legend, also prepared by computer, identifies by color and shading 
pattern 19 categories of Level I1 land use or land cover. In general, the smaller land use polygons 
in  ddrker tones are urban and built-up areas. The larger polygons in lighter tones are agricultural 
and fores:ed areas, or vrater bodies. The rings spaced at an interval of 5 miles are used in analysis. 
planning, and assessment of impact. The grid lines spaced at an interval of 10 km are in  the 
Universal Transverso Mercaior (UTM) rec!angu!ar coordinate system. They are used for location 
control in  mapping and u~~alysis by computer, but locations can also be expressed in gecgraphic 
coordinates. 

The land use/land cover and census areas information is reconstructed from a statewide digitel 
data base completed in 1978 as a cooperative cflort between the State of Pennsylvania's 
Deparlment of Environmental Resources and tho U.S. Department of the Interior's Geological 
Survey. The corresponding overlays of associated maps for the Hairisburg and Caltimore 1' x 2' 
topographic rnap quads have been open filed at a scale of 1:250,000. These sho?~,. census county 
subdivisions, political units, hydrologic units, and Federal land ownership. By 19-82 similar map 
coverages will be available for the entire country. Coverage in digital tape form-from which this 
map is made-will follow. The land use maps arc compiled largely from remotehy sensed data, 
which are also to be used in map revision and update. 

Tho USGS Geograpl~ic Information Retrieval and Analysis System (GIRAS) geographic information 
system makes possible not only thc mapping by computer, but also the correlating of :and use 
area rncasurements with census and other data, the updating of all data sets. and the retrieving and 
onalyzlng of data. The system is thus a tool for dealing with such resource management problems 
ns powerplant and powcrline site selection, planning of wastewater treatment facil'rlies by drainage 
basin, assessing the impact of natural or man-made hczards, and preparing for emergencies. The 
map of Three Mile Island r:ot only graphically dramatizes these needs but also t h . ~  capabili!~ to 
meet them. 

Although data ar-. filed by such mapping units as the Harrisburg ar~d Baltimore 1' x 2' 
lopographic map quads. the USGS GIRAS geoinformation systcm can also recall data centered on 
other arcas, such as Three Milc Isicnd and vicinity. which lies in more than orhe quzd. A: the user's 



direction, it can also portray data in  different combinations and at different scales. Except for the 
census tracts and somo place names-for which the computor file presently uses numerical codes 
-the accompanying figure i s  i n  the stylo of a mullicolor. compulor-drafted and -shaded pen plot. 
Other graphic output modes are also possible, including video display. 

Availability of mdps and data.-Besides tho maps. digital lapes and selected s:atistical sumns:ies 
are becoming cvailuble lor selucted areas throughout the United Stales. Frorn tho tapes. a great 
vt~riely of maps and tablcs can be made ' ~ y  other users. as weil as by USGS. For irlfor~naiion, contact 
National Cartographic Information Centers e l  USGS olfices in Reston. Va., Roola. Mo.. Denver. Colo.. 
and Mcnlo Park, Cslif.. or contocl: 

Geogropily Program 
U.S. Geological Survey 
710 National Center 
Reston, \'A 22092 
Telephone: (iJ3) 030-6256 

For informat~on about a full size. 46 x 58 ir.ch land use map exhibit of Threo Mile Island and vicinity 
call James R. Wray at USGS (703-860- or Germain LaRoche n l  the U.S. Nuclear Regtila!ory 
Comm~ssion (301-492-6269). 

Computer-Plotted Map of Land U s e  and Land Cover, 
Three Mile island and Vicinity, With Census Tracts 
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COMPUTER-AIDED SITING OF COAL 
CONVERSION FACILITIES 

Daniel D. Moreno 
Dames & Moore 

1100 Glendon Avenue, Suite 10013 
Los Angeles, California 90024 USA 

1. IRTRODUCTXON 

Today's precarious energy situation in the anited States has 
focused nuch attention on the question of coal conversion. 
The principle of coal conversion is the transformation of coal 
into more usable forms -- namely, synthetic gas and various 
types of liquid fuel. Much of the excitement that synfuels 
generated anong energy planners only a f e w  years ago has 
faded. The nain probler with synfuels today is an econonic 
one: petroleum prices have not  increase^ at projected levels 
and synthetic fuels simply cannot compete in today's energy 
market. In fact, one study has shown that even in an economy 
of rapidly rising oil prices, the projected c ~ t s  of producing 
synfuels from a proposed facility increase connensurately [I]. 
Because a typical synfuels plant might today cost between 1.5 
and 3 billion dollars to construct, the apparent rewards of 
connercial development do not match the risk. 

Given the marginal nature of synfuels economics, plant site 
location can be a major determinant in overall project fessi- 
bility. Furtherri~orc, because plant location may largely 
deternine the severity of environmental and cultural impacts, 
proper siting can be "the key to public acceptance of a coal 
facility" ( 2 1  and, cumulatively, to the technology in general. 
The challenge in siting conversion plants rests in optimizing 
transportation costs in the larger context of a regulated and 
sensitive environ~nent. Energy planners must sinultaneously 
address issues which often conflict with each other. Also, a 
highly changeable econonic climate denands that almost total 
flcxibilit:~ be built into site selection methodology. This 
f lexitjili ty should allow for changes in transportation rates, 
market and nine locations, and as governinent priorities 
dictate, changes in regulatory conditions. 

Thcsc challenges are being net qui te successfully through the 
active use of geographic information systens. 
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2. CASE STUDY DESCRIPTION 

Dames & Moore  h a s  c o n d u c t e d  a n u m b e r  o f  s i t e  s t u d i e s  f o r  
s y n f u e l s  c o n v e r s i o n  p l a n t s  i n  t h e  M i d v e s t .  I n  t h e  c o u r s e  o f  
t h e s e  s t u d i e s ,  t h e  f i r m  h a s  d e v e l o p s d  a m e t h o d o l o g y  f o r  
s i m u l t a n e o u s l y  a d d r e s s i n g  s e v e r a l  s i t i n g  c r i t e r i a .  T h e  
methodology  and r e s u l t s  f rom t h c c e  c o l l e c t i v e  s t u d i e s  h a v e  
b e e n  b o r r o w e d  f o r  t h i s  p a p e r  t c  d e m o n s t r a t e  how a t y p i c a l  
s i t i n c j  p r o b l e m  m i g h t  be s o l v e d .  The f o l l o w i n g  d i s c u s s i o n ,  
t h e r e f o r e ,  w i l l  be t r e a t e d  a s  a  s i n g l e  " c a s e  s t u d y . "  

A s t u d y  area c e n t e r e d  o n  t h e  l o w e r  O k i o  R i v e r  Valley ( F i g -  
u r e  1) h a s  b e e n  s e l e c t e d  f o r  i l . l u s t r a t i o n .  T h i s  is a t y p i c a l  
s y n f u e l s  s i t i n g  r e g i o n  d u e  t o  i t s  p r o x i m i t y  t o  Midwes te rn  c o a l  
s o u r c e s ,  s y n f u e l s  m a r k e t s ,  and  t h e  O h i o  R i v e r  t r a n s p o r t a t i o n  
c o r r i d o r .  

Dames & M o o r e ' s  G e o g r a p h i c  I n f o r m a t i o n  Managemznt  S y s t e m  
( G I M S ~ )  w a s  s e l e c t e d  a s  a  too l  f o r  t h e  m a n i p a l a t i o n  a n d  
d i s p l a y  o f  p r o j e c t  d a t a .  GIMS is a f u l l y  i n t e g r a t e d  s y s t e m  

Fiqurc 1 
St~wlv  arc,^ T~?cnt ion 
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t i c v c l o p c d  by D a n e s  a n d  Moore  t o  p r o v i d e  p l a n n e r s  w i t h  a  
t o o l  f o r  entering, s t o r i n g ,  a n a l y z i n g ,  and  d i s p l a y i n g  l a r g e  
amounts  o f  g e o g r a p h i c  i n f o r m a t i o n .  G I M S  h a s  b e e n  empl.oycd 
s u c c e s s f u l l y  on  a  v a r i e t y  o f  p a s t  p r o j z c t s  r e l a t i n g  t o  i n -  
d u s t r i a l  s i t e  and  r o u t e  selection, r e s o u r c e  a s s e s s n c n t ,  a n d  
c n v i r o n n e n t a l  i n p a c t .  

2.1.  A n a l y s i s  S t r a t e g y  

Thc i n i t i a l  s t e p  i n  t h e  a n a l y s i s  c o n c e r n e d  t h e  i d e n t i f i c a t i o n  
o f  t h e  s a l i e n t  i s s u e s  w h i c h  b e a r  u p o n  t h e  s i t i n g  d e c i s i o n  
For  a c o a l  c o n v e r s i o n  p l a n t .  Thc p l a n n i n g  t e a n  d e c i d e d  upon 
t h r e e  b a s i c  i s s u e s  o f  c o n c e r n ;  t h e s e  i s s u z s  a r e  i d e n t i c a l  to  
t h o s e  t r a d i t i o n a l l y  e v a l u a t e d  i n  t h e  s i t i n g  o f  a n y  power  p l a n t  
o r  o t h c r  m a j o r  i n d u s t r i a l  f a c i l i t y .  

F i r s t ,  b e c a u s e  o f  t h e  s t r i c t  a i r  q u a l i t y  s t a n d a r d s  imposed 
upon many r e g i o n s  i n  and  n c a r .  t h e  O h i o  V a l l c y  and  t h e  s e v e r a l  
a r e a s  o f  e c o l o g i c a l  d i s t i n c t i o n ,  e n v i r o n ~ n e n t a l  s u i t a b i l i t y  
c n c r y c d  a s  a  p r i n a r y  s i t i n g  i s s u e .  Thc s t ~ d y  r c g l o n  is  a l s o  
c h a r a c t e r i z e d  by v a r y i n g  d e n s i t i e s  o f  p o p u l a t i o n  a n d  complex  
p a t t e r n s  o f  u r b a n  a n d  r u r a l  l a n d  u s e ;  t h e r e f o r e ,  c u l t u r a l  
s u i t a b i l i t y  b e c a n c  t h e  s e c o n d  main i s s u e .  

I n  t h e  c o n s t r u c t i o n  and  o p e r a t i o n  o f  a c o a l  c o n v e r s i o n  p l a n t ,  
t h e  owner i n c u r s  nany  c o s t s  which c a n n o t  bc a v o i d e d  or o p t i -  
r . ~ i z c d  by r e a s o n  o f  g e o g r a p h i c  l o c a t i o n .  Howevcr, o t h c r  c o s t s  
s u c h  a s  t h o s e  i n c u r r e d  - i n <  t r a n s p o r t i n g  t h e  c o a l  f r o n  n i n e  t o  
p l a n t  a n d  c o s t s  o f  n o v i n g  t h c  p r o d u c t  t o  m a r k e t  c a n  v a r y  
c o n s i d e r a b l y  w i t h  s i t e .  F o r  t h i s  r e a s o n ,  t h e  t h i r d  issi-c 
a d d r e s s e d  consisted o f  s i t e - d c p c n d c n t  c a p i t a l  and  o p e r a t i n g  
c o s t s .  

2 .2 .  C a t a  Base  C r e a t i o n  

For  e a c h  o f  t h e  t h ~ c e  s i t i n g  i s s u e s ,  a  s t r a t e g y  was a c v c l o p c d  
t o  a l l o w  f o r  t h e  t r a n s f o r m a t i o n  o f  a v a i l a b l e  " s o u r c e  d a t a "  
i n t o  a  n a p  r e p r e s e n t i n g  t h e  s u i t a b i l i t y  a c r o s s  t h e  s t u d y  
r e g i o n  f o r  t h e  i s s u e  i n  q u e s t i o n .  Once  t h c s c  s t r a L c g i e s  
were  o u t l i n e d ,  i t  was d c t c r r n i n c d  which s o u r c e  i n f o r m a t i o n  had  
t o  be  c o l l e c t e d  f o r  i n p u t  i n t o  t h e  mode ls .  Most o f  t h e  d a t a  
were o b t a i n e d  f r o n  p u b l i s h e d  s o u r c e s  and  t h e n  were t r a n s c r i b e d  
o n t o  sta1:dard USGS b a s e  n a p s  f o r  c o n s i s t e n c y  i n  d i g i t i z i n g .  
S o u r c e  n a p s  were  i n p u t  i n t o  G1P:S i n  two ways.  For  n o s t  maps,  
p o l y g o n s  r e p r e s e n t  i n g  v a r i o u s  L c a t u r e s  ( f o r  e x a m p l e ,  a i r  
Cjual i t y  z o i ~ c s  o r  s t a t e  p a r k s )  were c f i g i t i z c d  d i r e c t l y  f r o n  
r t l y s i c d l l y  1.la1:~~c.d d a t a .  O t h e r  d a t a  irere obta inccf  i n  a l r e a d y  

@ 
c i i g i t n l  f o r n  and o n l y  her1 t o  be c o r l v e r t c d  i n t o  a  C I K S - r e a d a b l e  
f o r ~ ; , i t .  Ttlesc f i l e s  i n c l u d c t l  s u r f a c e  t o p o g r a p h y ,  w h i c h  was 



o b t a i n e d  f r o m  t h e  U S G S ,  a n d  p o p u l a t i o n  d e n s i t y ,  w h i c h  was 
d e r i v e d  f r o m  a U . S .  c e n s u s  f i l e  o f  e n u m e r a t i o n  d i s t r i c t s .  
A l l  s o u r c e  d a t a  were a b s t r a c t e d  i n t o  m a t r i x  f i l e s  o f  g r i d  I 
c e l l s ,  w i t h  e a c h  g r i d  c e l l  r e p r e s e n t i n g  a l a n d  a re2  1 . 5  I 

1: i lometers  o n  a s i d e .  

2.3. P r i m a r y  S c r e e n  
i 

I n  most r e g i o n a l  s i t i n g  s t u d i e s ,  t h e r e  e x i s t s  a n u m b e r  of 
f e a t u r e s  which  p r e c l u d e  d e v e l o p m e n t  2 pr ior i ;  t h e s e  f e a t u r e s  
i n c l u d e  l e g a l  and  q u a s i - l e g a l  r e s t r i c t i o n s  s u c h  as n a t i o n s 1  
and  s t a t e  p a r k s  and  f e d e r a l  a i r  q u a l i t y  n o n - a t t a i n m e n t  z o n e s .  
O t h e r  " f a t a l  f l a w s n  i n c l u d e  e n v i r o n m e n t a l  r e s t r i c t i o n s  s u c h  a s  
f a u l t  t r a c e s ,  s u b ~ i d e n c e  z o n e s ,  and  w e t l a n d s .  The method-  
o l o g y  used  i n  t h i s  s t u d y  c o n s i s t e d  o f  a t w o  s t e p  p r o c e s s .  The ! 

f i r s t  s t e p ,  a  p r i m a r y  s c r e e n ,  e x c l u d e d  o f f h a n d  t h e  a r e a s  
p o s s e s s i n g  a n y  l e g a l  or e n v i r o n m e n t a l  r e s t r i c t i o n s .  T h e s e  
a r e a s  were p h y s i c a l l y  mapped and  d i g i t i z e d  a s  o n e  o f  t h e  map 
f i l e s  i n  t h e  d a t a  b a s e .  T h e  s e c o n d  s t e p  i n  t h e  a n a l y s i s  
e v a l u a t e d  t h e  s u i t a b i l i t y  o f  t h o s e  a r e a s  w h i c h  s u r v i v e d  
a p p l i c a t i o n  o f  t h e  p r i m a r y  s c r e e n ,  b a s e d  on  t h e  t h r e e  m a j o r  
i s s u e s  o f  c o n c e r n .  For  p u r p o s e s  o f  i l l u s t r a t i o n  w i t h i n  t h i s  
p a p e r ,  t h e  p r i m a r y  s c r e e n  h a s  been  removed f rom a l l  b u t  t h e  
f i n a l  s i t e  s u i t a b i l i t y  map. 

3 .  DERIVATION OF SITING ISSUES 

3.1 .  E n v i r o n m e n t a l  S u i t a b i l i t y  

T h e  f i r s t  s i t i n g  i s s u e  a d d r e s s e d  u a s  e n v i r o n m e n t a l  s u i t -  
a b i l i t y .  F i g u r e  2 s h o w s  a  d a t a  s t r u c t u r e  d i a g r a m  f o r  t h e  
d e r i v a t i o n  o f  t h i s  i s s u e .  The d i a g r a m  shows t h a t  e n v i r o n -  
m e n t a l  s u i t a b i l - i t y  is a  c o m b i n a t i o n  o f  two s u b - i s s u e s :  a i r  
q u a l i t y  s u i t a b i l i t y  and d i s t a n c e  t o  e c o l o g i c a l  a r e a s .  The 
a i r  q u a l i t y  s u i t a b i l i t y  map i n  t u r n  c o n s i s t s  o f  two compo- 
n e n t s :  f i r s t ,  t h e  d i s t a n c e  o f  sites t o  f e d e r a l l y - d e s i g n a t e d  
TSP, PSD C l a s s  1, and SO n o n - a t t a i n m e n t  z o n e s ,  and s e c o n d ,  
a  m e a s u r e  o f  plume d i s p e r s 3 0 n  c a p a b i l i t y  , b a s e d  on s u r r o u n d i n g  
t o p o g r a p h y .  

The e c o l o g i c a l  s u i t a b i l i t y  map r e f l e c t s  d i s t a n c e s  o f  p o t e n t i a l  
s i t e s  t o  a r e a s  o f  e c o l o g i c a l  c o n c e r n ,  i n c l u d i n g  p a r k s ,  r & c r e a -  
t i o n  a r e a s ,  w i l d l i f e  h a b i t a t s ,  and  game p r e s e r v e s .  

T o g e t h e r ,  t h e  a i r  q u a l i t y  and e c o l o g i c a l  s u i t a b i l i t y  maps were 
@ colnbincd i n  t lre compute r  t o  y i e l d  a  s i n g l e  e r l v i r o n m c n t a l  i s s u e  

map ( F i g u r e  3 1 ; 1 i g h t c r  s b a d c s  on t h e  map r r _ . p r e s e n t  a r e a s  o f  
h i g h e r  e n v i r o n m e n t a l  s u i t a b i l i t y  f o r  p l a n t  l o c a t i o n .  
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3.2. C u l t u r a l  S u i t a b i l i t y  -- 
T h e  c u l t u r a l  s u i t a b i l i t y  issue ( F i g u r e  4 )  s o u g h t  t o  a v o i d  
areas o f  h i g h  p o p u l a t i o n  d e n s i t y  a n d  c u l t u r a l l y  s e n s i t i v e  l a n d  
u s e s .  Zones  of i n d u s t r i a l  u s e s  or  o t h e r  e n v i r o n m ? n t a l l y  d i s -  
t u r b e d  l a n d s  were g i v e n  a f a v o r a b l e  s u i t a b i l i t y  r a t i n g .  Urban 
a r e a s ,  p r i m e  a g r j . c u l t u r a l  l a n d s ,  and  r e q i o n r ,  o f  poor h ighway  
a c c e s s i b i l i t y  were g i v e n  lower r a t i n g s .  The  suitability map 
( F i q u r c  5 )  shows b e t t e r  s i t i n g  a r e a s  a s  l i g h t e r  grey s h a d e s .  

SOURCE MAPS ISSUE h4AP 
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LAND USE 
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Figure 4 
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3 . 3 .  Zapi ta l  - and Operating Costs 

The issue of p lant  cos t  centered on those c z p i t a l  and opsrat-  
ing cos t s  which could be zxpected t o  vary across the resion of 
i n t e r e s t  (Figure 6). T h e  general form of the model used i n  
t h i s  analys is  is: 

where: C ( i , j )  = t o t a l  s i te -var iable  plant  c o s t i n  annual- 
ized d o l l a r s  a t  loca t icn  (g r id  c e l l )  i,j 

a  = number of cos t  u n i t s  of fbc tor  X n a t  locat ion i , j  n 

X 
1 

= cos t  of delivered coal  a t  p lan t  

X 
2 = cos t  of synfuels t ransport  t o  market 

X 3 = c a p i t a l ,  operat ing,  and maintenance cos t  
of obtaining cooling and processing wat.cr 

4 = labor cos t  

X 5 = s t a t e  taxes 

MARKETS 
ISANSPORl  

WATER SWRCCS7 

LABOR C 0 1 1  ---------J 

- T A X E S  J 
I 

Sl l lNO ISSUE 3 

CAPITAL 1 OPERATING COST 
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Although other minor site-variable costs could have been added 
to the model, their potential contributions to the cost issue 
were considered to be insignificant. For each possible site, 
or grid cell, within the study region, the cost of every 
component of the node1 was computed by GIKS on an annualized 
dollar per year basis. Component costs of coal and synfuels 
transport and plant cooling were broken into two further 
categories: capital cost and operating-maintenance cost. 

After the five component cost surfaces were created and stored 
in the computer data base, t.hey were summed to produce a 
single total cost map. A discussion of each cost component 
follows. 

Cost of delivered c*. The cost of delivered coal. is a 
function of the annual cost of the coal at its source, ship- 
ping charges along the existing transport system, and any 
construction and operating expenses required to connect the 
coal source and plant with the existing transport system. 
The regional transportation system consisting of highways, 
railroads, and navigable rivers (Figure 7) and coal source 
locations were entered into the data base. 

Several steps were required to perform the coal transpor- 
tation analysis. First, the cost of connecting the coal 

a source to the neeresf transportation facility was computed. 

TRANSPORTATION 
SYSTEM 
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T h i s  c o n n e c t i ~ n  was made e i t h e r  by r a i l  s p u r  or b y  c o n v e y o r ,  
w h i c h e v e r  was d e t e r m i n e d  by GINS to  h e  n o r e  e c o n o m i c a l .  Once 
t h e  m o d e l  b r o u g h t  t h e  c o a l  f r o m  i t s  s o u r c e  t 9  t h e  c loses t  
h ighway ,  r a i l ,  and  r i v e r ,  t h e  c o s t s  were a l l o w e d  t o  a c c u m u l a t e  
a l o n g  t h e s e  f a c i l i t i e s ,  i n c r e m e n t i n g  d i f f e r e n t  u n i t  c o s t s  
a l o n g  e a c h  t r a n s p o r t  mode. T r a n s f e r  f rom o n e  mode t o  a n o t h e r  
i r ~ v o k e d  a n  a p p r o p r i a t e  l o a d i n g  and u n l o a d i n g  p e n a l t y .  

A f t e r  t h e  minimum coal  c o s t  was d e r i v e 3  f o r  a l l  p o t e n t i a l  
s i tes  a l o n g  t h e  main t r a n s p o r t a t i o n  s y s t e m ,  i t  w a s  n e c e s s a r y  
t o  c o m p u t e  cos t s  t o  s i t e s  o f f  t h e  d i g i t i z e 2  r o u t e s .  GINS 
c a l c u l a t e d  t h e  l e n g t h  of new s p u r  c o n s t r u c t i o n  f r o m  e x i s t i n g  
r a i l  l i n e s  t o  a l l  s i t e s  i n  t h e  r e g i o n .  T h i s  l e n g t h  w a s  
d e t e r m i n e d  i n  c o n j u n c t i o n  w i t h  a t o p o g r a p h i c  d a t a  f i l e  ( F i g u r e  
8 )  which  d e p i c t e d  t h e  e l e v a t i o n  c h a n g e  f rom o n e  cel l  t o  t h e  
n e x t .  I n  s t e e p  g r a d e s ,  a d d i t i o n a l  s p u r  l e n g t h  was i n c u r r e d  t o  
r e d u c e  t h e  g r a d e  t o  a maximum o f  3 p e r c e n t .  T h e  a n a l y s i s  
showed h i g h e r  r a i l  s p u r  c o n s t r u c t i o n  c o s t s  i n  a r e a s  o f  v a r y i n g  
t e r r a i n .  

A l l  o f  t h e  a b o v e  s t e p s  were p e r f o r m e d  f o r  e a c h  coal s o u r c e  
c o n s i d e r e d  i n  t h e  a n a l y s i s .  The r e s u l t i n g  m a p s  w e r e  c o n -  
p a r e d  t o  y i e l d  a  s i n g l e  n a p  r e p r e s e n t i n g  t h e  minimum c o s t  
o f  d e l i v e r e d  c o a l ,  o p t i m i z e d  by c o a l  s o u r c e  a n d  mode o f  

0 t r a n s p o r t a t i o n  ( F i g u r e  -9 1 .  
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C o s t  o f  p r o d u c t  t r a n s p o r t .  C o s t s  f o r  t r a n s p o r t i m g  s y n -  - 
f u e l s  p r o d u c e d  a t  t h e  p l a n t  to  a  mix o f  p r e d e s i g n a t e d  n a r -  
k e t s  ( F i g u r e  1 6 )  were d e r i v e d  i n  a m a n n e r  s i m i l a r  t o  t h e  
c o a l  t r a n s p o r t a t i o n  m o d e l .  T h e  a n a l y s i s  a s s u m e d  t h a t  a  
c o n s t a n t  q u a n t i t y  o f  s y n f u e l s  would be p r o d u c e d  a n d  t r a n s -  
p o r t e d  e a c h  y e a r  by a n  o p t i m i z e d  c o m b i n a t i o n  of r a i l ,  b a r g e ,  
a n d  p i p e l i n e  n :odes .  I t  was a l s o  a s s u m e d  t h a t  t h e  p r i c e  
o b t a i n e d  f r o m  p r o d u c t  s a l e s  w o u l d  n o t  v a r y  w i t h  m a r k e t .  
To accommodate u n c e r t a i n t i e s  i n  t h e  d e f i n i t i o n  o f  the  Fyn- 
f u e i s  m a r k e t s ,  a l t e r n a t e  s c e n a r i o s  f o r  p roduc t :  d i . : s t r l b u -  
t i o n  were d e v e l o p e d .  T h e  r e s u l t s  o f  t h e s e  s c e n a r i . c o s  were 
c o m p a r e d  w i t h i r ,  t h e  c o n i p u t e r  t o  a c h i e v e  a n  o p t i m i z e d  mar -  
k e t i n g  s t r a t e g y  b a s e d  o n  t h e  d i s t r i b u t i o n  o f  s y n f u e l s  t o  
s e v e r a l  r e g i o n a l  m a r k e t s .  

C o s t  o f  p l a n t  c o o l i n g .  T h e  cos t  o f  s u p p l y i n g  coo15..ng a n d  --- --- 
p r o c e s s i n g  w a t e r  t o  t h e  s y n f u e l s  p l a n t  is b a s e d  on t lhe  d i s -  
t a n c e  f r o m  a s u i t a b l e  s o u r c e  o f  water  a n d  t h e  e l e v a t i o n  
d i f f e r e n t i a l s  be tween  t h e  s o u r c e  and t h e  p l a r t  s i t e .  F i r s t ,  
G I M S  c o m p u t e d  t h e  c a p i t a l  c o s t s  of i n s t a l l i n g  p i p e l i n e s  
f r o m  d i g i t i z e d  r i v e r s  a n d  s t r e a m s  t o  a l l  p o t e n t i a l ;  s i t e s  
i n  t h e  r e g i o n .  Added to  t h i s  cost s u r f a c e  were t h e  . o p e r a t -  
i n g  e x p e n s e s  o f  p u m p i n g  w a t e r  o v e r  u n e v e n  t e r r a i n  Yo t h e  
s i t e s  . 



Labor  and  t a x e s .  The c o s t  q f  l a b o r  was c a l c u l a t e d  t h r o u g h  t h e  
u s e  o f  r e g i o n a l  l a b o r  r a t e s  a p p l i e d  t o  t h e  e s t i m a t e d  number o f  
man-hours r e q u i r e d  to  c o n s t r u c t  a n d  o p e r a t e  t h e  p l a n t .  In 
a d d i t i o n ,  d i g i t i z e d  s t a t e  b o u n d a r i e s  were u s e d  i n  o r d e r  t o  add  
s t a t e  income,  p r o p e r t y ,  and  f r a n c h i s e  t a x e s .  

C o m p o s i t e  cos t .  T h e  c o m p o s i t - e  cos t  i s s u e  f o r  t h e  r e g i o n  - 
o f  i n t e r e s t  ( F i g u r e  11) is  a sui . I lnat ion o f  t h e  f i v e  com- 
p o n e n t  costs d e s c r i b e d  a b o v e .  S i t e s  c l o s e s t  t o  t h e  O h i o  R i v e r  
a n d  e x i s t i n g  r a i l r o a d s  g e n e r a l l y  f a r e d  b e s t  i n  t h e  cos t  
a n a l y s i s .  

3 .4  C o n p o s i t e  S i t e  S u i t a b i l i t y  

T h e  t h r e e  s i t i n g  i s s u e  maps  ( e n v i r o n m e n t a l  s u i t a b i l i t y ,  
c u l t u r a l  s u i t a b i l i t y ,  and  c a p i t a l / o p e r a t i n g  c o s t s )  c o n t a i n e d  
d i f f e r e n t  u n i t s  used  i n  m e a s u r i n g  s u i t b b i l i t y .  The f i r s t  t w o  
i s s u e s  were  c l a s s i f i e d  on  a 1 t o  5 o r d i n a l  r a t i n g  sca le ,  w h i l e  
p l a n t  c o s t  was e x p r e s s e d  i n  m i l l i o n s  o f  d o l l a r s  p e r  y e a r .  To 
c o m b i n e  t h r e e  n a p s  w h i c h  c o n t a i n e d  i n c o m p a t i b l e  s c a l e s  o f  
m e a s u r e m e n t  r e q u i r e d  t h e  e m p l o y m e n t  of  a n  i s s u e  w e i g h t i n g  
scheme and a  map o v e r l a y  t e c h - ~ i q u e  ( F i g u r e  1 2 ) .  
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T h e  a n a l y s i s  s t r a t e g y  d i c t a t e d  t h a t  e a c h  i s s u e  o f  c a n c e r n  
would b e  a s s i g n e d  a  w e i g h t  r e f l e c t i n g  t h a t  i ssue 's  r e l a t i v e  
i m p o r t a n c e  i n  t h e  o v e r a l l  s i t i n g  d e c i s i o n .  T h i s  is o f t e n  t h e  
l e a s t  o b j e c t i v e  p a r t  o f  a n y  s i t i n g  s t u d y  and  demands s p e c i a l  
c a re ,  s i n c e  a p p l i c a t i o n  o f  s u c h  w e i g h t s  c a n  s i g n i f i c a n t l y  
a f f e c t  t h e  f i n a l  s i t i n g  s o l u t i o n .  The D e l p h i  t e c h n i q u e  h a s  
p r o v e d  t o  b e  a  s t r u c t u r e d  and r a t i o n a l  a p p r o a c h  t o  c r i t e r i a  
v a l u e - s e t t i n g  [ 3 ] .  A t y p i c a l  D e l p h i  s e s s i o n  b r i n g s  t o s e t h e r  a  
g r c u p  o f  i n d i v i d u a l s  who p o s s e s s  e i t h e r  s p e c i f i c  o r  g e n e r a l  
e x p e r t i s e  i n  t h e  t y p e  o f  s i t i n g  p r o b l e m  u n d e r  c o n s i d e r a t i o n .  
Through  a  d e t a i l e d  e x p l o r a t i o n  o f  t h e  s i t i n g  o b j e c t i v e s ,  t h e  
g r o u p  s e e k s  t o  a c h i e v e  a g e n e r a l  c o n c e n s u s  r e g a r d i n g  t h e  
r e l a t i v e  i m p o r t a n c e  o f  t h e  s i t i n g  i s s u e s .  

A D e l p h i  s e s s i o n  c o n d u c t e d  a s  p a r t  o f  t h e  c o n v e r s i o n  p l a n t  
s i t i n g  s t u d y  y i e l d e d  t h e  f o l l o w i n g  w e i g h t s :  

E n v i r o n m e n t a l  s u i t a b i l i t y  . . . . . . 4.4 
C u l t u r a l  s u i t a b i l i t y  . . . . . . . . 1.7  
C a p i t a l / o p e r a t i n g  c o s t s  . . . . . . . 3 . 9  

The o v e r l a y  f u n c t i o n  o f  GIMS n o r m a l i z e s  t h e  i n d i v i d c a l  s c a l e s  
o f  i s s u e  m a p s ,  a p p l i e s  w e i g l ~ t s  a n d  s u m s  t h e  w e i g h t e d  m a p s  
t o g e t h e r .  The r e s u l t  o f  t h e  o v e r l a y  ( F i g u r e  1 3 )  is a f i n a l  
s i t e  s u i t a b i l i t y  s u r f a c e  f rom which  p r o m i s i n g  s i t i n g  a r e a s  may 
be s e l e c t e d  a n d  a n a l y z e d  i n  f u r t h e r  d e t p i l .  L i g h t e r  s h a d e s  
i n d i c a t e  t h o s e  a r e a s  mos t  s u i t a b l e  f o r  p l a n t  l o c a t i o n .  

CO?JPOSITE 
SITE SUITABILITY 

Figure 13 
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4 .  SUMMARY AND CONCLUSIONS 

B a s e d  o n  t h c  i s s u e  m a p s  a n d  t h e  f i n a l  s u i t a b i l i t y  s u r f a c e  
c r e a t e d  i n  t h i s  s t u d y ,  t h e  c l i e n t  was a b l e  to  make a r a t i o n a l  
a n d  i n f o r m e d  s e l e c t i o n  o f  p r o m i s i n g  s i t i n g  a r e a s  f o r  i t s  
p r o p o s e d  c o a l  c o n v e r s i o n  p l a n t .  T h e s e  s i t i n g  a r e a s  a r e  
c u r r e n t l y  t h e  o b j e c t  o f  d e t a i l e d  f i e l d  i n v e s t i g a t i o n s  which  
w i l l  f u r t h e r  n s r r o w  down t h e  f i n a l  s i t i n g  d e c i s i o n .  

T h i s  c a s e  s t u d y  i l l u s t r a t e s  t h e  v a l u e  o f  g e o g r a p h i c  inforrnz-  
t i o n  m a n a g c n c n t  s y s t e m s  i n  f i n d i n g  a c c e p t a b l e  s i t e s  f o r  
s y n f u e l s  p l a n t s  a n d  o t h e r  i n d u s t r i a l  f a c i l i t i e s .  T h e  qsc 
of GIMS i n  t h i s  a n a l y s i s  p r o v i d e d  s e v e r a l  o b v i o u s  a d v a n t a g e s  
o v e r  t r a d i t i o n a l  manual  s i t e  s e l e c t i o n  methods .  Aaong t h e s e  
a d v a n t a g e s  were: 

1. The s t o r a g e  and  e f f i c i e n t  n a n a g e n c n t  o f  l a r g e  amounts  
o f  d a t a .  

2 .  A v e r i f i a b l e  and  f u l l y  d o c u n e n t c d ' a n a l y s i s  s t r a t e g y  
( e s p e c i a l l y  i m p o r t a n t  when r e s p o n d i n g  t o  f e d e r a l ,  
s t a t e ,  and  l o c a l  env i ronr . l en ta1  s t a n d a r d s ) .  

3 .  T h e  a b i l i t y  t o  c o n d u c t  a  m u l t i - o b j e c t i v e  a n a l y s i s  
w h i c h  a c c o m m o d a t e d  s e v e r a l  i n d e p e n d e n t  a n d  o f t e n  
c o n f l i c t i n g  s i t i n g  c r i t e r i a .  

4 .  F l e x i b i l i t y  t o  c h a n g e  c o s t  a s s u n p t i o n s ,  market o r  
c o a l  s o u r c e  l o c a t i o n s ,  and  i s s u e  w e i g h t s  i n  r e s n o n s c  
t o  c h a n g e s  i n  e c o n o n i c  o r  r e g u l a t o r y  c o n d i t i o n s .  

5. Q u a n t i t a t i v e  and  r ~ a l i s t i c  c o s t  e s t i m a t e s  w h i c h  n o t  
o n l y  a s s i s t  i n  s i t e  selection, b u t  g i v e  t i l e  c l i e n t  
t h e  c a p a c i t y  t o  e v a l u a t e  f i n a n c i a l  r e q u i r e m e n t s  of a 
p r o j e c t  and compare  a 1  t e r n a t c  n o d e s  o f  t r a n s p o r t  and  
t e c h n o l o g y  . 

6.  T h e  a b i l i t y  t o  o p t i m i z e  m a r k e t i n g  s t r a t e g i e s  b y  
c h a n g i n g  t h e  l o c a t i o n s  of assumecl s y n f u e l s  ~ t a r k c t s  
and v a r y i n g  t h e  p r i c e s  o b t a i n e d  f o r  t h e  p r o d u c t  a t  
e a c h  m a r k e t ,  

I n  o r d e r  f o r  s y n f u e l s  c o n v e r s i o n  1 ) l a n t s  to  b c c o n e  e c o n o n i c a l l y  
f e a s i b l e  and  t h e r e f o r e  r e g a i n  a  p r o m i n e n t  p l a c e  i n  U . S .  e n e r g y  
p o l i c y ,  sites w i l l  h a v c  to  h c  c h o s e n  w i t h  e x t r c m c  c a r e .  The 
cnorf,:ous i n v c s t m c n t s  r e q u i r e d  f r o n  b o t n  government  a n d  p r i v a t e  
i n d u s t r y  w i l l  d e ~ l a n d  t h e  type of d e c i s i o n  t o o l s  t h a t  c o n p u t e r -  
b a s c d  g e o g r a p h i c  n a n a g c n c n t  s y s t c n s  c a n  p r o v i d e .  
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The primary goa l  of t he  Of f i ce  of Sur face  Mining (OSM) is t o  " c r ea t e  a  
nat ionwide program t o  p r o t e c t  t h e  environment and s o c i e t y  from t h e  
adverse  e f f e c t s  of s u r f a c e  c o a l  mining ope ra t i ons ,  wh i l e  ensur ing  an  
adequate  supply of  coa l  t o  meet t he    at ion's energy needs." I n  t h i s  
regard ,  t h e  OSM d i r e c t s  i ts e f f o r t s  toward two major programs; t he  
enforcement of environmental r u l e s  f o r  a c t i v e  s u r f a c e  c o a l  mining 
and r e c l a m a t i ~ n  ope ra t i ons ,  and t he  implementation of a  major abandoned 
mine l and  rec lamat ion  program. 

Major o b j e c t i v e s  of t h e  OSM program inc lude  e s t a b l i s h i n g  minimum n a t i o n a l  
s t a d a r d s  f o r  r e g u l a t i n g  t h e  s u r f a c e  e f f e c t s  cf coa l  mining, a s s i s t i n g  
t h e  S t a t e s  i n  developing and implementing t h e l r  regulatory program, and 
promoting t h e  rec lamat ion  of abandoned mine a r ea s .  Remote sens ing  and 
s p c c i a l  s t u d i e s  play an  important  combined r o l e  i n  t he se  r e s p o n s i b i l i t i e s .  
Also, t h e  a b i l i t y  t o  inventory,  monitor,  and quan t i fy  p r e sen t  mining 
a c t i v i t y  ant1 abandoned c o a l  s u r f a c e  mine problems a r e  being eva lua ted  
thzough t h e  u se  of va r ious  remote sens ing  techniques and p l a t i o ~ m s .  

The s p e c i a l  s t u d i e s  o r  appl ied  research  program a t  OSM is d iv idcd  i n t o  
fou r  ca t ego r i e s :  geo technica l  compliance w i th  t h e  law and t h e  r u l e s ,  
rec lamat ion  of a f f e c t e d  l ands ,  e co log i ca l  i n v e s t i g a t i o n s ,  and cnviron- 
mental  monitor ing.  The o b j e c t i v e s  of t he  p r o j c c t s  under t h i s  program 
a r e  to: p rovide  t he  r e sea rch  d i r e c t i o n , i d e n t i f y  t h e  OSM needs, suppor t  
t h e  r u l e s ,  and impzove mining methods and techniques.  

The environmental monitor ing a r e a  inc ludes  t he  use  of remote sens ing  
and supplementary d a t a  t o  a s s i s t  OSM i n  i t s  mission.  Throughout t h i s  
e f f o r t ,  remote sens ing  d a t a  a r e  being eva lua ted  a s  OSM is  involved w i th  
p r o j e c t s  such a s :  (1) Low a l t i t u d c  a e r i a l  photo reconnaissance coveragc 
t o  issist in spec t i on  and eniorccmcnt through t h e  examir.ation of mine 
r e l a t e d  f e a t u r e s  f o r  permit compliance wi th  t h e  i n t e r im  r u l e s  i n  t he  
Appalachian S t a t e s ,  (2)  Yearly co lo r  a e r i a l  rlhotography f o r  eva lua t i on  
of a l l u v i a l  v a l l e y  f l o o r  assessment ,  mining impact, and mine plan review 
f o r  over  200 i ics tc rn  U.S. mine s i t e s ,  (3 )  Imagery eva lua t i on  and d i g i t a l  
t h c m a l  d a t a  r e l a t e d  t o  abandoned deep mine f i r e s  and waste bank f i r e  
problems i n  Pcnnsylvania and Wyoming, ( 4 )  Low-altitude photo i n t e r p r c -  
t a t i o n  manual. of s u r f a c e  mining ope ra t i ons  f o r  S t a t e  and Federe l  
i n spec to r s ,  and, (5) Development of mine monitoring c a p a b i l i t y  u t i l i z i n g  
h igh  a l t i t u d e  a i r c r a f t  and Landsat d a t a  on westcrn mine s i t e s .  Also 
being s tud i ed  a r e  t he  n a t u r a l l y  occur r ing  i n c i d e n t s  which endanger 
pub l i c  h e a l t h ,  s a f e t y ,  general  we l f a r c  and property from the  adverse  
e f f c c t s  of s u r f a c e  and prev ious  underground c o a l  mining p r a c t i c e s .  
Kesul t s  and conc lus ions  f rum these  s t u d i e s  have s l ~ o w n  both t he  l i m i t a t i o n s  

a and u se fu lnes s  c i  a e r i a l ,  tllermal i n f r a r e d ,  d i g i t a l  and Landsnt d a t a  t o  
produce needed i n f o r m a t i o ~ ~  t o  a s s i s t  OSM i n  i t s  mission through app l i ed  
r c sea rch  s t u d i e s  and a n a l y s i s  from va r ious  multisLnge p la t form imagery. 
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REMOTE SENSING APPLICATIONS TO THE PENNSYLVANIA 
ABANDONED MINE RECLAMATION PROGRAM 

Ernest Clemens and Larry Warnick 
Earth Sa t e l l  i t e  Corporation 

7222 47th S t r ee t  
Chevy Chase, Mary1 and 2081 5 

ABSTRACT 

The recently completed Pennsylvania Abandoned Mine Land Inventory demonstrated 
the e f fec t ive  use of remote sensing techniques within the context of the Surface 
Mining Control and Reclamation Act of 1977. The inventory combined dqta froin 
f i e l d  work, a l i t e r a t u r e  search, and photointerpretation to  f u l f i l l  bath S ta te  
and Federal requirements. A primary project objective was t o  accurately ident i fy  
and map a l l  surface features and disturbances from abandoned surface and under- 
ground mining. Black-and-white aer ia l  photographs were used to record p i t s ,  
contour benches, highwalls, spoil material ,  graded and recontoured areas,  impounded 
water, and serious erosion and s l ide  prone areas. In addit ion,  vegetation cover 
estimates and surroundiny land uses were noted. The inventory data base provides 
Pennsylvania with a valuable resource management tool tha t  should k systematic- 
al ly  updated. The u t i l i z a t i on  of remotely sensed data from FPOT o r  Landsat-0 
sa te l  1 i t e s  may prove valuable in the anticipated updating and monitoring of the 
Pennsylvania AML Inventory over the next several years. 

INTRODUCTION 

Coal has been mined in Pennsylvania since about 1760, with peak production 
of both anthraci te  and bituminous coal occurring during World War I .  Although 
production has tapered since tha t  time, Pennsylvania s t i l l  rank; as the fourth 
l a rges t  individual s t a t e  producer. One resu l t  of two centuries of mining ac t i v i t y  
i s  envi ron~nentdl degradation on nearly 200,000 acres of land. Hi s tor icdl  ly ,  
coal mines in Pennsylvania were cot subject to s t r i c t  environ!nental regulations. 
As in other s t a t e s ,  i t  was cornlnon practice to simply abandon a mine conlplex when 
extract ion was no longer profitable.  I n  many instances,  these abandoned mine 
lands (At-IL), have seriously degraded the silrroilnding er,vi~.on~nent or created 
health anti safety hazards for  nearby residents.  These environmental and safety 



problems include, but a r e  not res t r i c ted  to open shaf ts  and por ta ls ,  surface and 
underground f i r e s ,  subsidence, abandoned f a c i l i t i e s ,  acid drainage, erosion and 
sedimentation, highwall s ,  and flooded p i t s .  

The f i r s t  comprehensive inventcry of these problems and features i n  Penn- 
sylvania i s  scheduled f c r  completion i n  1982. This project ,  possibly the l a rges t  
t o  date in the United S ta tes ,  was authorized by the Surface Mine Control and 
Reclamation Act of 19'7 (P.L. 95-87) [ I ]  and designed f c r  consistency with the 
Pennsylvania Reclamation Program [2]  t h a t  has been ongoing s ince  1968. The 
objectives of t h i s  inventory a re  discussed within the context of both the federal 
and s t a t e  program goals,  with par t icular  emphasis directed toward data col lect ion 
methods re la t ive  to those goals. In addit ion,  the potential u t i l i t y  of data 
from SPOT and Lsndsat-4 s a t e l l i t e s  i n  the anticipated data base revision procedures 
is  considered. 

INVENTORY OR JECTIVES 

T i t l e  IV of P.L. 95-87 established a national program, administered by the 
Office of Surface Mining (OSM), to  promote the reclanlation of lands mined pr ior  
t o  August of 1977. Lands to  be considered in the program are  those tha t  were 
inadequately reclaimed and continue to "substantial l y  degrade the qua1 i ty of  the 
environment, prevent o r  damage the beneficial use of land or  water resources, o r  
endanger the health o r  safety of the public." A systematic, standardized 
national inventory of A1YL problerns was the obvious f i r s t  s tep for  OSf4 in carry- 
ing out t h i s  proyran;. 

The OSN inventory and ensuing progrdm are  c lear ly  oriented to  the  iden t i f i ca t ion  
and res torat ion of specif ical  ly defined ACIL health and safety problems. This 
or ienta t ion i s  consistent with the f i r s t  two Reclamation Fund p r i o r i t i e s  as  
specified in T i t l e  IV. These include problenis tha t  1 )  a r e  extremely dangerous, 
and 2) adversely a f f ec t  pub1 i c  health, safe ty ,  and we1 fare .  I t  was recognized 
by OSll t ha t  funds were not available to ident i fy  every slrrface disturbance from 
past mining. Consequently, problenls of l esse r  importance were not act ively  
sought by the OSN llational Inventory. Oak Ridge National Laboratory (ORNL) was 
contracted by OStl to develop a standardized methodology fo r  the national inventory. 
From th i s  e f f o r t ,  a labor intensive f i e ld  survey of MIL problems tha t  adversely 
a f f e c t  the health,  sa fe ty ,  and welfare o f  local populations was deemed to be the 
most appropriate mode of data col lection.  Remote sensing applications to  the 
national inventory were evaluated and di missed ,  since feature  iden t i f i ca t ion  
was not an objective [3]. 

However, the ident i f icat ion and doculnentdtion of a1 1 AML features  is consistent 
with the objectives of the Pennsylvania Reclanlation Program. One reason fo r  
t h i s  i s  the keen public awareness in Pennsylvania of a l l  types of AYL problems. 
This awareness i s  responsible fo r  several S t a t e  laws, a l l  predating P.L.  95-87, 
which authorize S t a t e  agencies to  fund four specif ic  categories of reclamation/ 
aba terncnt projects. These included: aba tenent of nine dranage; ext ingui shrnent 
of burning refuse banks within pubiic ownership; extinguishment/control of deep 
mine f i r e s ;  and control of surface subsidence. 

The difference in S t a t e  and Federal objectives i s  s ign i f ican t  when the 
objectives of the inventory a re  translated into  methodology and scope. 0Sf.I f e l t  
tha t  the inventot-y should target  R'IL problems which were speci f icdl ly  responsible 
'or adverse e f fec t s  t o  the heal t b ,  s a fe ty ,  and general welfdre of local popu- 

m a  t ion s .  Since limited federal ~nonies were available,  only the most serious 
p rob le l :~~  were to be documented and pr ior i t ized for recl arnatior~ funding consid- 
era t ion.  The S t a t e  l i k e \ ~ i s e  fel t t h d t  hazardous problerns should be given high 
recl drna t ion pr io r i ty  , b u t  a1 so fcl t t h d t  non-hazardous AE-IL-rela ted environ~nental 



problems should a lso  be ident i f ied.  The S t a t e  determined t ha t  the nost cost- 
e f fec t ive  mode of data col lect ion to  meet tha t  objective was an intensive ae r ia l  
surrey. That determination i s  consistent with the  findings of Nroczynski and 
Weismil l e r  [4] t h a t  aer ia l  photo analysis is a cost-effective tool i n  the operation 
of a s t a t e  reclamation program. 

A cunpromise ~ethodology was eventtially agreed upon t ha t  incorporated k2y 
elements of both programs. i n  January 1981, Earth S a t e l l i t e  Corporation (EarthSat) 
along with SMC-Martin as  principal subcontractor, was contracted by the Pennsylvania 
Department of Enviromental Resour.ces (DER) to  develsp an AML inventory of 
Pennsyl vani a fo r  incorpora t ion into  the Ha tional Progrzm. The s ~ e c i  f i c  objectives 
of  the inventory viere to: 1 )  scrvey the overall environvental e f f ec t s  of past  
mining operations; and 2 )  generate an information base fro11 h i c h  future  accanpl ish- 
ments can be measured for  OSM, and also fo r  use i n  programs i n i t i a t ed  by DER. 
EarthSa t pcrfotmed three  separate data co? lect ion tasks to  meet the objectives,  
including f i e l d ,  a e r i a l ,  and l i t e r a t u r e  surveys. In combination, these data 
s e t s  effect ively  merged the ongoing CER program in to  the more recent and narrowly 
defined OSM proy ram. 

METHODOLOGY AND RESULTS 

The three data col lect ion tasks were accomplished systematically i n  a two- 
par t  program. Part A was a docu~nentaiion of exis t ing technical infomation 
cmpiled under the auspices of D E R ,  while Part B consisted primarily of concurrent e ie ld  and aer ia l  surveys with 1 imi ted input from 1 i t e ra tu re  reviews. T~ge the r ,  
the three data sources sa t i s f i ed  h t h  human and environmentdl concerns of the 
Federal and S ta te  governments, respective'ly. 

Throughout a l l  phases of the project ,  AYL data \ras recorded on Problem Area 
Data Fonns (PADAFO's). lhese two-part fonns were designed by EarthSat to  specifi-  
cal l y  address the da t~ requirments of both OSM and DEP.. Each fonn includes a 
"keyword" 1 i s t  of health,  safe ty ,  and \.re1 fa re  problems developed by OSM to  meet 
the national proyraln objectives,  in addi t ic~n to a D E R  "Problem Code" l i s t  of a l l  
AML features.  The keyword l i s t  i s  comprised of 16 problems t h a t  denote an 
element of public impact, while the 13 ccnnp~nent Problem Code l i s t  a1 :ow5 f o r  
the ident i f icat ion and physical assessment of a1 1 AML features ,  regardless of 
public impact a t  the time of the inventory. 

Part A of the Pennsylvania Abandoned lline Lands Inventory involved an 
extensive 1 i tera ture  search. Data coinpiled by the Comrrl~nweal t h ' s  Division of 
lline Reclarnation provided a wealth of infonnation in the form of f i l e s  and 
reports.  Investigators were able t o  ident i fy  potential h2a1 t h ,  sa fe ty ,  and 
we1 f a r e  problems fran a col lection of approximately 1,500 pub1 i c  complaint 
repor ts ,  known as ir~quiry f i l e s ,  as well as environmental data from a se r ies  cf 
engineering studies en t i  t lcd  Scarl i f t  Reports. 

The inquiry f i l e  system was a major data source in the i n i t i a l  e f fo r t  to  
locate  hazardous Af4L problems. Each f i l e  contained the complaint report and a 
s i t e  assessment, with reclamation or  aba tment  a1 terndtives recml:w~~ded where 
appropriate,  fran a D E R  Dis t r ic t  /.line Inspector. Infonnation extracted from 
these f i l e s  in Part A was recorded for  use duriny the f i e ld  survey in Part B. 
Scarl i f  t Reports a re  a col lection of sixty-seven watershed and sub-\/atel-shcd 

tudics coveri~ig near'ly a l l  coal producing areas within the Sta te .  The reports,  
.)completed between 1969 and 1978 by various consul t i n g  engineers, were the 

primary sources of acid mine discharge infonnation reccrded into  the data base 
during Part  A. 



Part B was conducted i n  two phases i n  consideration of Cornonwealth and 
Federal requirements. Concurrent twelve-month fie1 d and photo interpretation 
ef for ts  identified heal t h ,  safety, and environment degradation problems. The 
f ie ld  ef for t  was conducted according to the standarized OSM methodology. .Working 
i n  three, five-person team, f ield persoonel were able to locate, identify, and 
review health, safety, and general we1 fare problems throughout Pennsylvania. 
Problems not identified in the l i te ra ture  search turned up in conversations w i t h  
s t a t e ,  county, and local off icials  knowledgeable of mine land problems. These 
off ic ia ls  included DER mine insproctors, SCS personnel, county health and tax 
off ic ia ls ,  and township planners, supervisors, and mayors. Firmen, rescue 
workers, and "old tiners" also proved to k valuable sources. S i t e  investigators 
explored the nature of reported problems and an appropriate cause-and-effect 
impact analysis k:as recorded on the PADAFO i f  a hazardous s i k a t i o n  was present. 
These problems were delineated on 1 :21,000 scale topographic f ield maps and 
corresponded to descriptions on the data form. In many instances, the s i t e  
investigators determined that no written impact assessnent was called for;  the 
nature of the problem did not appear to pose a threat to the health, safety, and 
general welfare of the surrounding population. In these cases, the physical 
characteristics of the s i t e  were recorded on the nap to be used as collateral 
data i n  the airphoto interpretation effort .  In addition to impact assessments, 
f ie ld  investigators also conducted ground truth v i s i t s  to an estimated 802 of 
the mine s i t e s  i n  Pennsylvania. Features which could be identified on the 
ground were delineated on the paper topographic f ie ld  map. Invsstigators recorded 
percent and type of vegetative cover, height, length and condition of highwall, 
soil  development, and mine water discharae parameters. The delineations of 
thcst? AML features vere l a t e r  incorporated into PADAFOS and maps &iring the 
airphoto interpretation segment of Part B. 

The aerial survey ef for t  was the final phase of Part B data collection. 
This appl ica tion of funddmental a i  rphoto interpretation techniques to ident'i fy 
and del ineate N4L surfdce features resulted in several imwrtant benefits to  
both the data base and the Commonwealth. These included: 1)  identification of 
nearly a1 1 of the surface expressions of past mining ac t iv i t ies  that trerc abandoned 
prior to August 1977; 2 )  accurate map delineation of these features plus those 
problems identified during the field survey; and 3 )  significant inventory cost 
savings. 

I t  was estimated by EarthSat and other sources that the cost of assembling 
the current data Lase while using the field survey as the sole approach, would 
have increased the inventory c o n t r x t  value by as much as eight fold. That 
estimate was based or! a comparison of the cost per PADAFO ra t io  9f several 
Appalachian regiun inventories that utilized no aerial survey with the cost per 
PADAFO r a t io  of the Pennsylvania Inventory. 

Ai rphoto coverage of most of Pennsylvania's coal regions was available 
through the U.S. Geological Survey. This photography, obtained in 1977 and 
1978, was optimal since the project was initiated to identify lands abandoned 
prior to F.L. 95-87 (August 1977). Two areas which lacked suitable photo coverage 
were flown as part of the program, The black-and-khite 1:80,000 scale photography 
proved adequate to del ineate accurately most of the surface mine features defined 
by the State problem codes. The necessary quality control was assured by f ield 
observations. Acreage, highwall length and height, and volumetric estimates 
were computed during this phase and recorded in tabular form on the PADAFO. 
Addi ticnal descriptive information regarding highwall condition, vegetation 
cover, and relation to other surface features was also recorded. 
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As written descriptions were recorded on PADAFO ' s ,  corresponding s i t e  
feature del ineations ?;ere made on stable-base map overlays. To ensure the 
accuracy of the cmpleted draft  product, a sandwich of quad-centered photo 
enlargement, s table-hse topographic map, and o \ i e r l~y  material was made. The 
overlay was attachcd to the quad and the two were iocal ly registered to the 
photo base. Features identified using the corresponding stereo aerial photographs 
were thus easily and accurately drafted onto the base map overlay via the inter- 
mediary photo en1 ar'gemcnt. 

The statewide results of the inventory have been tabulated by Problem Code 
with appropriate acreage or number figures, and are presented en Table 1. The 
magnitude of the inventory i s  indicated by the total ntrmbc-rs of PADAFO's, keyword 
problems, features, and disturbed acreag2 that were recorded and mapped. More 
detailed subdivisions of the preliminary data are not presented here because the 
draf t  data base i s  under review by both OSlil and D E R  a t  the time of publication. 

TABLE 1. Preliminary Data Results 

PROB LEI! CODE 

1. Abandoned St r ip  mine (Dry) 
2. Abandoned St r ip  Mine (Flooded) 
3. Open Shafts or Entries 
4. Abandoned Refuse Piles (Burning) 
5. Abandoned Refuse Piles (Not Burning) 
6. Underground Mine Fires 
7. Underground I-line (El iminated from Inventory) 
8. Subsidence Prone Areas (Known) 
9. Subsidence Prone Areas (Suspected) . 
10. Abandoned Coal Processing Sett l  ing Basins 
11. Abandoned Structures 
12. Erosion Prone Areas (Due to AML) 
13. Slide Areas (Due to A14L) 
14. Reported AIlD Discharges 

ACREAGE IiUMBER 

71 906 
5932 

31 81 
556 

98028 
1791 - - 
5633 

13295 
1035 

, 162 
1371 

45 
4593 

Total Disturbed Acreage 199792 

Total Number of Health, Safety, and Uelfare 
Keyword Problems 2236 

Total Number of NIL Features 2497 7 

Total Number of PADAFOS 5274 

Cartographic, photographic, and data processing technicians made final 
deliverable products from criginal draft  overlays and data forms. Working with 
the draft  map overlay, cartographers produced inked and labeled camera-ready 
products to be reproduced as seven clearfilm overlay copies to each of 452 quad 
sheets. In addition, one inventory overlay conposi ted with i t s  screened topobase 
will be produced for each quad .  Problem Arcs Data Forms were transcribed to 
computer tape by data processing personnel. Fro:al this f i l e ,  AtlL d a t a  can be 
accessed in a variety of formats which, when used in conjunction with the naps, 
provides an operational data base for AIlL reclamation decisions. 



REMOTE SENSING APPLICATIONS FOR DATA BASE UPDATING 

Under a third part of the contract, EarthSat will develop a total data 
manageme~t system by which the State can upciatt? i t s  data base. In i t ia l ly  the 
State will be provided with the data 05tainc.d znd recorded on cw,puter tape in 
Part B. The tapes will be delivered in a farm compatible with the ex'sting 
computer system currently being used by the State. An updating procedure will 
be developed t o  provide necessary instructions and guidance to the State regard- 
i n g  the input of additional infonatioa.  kt the cmfipletion OF the project, DER 
will be sel f-sufficient operators of the data nanagen:ent system. 

Tt:e specific mix of revision proccdui-es i s  l ikely to te a modified extension 
of those incorporated in the inventory methodology. A key to the system will be 
f lexib i l i ty ,  since i t  i s  anticipated t h a t  several types of revisions will be 
necessary. These will include, but may not k restricted to: 1 )  newly discovered 
or reported AML hazards and environmental problems requiring additions to the 
data base; 2 )  funded recl amation/aba tement projects that once completed shall 
necessitate deletion of the original problems from the data; 3 )  the elimination 
of AI4L problems through current mining act ivi ty that will require the deletion 
of data; and 4 )  l i terature source data, such as 8cid ~ a t e r  discharge information, 
that was unverified in Parts A o r  B that  may require revision or deletion from 
the data h s e .  

Each of these types s f  revisions will require the collection of both accurate 
and timely data, a s  \<ell as an appropriate methhd o f  transferring this infomation 
to  the data h s e .  New high resoluticr. zatel l i  t e  system such as SPOT or Landsat-4 
nay prove to be valuable tools in the revisiba nethodology. The use of s a t e l l i t e  
aquired data may faci 1 i ta te  selected and narrowly def i n e h s p e c t s  of data 
col leciion and transfer, t o  include: 1 ) identification of current mining and 
reclamatior~ act ivi t ies;  2 )  accurate data transfer to the existing map Sase; and 
3) reclamation project moni toring. 

Several investigations have determined that Landsat-1, 2, and 3 were of 
marginal value for detailed surface mine inventory and reclamation monitoring 
purposes. Russell (1977) concluded that f4SS data \gas of l i t t l e  use in the 
implementation and enforcement of the Pennsylvania Surface Mining Conservation 
and  Reclamation Act because of poor resolution, data acquisition time delays, 
and costs [5]. Mamula, Jr.  (1978), concluded that I 6 S  imagery was valuable for 
the identificdtion of surface mine features only hj~en closely monitored and 
verified by ground truth and aerial photography [ 6 ] .  The overall conclusion 
from these investigations i s  t h a t  the limitations of the Landsat-1, 2, and 3 
imagery were exceeded in attempts to perform the detailed surface mine feature 
moni toriny ittat i s  relavent to current s tate  arld federal regulations. 

However, imagery fro1-n the new and advanced SPOT or Landsat-4 sate1 l i t e  
systems [nay be we1 1 suited for spcci f ical ly defined needs of the Al4L inventory 
updating procedures. The data requirenents, such as the need for an accurate 
means of map d a t a  transfer,  a re  not likely to exceed the upgraded capabilities 
of ei ther  the :POT High Resolution Visible ( H R V )  instrument or the Landsat-4 
Thematic ilapper. The 10 and 30 metre spatial resolution of the H R V  SPOT and the 
Thematic Xapper, coupled with the availability o f  this  data on an on-demand or 
as  needca blsis  make these systems appear to k desirable cornponents or' the AtlL 
inver~tory updating [7,8]. Both systems are  sclieduled for ful l  operaticnal 
status by early ,1985 a t  which time the inlagery wil l becme available comer- 
cia1 ly. 



CONCLUS ION 

The Pennsylvania AML Inventory, authorized by Ti t l e  I V  of P.L. 95-87, Is 
scheduled fo r  completion i n  1982. Differences in S t a t e  and Federal recl amat!o~ 
program objectives rest11 ted in a comprcxni se inventory methodology t ha t  included 
l i t e r a t u r e ,  f i e l d ,  and aer ia l  surveys. The incorfloratfon of fundamental ae r ia l  
survey techniques in the methodoloyy proved to k an e f f i c i e n t  and cost -effect ive  
approach to  help s a t i s f y  the total  AlvtL data needs of Pennsylvania. Benefits t o  
the S t a t e  resul ting f ran  the appl ica tion of remote sensing techniques include: 

A more accurate and ~n i fo rm  map base ' A nearly complete 44L data base 
Signi f icdnt inventory cost  savings 

Future applications of hiyh resolution sate1 1i  te  inagery from SPOT o r  
Landsat-4, i f  used appropriately, a re  expected to  aid the S t a t e  in maintaining 
the data base in a stmilar cos t  e f fec t ive  mmner. 
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1. ABSTRACT 

The d e n a d  f c r  iocroacod enorgy product ion i n  this country h a s  
prompted a groa tor  dependence upon su r f ace  n in ing  f o r  c o d  t o  n c e t  
tho  groning noeds. S w f a c o  o r  n t r l p  ~ i n i n g  i c  a coanon nsthod of 
n i n e r d l  o x t r c c t i o n  p ~ t i c u l ~ l y  popular i n  Cent ra l  nnd S o u t h c c ~ t o r n  
Ohio. I f  app ropr i a t e  necouron a r e  c o t  t&on t o  cond i t i on  tilo l m d  
f o r  r c v e ~ a t a t i o n ,  t he  e f f e c t s  o f  r t r i p  n i n i n g  can bc oxtacnolg do- 
v a s t a t i n g  t o  t he  onvi roment .  An e f f e c t i v e  n o n i t o r l a g  G Y G ~ C ~  i s  
e o s e n t i a l  t o  obsorvo the  procsoes of  t ho  rcc lcs ie t ion  procono. 

Using LANDSAT s c t o l l i t o  inagcry,  tho  r e c l c a a t l o n  proceG6 can be 
s tud lod  on a temporal and contFnuing b a ~ l n ~  Not only can tho  pro- 
grosa  o f  r e c l c n a t i o n  be r e c d i l y  noni torod,  but olno o broakdow i n  
tho  n i n i n g  r e c l a n t i o n  process  can be detected.  

I n  v i ea ing  reclamation,  i t  i s  l a p o r t a n t  t o  non l to r  t h c  nined 
s i t e  wel l  p a s t  i n i t i a l  revogotnt ion s tages.  if;ith p re sen t  mining 
laws and bonding procedureo, f a n t  r evege ta t ionu l  p o w t h  i s  oncow- 
aged, o f t e n  l end ing  t o  poor o o i l  f e r t i l i z i c g  and i n a p p r o p r i a t e  eta- 
b i l l z i n g  cpociee. Ao a r e o a l t ,  the  i n i t i d  rec lcmat ion  m a y  e x h i b i t  
good q u a l i t l e a  f o r  one o r  t r o  yea r s  but thon nay erper ionce  vcge- 
t a t i o n d l  d o t e r i o r n t i o n  a f t e r  tho c t a t o  has r o l i n q u i ~ h o d  tho  mining 
company f ron  i t g o  rcoponoib i l i ty .  I t  i s  t h i o  ana l l -ocde  brod:dotm 
i n  t h e  r s c l c a a t i o n  psoceco t h a t  wao de t ec tod  uoing an u n ~ u p e r v i s e d  
c l a e s i f i c a t i o n  technique u l t h  eight-year  temporal LAtiDSAT imagery 
coverage. 

2. INTRODUCTION 

With tho  ever  r i n i n g  demand f o r  occrgy i n  tho United S t a t e s ,  
t h e  increaoed  e x p l o i t a t i o n  of  r e t r i e v a b l e  c o a l  rcnources  hcc bocoms 
n major objoct lvo.  Energy consumption cont lnueo t o  grow each y a m  
by l a r g e  measures as nore  domando a r e  placed upon energy roeources.  



C o d  r o p r ~ ~ e n t s  n valuable  energy reucrvcl f o r  vh ich  c u r r e n t  
t a c h n o l o g i c d  advances hare  h o o t e d  i t s  a v u i l n l i l i t y .  Frcoent  
mining techniques o ~ p h a s i z a  tho noe t  e f f i c i ~ n t  ond c o o t  e f f c c t i v o  
method6 of  mineral  a r t r n c t i o n  zh ich ,  i n  the Enztezn Unitcd Sta tos ,  
l o  t h a t  o f  our face  aining.  Approzinntolg one n i l l i o n  hac t rxca  o f  
land havn boon d io turbed  by o t r i p  n i n i n , ~  for coel ,  t d t h  pronounced 
devnotot.ion t o  tho  cnv i ronmo~t  urilcne concerned e f f o r t s  m e  talcon 
t o  r o o t o r e  tho land. 

Reclanat ion of  s u r f a c e  ninod l c n d s  o n t a i l s  nevcral t c c o t s  auch 
as grading,  revogetn t ion ,  aedirnootntion a d  eroaion c o n t r o l ,  2nd 
aba tenent  o f  a c i d  n ine  drainago. Although each I s  .a i n p o r t c u t  as- 
pec t  o f  t h e  r e c l a n a t i o n  procoao an a whole, tho  otnge i nvo lv ing  ro-  
v o g o t ~ t i o n  vas tho  c o n ~ t i t u e a t  exwninad i n  t h i ~  s tudy  f o r  d a t e r n i n i n g  
reclamation e f foc t ivonoas*  

Sinco  n o n i t o r i n g  r o c l m a t i o n  of  aur focs  ninod l a n d s  can bo both 
an oxponsive md timo c o n s u i n g  task ,  LNIDSAT d a t a  as a n o n i t o r i n g  
t o o l  ccn p lay  nn I n p o r t a n t  r o l e  iu d e t c m i n i n g  r o c l c 3 c t i o n  of f ic ioncy .  
The uae o f  LAtiDSAT for ~ur face  c i n e  nonLtoring hzc bean dcnonotrntod 
by n i so rouo  roso.wchors (Anderron st d., 1977; Bloclne~ o t  d., 1981; 
Wicr o t  do, 1973). 

The l l t o r a t u r c  provideti ouff ' icicnt evicfdnce t h a t  LLIJDSAT @an bs 
an o f f e c t i v o  t o o l  i n  c o n i t o r i n g  mining rnd t h o  roc l .ma t ion  procoono 
One of  t h e  nn jo r  b snof i tn  o f  LAIIDSAT d a t a  i u  tho a r d l c r b i l i t g  o f  
temporal coveragoc To t ehe  advantage of t h i s  a s p c c t t  t h i a  ~ t u d g  
a d d r o o s c ~  i t s o l f  t o  tho  f o a c i b i l i t y  of  a t o e s s i n g  t h u r c  arcas which 
hnvo been proviounly r c c l d s e d  a d  nay have exh ib i t ed  Bone dec l ino  
i n  t ho  rovogotat ion mquonce. Thio vill l e n d  t o  cn evc lua t ion  o f  
thoce =ece nhich m e  i n  nocd o f  f u r t h e r  r o c l m s t i o n  e f 3 o r t s  n f t o r  
tho  bonds hare been r e tu rned  t o  t ho  approprfa to  conpaniec - r a l o a c i n g  
them from f u r t h e r  rooponoibPlI t leo.  

3, THE STUDY AREA 

The rec lcmat ion  c f f o r t s  undertaken i n  Belnont County, Ohio nsrc 
choaen f o r  t h i o  atudy. The reg ion  inc lud ing  East-central Ohio has 
been a c i g n i f i c a n t  producer o f  bi tuninouo c o a l  s i n c ~  t h e  1R00'~o 
Belmont County hao boon a major c o n t r i b u t o r  t o  t h i n  ~ r o c ? a c t i o n  r;incs 
s t r i p  raining nan i n i l i a t c d  I n  tho county around 1910. Sovera l  l c y o r n  
of  c o a l  a r c  p re sen t  throughout t h e  couiity, eono of  nh ich  nro e x t r a c t -  
ed by daop nining. Moat o f  t he  c o d  howavcr, i s  ourfaco ninod us ing  
t h e  contour  aethod. I n  contour  mining, a bench l o  c u t  t o  o x p o ~ o  t h o  
c o a l  soam t h a t  cropn o u t  a long  a v d l e y .  Removal of t ho  overburdon 
i n t o  and mound tho  h i l l  con t inues  u n t i l  t h e  e a r t h  removal nakos 
f u r t h e r  n i n i n g  ocononical ly  unfeas ib le .  Tho opoi lc ,  rhicb, covor t h e  
Bean, exe dcposi tod 180 degrees  f ro=  t h o  bench, o f t e o  f i l l i n g  i n  tho  
ad jacen t  val loy.  Th i s  nethod o f  e a r t h  removal gro6ucea r o n s  of 
s p o i l  n n t o r i a l ,  c o n t r i b u t i n g  t o  t h e  furrowed c h a r a c t e r i o t i c a  fo l lon-  
i n g  r ec l ana t ion ,  
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The unroclainod a r e a  is cha rac t e r i cod  by a high call, which 
. narks t h e  last bench c u t  i n t o  t h e  h l l l n i d o ,  ad jaccnt  ~ p o i l  banlsoo 

j and o f t e n  mall  lokee  and nodinentnt iun ponds. Thlo l a  t h o  o o t t i n g  
3 r h o r e  r e c l s r n t i o n  nue t  begln. 
1 

Before t h e  r e c l o a a t i o n  proceao can begin, t he  a inod  l and  n u s t  
f i r s t  be conditioned i n  prcpnrn t ion  f o r  oogotation. Top s o i l  i 8  
roplaced  and t h e  t e r r d n  graacd. Reseeding o f ' t h 6  e r o a  ia acconp- 
l i s h o d  p r e d o n i n m t l y  by uaing hydrooeod~ro  which c r o  p0pt1I.m i n  t h e  
h i l l y  Appalachian reg ion  f o r  aooding a lopes  n o t  o n s i l y  n c c o c ~ i b l a  bg 
o t h e r  equipnant. Hgdrooeedero d i o t r i b u t e  mod,  f o r t i l i z o r ,  cad ~ u l c h  
which are mkod with water t o  forn a e l w r y  t h a t  cnu bo app l i cd  i n  a 
s i n g l o  paso over  t ho  e r e a  t o  bo roclained.  Seed conpos i t ion  v a r i o s  
s l i g h t l y  v l t h  reg ion  and n o i l  c h a r o c t e r l e t i c s .  Seeding a i x t u r e a  ra-  
connendod f o r  e r o s i o r  c o n t r o l  contn in  ono annual o r  c h o r t - l i r a d  per- 
r o n i d .  spocioo t h a t  qu ick ly  s s t n b l i ~ h e s  i n i t i a l  ground covor, a t  
l e a s t  one po r ron ia l  leguno, a d  one loag-l ivod p e r r @ n i c l  q c o o  f o r  
permanent rogo ta t ion  ccvor. Tho prosenco o f  p o r r c n i d  l o r n o o  i o  
eapeci t r l ly  i n p o r t a n t  becauoo l e g m o s  a r e  c i t r o g o n  f i x i n g  opecien, 
and thoix: c a t a b l i o l e c n t  i n  t h o  pcrncnont covor vegetation c l i o i n a t o a  
t h e  need f o r  r e f e r t i l i z e t i o n  a t  l a t e r  i n to rvd l s .  

4. DISCUSSION 

LANDSAT conputer compatible tapoo (CCTs) c o n t d n i n ~  l a t e  cunnar 
Gconoo o f  1973, 1976, 1939, and 1981 waro obta ined  f ron  I I M A  Goddard 
Spcco F l i g h t  Contor and EROS Data Centor. For oac l  Gcono, t h e  s tudy  
a r e a  Ens subsot  t o  i nc lude  P i ~ d a o n t  Ld;o and tho  stmroundiog n t r i p  
mining a c t i v i t i e o  a d j r c s n t  t o  I n t o r a t a t e  70 i n  Belnont County, Ohio. 
Thoso d a t a  s u b s e t s  were then t r ano fo r red  t.o 8 inch  floppy d i a c e  by 
t h e  E a r t h  Resonrcoa Data Analyois Synteas  ( E R D S )  tochniciann i n  
A t l an ta ,  Goorgia, f o r  une i n  tho  ERDAS 400 image p r o c o ~ c i n g  micro- 
conputer  system at t h e  Ronoto Sens ing  Centor of  Ohio Universi ty .  

4.2 R e c t i f i c a t i o n  

Each h a g o  =as g o o n e t r i c a l l y  r e c t i f i e d  t o  a Universal T r n n ~ v o r s e  
KercatoP (UTM) coordina te  nyaten no p o i n t s  of  n s p e c i f i c  goographic 
a r e a  could bo compared f o r  a l l  four  k a g e c .  To po r fo r s  t h i a  c o r r c c t -  
i on ,  f i v e  ground c o n t w l  po in t s ,  nhooo oxact  pos i t i on  could be loc-  
a t ed ,  were chooon a d  . ' lair UTPI  coordinate^ c iLcula ted  f ron  USGS 
7.5 n inu to  topographic naps. Using thooe f i v o  c o n t r o l  po in t s ,  t he  
ERDAS 400 computed a l i n o a r  t r m c f o r n a t i o n  iron the  nap coord inn te s  
t o  t h c  p i x e l  coo rd ina t e s  which ncro i d e n t i f i e d  by a c u r s o r c  Each 
c o n t r o l  po in t  was entorod one at a tine, f i r e t  n i t h  nap coordinates 
(x,y), and then  a l t h  t h e  p i x e l  coo rd ina t e s  corresponding t o  t h e  nnp 
point .  A f i n a l  e r r o r  t o l e r ance  o f  2.00 aas ~ p e c i f i o d  by tho  ronoarch- 
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. . 
e r  ba t  pix01 correspondence r e g i s t e r e d  t o  v i t h i n  cn o r r o r  o f  1.05 
o r  l o a s  f o r  a l l  four  r e c t i f i e d  hags~.  R e c t i f i c a t i o n  proccochd 
us ing  n e e r e s t  n s i g h b r  cd l cu la t iona ,  producing a rectified ou tpu t  
b n g o  with a 100 no to r  x 100 n e t o r  c e l l  aize. 

An unsuperviued c l a n o i i i c a t i o n  naR nppl icd  t o  tho  l o u r  gconotr i -  
c a l l y  r e c t i f i e d  LANDSAT incgco l nvo lv ine  an i n t c r a c t l v o  c l u c t o r i n ~  
a l g o r i t h n  (CLUSTR: ERDAS, 1982). The d a t a  suboeto vero c lna t e rod  
a i t h  parnnctoro ~ o t  f o r  15 c l n a t o r s  f o r  t h o  1973, 1976, and 1979 
d a t a  and 20 c l a s t e r o  f o r  t h o  1981 ioago; t vo  a tnndmd dev ia t ions  
about  each nean, and a nininun nonn d i a t m c e  of. noparat ion of  f ive.  
Thc catogory n o a s  and porcentags inderoe  s e r e  scvod md t scoeforsod  
t o  an D I G R I D  (gcogrnphfc i n f o r n a t i o n  oyotcn) f i l o ,  and t ho  r o o u l t i n g  
h a g o  acs c l a o s i f i c d  on t ho  basif3 of  ground t r u t h  i c f o m n t i o n .  
C lnoo i f i ca t fon  wau perfornod on each i n d i v i d ~ a l  c l u o t a r  by d icp lnying  
i t  on tte non i to r  i n  n con t r ac t ing  c o l o r  before  f i n a l  m o i t p a c n t  to 
n cover claoo. 

C l a ~ c i f i c n t i o n  of  ca togor i e s  f o r  t he  1973 end 1979 d a t a  ~ 3 . 0  
f a c i l i t a t o d  by h i ~ h - e l t i t o d o  co lo r  i n f r m a d  1:1j0,003 sccllo a c r i d  
photographs. T h o ~ e  wore enlcrgod and o p t i c a l l y  rcgiotcrcd t o  USGS 
7.5 n i n u t o  topographic qundrnngloo of  t h e  otady a r o a  t o  n acnlo  of  
1  : 24,000 by tho G o n e r d  Elcc t r i c  Photographic Laboratory iu Belto- 
v i l l c ,  Maryland. Black ' a d  whito 1:80,000 storcopairs voro a v a i l a b l e  
f o r  v e r i f i c a t i o n  i n  c l m o i f g i n g  t h e  1976 Fcage. Ground t r u t h  inforn-  
a t i o n  f o r  t ho  1981 acono was proaidod through oxtenoivo f i o l d  oboor- 
vat ion.  The 1981 d a t a  colncidoa with in  two dogo of  t h e  a c t u a l  f i o l d  
observa t ion  f o r  which nvmeroua obl ique  photon C o t a l l i u g  vnr ious  
covor c ~ t e g o r i e o  were taken a d  t h e i r  pooi t iona  rocordod on 1:24,000 
USGS topographic nape. 

Tho c l a o ~ i f i c a t i o n  of ca tagor ioo  can be def ined  a6 fol loua.  
Reclainod l and  i s  m y  a r o a  which nnn nurfnce a inod  and hau nince 
been rovegetnted. Activa n in ing  and barren l a n d s  corntine t r o  apec- 
t r o l l y  o imi l a r  ca togor ios  d t h  barren a r e a s  d e p i c t i n g  nined moao  
which have no t  bocn r e c l a h c d .  'For the yurpogo o r  t h i n  ntudy, dl 
vogotatod a rons  ~nconpenc ing  f o r e s t ,  c s o p l ~ n d ,  n d  pcs tu re  vcre  
poupod i n t o  a conreon vogotntion category. Rater aon catogorFeed ao 
having l i t t l e  o r  no cedixenta t ion ,  and challow and/or h igh  nodinent- 
a t ion .  A mlrod cotogorg denoted thoae arono ahlch  e ~ h i b i t o d  o p a c t r a l  
confusion. Those were prodoninant ly orens i n  a conbinat ion of  
swanplond-forest-cator,  and thoso oroas in f lnancod by tho   effect^ o f  
shadono and s lopes.  

Following c l a o s i f f c a t l o n  of  tho four  inageo, a canpa.ratlvo an- 
a l y n i a  of  r o c l a a a t i o n  was i n i t l a t o d .  Tho 1973 d a t a  was uaod ac n 
banel ino t o  I d e n t i f y  thone a r o a s  l n i t i a l l p  aincd and under p a r t i a l  
r ec l ana t ion .  The 1976 m d  1979 c l a o s i f i c d  iaagss providod inforna-  
t i o n  on tho  ex ten t  of  r e c l a e a t i o n  which had takon p leco  s i n c e  t h e  
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1973 data.  Raving tho f l s o t  t k e s  h n g o e  20m t h o  data b ~ s o  exh ib i t -  
i n g  t h e  roclairnod o r  rovegotatod areas, the 1981 dctn caa thon oxan- 
ined t o  d o t e c t  nny nroae which voro p rev lou r~ ly  c l a o c i f i o d  as re- 
c l a i n e d  and has olnco oxperioncod a breakdown i n  t h e  r evego ta t ion  
procenn, I t  is  t h i n  roc loaa t ion  d o t o r i o r z t i o n  a l t h  ~ h i c h  t h i a  
s tudy  concerno i t s e l f .  

: 5. RESULTS 

The c l aas l fFod  inages  f o r  1973, 1976, 1979, end 1981 diapleyed 
n a j o r  c laos iZ1cat ion  d i f f e r e n c e s  which can be o x p l d n a d  by t h e  ton- 
portal nc turo  of  t h e  data. Wti lo r ec l a inod  mecs norc  eeaily aepar- 
a t e d  i n  t h e  1973 and 1976 data, i t  snn found t h a t  much o f  t ha  re- 
c la inod  l a n d  by 1981 had t o  bo c l a a u l f i o d  i n  tho  voga ta t ion  c a t a g o r ~  
ao i t  hcd bocono o p c c t r a l l y  qu f to  o i n i l n r  t o  t h e  ccsrcunding  mcao  
o f  vege ta t ion  yhfch hcd beon undisturbed by t h o  n i n i c g  procmn. Th i s  
phonononon van no t  Boon ao a problca  i n  t h e  c l a c a l f i c c t l o n  oaquonco 
and i n  f a c t  ~ h o u l d  bc oxpoctod ahon doal fng  with t cnpord l  data opzn- 
ning  8 g e a r .  I n  t l i lo  t i n s ,  o w l y  r o c l c ~ c t i o n  hcd undorgono a t  
l e n o t  7 grovlng oeaoono and hod n t t c inod  v igor  a d  d c z o i t y  c l o s o l y  
r e s e n b l i n g  tho  undlsturbad vogotntion. Thus, tho  l a d  i n  rogo ta t iou  
f o r  1981 nao 50 porcont a h i l o  1979 dloplayod 43 po rccn t  vogotnt ion 
(Tabio 1). 

An a d d i t i o n a l  observa t ion  f o r  incroascd  p o r c e n t ~ a a  of  voee- 
t a t i o n  was t h a t  the area a s  a  nholo onhibi tod a r o t u r a  t o  a nore  
honogonoou~ p a t t c r n  n i t h  each subeoquont d a t a  s e t .  M h e d  p i z o l s  
odco up 8 porcont and 1 1  poscent of  tho 1973 and 1976 d a t a  rorpoc- 
t i v o l y  n h l l o  only 2 porcent  o f  tho 1979 c l n s o i r i c n t i o n  Po l l  I n  tho  
nixoC cntogory. Tho 1y81 da t a ,  vh ich  c o n t d n o d  20 c k s t e r a  t o  in-  
c r e a m  n e p m n b i l i t g  of  barren c rons  (duo to  increaood honogenoity),  
exh ib i t ed  no u n c l a s s i f i n b l a  pix610 - a fu r tho r  ind icaEion  t h a t  t he  
r e c l a n t i o n  procoas ovor t h o  otudy aiiea ac a nhole, KZS p o s i t i v s  
i n  na tu-o  and tho r ec l a lned  s i t e s  were shorring vegotcational s t a b i l i t y  
o t e r  t h o .  

Table 1 

LAND COVE2 TYPE 1973 DATA 1976 DATA 1979 DATX 1981 DATA 

R'ATER 1% 1 % 1 % 1% 
KQTER (SEDIMENTATION) 1s (% 2% 1 % 
VEGETATION 5296 36% 43% 58% 
H E C L A I ~ ~ E D  28% 4W 4% 58% 
BARREN 1 0% 1w % 2% 
MIXED P I X ~ S  8% 11% a 0% 
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Tho 1981 c l o s s i l i c o t i o n  d i d  r o v o d  Gone west nhich hcd czper- 
iencod a bx.odidc\rn o f  rovegota t ion  (classified cs b u r o n  i n  Pn maa 
previous ly  i n  t h s  roc ln ined  c u t o t ; ~ r y ) .  kl thoagh theoe  a r e m  aere 
o n d l  a d  ncc t t c r ed  i n  nature, thia dooo zr,uably j u s t i f y  t ho  us3 
of  LANDSAT d a t a  t o  n o n i t o r  n i n i n c  r o c l a n a t i o n  cn  a brocd t cnpora l  
~CSIR.  The o f f ec t ivonoas  o f  l o c a t i n g  such aroao i n  nood of  f u r t h e r  
rec lamat ion  of fort^ r;ill be g r e a t l y  onhnnccd ahan t h e  39 n o t c r  r e s -  
o l u t i o n  expected from LANDSAT-D bocones ava i lab le .  

66 SUIfMXRY OF CONCLUSIONS 

1) Tonpornl chenges i o  c l a s s i f i c a t i o n  o f  r c c l d c e d  s u r f c c e  nined' 
areao  beeone noro cvidont  as tho rovcga te t ion  asa*moo chmac t -  
e r i c t i c ~  which c:.ocoly roscnb l s  vege ta t ion  undiet=bed by tho 
u i u i r g  procccin. 

2) I n  a b o n d  temporal cequooce, r o c l d n e d  ancm, i~ t l ~ o = . -  G B V C ~ O F  
more bonogeneity r;Lth the  rurrounriing voectatio:: rec:lltin,- in 
g r e a t e r  ~ p e c t r a l  n n f f o r n i t y  m d  c o n ~ e q u o n t l y  l c ~ n  ~ p c c t r a l  con- 
f t~oion .  

3) LANDSAT cnn d e t e c t  thosa meas in need of f u r t h o r  r c r c ~ o t a t t o n  
at t h e  c u r r e n t  70 n c t s r  r e so lu t ion .  
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baaed upon environmental nr.d social criteria. Clearly the areas to be first 
reclaimed will be those lands and water that both threaten the public's 
well-being most oevcrell; and present the greatest iikclihu for ouccesaful 
recljma tion. 

I and another colleague, John Simpson, were retained as concultcnts to the 
Divisicn of Raclarr.a~:ion. :.Ze assisted in the developinent of the program 
and carried out n prototypical study of a highly impacted drainage basin. 
The intent was to establish a model guiding the preparation of data collec- 
tion and analysis for the remaining drainage basins impacted by previoun 
mining activities. 

This paper will ounmarize Ohio's Abandoned Mine Land Process, the Wheeling 
Creek Study Process and the conclusion and future trends for proceeding with 
the reclamation process. 

The Abandoned Mine Lands Evaluation Procedure is structured to $chieve a set 
of goals. They were defined to generate the info-nation required by the 
Division of Reclamation in identifying AML reclamation projects. They will 
be selected by criteria set forth by OSM and the overall charcctcristics of 
Ohio Surface Mining Program. The goals Lre as follows: 

I 

a. To identify lands and waters adversely affected by past mining 
practiccn that constitute either an energcncy of extreme danger 
threat to the public's health, safety and general wslfare; 

b. To establish the means whereby reclamation of emergency or extrem 
danger situaticns from past mining may be initiated as rapidly as 
possible; 

c. To establish the environmental conditions of all rez~ining 
abandoned mine lands; 

d.  To establish the degree to which these conditions threaten the 
puhlic health, safety and general welfare; 

e. To establish the opportunities for public and environmental 
benefit resulting from reclamation of these areas and the likeli- 
hood of successful reclamation: 

f .  To establish the means whereby certain of these areas will be 
reclaimed based upon an Annuat Work Plan approved and funded by 
the Office of Surface Mining; and 

g .  TO establish a procedure enabling the review of any administrative 
decision made by the Division of Reclamation in the inplcmentation 
of this program that directly effects the individualr(s) recuesting 
the review. 

TO achieve these goals, the Division proposed an Abandoneu Hiocd L&nd Evalu- 
ation Program that exceeds the technical program requirements established by 
the Office of Surface Mining and fulfillo the intent of the Svxface t.lining 
Control and Reclan\ation Act. The program is based upon a hier.archia1 
screening process that initially evaluates those AMTl sites posing the inost 
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The intent of the study was to fcrmdlate the planning process for a state- 
wide reclamation plar: of Ohio abar,doned minelands. The. plan rec,pondic? ta 
the Federal Surface P!inir?g C-ntrol and Rcclamatio~ Act of 1977. The studr 
included the devel.opment of s screening and rankin5 methodology, the 
establishment of a statewide review of major watershees affect~d mininj, 
the development of an invediate ~ction process, and a prototypical stlldy oE 
a priority watershed dernonstrati~ig the data collection, analysisr display 
and evalnation to be used Zor the remaining statc watercheds. 

Historical ~ethods for satisfying Kap infxmation aqalycis an2 eval*.ation, 
as well as current methodologies beilrg used were discussed. In additic-, 
various computer mapping and analysis proArams were examined tor th~ir 
usability in svaluating the priority reclamation sites. Hand methods were 
chosen over automated procedures; irtuitive evaluation was the primary 
reason. 

On August 3, 1977 President Carter signed into law the Surface I.:aing 
Control and Reclamation Act, PL 95-87. The act establishes minirnun xcional 
standards govercicg the surface mining of coal. Title IV of the cct 
establishes prozedures for recl~ination of such land3 cnd waters, te~med 
abandor.zd mine lands (A?-&). To find the reclamation of these are: s, the act 
taxes all surface and deep mine coal producL.ion. The Federal Government 
returns 50% of the tax monies generated wi 'lin the se.3te for WIL rzcldna- 
tion. 

Ohio contains approximately 450,000 acres of surface mines, 600,OSO acres of 
underground nines and 4,400 acres of gob piles, ss well as 2,500 plus ai,es 
of streams and 2,700 acres of reservoirs degraded as 3 resrrlt of past niqir1~ 
practices that are eligible for reclamation funds. Givcn pro;ected fundinq 
schedules, reclamation of these areas wiil require many decades. T h e ~ e  
lands vary greatly in their threat to the public's welfare. Priorities for 
use of the funds, set forth in Section CFR 874, of the '7ederal AML Regua- 
tions center first on the reclamation of areas that threatened ;he puLlLc 
health, safety and ut?lfar+a- R n r n a 4 n i - n  --I-- --.- L- - - - - *  . -  - .  
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serioun throatn to the public and onvironmcntnl wcll--being fron thaao aiteo 
pooing lero narioua threats. The sitoo will thon be evcluatcd in descending 
order based upon the oevority of thoir conditlone. Thoroforo, tha intant of 
the Evaluation Proqrnla in to avaluntc ths prceont information to the Diva- 
sion staff cn the nost critic81 &% oitan first khut;, enabling t h e  initia- 
tion of nacaaonry roclanation projecta aa quickly &a po~atbla. Araaa of 
lessor concurn will be evaluated and inftiotod when projoctn of hlqhcr con- 
corn aro complatod. 

Tho AML F,valuetlon Program is cwprised of fivo ( 5 )  cornpoitentot (1) Imadi -  
ato Action Proccno. (2) Initial Drain~ge Basin Screening, ( 3 )  Drainaqo Baain 
Reporto, ( 4 )  Adniniutrntivo Rcvicv Procedures, and ( 5 )  Annucl Work Plan. 
Each i o  briefly outlinod in this papor (see Figure 1). 

Figurca 1. Ohio Ahnr. land Kine Land EvaL~otion Program 
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2.1 Immediate Action Process 

Lands and watcro adversely affected by pant mining practicca that pose 
emergency or extreme hazard threats to the public'o health, snfetp and wel- 
fare constitute the Program's greatest concern. Thenc categories defined in 
the Federal 'UlL Rt?guletions in Section CFR 872.5(C) end (El, correspond to 
tho regulationo highect reclamation priorities established in Section 
CFR 076.13(A). The Immediate Action Proce~s seeks to distinguish these 
areas from others posing less critical threats to the public and environ- 
mental well--being and to initiete the reclamation required to alleviate the 
threats as quickly as possible. 

2.2 Initial Drainage Basin Screeni,ng 

The majority of Ohio's abandoned mine lands arc not emergency or extreme 
danger areas. Reclamation of areas of necondnry concern will require 
decades. Thcrcforr?, the State must be able  to differentiate withln general 
areas (drainage basins), lands and waters of gre~tcr reclamation need and 
potential benefit from thore of lesser concern. A hierarchial ev6lntuion 
process that distinguishes general areas (drainage basins) of greeter con- 
cern from those of lesser concern prior to the detailed evnJ,uation of each 
individ\ial site is rcquired due to the overwhelming amount of work necesscry 
to initially evaluate all sites in detail. 

In 1973, the Ohio Board of Unreclaimed Strip Mincd Lands conducted a survey 
of the Stateta abandoned mine lands to identify drainage basins in ncst nced 
of rcclamstion. Land Reborn, (Ohio Department of Natural Ilcsollrces, 19741, 
has bccomc n model for large scale evaluation of abnndoncd mine lands used 
by other states and the PeJeral OEfice of Surface Mining. The Division of 
Raclnmation's proposed AE!L Evaluation Program will use L ~ n d  Reborn no its 
first step in differentiating areas of greater reclamation concern from 
those of lesser concern. 

The report divided the State's coal region into 79 drainnqe basins averaging 
approximately 175 square miles. Each drainage basin was cvaluated and 
numeric ncorcs assigned for its reclamation priority (see Tablc 1). Resul- 
tant acoreo indicated relative nced for reclamation in each drainage basin 
and were used to Rort the drainege basins into general reclamation priority 
categories. 

Land Reborn provided an excellent init!al screening of the State's abandoned 
mine landa. It quickly differentiates those areas of most obvious and 
scrious threat to the public and environmental well-being from areas of 
lesser concern. The 25 high priority drainage basins classified by I,nnd 
Reborn and 3 additional drainage basins added by the Division of Reclamation 
in this Plan comprise t h c  28 drainage basins of high priority to be first 
evaluated in the Detailed naain Reports. 



Table 1. Crlteria for h a l g n z n t  of llatlng V a l w n  
( I d  W m r n )  

Strip n i ~  
Lknsity e 3 t  
Total Area 

)lo aban- 
.85-38 .a58 toned mine 

?and 

Hit* Grairuge lligh Iron, sulfate W e r a t e  iron, No net acidity Net alka- 
Poll~~tion and acid levels nulfatc and sligl~tly elc- linity and 

(Acldlty 7 , 1 0 0 ~ ~ ~ 1  acid levels vated iron eulfate 
Fc 2Spm. 5 0 4  (acidity 100 and sulfate levels (Pe 
71, Ooppa) ppp or Pe 10- levels (Pe 3ppm. SO4 

25 Ppmr SO4 3-10pp. SO4 500ppnl 
600 to 1,000 500-600ppm) 
PPn) 

Coot Iffee- $SOC/lb. of acid $500-$1,00O/lb $1,00O/lb Illthout 
tiveness abated abandoned 

mlne land 

D c v e l v n t  Based on presence of urban area, publlc access to affected 
Demand basin, recreational resources, and airports. 

Bconoalc 19% families below 12-19% 11% Without 
Need poverty level abandoned 

mlne land 

Pubic Chmer- Abandoned mine 33-67% 33% Without 
ship land sltes 67% abandoncd 

publicly owned mine land 

Public Visl- Abandoned mine Abandoned mine Abandoned Without 
bllity land sltes-near land sites-near mine land abandoned 

major highways/ small towns/ sites-not mlne land 
large towns roads readily 

visible 

Vioual Based on distribution and combination of land form and 
Quality landscape pattern. 

2.3 Priority Basin Reports 

Detailed Drainage Basin Reports utilizing the 79 Land Reborn basins will be 
prepared to provide inEormation to assess environmental, social, and 
economic impacts.of Fast mining on the basins. Necessary decisions about 
t h e  feasibility of reclamation projects and priority action on abandoasd 
mine land problems foulld in the basins can thus be incorporated into the 
Annual Work Plan. These reports will allow a uniform assessment of 
abandoned mine problems throughout the coal bearing region of the state. 

The best available information gathered is being supplemcntod with new data 
where necessary and aggregated to sub-drainege basin units of approximately 
10 square miles for interpretation, analysis and correlation to the Federal 
reclamation criteria. All information will be recorded at a compatible map 
scale of 1:24,000 for maximum flexibility. 
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The intent cf the Znta base is to cr'able a reasonable underatanding of the 
rclationohip between the effects of past nining practices and the prenent 
environmentdl and nocio-economic conditions of the area. Only data nug- 
gesting n significant reletionship between past mining practicen and present 
conditions will be recorded. 

In addition, siteo identified throtigh the National R#L Inve~itory will bc 
mapped and described. The National Inventory relies upon local input and 
extensive investigatior~ to identify potential problem arcnn. I t  providzs on 
excellent means of verifying the spatial data base and generating a compre- 
hensive record of present conditions. 

All information will be mapped, tabulated and displayed in report format. 
The banin report presents detailed description of the basin's present 
environmental and socio-econonic conditions and correlates those conditior~s 
to the effects of past mining practices. Sirnary reccmmendations compare 
the banin's conditions to the federal evaluation criteria end present final 
opportunities and constrainto affecting potential reclamation. The reports 
will be used by the Division staff at- one method in identifying future 
reclanation projects for inclusion in Annual Iurk Plans 

2.4 Annual Work Plan 

To obtain funding for reclamation other than emergency and extreme danger 
projects, the Division nust dcvelop and submit to OSM an Annual Vork Plan an 
specified in Section CFR 886.14 of the Federal A!& Regulztiono. The Plan 
outlines all proposed reclamation and result to be conduct& under Federal 
funding for the following year. 

The Work Plan is formulated by the Mined Land Reclanation Section (tar\) 
within the Divioion of Reclamation. Candidate projects arc identified using 
infornation generated by the AML evalaution program and local input. Final 
project selection is based upon criteria set forth by the Federal AKL Regu- 
lat ions. 

2.5 Administrative Review Procedure 

Central to Ohio's Abandoned Mine Land Evaluation Program i a  a review 
procedure whereby any group or individual nay request the resonaideration of 
an administrative decision that directly affects the indivi6.nnl(s) in the 
implementation of the program. The review procedure is int~rtded to promte 
objectivity, fairness and comprehensiveness in the evaluaticn of abandoned 
mine lands and the selection of reclamation projects. 

The Wheeling Creek basin in Belmont County represents one of She most 
severely affected basins in this group and contains a wide variety of 
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enviroi-innnttl orid ccscio-cconornic csnditiono and therefore, it was oelccted 
as the basin to devclp the prototype Detniled Basin Heprt which !*ill be 
used as a mod01 for tne other 78 basins. 

3.1 Setting 

The Wheeling Creek drainage basin is located on the caetern border of Ohio, 
oppasitc Wheeling, West Virginid (Figure 2 ) .  The study area is cet~traily 
located along the eastern margin of Ohio's porticn of the Appalachian Coal 
Field. The coal basin is mainly in Relmont County with small portions in 
Harrison and Jefferson Coutnies along its northern borders (Figure 3). 

Interntate Highway 70 is located on the southern border. It is tile major 
east-west highway for midvestern cities to lJnshington and othcr eestern 
shore cities. U.S. 40 is a historic rood. It follows along Zane's Trace 
path. Later this path was widened to create the Ilational Road. 

KENTUCKY 
WEST 
Vl"Gl.l* 

Figure 2 .  The Study Area . ~ n d  the Ohio Coal Rcgicn 
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Figure 3. llheeling Creek Drainage Basin 

The eastern boundary of the drainage basin ia the Ohio River. The najor 
stream in the watershed is Wheeling Creek. tihecling Creek drains 107.7 
oquare miles. The Wheeling Creek iiatershed encoapassea 137 nquarc nilcs. 
The drainage basin in somewhat rectilinear in ohepe, narrowing near the 
western portion of the eastern 1/3 and is about twice ao long as wide. 

3.2 Study Process 

The process diagram..ed in Figure 4 included research, data collection and 
mapping of environmental factors of the Study Area. The Study Area bounzary 
was defined as the entire drainage banin of Wheeling Creek plus n half mile 
buffer Lhat was extended jn some pointn to include an entire town boundary. 

The data requirement were based on one najor objective. The survey was to 
provide a reasonable data for portraying the physical, biological and socio- 
economic factors that need to be considered for "political d?cisions." The 
cost of reclaiming Ohiota abandoned mine land is expected to cost over $4 
billion. Obviously the present law does not supply enough funds. Also OSM 
criteria for selecting a site is flexible. These ,points reinforce a politi- 
cal decision. Our role was to supply enough informztion that was cost 
effective and documented in an understandable format. The data collected 
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COLLET SYNTHESIZE 2 DATA / DATA NAQRATIVE XOCES A!:D 
FIMDXSS 

I 
COS.tNNE DATA 

Figure 4. Wheeling Creek Study Process 

was based on the best available information. OSM did not want to fund 
studies to produce new data unless it is essential to the process. Also, 
our initial effort was to resist recording everything that wzs available on 
Wheeling Crcck area. Finding available information wts  easy. The hard task 
was to limit the data recorded. 

3.3 Drainege Basin Screening 

The Wheeling Creek Basin Report includes detailed examination of the fol- 
lowing conditions: 

Land Environment: 
Abandoned Surface Mines 
Abandoned Underground Mines 
Existing Land Cover 
Transportation and Utilities 
Historic and Cultural Features 
Physical Featur?~ 
Coal Resources 
Problem Areas 

Hydrologic Environment: 
Surface Hydrol~gy 
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Subsurfocc nydrology 
Swio-Econonic Conoiderations: 

Population and Demograpy 
Employment 
Income and Welfare 
County Revenues and Expenditures 
Housing and Building Activity 
Land Values 

Determining the method of recording the information was our most important 
task. There was much discussion about using the computer. Several consul- 
ting firms had approached the Divison with "canned" programs. Our decision 
as to use only hznd-dr~wn maps. The reason was based on the fact that 
actual site selection must be based upon visual observaticn. 1.Iaps are 
necessary only to see pattern relationships. This precluded the major 
advantges of the computer. That is the ability to weight data snd to coin-. 
bine the information in complex conbinations. It was nore importent to see 
the information associated with the cultural features and topogrcphp of a 
base map. The U.S.G.S. maps at 1:24,000 were selected for the base meps. 

Another reason for not using the computer was thatthe existing graphic out- 
puts were not legible for most public and political presentations. 

Costs and new advances in computer nappicg since the start of the project 
have nov compelled us to reevnluate our techniques for future basin reports. 
These points are discussed further in the next section. 

Some flexibility was necessary in the recording of the information. So the 
data was drawn with ink on mylar and pin registered. The spearation of data 
was influenced by the need to have the naps produced in color in the final 
report. The data was corbined in different ways by Division personnel and 
ourselves. Four environmental sumaries were used in the analysis. Up to 
five mylar separates were combined for one map. On a light table, informa- 
tion is understandable, but blackline prints become fuzzy and color was 
necessary for any group presentation. The labor costs of coloring the maps, 
again, have made up question the process for the other 27 reports. 

The data maps were reduced to 25% of their original size for inclusion in 
the report at 1:96,000. 

The prototype study has touched on two important aspects of land use 
planning: the type of infornation necessary for "political decisionsn by 
public administrators and ability to record data that can be used in an 
efficient and cost effective manner. The study nttcmpted to give some 
dimension to the dynamics of specific study techniques towards the more 
effecivc transfer of information and ideas among professionals and public 
officials and to the public. Following are the principle observations and 
suggestions emerging from this study: 
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A. The estimated cost of reclaiming Ohio abandoned mine lands is over $4 
billion. Conseq~cntly, the actual decision of reclanaticn will be 
political. Thie means the information coilection nuct be clear, under- 
standcble and flexible. Thic resulted in less infornation being col- 
lected. The njor tendency wan to collect nore. In fact, the vast 
mjority of ~onieo will be decided from "on-site' tnnwction 2nd not 
planning assunptionn of collected infornation. 

B. The information collected serves as a record of the nccuaulation and 
analysio of infornation describing the bnnic environnantal and oosio- 
economic conditions, the product of thio evaluation is the under- 
standing of the information necessary to identify project siteu. There 
is the analysis of the interrelationships of the data and means of 
recording it, which is the body of the study. Some key points to thio 
statement arc: 

1) The information was recorded at 1:24,0@0 whicli in the most under- 
standable scale for Division personnel, adiiinistrators and the 
public. (See Figure 5.A.) The scale 1:250,000, requested by 
O.S.M., was too coarse to be useful as a decision tool. 

2)  All information was drawn with ink on rnylcr and rcgistercd by pins 
co a base bhnet. Thin allowed for reasonable flexibility in com- 
bining different data sets. Blacklinc prints could !xi? run off 
different conbinntions. The naxinm nm!s2s aE r;:~eets that could 
be run at once are 5 sheets. Anything m r e  an2 the infornation is 
blurred. To understand this number of cor?Bined overlays, the naps 
had to be colorcd. (See Piguree 5.B-B.) 

3) The limit of 5 sheets was not a significant restraint to our work 
but the need to apply color was an expensive procedure not antici- 
pated in the early stngen of the study. Other neans may be used 
in the future. "Color-keya overlayn can bs coxbincd up to 40 
sheets end still have reasonable clarity of all infornation (EDMi, 
1976). (See Figures 6.AhB.) The computcr can combine even more, 
but unlike the mylar or color key nethds, cannot show all the 
patterns of each element at once. The resultant combination nust 
be shown separately to allow the viewer to dissect what made up 
the actual con,nositc. (See Figure 6.C.) 

C.  The cost for collection and drafting of the information for the stcdy 
was reasonable but to do this for 27 m r e  reparts will be quite contly. 
Especially when cost for report printing is considered, there are 
several consideration: 

1) The naps produced in the first report could have been produced for 
70% less if the color art work had been computer scanned for 4 
color separates. 

2) With the advent of rcasoncbly priced micro-coaputers, good quality 
color data naps are possible, thereby significantly reducing the 
cost of hand coloring maps. Unfortunately there is the trade-aff 
of losing cultural featureo and to-m that are on hand-drawn maps. 
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Figure 5 .  Some Typical Hand Drawn Data Maps end Composite 
r..-l..-etnn Usn frrv +he l j h n ~ l i n o  Creek Basin Studv 
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3) There now exist herd copy devices that produce quality color 
copien of computer naps. (See Figure G.D.) 

I )  Color is necessary for interpretation and underrrttnding of data by 
public officials end the publlc. 

D. There is n ai~nificant need for using remote sensing techniques for 
acquiring data for the remaining' 27 reports. The existing vioual 
reconnaissance of abandoned mine locations was only smileratcly 
accurate. The Netional AHL Inventory Pound m n y  nines claooified as 
abandoned in the F!heeling Creek Study Area to be actually oti1X active, 
thereby elininating them from consideration under tr~e law. 

Land cover data Lnterpreted from 1:80,000 air photos was very costly 
and tine connumi~g. The reliability of the data is qucsticneblc. 
Field checking found several inaccuracies. Tte u3efulnccs of the infor- 
mation for the Environnental Swmaries was limited. Urban oettlenento 
were reaily the only mjor classificntfon used. Lmzr altitude air 
photos would be better but expensive to fly. 

The probability of using LkVDSAT to acquire dcte on eligible cbandoncd 
mines and land cover (Spisz, 1979) atill eeisto. Led cost micro-cozpu- 
tero with inage enhancement capsbilitien can oicnificnntly reduce the 
cost and enhance the accuracy and speed of clasoifying the data. 

E. Important characteristics of hand-drawn naps veccuc ccaputer-drawn maps 
are as follows: 

1) Reasons for using hand-drawn maps: 
o clarity of information on U.S.G.S. bare naps 
o ease of recording information by hand 
o the perceived reliante on visual, on-site inspection for the 

final decision 
o lack of need for najor quantitative deling 

2) Reasons for possibly witching to cozputer-dram maps: 
o the coat of storing the infor~ation 
o limited overlay capabilities of mylar 
o need for color for undeotanding co~bined infornation. 

With the advent of large federal cutbacks, the abandoned nine lando program 
hao changed emphasis from planning and cata collection to an 1m.cdiatc 
action prograq. There are enough projects to establish and annual work pro- 
gram for several years. I?hen the program shifts to the next project level, 
the basin reprtc will bc coxpleted. At that tine, t:~e advancea in cozputer 
data handling and graphic display should be nbie to maige the advantages of 
hand graphics and corcputer graphics. Figures 6.E and 6.F are co~puter 
graphics examples generated by the Harris Corpration and ERDhS, Xnc. These 
vertical and oblique, three-dimensional views are examples of the next 
generation of computer graphics. When they are comonly used, planners 
will bc able to have cost effective and easily understood informstion. 



ORIGlNkL PAGE IS 
OF POOH QUALITY 

EDAbIr 1nc.1 1976 "Draft Reprl: Seafarer Csrridor Analysis Apendix D of Final 
Design Study Report," San Francisco, California. 

Ohio Department of Natural Resourcesr 197 3 "1.2nd Reborn O.D.N.R. and the 
Board of Unreclaimed Strip Mine Larrd~," Colhus, Ohio. 

Ohio Department of Natural Rcsource3, 1980 "Ohicr Aband0ne.l Islin? Lands 
Reclamaticn Progrm Pian Implementation Report," Third Draft 0.D.N R e ,  

Division of Reclanatioc, ColumSus, Ohio. 

Spisz, Ernie W. and E~oleyr Joyce T.r 1979, 'Asscssac.nt of Satellite sr?d 
Aircraft Multiupectral Scanner Data for Stirp-Mine Konitorjng," E'hSA 
TN-73268. 

, U.S. Department of Interior, 1978 "Abendoned Mlne Land Reclamation Proqram 
Final RulcsIn U.S. Department of Interior, Office of Burtace Minitlg, 4 3  
Federal Register 49932, Wednesdayr October 25. 



P a r t  4 -- 

REMOTE SENSING AND GEOGWPHIC INFORMATION SYSTEMS 

FOR RESOURCE MANAGEMENT: AN INTERKATIONM, PERSPECTIVE 





I;, 1: 
REMOTE SENSING--AN INTERNATIONAL PERSPECTIVE 

M .  McClure 
AEROS Data Corporation 

4401 East-\Vest Highway, Suite 501 
Bethesda. Maryland 20814 

The first  decade of satellites for environmental monitoring has been 
dominated by the Covernmcnt of the United States. Satellites have 
been launched to observe land, weather, water--many different aspects 
of our  environment. Although receiving stations to read and process 
the data from these satellites are  located in many different par t s  of the 
world, the majority of satellites hove been developed by the United 
States Government. 

However, now the picture is changing. As the United States contern- 
plates i ts  future role in the Inunching and maintenance of snteliites, 
other countries and organizutioris a re  co~iiing forward with their own 
plans to enter the field. 

The following descriptions of those who are  l ~ u n c h i n g  environmental 
satellites in the next 5-10 ycnrs ai!l give thc reader an insight into 
the purpose for the sateliitc. 

E - Dcscriptions of the satellites and sensors a rc  in the appended tnbles. 

The importance of these satellites to the user of such data can be 
appreciated when one realizes that the Unitcd States Government i s  
not planning thc continuaticn of the Landsilt program beyond thc 
anticipated dutc of 1988. These other sources of data will ertsurc 
a continuity of information to tlic resource manager. 
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The American Science and Technology Corporation, B e  theodn, Mnrylnnd , 
USA, is developing the Advanced Earth Resources Observations System 
(AEROS). A sister corporation, AEROS Datn Corporation, i s  fmple- 
menting a complenientnry d ~ t a  acquisition sys tcn ,  rescurce mancgcment 
information system, cnd renewable resources n,onsgement program. 
Tnken together, the AEROSpnce und AEROSdata systems for111 the first  
irltegrnted earth observations information management systcm. The 
Combined Envirorln~cntnl Data Information Syslem (CEDIS) is designed 
for comprehens:ve nnt~l rs l  resources nnnogement npplicntions. providing 
resource mnnngcrs with physical, climatic, and biologicnl information in 
milps and tables. These ore updntcd frequcntly a s  inputs to resource 
system status  models nnd operstionnl management models (see Figure 1). 

The AEROS integrated system also produced informntion for nl!ocating 
resources, especially land, soil, and water resources, to production sec- 
tors in nccordr,nce wit11 priorities cstnblished by resource mnnogers 2nd 
plnnners. Minernl exploration informntion is produced , in addition, such 
thnt sntcllite datn is fully integrated with ficld datn and otlker existing 
i~~fornlntion. • The AEROS system is n privnte sector program, privntcly funded urld 
operated on a cornmcrcinl basis. A s  such,  it must opcrotc to provide on 
ndequntc re turn  on invcstmcnt. 'l'hc integration of the spucc components 
with the informetion proccssirig and rcscclrce n~onogcmcnt progrclms pro- 
vides investors with bdanccd and multiple profit centers nnd clients 
with a comprehensive service. 

I .j 
EUROPEAN SPACE AGENCY ( E S A )  - ERS-1 I r 
In ordcr  to consolidntc the co~nplctc riingc of spncc nctivitics \\vllicl~ hud 
formerly bccn scnttcred throughout scvcrnl orgnnizntions, the following 
countries joined in 1975 to crcutc the Europcnn Spncc Agency: Austria, 
Belgium, Dcnmnrk, Frnncc, Gcrmnny , Irclnnd, Itnly . The Netherlands, 
Norrviiy , Spnitl, Stveden, Srvitzcl.In~ld, :ind the United Iiingdum. Thc 
Agency gocils nrc: 

( 1) To provide for nnd promotc, csclusivcly for pcaccful purposes,  
coopcriition bctrvccn Europciin stutcs in the fields of s!\iicc 
rcscarcli, tccllnology , :~nd applications. 

(2 ;  To eliiboratc nnd irnplcn~c~it 11 long-term Europci~n spiice 
policy iind n Iluropciin sp:lcc progrnm . 

ESt\ hils bccn very 11ctivc in comm~inicutions nnci wcnthcr sntcllitcs, nnd 
is plttrlnirig to lciuncll i ts  first occun-oriented ctlvironnlcr~tul siltcllite in 
1987. E R S  dntti used alone, o r  more commonly uscci in conjunction with 
con~plcn~crltnry datn from buoys, rodiosondcs, rcscurch vcsscls, other 
near-surfncc plnt forms ~ i n d  otlicr sntcllitcs in prcarrungcd global or  re- 
giotlnl cspcrinictlts, will cllnblc signific;lnt i\tlv:l~~cc!s to be rllndc in p1iysic:ll 
occlinol:1*aplly, gl~iciology , 1111~1 cli111:itoIogy. 



This is of importance in view of the increasing development of coastnl 
and offshore activities and the adoption by countries of the 200 nautical 
mile economic zone. In eddition, monitoring of sea-ice and jce'oergs will 
be of importance for industrial activities performed a t  high latitudes. 

FRANCE - SPOT 

The SPOT system, conceived and designed by the French Centre National 
dlEtudes Spatiales (CNES) is being built by  French ind2stry working in 
association with European partners  (Belgium and Sweden); i t  consists 
essentially of an ear th abservation satellite and of ear th stntions for  
data reception. 

The first  SPOT satellite will observe in three spectrnl bands (in the 
visible and near infrared portions of the spectum) with a ground resolu- 
tion of the o ~ d e r  of 20 meters, and in a broader spectral band (panchro- 
matic black and white) with a ground resolution of the order of 10 
meters. 

One of the key features of the SPOT instrument package i s  the provision 
for off-nadir viewing (i .e. ,  the instrument can "look" to one side o r  the 
other of the satellite ground t rack) .  Among the possibilities introduced 
by this feature i s  that of increased revisit coverage a t  intervals ranging 
from one to several days,  which should be particularly useful for moni- 
toring localized phenomcna evolving on a relatively short timescale. 
Another is the recording, during successive satellite passes,  of stereo- 
scopic pairs of images of a given area. 

The following a r e  among the main applications for the images returned by 
the first  SPOT mission : 

o Land use studies. 

o Assessment of renewable resources (agriculture,  forestry) .  

o Aid to explorntion of mineral and oil resources. 

o Cartographic work a t  medium scales such a s  1/100,000, 
dcvclopment of new types of maps, and frequent updnting 
of maps at scales about 1/50,000. 

JAPAN - hlOS-1 

A s  Japan is surrounded by seas,  marine resources and thc state of the 
scas a r c  of great concern. Also, Japan's dense population and highly 
advanced state of industrialization mnke an acute dcmnnd for the effective 
management of land and i t s  resources. Earth observation satellites offer 
a very useful means for collecting such information systernatically. 

Japan's first carth observation satellite, hlOS-1, is  an experimental satel- 
litc to collect information on earth surface (color and temperature of sea 



surface, land use,  etc.) and to establish the fundninentnl technologies 
which a re  common to both marine and land observation satellites. 

The concept!onal design and the preliminnry design of hfOS-1 were com- 
pleted in 1978 and 1979, respectively. The satellite i s  nopi under the 
basic design phnse. 

Relating with the design of the satellite, the systeni design of the ground 
facilities a re  being conducted, and the criticul design and construction 
of the ground fncilitics in Jupnn were initintcd in 1981. 

CANADA - RADARSAT 

In response tc  a Cn.indian initintive, thc U.S. National Aerorlautics and 
Space Administrution (NASA) and tile Cnnndinn Division of Energy, hlines 
and liesources (LIEhlIt) ngrecci on Novcrnber 36, 1980, to conduct n 
bilatcrnl s tudy of the mission requirements for a future sntcllitc rv!iich 
would linve n s  i t s  primary sensor n synthetic nperturc rndcr.  Thc ngrce- 
rnctir rvcls signed by Anthony J .  Cnlio for NASA nnd John D. !<eyes for 
DELIR. At that tinie, D r .  Cnlia v r t l s  Asscciutc Adn~inistrntor for Sprlce and 
Tcrrcstriol Applicntions nt NASA nnd Dr. lieyes. Assistant Deputy hlinister 
for  DERIR. The Anicricnn effort wns given tlie nnrne FIREX (Free-flying 
Imnging Radar Espcrin~cnt) ,  nnd tllc Cuntldinn program, RADARSAT. 

Apt~rt  frorn the bilnternl shnring ~ i n d  discussion of future plnns. tlic mnjor 
activity undertaken in rcsponse to this t~greenient has been to dctcrnlinc 
tlic scientific und, to sonle cxtcnt ,  operutionnl requirements for the pro- 
posed sntcllite. To do tliis, cnch co~iritry enlpnncllcd (1 scicncc worlting 
group in cnch of four nrens--ice, occnns, rencwnblc resources, and non- 
rcncwublc resources. 

During the study process, some f i~c t s  hnvc bccomc clcnrcr nbout the 
stcitus of SAR tcclinology nnti i ts  tiscs. It norv tippenro thnt tlic bcst 
currelit undcrstnnding of SAR uscfuincss is ill thc icc trrcn. Ilcrc, n 
SAIi of sufficiclit srvclth tvidtli offers tlie uniqtic possibility of ennbling 
studies of the dynnrriics of the ice pnck. SAI1 nlso can be used to guide 
ships tirid others opcrc~tirig in pol~tr rvc~tcrs by rcvcc~lirig tltosc nrctis with 
lcc~cis or  thin icc. 'l'lic liind rcsourcc tccinls hnve dctcrri~incd thrit SAI< 
dntn will be of considcrnblc use in nie~ppirig. geology, n ~ i d  crop studies. 
Current ly,  tlic clct:\ils of how the ol)scrv:~tions will be used ore not 11s rvcll 
specified 11s tltcy nrc for ice cbscrv:ltio~is, bu t  thcrc is 11 considcrc~blc 
dcsire in this area for ~riultiplc loolc : ~ ~ i g l c s ,  frcqucricics, nnd polerizntions 
on 11 SAR iristrumcnt. l'licsc cnpcibilitics would rcpycsent n significnnt 
clciv:~~lcc ir l  tccliriolo~y ovcr tltosc Shl is  flown to date. Ullcicrstundi:.rg of 
how t o  use SAIt t l ; l tc~ in the oce;lns etIscn is t l ~ c  Icnd rmnturc at  present .  
The r n n p  of occ:iiiol:rc~phic prol)lc~as rvliiclt nic1y bc citldrcsscd is qtlitc 
b~*oeid c l r ~ t l  tlic futurc prorl~isc of tlic tcch~lltluc is felt to be considerclblc. 

17uturc plans for thc cvcntuul d ~ ~ ) l o y r ~ ~ c ~ i t  of 11 SAI; s;itcllit~ ure still b ~ i n g  
dcvclopcd nlid rcl~ieiin t~r i~ert t i in .  



India built i t s  first  expcrirnental ear th obscrvetion satclljtc (SEO-1) 
which was plocsd in n circular orbit nt a height of 525 Irm by o Sovict 
launcher on 7 June 1979. Thc sntellitc i s  equipped witlr n visible-light 
and near-infrared television camera with a 1 Irm IFOV, and elso with n 
microwave radiometer. The television camera and the rcdiometer c r e  
transmitting meteorological and oceanographic datu. 

A second Indian remote sensing satellite (IRS-1) i s  to bo launched in 
1985. I ts  instruments for obtaining imngev will opernte on a nurnber 
of spectral bnnds nnd will have varinble swath widths and resolutions. 
A n  Indian-built e:cperimcntul sctellile w s s  launched in July 198G using 
an indigenously built launcher. 
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Figure 1. AEROS Data Corporation - Combined Environmental 
Data Information System (CEDIS) 
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ABSTRACT 

ORiGlMAL PAGE IS 
OF POOR QUALITY 

Bol iv i a ' s  Geological  Serv ice  (GEOIIOL) i s  concluding a  succes s fu l  p r o j e c t  
designed t o  g ive  t h e  Department of Oruro t h e  c a ~ a b i l i t y  t o  eva lua t e  i t s  
n a t u r a l  resources  u s ing  d a t a  genera ted  by t h r ee  United S t a t e s  s a L e l l i t e s .  

The Oruro P ro j ec t  saw c r e a t i o n  of a  permanent i n t e g r a t e d  Geographic 
I n f o m a t i o n  Syotem (GIs) which w i l l  be used t o  prepare base rraps of s o i l  
c h a r a c t e r i s t i c s ,  land use ,  geomorphology, geology, water  resources  and 
hydrology . 

The informat ion  compiled through t h e  p r o j e c t  was   to red on negriet ic  d i s k s  and 
t a p e s  t o  permit  p e r i o d i c  upda t ing ,  r e t r i e v a l  of d a t a  on o p e c i f i c  a s p e c t s  o f  
development p r o j e c t s ,  and ob t a in ing  var ious  d c t a  mixes t o  ana lyze  a spec t s  ~f  
p rospec t ive  development p r o j e c t  8. P a r t i c i p a t i n g  i n  t he  p r o j e c t  were t he  
I n t e r - A ~ e r i c a n  Dcv,ol.opment Bank ( IDB)  , s c i e n t i n t s  from t h e  Loboratory f o r  
Appl ica t ions  of Renote sens ing  (LARS) of Purdue Univere i ty ,  tlie United S t a t e s  
J e t  Propulsion Laboratory (JPL) and GEOBOL. 

A prime use  of the  new system w i l l  be i n  land usc  planning,  p a r t i c u l a r l y  es 
r ega rds  a g r i c u l t u r e .  Orura 's  most important economic a c t i v i t y  i s  t i n  and 
t ungs t en  mining, w i th  a g r i c u l t u r e  l i rc i ted t o  small  crreas. Fu r the r  development 
of  a g r i c u l t u r e  has been held back by problems assoc in ted  w i th  o v e r g r a z i ~ l g ,  
s o i l  e ro s ion ,  l a c k  of  water ,  e a l i n i t y  and poor land management. 

Plans a r e  now underway t o  extend a  second phase of t h e  p r o j e c t  t o  ~ o l i v i a ' s  
Department of Potos i .  

The Oruro p r o j e c t  i s  t he  f i r s t  d i g i t a l  i n f o r n a t i o n  system developed i n  L e t i n  
America and the IDB has  taken the  l e ade r sh ip  i n  f inenc ing  p r o j e c t s  involv ing  
u t i l i z a t i o n  of d a t a  provided by e a r t h  resources  s a t e l l i t e s  such a s  t he  LANDSAT 
s e r i e s .  

Key words: geographic i n f o m a t i o n ,  d a t a  proceosing,  d i g i t i z e ,  p r o j e c t i o n ,  
d i g i t a l  mosaic, p a t t e r n  recogni t ion ,  p i x e l .  
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GEOGRAPHIC LNFORK4TIOS SYSTEM I N  BOLIVIA: A CASE STUDY FOR LATIN AMERICA 

GENERAL CDNCEPT 

The f i e l d  of geographic d a t s  processing i s  beginning t o  acqu i r e  a n  i d e n t i t y  of 
i t o  own, w i th  a n  i ncmau ing  number of papern being presented a t  nationa: arrd 
i n t e r n a t i a n a l  cymposia c s  we l l  a s  research  r e s u l t s  publ isheb i n  s c i e , . t i f i c  
journa ls .  Geographical d a t a  procesoing systems a t e  perceived by p o t e n t i a l  
u s e r s  a s  a v e h i c l e  by which a  broad range of p r a c r i c a l  app l i cn t rons  and 
numerous d i v e r s e  r e s ~ l t a  c a n  be achieved. These sys teua  of d z t a  p r o c e b s i y  
p e r t a i n  t o  t h e  compilat ion,  Etorage, manipulat ion o r  t ransformat ion  and 
d inp l ay  of  in format ion  ccmon ly  represen ted  on maps. Reccnt advcncec i n  image 
p roces s ing ,  p a t t e r n  r c c o g n i ~ i o n  and bus iness  d a t a  managerent hcvc ptrenghtened 
t he  scope of v e r s a t i l i t y  o f  geographic information sys t ens  (CIS). Deta i led  
d e s c r i p t i o n s ,  c a t ego r i zn t i ous  a c i  a n a l y s i s  of t he  p r i n c i p a l  c a n s t i t u c n t s  of 
t h i s  new f i e l d  a r e  amply descr ibed  by Nagy and Wagle (1979). 

PROJECT SACKGROUND 

Bo l iv i a  i n  a S ~ u t h  h e r i c c n  natio? which. covers  1.098.581 h2 ediv ided  i n t o  
n ine  departments ,  extending from 8 S t o  24 S i n  l a t i t u d e ,  and 58 W t o  70 W i n  
longi tude.  

The p ioneer  work of Dr .  Curloc E. Brocknann a few months a f t e r  NASA had 
launched Landaat-1 i n  1972 l ed  t o  t he  c r e a t i o n  of t he  P rog rms  ERTS (Ea r th  
Resources Techno lqy  S a t e l l i t e  Program) w i t h i n  Boli-ria '  o Geological  Bureau 
(GZOBOL). h t he  f i r s t  d i r e c t o r  of t he  Prosrnna ERTS, Dr .  Broclmann achievea 
numerous p r c c t i c a l  remote sens ing  r e s u l t s  of r a t i o n a l  and i n t e r n a t i o n a l  
magnit.de. These achievements convinced t he  Gover~lslent of Bolivirt. a  sember 
country of  t h e  ~nter-American Development Bank (IDB:, of t he  need t o  L'?LyJrSt 

funding from the  U)B t o  de s ign  a  pemanent  i n t e g r a t e d  geographic in format ion  
system (GZS)  . 

Upon approval  of funds by t h e  Bank, a c o n t r a c t  gas  awarded t o  t h e  Loborntor1 
f o r  Appl ica t ions  of  &mote Sensing (LARS) of Purdue l l n ivc r s i t y ,  Vest  
La faye t t e ,  Ind iana ,  t~ desrgn t h e  GIs f o r  t he  Lepartment of Cruro, 
nor thewes te rn  Bolivia .  LARS subcontracted t he  J e t  Propulsion k b o r a t o r y  
(JPL), C a l i f o r n i a  I n o t i t u t e  of Technology, Pusndena, Celifol-aie t o  car ry  o u t  
~ p e c i f i c . t a s k s  r e l a t e d  t o  t he  use  of Landsat d a t a  i n  t he  CIS. 

Oruro 's  most i a p o r t a n t  ~ c o n o a i c  a c t i v i c y  i s  t i n  and tungs ten  mining,  w i th  
a g r i c u l t u r e  l im i t ed  t o  smal l  a reas .  Fu r the r  development of a g r i c u l t u r e  ha s  
been he ld  back by problema aosoc ia ted  v i t h  overgraz ing ,  s o i l  e ro s ion ,  l ack  cf 

- '  '- - . - - -- * - - A  ---------L A- .-.F ~ h s  nri-  POL >f C1.S i s  



FUNDAMENTAL CMARACTERISTLCS OF TtiE CIS 

DATA STORAGE 

O r u r ~  i s  w i t h i n  range  of  t h e  B r a z i l i a n  Landeat ground r e c e i v i n g  s t a t i o n  end i s  
covered  by seven Landsat  frames. The d a t a  bcee,  compo~ed  of t h e a e  
g e o m e t r i c a l l y  c o r r e c t e d  Landcat eceneu,  wna c t r u c t u r e d  a s  a d i g i t u l  ~ c o s a i c .  
The mosalc u6s c o n s t r u c t e d  by ue ing  Landsat computer compat ib le  t a p e s  (CCT'o) 
and oppropr ;2 te ly  ?tclectec! ground c o n t r o l  p o i n t s  of  known geograph ic  l o c a t i o n n  
provided by e x p e r t e  from t h c  Prograna-EKTSfGEOBOL. 

LARS scientists des igned  t h e  B o l i v i a n  geograph ic  i n f o n n n t i o \ i  system which 
c o n s i s t s  b a s i c a l l y  of  n f o u r  l eve l -16  e lement  g r i d  c e l l  u t r u c t u r e .  The g r i d  
c e l l s  were c r e a t e d  by c o n a t r u c t i w  n h y p o t h e t i c a l  p lane  of  1500 k i l o m e t e r s  i n  
t h e  h o r i r o n t n l  (E-U) d i r e c t i o n  and 1500 k i l o m e t e r a  i n  t h e  v e r t i c a l  (N-S) 
d i r e c t i o n .  T h e r e f o r e ,  i t  became p o e e i b l e  t o  p l a c e  t h c  e n t i r e  B o l i v i a n  
t e r r i t o r y  i n  n squared plane.  Fur thermore,  t h e  p lane  was h o r i z o n t a l l y  and 
v e r t i c a l l y  subd iv ided  i n t o  30,000 e q u a l  p o r t a  thc rcby  generat ing;  a t o t a l  o f  
900 m i l l i o n  c e l l o  which r e p r e s e n t  oquored a reoo  on t h e  e a r t h  s u r f a c e  of 50 
c le tc ro  by 50  m e t e r s  each.  Each c e l l  c o n t n i n e  16 e l e c e n t o  o r  S y t c c  of 
infor innt ion.  b o n g  t h e  16 e l e n c n t e  a r e  inc luded  t h c  f o u r  Landoat NSS 
(mul t ia tpt?ct ra l  acnnner  cystem) bands 4, 5 and 7 and t h e  remaining 13 are: 
c a n t o n s ,  dcpar tmenta  and p rov inceo ,  e l e v a t i o n ,  geo logy ,  hydrology ( d r c i n e g e  
ne twork) ,  l a n d  c o v e r  and l and  u s e ,  p o p u l a t i o n ,  p r ~ c i p i t a t i o n ,  r e l i e f  ampl i tude  
o r  l o c a l  r e l i e f ,  o lope  and a o p e c t s ,  o o i l s ,  t empera tu re  and t r a n s p o r t a t i o n .  
B a r t o l u c ~  i and P h i l  l i  F P  (1980) p rov ide  an i n  depeh d i o c u a b i o n  abou t  t h e  
a t o r a g e  requirement  and d n t s  m a n a g e ~ e n t  system i n h e r e n t  t o  t h e  d e s i g u  of t h c  
d i g i t a l  i n f o r m a t i o n  oyaten.  

HAP PROJECTION 

The s e l e c t i o n  of t h e  most o u i t a b l e  map p r o j e c t i o n  f o r  t h c  B o l i v i a n  geograph ic  
i n f o m n t i o l l  syetelu was based on t h e  f o l l o w i n g  a i x  c r i t e r i e . :  

1. The map p r o j e c t i o n  shou ld  be  w e l l  known and caay  t o  compute. 

2. The s e l e c t e d  p r o j e c t i o n  ohould f a c i l i t a t e  t h e  p r o d u c t i o n  of  a  whole 
map d e r i v e d  from t h e  f i t t i n g  of  s e p a r a t e  s h e e t s .  

3. A a i n g l e  p r o j e c t i o n  should c o v e r  an e n t i r e  r e g i o n  t o  bc mapped a t  
s c a l e s  rang ing  from 1:25,000 t o  1: 1.000.000. 

4. S c a l e  e r r o r  should be kept  e t  a  nininum th roughout  t h e  projection; 

5. Maximum e r r o r  o f  a r e a  must he z e r o  t o  f a c i l i t a t e  t h e  c o z p u t n t i o n  o f  
a r e a l  e s t i m a t e a  c f  ground c o v e r  by u s i n g  p ro jec t ion- independen t  
a l g o r i  t h s .  

6 .  Maximum e r r o r  of azimuth should bc minimized uhcnevcr  p o s s i b l e .  



T a k i m  i n t o  accoun t  t h o  e i x  s c l c c t i o n  r c q u i r e c c n t e  R a r t o l u c c i  and P h i l l i p s  
(1980) reviewed t h e  key c h n r e c t c r i o r i c &  of t h e  w e t  coizaonly seed map 
p r o j e c t i o n 8  (Tab le  1 )  and p reparcd  t h e  f o l i o w i n g  e c l e c t i o n  rootrix: 

P r o j e c t i o n  1 2 3 4 5 b 

2. POLYCONLC X 

4. Immbert-Zen X X X S 

5 .  Albero X X X X X X 

The r e s u l t s  o f  t h e  s e l e c t i o n  m a t r i x  i n d i c n t c d  t h a t  t h c  Albcro e q u n l - a r c s  
p r o j e c t i o n  i s  t h c  most s u i t a b l e  one f o r  d c o i g n i n g  e t i a t u r a l  r c o o u r c e s  
i n £  o r n n t  i o n  Gyotem f o r  Bol i v i a .  

LAtJDSAT DIGITAL HOSAIC 

The J u t  P r o p u l s i o n  Labora to ry  had t h e  r c ~ p o ~ l a o b i l  i t y  t o  c r e a t e  a n u l t  i-frercc 
Landsat  HSS d i g i t a l  noon ic  o f  Oruro u s i n g  r s o f t v a r c  deve loped  under  t h c  
'J'IChRjIBIS (Video lmage C o m u n i c a t i o n  and ~ e t r i e v a l / i m a ~ c  Baaed I n f o r n a t i o n  
S y s t c n ) .  The d i g i t a l  mosaic o f  seven  Landsat  sccncl! wne  p r e p a r e d  i n  f o u r  
spec  t r e l  bands. Thc d c t n  were r e s a n p l e d  t o  50 m e t e r  by SO m e t e r  p i x e l s  and 
mnp p r o j e c t e d  t o  t h e  Albcrs  e q u a l  c r e s  p r o j e c t i o n .  C o r r e c t i o n s  were  p e r f o r n e d  
t o  e l i m i n n t e  t h e  e f f e c t  o f  a t a o s p h e r i c  hazc  o n  e a c h  s c e n c  ~ n d  bctwcen scenes .  
JPL used spprox:nntely a total of 175 ground c o n t r o l  point8 o r  about 25 p ~ i n t c  
p e r  s c e n e  d u r i n g  t h c  mosaic  p r e p a r a t i o n .  

STRUCTURAL DESIGN OF THE CIS 

The b a s i c  s t r u c t u r a l  d e s i g n  o f  t h e  CIS a p p e a r s  i n  F i g u r e  1 where f i v e  ma jo r  
subsysteme ( i n p u t ,  d a t a  b a s e ,  management, model ing o r  c n o l y s i s ,  and o u t p u t )  
a r e  p r e s e n t e d  us a n  i n t e g r a l  p a r t  of t h e  system. The d a t e  base  oubsyotcm i r ,  
composed o f  a n  imngc p l a n e  d a t a  base  and a n  a t t r i b u t e  d e t a  bane. Each of 
r h e s e  oyctcna pe r fo rms  s e p a r a t e  f u n c t i o n s  which complcmtnt one c n o t h e r  and 
a t r c n g t h e n  t h e  d e g r c c  c f  v e r ~ n t i l i t y  of t h e  d i g i t a l  in fonnf i t i3n  ayotcm. For  
i n o t n n c c ,  t h e  imegc p lane  d a t a  base  s t o r c s  d i g i t i z e d  mcpo i n  t h e  f o r n  o f  
geo-coded o r  s p a t i a l l y  r e f e r e n c e d  image p l n r ~ c s  ( F i g u r e  2 )  wlrcreas t h e  
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a t t r i b u t e  d a t n  base  c o n t a i n s  r e c o r d s  which d e s c r i b e  i n f o r m a t i o n  re1 ' tcd t o  t h e  
: image p l a n e  d a t a  base.  The e l n b c r a t e  d e e c r i p t i o n  o f  t h e  i n t e r r e l a t e d  

f u n c t i o n s  snd c a p a b i l i t i e s  o f  t h e  f i v e  major  eubsystemn of  t h e  CIS is  fourid i n  
.. d e t a i l  i n  B a r t o l u c c i  and P h i l l i p s  (1981). 

i PRACTICAL IHPLICATIONS OF THE CLS FOR LATIN AMERICA 

Even though t h e r e  e x i s t  some commercially a v n i l a b l e  s o f t w a r e  and hardware such  
as t h e  COHAKC syetem which l ~ a v e  been s o l d  t o  a few deve lop ing  c o u n t r i e s ,  t h e  
B o l i v i a n  p r o j e c t  i o  t h e  f i r s t  geographic  i n f o r m a t i o n  cystem which hoe been 
conrctructed w i t h  t h e  p a r t i c i p a t i o n  of s c i e n t i s t s  from t h e  c o u n t r y  and 
implemented s u c c e s s f u l l y  i n  L a t i n  America and anywhere i n  t h e  l h i r d  World. It 
i s  a l s o  a n  e x c e l l e n t  example of  what c a n  be ach ieved  i n  t h e  Th i rd  World 
th rough  n a t i o n a l  and i n t e r n a t i o n a l  e f f o r t s  and s c i e n t i f i c  coopera t ion .  

The need t o  d i s o c n i n a t e  t h e  concept  o f  d i g i t a l  i n f o r m a t i o n  system and 
c o n s t r u c t  a p p r o p r i e t e  oystems i n  L a t i n  America i s  based p a r t i a l l y  on  t h e  
f o l l o w i n g  c & s i d e r a t  ions: 

1. Approxirntatcly 18% of  South America i s  somehow covered by r e l i a b l e  
tbpograph ic  maps a t  s c a l e s  rang ing  from 1:40,000 t o  1;250.003; a  
d i g i t a l  Lnndsnt mosaic would p rov ide  a  r a p i d ,  e f f i c i e n t  ~ n d  economic 
method of  u p d a t i n g  such d a t a  and g e n e r a t e  much ncrded i n f o r n c t i o n  
o v e r  r e g i o n s  t h a t  have never  been mapped. 

2. A CIS c a n  hand le  a broad range of  d a t a ,  a n a l y z e  them, and produce new 
i n f o r m a t i o n  on  n a t u r a l  r e sourceo .  

3. Large volumes of  d a t a  c a n  be  e t o r c d ,  r e t r i e v e d  and d i s p l a y e d  30 a s  t o  
a i d  p o l i c y  makers i n  making d e c i s i o n s  about  development p r o j e c t s .  

4. Cur ren t  r e s e a r c h  i n  t h e  f i e l d  of  e l e c t r o w p t i c a l  i n a g i n g  technology 
w i l l  s i g n i f i c a n t l y  i n c r e a s e  t h e  p r o c e s s  of c o n v e r t i n g  large-formnt  
g r a p h i c s  t o  d i g i t a l  form. AB h t i n  h e r i c o n  c o u n t r i e o  and o t h e r s  
adopt  d i g i t a l  f i l e s  of mopping, geophys ica l  cnd o t h e r  typeo  of  
g r a p h i c  d a t a ,  t h e  demand f o r  h i g h l y  s o p h i s t i c a t e d  s e n s o r ,  s o f t w a r e  
and hardwnre w i l l  grow r a p i d l y  i n  o r d e r  t o  p rov ide  e f f i c i e n c y  i n  d a t a  
s t o r a g e  and r e t r i e v a l  on  n  n a t i o n n l  and r e g i o n a l  bns i s .  

These o b s e r v a t i o n s  a r e  o n l y  a few which demons t ra te  some of t h e  
p r a c t i c a l  a p p l i c a t i o n s  of geograph ic  i n f o r m a t i o n  cyGtem i n  n a t u r a l  
r e s o u r c e s  management programs. C l e a r l y  t h e  c o n n e c t i o n  e x i s c a  between 
r e e e a r c h  i n  d e t e c t i n g ,  s t o r i n g  and e x t r a c t i n g  d a t a  o n  e n e q y  
r e e o u r c e s  , g e o l o g i c  s t u d i e s ,  and g l o b a l  menogcnent of nuch r c n o u r c e s  
through a  combinat i o n  o f  remotely  sensed  d a t n ,  geo-ref e renced  
i n f o r m a t i o n  and t h e  d e s i g n  of geograph ic  i n f o r m a t i o n  systems.  Such 
exnmples o f  p r a c t i c a l  advantagen have s t i m u l a t e d  t h e  i n t e r e s t  on t h e  
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p a r t  o f  po l icy  d e c i s i o n  makers i n  La t i n  h e r i c e  and elsewhere i n  
CIS. The i n t e r n a t  ione l  funding agenc ies  l i k e  tlie Inter-American 
Developsent Bank, the World Bank anti o t h e r s ,  a l s o  have ous ta ined  
i n t e r e s t  i n  f inanc ing  p r o j e c t e  i n  which CIS of f c r s  g r e a t  a d v a ~ ~ t n g c e  
f o r  a e s i t i n g  t h e i r  member c o u n t r i e s  i n  meeting na t i ona l  cnd r eg iona l  
developmcnc needs. 
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TABLE 1. SUMMARY OF KAP PROJECTION CHATdCTERISTICS 

P ro j ec t  i o n  C h a r a c t e r i s t i c o  

1. UNIVERSAL TRANSVERSE 
HERCATOR ( U M )  

Confornal p r c j e c t i o n  used mainly 
i n  m i l i t a r y  mopping a t  s c a l e s  o f  
1:50,000 o r  l a r g e r .  

2. POLYCONIC Standard for f i e l d  map a t  s c a l e s  
1:50,C00 and l a r g e r ;  p redcc inant  
uee, 1:24,000 quadrangle maps. 

3.) LAMBERT CONFORMAL CONIC A c o n f o m c l  c o n i c e l  p r o j e c t i o n  
wi th  t r ~ o  s tandard  p t r a l l c l s .  

4. LAHBERT ZENITHAL cqua 1-area h a t e r cog reph ic  pro jcc  t i o n  w i th  
a s tandard  n c r i d i c n  and s tandard  
pn ro l l e  1. 

5. , ALBERS equal-area An equ iva l en t  conic  p r o j e c t i o n  
w i th  two oennaard p a r s l l e l o .  
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.* . . . FACTORS IN  THE EFFECTIVE UTILIZATION OF A LANDSAT RELATED 
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INVENTORY I C i  WEST AFRICA 
J. ' 

Lynda H a l l  
* Ea r th  Sate1 1 i t e  Corporat ion 

7222 47th S t r e e t  
Chevy Chase, PlaryIanG 2G815 

ABSTRACT 

A comprehensive Landsat r e l a t e d  resource inventory  was performed i n  ~ ? . r t s  o f  
t h ree  West A f r i c a n  count r ies  t o  determine resource development p o t e n t i a l  i n  
areas freed o f  the disease onchocerciasis. The u l t i m a t e  success o f  t he  p r o j e c t  
l i e s  i n  the e f f e c t i v e  use o f  the data by hos t  count ry  personnel i n  resource 
development p ro jec t s .  This requ i res  p r o j e c t  fo l low-through,  adequate t r a i n i n g  
o f  reg iona l  counterparts,  and i n t e g r a t i o n  o f  the data i n t o  an e a s i l y  used 
framework. Present l e v e l s  o f  support systems and techn ica l  expe r t i se  i n  Wsst 
A f r i c a  i n d i c a t e  t h a t  an automated system f o r  na tu ra l  resource data i s  n o t  
c u r r e n t l y  appropr iate.  Suggestions f o r  the g rea te r  implementation o f  such 
i nven to r i es  are  explored. 

INTRODUCTION 

The need f o r  na tu ra l  resource eva lua t ion  and management i s  especia l  l y  
impor tan t  i n  f r a g i l e  environments o r  where resources are  re1 a t i v e l y  1 im i  tsd. 
These c o n s t r a i n t s  e x i s t  i n  the  developing nat ions o f  West A f r i ca ,  p a r t i c u l a r l y  
i n  the Sahel i a n  zone. They have been the focus o f  numerous remote sensing 
resource i nven to r i es  and development p ro jec t s  i n  recent  years, sponsored by the 
U.S. Agency f o r  I n t e r n a t i o n a l  Development (USAID), t h e  I n t e r n a t i o n a l  Bank f o r  
Reconstruct ion and Development (IBRD), and o ther  donor agencies and nat ions.  

As o f  May 1982, there  were twenty-seven (27) USAID f inanced p r o j e c t s  
ongoing i n  the Sahel i n  which resource inventory  ar,d mapping was a component. 
These represent  an investment o f  f o r t y  m i l l i o n  d o l l a r s  and a pro jec ted investment 
o f  one hundred m i l l i o n  d o l l a r s  (Taylor ,  1982). Resul t ing from these and o the r  
e f f o r t s  i s  a weal th o f  in fo rmat ion  about the na tu ra l  resources and development 
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? potential and constraints withic the region. The ultimate success of the 
studies, however, depends on their  integration in subsequent resource development 

\ programs. Such integration whereby the resource inventory products are effectively 
utilized i s  typically lacking, and appears t o  be contingent upon several complex 
factors,  such as: 

- Ini t ial  and sustained host country involvement and ccmmi trrient to the 
inventories and their use; 

- An organizational framework within the host country for  planning, 
development and management of natural resource programs; 

. .* I.! 

: * 
~ 3 - :  
. .i ,,.: 

. .: 

- Proper scale and intensity of inventory which matches the spzcific 
information needs of the most urgent problems to bc solved; 

- A requisite number of trained host country counterpart resource 
analysts and planners ; 

- Adequate counterpart training which provides concrete applications of 
product utilization as part of the training process; 

0 - The inclusion of a vi tal  period o f  follow-through or phase-out o f  
I 

continuing technical assistance and training af ter  the inventory .is 
completed (Taylor, 1982); 

- A resource data base which i s  easily accessed and understood; and 
which both corresponds to and advances the technological s tatus and 
training level in the host country. 

To date, implementation of inventory results has been \.reakly linked to 
resource analysis proyrams in West Africa and elsewhere, and many inventory 
products are gathering dust on ministry shelves. This may be due to any or a l l  
of the above factors. This paper addresses reasons for this with regard to a 
resource evaluation project in the Volta River Basin and explores considerations 
in the choice of an effective system for resource data pyesentation and transfer. 

! c s PROJECT DESCRIPTION 
> 1 
L 

t Onchocerciasis i s  one of six major diseases targeted by the World Health 
! 

, : Organization (WHO) for eventual eradication. The disease i s  caused by a parasitic 
. i wonn (O?chocerca volvulus), vectorcd by a black f ly  JSimulium darnnosum) which 
: ,  . a breeds i n  rivers and streams. The disease a f f l i c t s  debilitation and blindness 
: i and, before the onset of the eradication program, was the prilninary deterrent 
" i t o  human resettlement and economic development of many f e r t i l e  valleys which 
c had become uninhabited and unproductive. 

i 
< 

The Regional Onchocerci asi s-Free Area Planning ( R O A P )  project was designed 
to address rese ttle~nent problems in the onchocerciasis-free areas of Benin, 
Ghana ,  and Upper Vol t a .  The ROA? project i s  the second stage in a three-stage 
program for disease control, settlement, and development of areas uninhabited 

@ because of the disease. The f i r s t  stage i s  a n  onchocerciasis vector control 
prOgrdII which was initiated in 1974 under the direction of the World Health 
Organization. The program has successfully controlled the disease in many 
val leys and wi 11 continue for twenty years. The second stage, funded by USAID 
and ifi~plernented by the African Development Bank, i s  the preparation of a data 



base con ta in ing  a na tu ra l  and c u l t u r a l  resource inventory  and an assessneilt o f  
rezource development po ten t i a l s .  This task  was undertaken by Tippetts-Abbett- 
McCarthy-Stratton (TMIS) and Ear th  Sa te i  1 i t e  Corporat ion i n  a j o i n t  venture, and 
was c m p l e t e d  i n  1931. The t h i r d  stage w i l l  c o n s i s t  o f  c a p i t a l  investments 
necessary t o  implement dsvel opmcnt plans i n  selected areas (Broaner and Nichols, 
1982). W i th in  t h i s  framework, s p e c i f i c  ob jec t i ves  o f  the  resource inventory  
were: 

- To e labora te  and expand basic i ~ s o u r c e  documentation f o r  use i n  
onchocerc ias is c o n t r o l  program areas i n  the th ree  countr ies;  

- To p r m o t e  w i t h i n  a reg iona l  sca ie  the  development of d l  1 n a h r a l  
resources i n  these areas, such as minerals, a g r i c u l t u r e  and l i ves tock ,  
water  resources, f o res t r y ,  and P i  sher tes; and m s t  impor tan t ly ,  

- To t r a i n  counterparts f o r  e f f e c t i v e  day-to-day use of the resource 
data base i n  development p lanning and programs. 

The in fo rma t ion  base inc luded resources inventory  and development p o t e n t i a l  
maps end was der ived l a r g e l y  f r o n  Laridsat data, i n  a niul t i l e v e l  remote sensing 
approach w i t h  cor robora t ive  f i e l d  work. 

Spec ia l l y  processed and conputer enhanced Landsat imagery was used f o r  
reg iona l  ana l ys i s  o f  the  335,000 square k i lomet re  study area. Th is  was supplement- 
ed by l a r g e r  scale black-and-white a e r i a l  2hotography i n  th ree subareas (2,000 
square k i  lometres each) selected fo r  more de ta i l ed  study. I n  addf t ion ,  f i e l d  
team; i nc lud ing  host  counterpsr ts  corroborated these data by ground checking 
s p c i f i c  s i t e s  and observing areas frm low a l t i t u d e  l i g h t  a i r c r a f t .  Remote 
serising ~ z t h o d s  proved t o  be e f f i c i e n t  and c o s t - e f f e c t i v e  f o r  the comprehensive 
coverage o f  the study area. The approach was espec ia l l y  usefu l  i n  remote areas 
o r  over extensive regions o f  the developing count r ies  the re  cu r ren t  data were 
unavai lable.  

I n t e r p r c t a t i c n  o f  the enhanced images supplemented by ground t r u t h i n g  
resu l ted  i n  d e t a i l e d  in fo rmat ion  on land use and land cover, geology and mineral  
resources, sur face hydrology and yroundwa t e r  resources, c l  imate, and human 
resources ( i n f r a s t r u c t u r e ) .  This was synthesized i n t o  the fo l lowing categor ies 
o f  development p o t e n t i a l  : Agr icu l  ture,  L ivestock and Rangeland; ldater Resources 
and Fisher ies;  Forest  and W i l d l i f e ;  Minerals;  and Candidate Areas f o r  Human 
Resettlement and/or Resource Development. The l a t t e r  category was a fus ion of 
the o the r  classes intended t o  i d e n t i f y  areas o f  r e l a t i v e l y  h igh  development 
p o t e n t i a l .  Twenty-seven (27) such areas were selected as su i t ab le  f o r  m r e  
d e t a i l e d  study. 

DATA BASE PRESENTATION 

The medium chosen t o  convey the  informat ion was a ser ies  o f  thematic map 
over lays reg i s te red  t o  na t i ona l  topographic maps, a t  1 :200,000 scale f o r  Benin 
and Upper Vol t a  and 1 : 250,000 f o r  Ghana. For resource management and development, 
map over lays can present subs tan t i a l  amoucts o f  i n fonna t i on  i n  a simple and 
i n teg ra ted  manner. They a r e  e a s i l y  d i s t r i b u t e d  t o  var ious admin i s t ra t i ve  
agencies responsib le f o r  d iverse  areas o f  resource managescnt w i  t h i n  each 
government. The ovel-lays were designed t o  be used as unaccompanied resource 
t o o l s  o r  i n  con junc t ion  w i t h  na t i ona l  topographic maps o r  the enhanced Landsat 
images. Landmark towns and roads on each over lay served as r e a i s t e r  w i n t ~  tn 

I,..., :..L~----A-*~-- . .. 



As an evaluation exercise, computer classification of a Landsat image Kas 
performed, using black-and-hi t e  aerial photography as "ground truth" to supervise 
the classification, a s  we1 1 as supplementary t~pographic and soi l s  maps. 
Computer classification of imagery i s  useful in many situations, b u t  in this 
case the results  f e l l  short of those acquired by manual interpretation. Since 
cmputer classification was bsed on spectral response only, irxprtant environ- 
mental considerations used in hurltan interpretation were excluded, and overlap o f  
spectral signatures in this co~plex enviroment resul ted in significant c lass i f i -  
cation inaccuracies. Manual interpretation of the enhanced images applied 
ecologic concepts of analysis which allowed detail surpassing that of the automated 
technique. In addition, accuracy would require that  the classification supervision 
be performed separately for most of the twenty-five individual Landsa t images 
used in the project, due to differznt acquisition dates and resulting variations 
in atmospheric and ground characteristics. Final ly, computer classification 
would have provided only the land use/land cover data base, with the remaining 
inve~itory over1 ays s t i  11 requiring man~al interpretation. 

-, . . . . For data presentation, an automated geographic .infonation system was 
considered. In many ways, such a systein woul rl have been suitable for the data 
base. Automated manipulation provides ease uf comparing several layers of 
information and has great advantage, when many outputs may be required from the 
same data base (Cal kins, 1977). Computer storage capabi 1 i t ies  can assimilate 
the large quantities of inventory data and allow rapid retrieval for ne rg i~g ,  
analysis. presentation, or  updating of data. However, the task of converting 
data from many sources to the same forxiat in machine-readable form i s  a huge, 
cos t-intensive one which requires extensive autoinated data manipulation and 
interpretation. 

Critical considerations in an automated approach would be the  effective 
transfer of this technology to West African counterparts, and the likelihood 
that  the data h s e  and supporting equipment would k adequately maintained. 
Installation of such a capability, even a t  the existfng rerote sensing center in 
Ouagadougou, Upper Vol t a ,  would involve large investments in sophisticated 
equipment by the host countries or the donor agency. This should !E accoinpanicd 
by additional operating systems in the other tvo countries. 

Limiting factors other than in i t ia l  cost and equipment prerequisites are 
sys tern support and training requirements. In order f o r  a ccmputer system to  be 
properly maintained, these minimum requirements are: an assured, continuous, 
non-surge power source; reliable, continuously a i r  conditioned and humidity 
control led building; to house the f ac i l i t i e s ;  and trained earth science and 
cmputer science technicians to perform digital analyses and service the sys tem. 
A t  present, these prerequisites do not exist in t.he studied West African countries, 
and until th is  level of system support and expertise can be sus t~ ined ,  i t  i s  not 
recommended that computer-based faci 1 i t i e s  be instal led there (Taylor, 1982). 

DATA BASE U T I L I Z A T I O N  

For effective ut i l izat ion,  i t  i s  essential that any framework for using and 
maintaining a natural resource data base be rea l i s t ica l ly  usable in the local 
enviroment (Poulton, 1982), especially give11 the extensive amount of counterpart 
training a-equi red for adequate technology tra-sfer in any form. 

.e .. ." 
Y* The inventory overlays. develooment. m t p n t i a ~  m n c  and sp,--..h-..:-- ---ye.--- 



planners. The importance of this  consideratior; i s  recognized by the African 
Development Bank which has sreci f ied that  the number of devel opnent projects 
ini t iated i n  each cou~t ry  will depend on the availability of local peor.1~ trajned 
in resource analysis and rnanage~ent. Thus, the training of host pzrsonncl in 
remote sensing techniques, f ie ld  methods, overlay and legend interpretation, 
resource planning and management, and continued applicatSons of rzsource data t o  
planning i s  a crucial element ia determining the ultimate ut i l izat ion of inveatory 
products. 

b r i n g  the ROAP project, the primary factors vhich irnpdcd the maxirnt~in 
transfer o f  technical expertise to the counterparts and thc applicztion of 
resul t s  to devel oprnent programs were: the scaut avcil abi 1 i ty o f  appr~pr ia te ly  
trained counterpart resource analysts; and the lack of an extended period of 
practial training and technical a s s i s t a n c ~  aftdr  inventorly completion, during 
which expatriate analysts could glqadu31 ly withdrah as the host country person~~el 
gained self-sufficiency i n  :he implementation process. These a;-e issues which 
can and should be accounted for in future resource inventories i n  Africa. They 
must be considered in the preliminary steges of project dzsign by the funding 
agency and the host country, so that adequate time a n d  resources f c r  them arc 
a1 located (Poul ton, 1982). 

CJUNTERPART TRHI NING 

Mi thin the restrictions of project funding 2nd design, the trainiag proCjmam 
that  the counterparts did undergo \;as carsfully planned to ~rnp\~ls lze  practical 
applications while providing instruction i n  imprtant inventory concept: and 
methods. The instruction team war 2 mitl t idiscipl inary group of sc ient i s t s ,  
planners, and engineers. Components of the training program founG to be valuable 
were: an interdisciplinary orientation, extensive documentation on project 
issues, diversified training format, and maximum possible i~i teract ion be Ween 
expatriate trainers and counterparts. 

The three main elements of the training progran were: a trro-week course i n  
the United States on remote sensins techniques and resource evaluation; on-the- 
job training i n  each country during which expatriate scientis ts  2nd technicians 
worked with African counterparts an a day-to-day basis to study specific s i tes  
during two extended field tr ips;  and a seminar in rhich counterparts participated 
a t  projects' end to ?resent inventory methods and resbl t s  to the administering 
agency and host country off icials .  This approach was designcd tct involve partic- 
ipants i n  i~ventory  methods and familiarize them with the technol~gy for eventual 
application in resourd d~velopmznt p r o j ~ c t s .  

In order for such a program to be successful, host countries should be 
prepared to comni t individuals who have training in the earth sciences or natural 
resource management to full-time project participation, both durtng the inventcry 
and af ter  i t s  completion. In most West Africac countries the supply of educated 
sc ient i s t s  and planners i s  extremely limited. The f e : ~  specia l i s t s  who do exist  
are often quickly cycled through government hier6rchies and d? nat  rrnain in 
positions where their project experience can be technically or m3,nagerial ly 
u t i l  ized. The shortage cif scientis ts  sonetives necessitates tha t  government 
administraters be given ~ssignments t h a t  waul d Se ncjre appropriate!y f i l led  
by people trained in the earth science;. This was the case in t he  Volta Basin 
project whrhore three of the seven cocnterparts were government ad.n;<nistratorr or - . - 3 -  - 3  - -J-:-<-c,,+;.., ,c;fa'mnc r,,,.- 



' a work; they resua:ed t h e i r  o r i g i n a l  du t i es  and were unable t o  provlde the fiecer. 
sary i l l pu t  dnd support f o r  subsequent use o f  the resource data. A converse 
s i t u a t i o n  w l t h  a s in r i l a r  r e s u l t  may occur \.hen the few a v d i l a b l e  resource s c i e n t i s t s  
a t tenlpt t c  i n t e g r a t e  t h e i r  ncwly found knowledge i n  m i n i s t r y  decis ion,  and f i n d  
t h a t  they do no t  have the required levercge which an admin i s t ra to r  may enjoy. 

PROJECT IMPLEMENTAT I ON 

Program success a1 so requ i res  t l ie f u l l  cmmihnent o f  s c i f ? n t i f i c a l  l y  t ra ined  
counterpar ts  f o r  an extended pe r iod  tmn~edia t e l y  f o l  low n the inventory,  du r i ng  
which resource drveloptncnt programs a re  i n i t i n t e d n c l u s i o n  an3 funding o f  
t h i s  extended i iaplemei~tdt ion per iod  i s  a c r i t i c a l  ele~neri t  o f  any na tu ra l  resource 
inventory.  It i s  a l so  one which has o f t e n  been overlooked by sponsor agencies 
I n  p r o j e c t  design. The r e s u l t  i s  t h a t  p r i o r i t i e s  a rc  sh i f t ed ,  countc rpar ts  
resulllc o r  a re  reassigned t o  o the r  dut ies,  and inventory  products a re  shelved. 
Development p r o j e c t s  lliay then cont inue on an ad hoc k s i s ,  w i thout  the b e n e f i t  
o f  the aianagemen: resource. 

The i r t ~ p l e n ~ c n t ~ ~  t i o n  program should be an un in ter rup ted extension o f  t r a i n i n g  
begun dur i t ly  the invcntory  and should resu l  t i n :  

- A thorough undcrstariding by counterparts and invo lved govern~nent 
o f f i c i a l s  o f  the illethods e~nployed i n  the p r o j e c t  dnd how r c s u l  t s  and 
oap products were derived; 

- A p r d c t i c a l  knowledge of how the  over lays can k rnanfpulated t o  assess 
resources i n  an area; 

- EQrc de tL\i led  study o f  I-anotc sensl.rg technicjues and t h ~ i r  coi i t inued 
appl  i c a b i  1 i ty  t o  resource ~ ~ i a ~ ~ d g c t ~ l c r i t  and devc'l opnlcn t plan11 ing ; and 

- Co:oarprehet\s i v e  educd t i o n  i n  rcsolrrce taa~~dgement deci  sions . 
Idedl  ly, exp,~ t r i a  t c  plCinricrs should work d i r e c t l y  w i t h  counterparts i n  

s p e c i f i c  app l i cd t i uns  of  inver l tory ddtd t o  the p lanning process. S i t e  v i s i t s  t o  
syeci  f i c  areas would il l u s t r d t e  the r e l a  t i o n s h i p  tw? tween f i e l d  otserv? t ions  and 
t l ie  resourcc lltap ovcrl ,~ys. This i n f o ~ a r a t i o n  cou ld  then be used t o  rank drid 
s e l e c t  addi t io r id l  L I ~ ~ L I S  \ ~ i  t h  high resource develop~nent po te r \ t i a l  , and t o  i d e n t i  fy 
p r o j e c t s  t o  be int;)le~riet~ted t l lere. 

fir\ i n t e g r a l  p a r t  o f  t.he ltr~plea~orlt.atiori process should inc ludc  presenta t ion  
o f  t:tetllods f o r  updntin!) the  data bdsc i n  i t s  cu r ren t   font^, inc lud i r lg  the poss ib le  
t ra~ ls tc ! '  the i n f o n ~ u t i o n  t o  a coaiputer-based systet~i, when p r a c t i c d l  i n  the 
f u t u r e .  

As ~ o u n t e r p a r t s  b e c a ~ ~ c  p r o f i c i e n t  a t  dntd i n t e r p r e t a t i o n  and i t s  use i n  
resur;~-ce alanagernent dec i s ion-alaki rig, expa t i - i d  t e  personnel would be grddual l y  
pll.tf:d out ,  so t l i d t  a t  the end o f  the p r ' o j r a ~ ~ ~  each count ry  has d r e l a t i v e l y  
scl,i-suf f i c  i c n t  te<\nl o f  resource a n t ~ l y s t s .  The scope and len!)th o f  the iatple- 
rncntd t i o r l  pe r i od  s l l o i ~ l d  dcpcnd i n  p d r t  on i l \ v e t ~ t o r y  ex ten t  and d e t d i l  , and 
ava i l ~ t b l c  counterp ,~r ts  and dcvelopalcnt funds, b u t  a minitilun~ e f f e c t i v e  du ra t i on  
i s  p r ~ ~ h ~ ~ b l y  s i x  ~ t ~ i j r l t t ~ s  t o  O I I ~  ye~ i t -  (Dodoo, 19tIL)). The cos t  o f  i h e  extended 
t r a i t , i n q l y r i u d  w i  11 '11 so vary acco rd i~ i y  l y .  r n d  ittay co~~tp+.i se 10-2b.X o f  iaventoi-y 
cos ts .  



USAID i s  currently considering funding a follow-through program for an 
extensive land use inventory i n  Mali which was part of a five million dollar 
project. This resource evaluation k4as conducted by TR4S over the past three 
years and has recently been completed. As part of the project, a Elalian team 
was t r a i ~ e d  in r-esource inventoi-y and evali'ation techniques. The proposed 
program continuation will cost dpproximately ha1 f a million dollars and i s  

' tentatively scheduled to l a s t  tv:o years, so that Malian s k i l l s  continue to 
develop towards greater self-sufficiency. Hopefully, the focus of the proposed 
fol low-through program will be the establishment of a pemailent Ma1 ian Unit of 
Natural Resource Inventory, Evaluazion and Planning (Taylor, 1982). 

it i s  only through ef for ts  such as the proposed Mali follcw-through imple- 
mentation program tha: natural resource inventories i n  West Africa wi 11 have 
a greater chance of being ultimately successful. In order for  the wealth of 
resource information to be ful ly ut i l  ized, there must be an extended pried of 
technology transfer during which counterpart scientis ts  and planners achieve 
greater indeoendence in resource management. 

The ease with which this  i s  achieved i s  determined to a large dggree by 
choice of inventory methodology and a data presentation system, and an effective 
counterpart training program. Adequate support for th is  approach requires high 
levels of involvement by host country of f ic ia ls  and technicians, beginning with 
problem analysis i n  the preplanning stages and continuing through the inventory 
and i t s  implementation i n  devel opnent programs. Closc col laboration between the 
funding agency and host country government in terms of project goals ~ n d  funding 

e pr ior i t ies  i s  required (Poul ton, 1982). Equal ly necessary i s  tha commitment by 
the African governnent of educated scientis ts  and technicians v.ho can devote 
fu l l  t ine to the inventory and i t s  imp1emer;tation for an extended period of 
time. 
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NOTES 

1. Tlri;  percentage range i s  based on the cos t  o f  the proposed i4ali t r a i n i n g  
progrcirn and an es t i ~ n a  t i o n  o f  p ro jec ted  .cos ts  , o r  f ~ r t t ' e r  technology t r a n s f e r  
I n  the  ROAP p r o j e c t .  It i s  a pre l im ina ry  est imate which i s  sub jec t  t o  
r e v i s i o n  petidins nure extensive plznnir ig o f  these types o f  prcgrams. 
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ABSTRACT 

TI& main sources o f  energy i n  Kenya are e l e c t r i c i t y ,  minera l  f ue l s ,  and woodfuel. 
E l e c t r i c i t y  and minera l  f ue l s  are considered t o  be the major commercial sources o f  
energy, whereas woodfuel (f uelwood and charcoal) a re  c l a s s i  f i e d  as non-commerci a l .  
Woodfuel i s  consur~ed by 90 percent o f  the  r u r a l  popu la t ion  and t h e  urban low income 
groups fo r  cooking and heat i r ~ g  purposes. The reasons f o r  such h igh  n l n b ~ r s  o f  the  
popu la t ion  us ing  fuelwood are: 1) the  m a j o r i t y  o f  the people are poor and p r a c t i c e  a 

a subsistence type economy; 2 )  fuelwood i s  inexpensive compared t o  e l e c t r i c i t y  and mi n- 
era1 fue ls ;  and 3) fuelwood i s  more r e a d i l y  a v a i l a b l e  f o r  most people. Despi te the 
important r o l e  f o res ts  p l a y  i n  the energy sec tor  i n  Kenya, they are  being r a p i d l y  
depleted because o f  popu la t ion  pressure, land shortage, and lack  o f  proper management. 

The major causes o f  f o res t  dep le t i on  i n  Kenya include: conversion o f  f o res t  land 
t o  a g r i c u l t u r a l  land, harves t ing  o f  t rees  f o r  lunber and bui  l d i n g  poles, and c u t t i n g  o f  
t r ees  f o r  fuelwood and charcoal production. Forests are  a renewable resource t h a t  
should be managed under the p r i n c i p l e  o f  susta ined y i e l d .  

Forest resource management i s  essen t i a l  fo r  Kenya's economy and energy supply. 
Remote sensing data,  p a r t i c u l a r l y  LANDSAT has been ex tens i ve l y  app l ied  t o  e a r t h  
resource management i n c l u d i n g  f o r e s t r y  i n  many developing countr ies.  LANDSAT can be 
e f f e c t i v e l y  used t o  moni tor  the  ex tent  and magnitude o f  fo res t  cover change i n  Kenya 
i n  order  t o  evaluate the p o t e n t i a l  f o r  energy supply. D i g i t a l  processing o f  LANDSAT 
data  provides a r e l i a b l e  mon i to r ing  technique f o r  f o res t  resource management i n  Kenya. 
LANDSAT data  ana lys is  was used t o  i l l u s t r a t e  t h a t  Kenya's fo res ts  are  indeed d imin ish-  
ing. A model 

FW = FR - C 
FW = Tons o f  a v a i l a b l e  fuelwood 
FR = Annual f o res t  regenerat i o n  
C = Annual consunption 

was used t o  make p ro jec t i ons  f o r  the a v a i l a b i l i t y  o f  fuel\.rood as an energy source. 
The r e s u l t i n g  f igur2s  imply t ha t  Kenya's fo res t  wr  1 1  a1 1 but disappear around t h e  end 
o f  the  20th  century. LANDSAT data  ana lys is  f o r  Mau East subs tant ia tes  these a larming 
f indings.  

Forest  recources , p a r t i c u l a r l y  i n  the less developing count r ies  (LOCS) such as 
Kenya, are d e c l i n i n g  a t  an a larming r a t e  ( ~ e r s s o n ,  1977; Barney, 1980). The d r a s t i c  
changes f n fo res t  resource envi rocments are a t t r i b u t e d  t o  h i  gh popu la t i on  growth 



(Brown, 1978). f he absence o f  adequate resource management programs has made eco log i  - 
c a l  aspects o f  the  man-forest r e l a t i o n s  as desperate as the  economic issuzs i n  the  
LDCs. These count r ies  have main ly  l abo r - i  n tens ive  a g r i c u l t u r a l  systems. l ncreased 
food product ion  t o  meet the demands o f  growing populat ions must come frcm r a i s i n g  the  
a g r i c u l t u r a l  land base, which p r i m a r i l y  imp l ies  c l e a r i n g  forests.  I n  add i t i on ,  
n a t u r a l  cyc les and processes are very  rap id  and f o r c e f u l  i n  the t r o p i c s  and sub- t rop l -  
c a l  areas such t h a t  orice the  fo res ts  are c leared,  chances f o r  s e l f  regenerat ion are  
very  s l im.  Therefore, s ince fo res ts  are a  renewable resource t h a t  most LDCs depend 
upon f o r  energy supply and o the r  products such as lunber b u i l d i n g  ma te r i a l s  and food, 
t h e i r  management i s  v i t a l  f o r  human su rv i va l .  

2. MANAGEMENT OF KENYA'S FORESTS 

Kenya i s  b a s i c a l l y  an a g r i c u l t u r a l  coun:ry w i t h  a  popu la t ion  o f  15.8 mi I l i o n  w i t h  
an annual growth est imated a t  4 percent ,  the  h ighest  i n  the world. Near ly  90 percent  
o f  the popu la t ion  i s  engaged i n  a  subsistence economy geared toward a c q u i s i t i o n  o f  
farmland a t  the cost  o f  f o res t  lands. Consequently, Kenya's fo res ted land, est imated 
a t  j u s t  under 3 percent ,  i s  being c leared f o r  ag r i cu l t u re .  

Kenya's fo res ts  are under the msnJgement o f  ttii Fores t ry  Department i n  the  M i n i s t  
o f  Environment and Natura l  Resources. As p a r t  o f  f o res t  management, the Department o f  
Fores t ry  i s  concerned w i t h  prevent ion o f  so i  1  erosion,  es tab l is tment  o f  green b e l t s ,  
na ture  reserves, and p i c n i c  s  i tes (Progress Report, 1973-1 578). 

Since 1968 Kenya'? fo res t  p o l i c y  has b a s i c a l l y  remained the same as s ta ted  i n  the  
Sessional Paper No. 1. A sec t i on  o f  the preamble o f  the p o l i c y  statement i s  g iven 
be J ox: 

The Forest Estate o f  Kenya ranks h i g h  as one o f  the  count ry 's  most 
important na t i ona l  assets i n  i t s  p r o t e c t i v e  aspect o f  conservat ion o f  
c l imate ,  water ,  and so i  1 as the source o f  supply o f  f o res t  produce f o r  
a l l  uses by the inhab i tan ts  o f  Kenya; and as a  revenue earner o f  h igh  
p o t e n t i a l .  The o b j e c t  o f  the government's f o res t  p o l i c y  i s  t he re fo re  
t o  l ay  clown bas ic  p r i n c i p l e s  which s h a l l  guide the developmel~t and 
c o n t r o l  o f  f o r e s t r y  i n  Kenya for  the  greates t  comnon good o f  a l l .  
These basic p r i n c i p l e s  are described under 10 main heads - rese rva t i on  
o f  land f o r  f o r e s t  purposes; p r o t e c t i o n  o f  the  fo res t  es ta te ;  management 
o f  the fo res t  estate;  indus t ry ;  f inance; employment; l o c a l  a u t h o r i t y  
fo res ts ;  p r i v a t e  fo res ts  and o the r  fores t s  not  under owners h ip;  pub1 i c 
amenity; and research and education. 

Under reserva t ion  o f  land f o r  f o res t  purposes, t he  p o l i c y  s ta tes  t h a t  the govern- 
ment i s  determined t o  reserve i n  pe rpe tu i t y  the e x i s t i n g  fo res t  and, wherever poss ib le  
add t o  them so as t o  prov ide  s u f f i c i e n t  land i n  order to: 

I .  mdin ta in  and improve the c l i m a t i c  and phys ica l  cond i t ions  o f  the country; 
2. con5erve and regu la te  water suppl ies by p ro tec t  i o n  o f  catchments and by any 

means necessary f o r  the purpose, i nc lud ing  the impounding o f  water i n  f o res t  areas; 
3. conserve the  so i  1 by prevent ion o f  dess icca t ion  and s o i l  movement caused by 

water and wind; and 
I .  prov ide  f o r  the needs o f  the count ry  ir t imber and o t h e r  f o r e s t  prcduce 

adequate t o  meet the requirenients o f  the community under a  f u l l y  developed n a t i o n a l  
cLonomy and t o  prov ide  the greatest  poss ib le  surp lus  o f  those products f o r  export  

' ~ e ~ u b l i c  o f  Kenya, Sessional Paper No. 1  of 1968, ii Forest P o l i c y  f o r  Kenya, - -- 
Government P r i n t e r ,  Na i rob i  , 1968. 



Although there  has been no major f o res t  p o l i c y  change s ince 1968, t he re  has beet1 
a s h l f t  i n  emphasis by t h e  government t o  encourage the  e s t a b l i s h e n t  of p r i v a t e l y  
owned woodlots and p l a n t i n g  o f  t r ees  by l oca l  farmers. A t  any r a t e  where f o r e s t s  a re  
under government ownership, a h! gh squat te r  popu la t ion  has es tab l  ishcd i t s e I f .  

. . I t  i s  i n t e r e s t i n g  t o  note t h a t  t he  squat te r  system i s  used by tlx Forestry2De- 
partment f o r  c r e a t i o n  o f  new p l a n t a t  ions. The f o l  lm t i ng  procedure i s  fol lowed. 

1. The area i s  c l e a r - f e l l e d  by a sawmi l l e r  o f  a l l  mi 11able t i nbe r .  
2. The area, where poss ib le ,  i s  exp lo i t ed  by cont rac tors  removing a l l  remaining 

produce. 
3. The f o r e s t  squat te r  makes a shavba. 3 
4. The Forest Department p la i i t s  t rees  on the t h i r d  year a f t e r  c l ea r i ng .  
5. The squat te r  c u l t i v a t e s  the  p lan ta t i ons  u n t i l  .the t rees  are  18 months o ld.  
6. The Department then takes over the t rees  and ra i ses  them t o  ma tu r i t y .  

The squa t te r  movement i n t o  c leared fo res ts  i s  no t  w i thou t  i t s  own probltms. Once 
the  pe r iod  o f  p l a n t i n g  i s  over,  squat te rs  are  supposed t o  move o f f  o f  the  f o r e s t  by 
the  Forest  Department a f t e r  harves t ing  what i s  considered s u f f i c i e n t  crops t o  j u s t i f y  
the  work they put  i n t o  c l e a r i n g  the  p lan ta t ions .  The Forest. Department does not  have 
a program f o r  r e s e t t l i n g  these people. As a r e s u l t ,  land shortage and o t h e r  problems 
force the squat te rs  t o  remain a t  the p l a n t a t i o n  per iphery o r  move t o  mountain slopes 
where they c u l t i v a t e  land i 1 l ega l l y .  The removal o f  vege ta t i ve  cover on mountain 
slopes increases the  r i s k  o f  s o i  1 e ros ion  and impoverishes o t h e r  resources. Whereas 
t h i s  system helped the  Forest Department t o  c reate  new p lan ta t i ons  fas te r  and a t  low 
cost  when popu la t i on  was low, i t  i s  no lonper b e n e f i c i a l  because there  are no land 

@management po l  i c ies  tha t  can he lp  r e s e t t l e  these people away from the fo res t .  

2.1 Kenya's Forcst  Removal 

Forest  removal i s  not  t o  be condemned per se. Legi t i n a t e ,  compel 1 i n g  s o c i a l  
and economic reasons j u s t i  f y  some t r e e  r e m v a l  and fo res t  land conversion. The major 
fac tors  o f  fo res t  dep le t i on  i n  Kenya are: conversion o f  f o res t  land fo r  a g r i c u l t u r e ,  
lunber f o r  i n d u s t r i  31 use and cu t  t i  ng o f  t rees  fo r  woodfuel. A1 though hurnan needs 
are  pr imary i n  any development p lan ,  bo th  the short - term and long-term economic and 
s o c i a l  benefi t s  obta ined from Kenya's f o res t  resources have t o  be considered before  
t h e i r  removal. Th is  inc ludes t h e i r  manaqement as a renewable resource under the  
p r i n c i p l e  o f  susta ined y i e l d ,  and a l so  the p ro tec t  i o n  and maintenance o f  t he  cnv i ron-  
ment t ha t  wi 11 be u l  t imate ly  usefu l  t o  f u t u r e  generation+. 

The f u t u r e  o f  Kenya's f o res ts  wi  11 be determined by dec is ions  on r u r a l  develop- 
ment by the  government t h a t  are no t  necessar i l y  f o r e s t r y  r e l a t e d ,  such as food pro- 
duc t ion ,  energy, land use p o l i c i e s ,  and popu la t i on  growth. E f f o r t s  must be i n t e n s i f i e d  
t o  address these fundamental i n f  1 uences as they a f f e c t  Kenyan fo res t  d i r e c t l y .  

2.2 Kenya's Energy Sources. 

Thc main energy sources i n  Kenya are  e l e c t r i c i t y ,  minera l  fuels,  and v!oodfuel. 
E l e c t r i c i t y  and minera l  f u e l s  are considered the  major commercial sorrrcos o f  energy, 
whereas fuclwood and charcoal are c l a s s i f i e d  non-corrnercial. Since the cnergy c r i s i s  
o f  the l97O1s, Kenya has been spending a h igh  amount o f  her f o r e i g n  cxchange on  im- 
por ted cnergy which has caused great pressure on the balance o f  payments, account ing 
f o r  36 percent o f  imports i n  1980 compared t o  16 percent i n  1978 (World Bank, 1982). 
At present ,  the government i s  t r y i n g  t o  seek the development o f  o the r  sources a-* 

 his information was obta ined from Londiani Fores t ry  Schoo! as p a r t  o f  s tudents '  
notes o n  f o r e s t  management, 1980. 

3~hanba  i s  a K i swah i l i  word f o r  c u l t i v a b l e  land. 



o f  energy such as geottermal power. 

However, Kenya's resource management f o r  energy pt-oc!uctIon i s  ess[ .nt ie  i o r  the 
90 percent o f  the popu la t ion  found i n  the r u r a l  areas where e l e c t r i c 1  t y  cr. ' * inera1 
fue ls  are no t  used fo r  cooktng and heating. I n  Kenya's Four th  Development Plan (1980) 
energy supp l ies  f o r  the r u r a l  popu la t ion  are considered as one major object !ve i n  
improving the  we l fa re  o f  thc  r u r a l  populat ion. I n  t h i s  regard i t  i s  c l e a r  t h a t  more 
emphasis i n  energy developnient and resource management must be placed on  the areas 
where the  major i  t y  o f  the country 's  popu la t i on  i s  found. I n  Kenya the r u r a l  popula- 
t i o n  uses fuelwood and charcoal as t h e i r  pr imary source of  energy. Therefore, I t  i s  
necessary tha t  b e t t e r  reseurce management techniques are employed t o  ensure continuous 
supply o f  these products. OR!G!NAL PAGE 1s 
2.3 Woodfuel Consmpt ion OF POOR QUALITY 

A nunber o f  s tudies t o  evaluate the p o t e n t i a l  supply and demand o f  woodfuel f o r  
fuelwood and charcoal i n  Kenya have been done by Chla la,  1972; Uhart,  1975; Kabagambe, 
1976; Western, e t  a l .  , 1979; and Katrrwet i , 1980. A1 though these s tud ies  have assesscd 
the importance o f  woodfuel supply fo r  the r u r a l  popu la t ion  i n  Kenya there e x i s t s  a 
la rge gap i n  our i n fo rma t ion  on fo res t  p r o d u c t i v i t y ,  per c a p i t a  consunption o f  f ue l -  
wood i n  the  country and the ra tes  o f  f o res t  regenerat ion f o r  continuous f u e l  supply. 

According t o  G i  t h i  n j  i (19781, g reater  dependence on l o c a l l y  produced energy 
sourccs wi 11 lessen Kenya's dependence on imported fue ls ,  and wl 11 save on fo re ign  
exchange. Looking a t  Kenya's energy package (Table 1) one r c a l i z c s  t h a t  the o n l y  
e x i s t i n g  i n t e r n a l  energy sources are fue lwood and charcoal forming the highest per-  
centage whi l e  a small  percentage i s  der ived from e l e c t r i c a l  power. Since Kenya does 
not llavc any source o f  minera l  f ue l s ,  t o  achieve s e l f - s u f f i c i e n c y  i n  energy, there  i s  
great need f o r  proper f o res t  management d i r e c t l y  l i nked  t o  energy supply. 

I nves t i ga t i ons  on fuelwood supply and consunption i n d i c a t e  tha t  fuelwood i s  h!ghl 
i n  demand i n  Kenya. I n  1979 a study done on r u r a l  energy consunption revealed tha t  
approximately 20 m i l l i o n  m e t r i c  tons o f  woodfucl are consumed annual ly  i n  r u r a l  areas 
i n  Kenya (Western, e t  a l . ,  1973). Th is  study based on a sample o f  It800 households 
taken frcm across the count ry  ind ica ted chat the p a t t e r n  o f  fuelwood consimption v a r i c  
from one province t o  another. I n  another survey conducted by Akinga (19801, the t o t a l  
amount o f  fuelwood consumed i n  the country was approxiniately 22 m i l l i o n  m e t r i c  tons. 
Akinga's study went f u r t h e r  t o  i 1 l u s t r a t e  the q u a n t i t y  o f  woodfuel u t i  l ized by var ious  
sectors o f  Kenya's economy. 

TABLE 1 
Con t r i bu t i on  o f  Various Energy Resources i n  

T o t a l  Encrgy Package i n  Kenya 1976 ( i n  percent) 

Energy Resources 
As Percent o f  To ta l  As Percent o f  To ta l  As Percent o f  
Commercial Encrgy 

1. E l e c t r i c a l  Power 

2. Mineral  
(a) 
(b) 

3. Others 
(a) 
( b )  

Thermal 4 
Hydro 7 
T o t a l  11 

Fuc l s 
Crude O i l  87 
Others (coa l .  coke, 2 
etc.  TOTAL 89 

Charcoal - 
Fue lwood - - 

TOTAL - - 

Non-Commercial Energy T o t a l  Energy 

7 

GRAND TOTAL 100 100 100 - 
Source: The Weekly Review, December 1 ,  1978, p.  14. 



According t o  Akinga (1980) the amount o f  wood consuned f o r  charcoal assurted a 
recovery o f  25 percent. However, s ince charcoal rnaking tec!viqucs are  ve ry  waste fu l  
a  good est imate could be determined on  the assunption tha t  11 kg. o f  wood would be 
requ i red  t o  produce 1 kg. o f  charcoal. Th i s  provides a  recovery o f  n ine  percent 
(Kamweti , 1980). I f  t h i s  i s  the case then i t  takes 15, 5311,035 tons o f  fuelwood t o  
produce 1, 412,185 tons o f  charcoal.  That means a  t o t a l  o f  31,750,000 m e t r i c  tons o f  
wood consuned i n  the count ry  i n  1979. This f i g u r e  obta ined from the r u r a l  energy 
repo r t  conduced by Tuschak (1 97s) was used as one o f  thc bas ic  inputs  i n  developing 
the model f o r  p o t e n t i a l  o f  Kenya's f o res ts  f o r  energy supply cnd making subsequent 
p r o j e c t i o n s  i n  the f o l l o w i n g  sect lon.  

3. THE METHOD 

I n  c a l c u l a t i n g  the p o t e n t i a l  woodfuel supply f o r  Kenya's f o res ts ,  p r o j e c t i o n s  
were made f o r  the whole count ry  based on  tlx f o l l o w i n g  data: 

1. Populat ion f i gu res  were pro jec ted t o  the  year 2000 us ing  the t o t a l  popu la t ion  
f i g u r e  f o r  1979 o f  15,427,000 wi t h  an annual growth r a t e  o f  four  percent (Centra l  
Bureau o f  S t a t i s t i c s ,  1979); and 

2. p ro jec t i ons  on the  s ta tus  o f  the fo res t  were ca l cu la ted  us ing  the t o t a l  
hectares c l a s s i  f i e d  as fo res t  i n  Kenya (1,370,160) (Doute, c t  a l . ,  1980). 

To evaluate the issue o f  woodfucl i n  the count ry  the  f o l l o w i n g  nndel was bui I t  - 
nd app l ied  t o  make p ro jec t i ons  f o r  the avai l a b i  l i t y  o f  fuejwood as an energy supply: 

F W = F R - C  
FW = Tons o f  a v a i l a b l e  fuelwood 
FR = Annual f o res t  regencrzt  i o n  
C = Annual consumption 

Tons o f  avai l a b l e  fuelwood arc der ived by t a k i n g  the t o t a l  hectares o f  landcover 
c l a s s i f i e d  as fo res t  i n  1979 and m u l t i p l i e d  times 45 kg/ln2 o r  450 tons per  hectare 

( the  mean biomass d r y  mat te r  o f  t r o p i c a l  r a i n  f o res t ) .  ( L i c t h  e t  a). ,  1975) 

Annual f o r c s t  regenerat i o n  f i gu res  are der ived by m u l t i p l y i n g  thc  ac tua l  n m h c r  
o f  hectares c l a s s i  f i e d  as fo res t  by 2  ,200 g/m2/yr. o r  22 tons/ha/yr.  ( the  mean annual 
net p roduct ion  o f  d r y  mat te r  f o r  t r o p i c a l  r a i n  fo res t .  ( L i e t h  e t  a l . ,  1975). 

Annual constniption f i gu rcs  are determined by d i v i d i n g  the t o t a l  populat ior l  f i g u r e  
f o r  1979 (15,427,000) i n t o  the t o t a l  tons o f  fuelwood consmcd i n  1979 (31 ,750,000). 
The r e s u l t i n g  f !gurc o f  2.058 tons per person was kept constant whi l e  the consunption 
was assuned t o  i ncrease w i t h  the pro jec ted popu la t ion  increase o f  four  percent annual l y .  

Table 2  shows the r e s u l t s  o f  the cn l cu la t i ons  f o r  each year f r ~ m  1979 through the  
year 2000 i n c l u d i n g  the percentage change o f  hectares o f  fo res ted land. The p ro jec ted  
f i gu res  a c t u a l l y  inc lude forested lands f o r  poten;lal  fuelwood which are ,  i n  f a c t ,  o f f  
l i m i t s .  TIE t o t a l  f o r c s t  f  i qures corn?:-ise na t i ona l  parks and f o r c s t  reserves which 
could not be separated from LIE o the r  fo res ts  g iven the avai l a b l c  data. Also, the 
four  percent popu la t ion  increase i s  not l i k e l y  t o  be a  constant f o r  the next  twcnry 
years i n  Kenya. However, a  moderate v a r i a t i o n  i s  not going t o  have a  major  impact on 
the f i nd ings  o f  t h i s  study. 

. LANDSAT DATA ANALYSIS 

LANDSAT data  f o r  the Mau fo rcs t  area was obta ined fo r  January 3, 1973 and Decem- 
ber 31, 1978 (Path 181, Row 60). The data i n t e r v a l  was considered important bccausc o f  
readi  l y  avai l ab le  data and experience by the authors i n  mon i to r i ng  land reclamat ion - . c -  A - -  9 .  - - - - . -. * - -  . - -  
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TABLE 2 

Kenya - Forecast o f  Population Increase, Llood Avai lab i  1 i t y ,  
Tons Regenerated and Consunpt ion per Year (it, m i  1 1  ions) 

- - -- 

Population Tons o f  Percent o f  
Increase Fue lwood Tons Tons Dif ference Forest 1979 Forest 

Year a t  4% Avai lable Regenerated Consmed inTons  Hectares Hectares 



, - 
done us ing  the  ERDAS 400 microcomputer system housed a t  Ohio U n i v e r s i t y ' s  Ohio Center 
f o r  Remote Sensing. 

Because o f  the inadequate ground t r r i t h  da ta  t h a t  d i r e c t l y  co r re la ted  w i t h  LANDSIfl 
da ta  t h i s  s tudy was l i m i t e d  t o  a c l u s t e r  a l g o r i t h i m  based on  unsupervised c l a s s i f i c a t i o n  

-< procedure (Bloemer c t  a l  . , 1381). Using c l u s t e r  a l g o r i  t h im  twenty seven (27) c l u s t e r s  
were s e t  f o r  spec t ra l  groupings i n  the  datz  (ERDM 400, 1982). These groupings w e r ~  
determined and co r re la ted  w i t h  f o res t  land cover in format ion,  th=n reduced t o  t h ree  
d i  s t  l n c t  i v e  land cover categor ies , namely water, fo res ted and n ~ n - f o r e s t e d  land. 

I n  o rder  t o  moni tor  t he  fo res t  s ta tus  and determine change over the  t ime i n t e r v a l  
f o r  each temporal da ta  se ts ,  p i x e l  counts were es tab l ished f o r  each land cover cate- 
gory and converted t o  acreages (P ixe l  X1.1). A comparison o f  these data  was done t o  
determine change through v i s u a l  inspect  ion  and compared w i t h  avai l a b l e  ground t r u t h  
( sho r t ,  1982). The percentages were c i i l cu la t zd  by d i v i d i n g  acreage per  category by 
t o t a l  acreage f o r  the  whole subscen. f o r  Mau East. 

The r e s u l t s  f o r  each land cover category, as rioted i n  Table 3, show a decrease o f  
over  f i v e  percent i n  f o r e s t  cover over a s ix -year  period. V isua l  i nspec t i on  imp l ies  
tha t  Mau East f o res t  has undergone change bo th  w i t h i n  and a t  the f o r e s t  per iphery.  

0 5. RESULTS AND DISCUSSION 
- 

The major scenar io i n  t h i s  study I s  t ha t  t h e  t o t a l  f o r e s t  area under woodfuel 
exp lo i  t a t  ion ,  i r r e s p e c t i v e  o f  o the r  uses such as l m b e r  product ion  and bui  l d i n g  poles, 
wi  1 I be completely destroyed by the  t u r n  o f  t h i s  century. F igure  1 i nd i ca tes  t h a t  
whi l e  consunption r a t e  i s  increas ing  every year,  the abi li t y  o f  f o res ts  t o  regenerate 
i s  dec l i n ing .  Th is  drop i n  f o res t  p r o d u c t i v i t y  i s  a c l e a r  s i s n  t h a t ,  as popu la t ion  
increases (Figure 2). consunpt i o n  ra tes  wi 11 acce lera te  as we1 1. I n  t h a t  case, unless 
f o r e s t s  are w e l l  managed, i t  does not  seem l i k e l y  t l ~ y  \ v i  11 su rv i ve  t h e  great  energy 
pressure. 

From a na t i ona l  perspect ive  the f u t u r e  woodfuel energy f o r  Kenba i s  t o t a l l y  d isas-  
tro:ls i f present management p rac t i ces  prevai  1. I n  f a c t ,  the  p ro jec t i ons  demonstrate 
t h a t  there  wi ll be no f o r e s t  l e f t  by the ye;r 2002 unless proper management and con- 
se rva t i on  techniques are begun imred ia te ly .  The trends o f  f u t u r e  fuelwood a v a i l a b i l i t y  
are f u r t h e r  r e f l e c t e d  i n  F igure  3. Decl ine i n  fuelwood a v a i l a b i l i t y  i s  bound t o  caase 
ser ious  problems i n  a l l  sec tors  o f  Kenya's economy. 

TABLE 3 
C lus ter  Analys is  

MAUEAST 1373 
Category P i x e l  Acreage Percent 

War ?r 4242 4666.2 6 . 9  
Forest 16931 256211.1 43-83 
Non-Forcs t 30269 33295.9 49.26 

TOTAL 61 442 67586.2 ,----------,,,-------------------------- ------ -- ----,-----,-- 2919 ---..- 

Non-Fores t 
TOTAL 

MAUEAST 1978 
61 5 1 6766.1 

25168 27684.8 
311082 3749.2  
65401 71941.1 
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Figure 2: Annual populo2ion growth 
(4%) 

Figure 3: Available fuelwood 
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compares c l o s e l y  wi t h  the s i x  percent decrease i n  f o res t  cover over the  same pe r iod  as . - - 4 .* 
projected i n  Table 2 .  The use o f  LANDSAT data  f o r  f o res t  management can enable Kenya 
t o  design r e f o r e s t a t  i o n  programs bo th  a t  reg iona l  and na t i ona l  leve 1s. '. .'. 

x The r e s u l t s  o f  t h i s  s tudy show t h a t  immediate a c t i o n  must be taken towards c f f ec -  
t i v e  fo res t  management i n  Kenya. The p o t e n t i a l  o f  f o r e s t s  f o r  energy wi 11  be r e a l i z e d  
main ly  through e f f e c t i v e  fo res t  management. A nunber o f  procedltres might  c o n t r i b u t e  t o  
a1 l e v i a t  i n g  the problems o f  f o res t  conservat ion i n  Kenya. 

1 .  Land conservat ion measures designed t o  reduce de fo res ta t i on  and erosion,  
't . increased r e f o r e s t a t i o n  w i t h  f a s t  growing product ive  species t o  enhance economic re- 
\ > tu rns  should be taken more ser ious ly .  Research on var ious  species tha t  can be used 

fo r  r e f o r e s t a t i o n  must be p a r t  o f  an i n teg ra ted  approach t o  f o res t  management. 

Y; 2. Improved land u t i l i z a t i o n  p rac t i ces  and h igher  ourput  on smal le r  p l o t s  would 
I- * a l l ow  a s izeab le  popu la t ion  t o  be supported w i thout  h igh  demand f o r  a d d i t i o n a l  land 

.,. which o f t e n  i s  obta ined by c l e a r i n g  fo res ts .  

3. The techniques f o r  f o res t  management which e x i s t  i n  Kenya should be i n t e n s i -  
f i e d  and brought t o  g reater  use w i t h  a d d i t i o n a l  inputs f o r  regu lar  f o r e s t  mon i to r i ng  
and updat ing the data base. 

4. The government should become a c t i v e l y  involved i n  research programs d e a l i n g  
v i  t h  fo res t  management so tha t  f i n a n c i a l  a id ,  a l l oca ted  f o r  resource conservat ion,  
can be used f o r  t h a t  s p e c i f i c  purpose and not d iverged t o  o the r  uses. 

5. Loca 1 headmen and ch ie f s  s h o l ~ l d  be involved i n  management programs on the 
d i s t r i c t  and l o c a t i o n  leve l .  

6. CONCLUSIONS 

The measures o f  f o res t  management advocated i n  t h i s  paper are o f  themselves un- 
l i k e l y  t o  enable Kenya t o  a r r e s t  d e f o r e s t a t i o n  and create fo res ts  p lan ta t i ons  t o  
supply energy t o  support i t s  growing populat ion.  What may be done i s  t o  re in fo rce  an 
increase i n  woodlots f o r  every farmer on i n d i v i d u a l  farms f o r  woodfuel supply. Th is  
might lead every household t o  assune responsi b i  li t y  f o r  t h e i r  energy requirements. 
N a t i ~ n s l  f o i e s t s  inbtead can be harvested t o  supply woodfuel i n  the urban areas. 
I l l e g a l  f o res t  exc i s ion  i s  most l i k e l y  t o  cont inue as a s t ra tegy  f o r  coping w i t h  land 
shortage const ra in ts .  S t r i c t  r e f o r e s t a t i o n  measures may be the f i r s t  s t cp  i n  a l l e v i a -  
t i n g  the problem whi l e  seeking b e t t e r  plans f o r  s e t t  lements. The absence o f  i n t e r -  
vent ions  t o  reduce the r a t e  o f  d e c l i n e  i n  f o res t  cover wi 1 1  r e s i l l t  i n  pressure on 
Kenya's resources base i n  economic product ion p a r t i c u l a r l y  when Kenya i s  s o l c l y  an 
a g r i c u l t u r a l  country.  The popu la t ion  w i  1 1  become inc reas ing l y  impoverished as people 
corl t inue t o  spend t h e i r  meager income t o  meet fue l  needs, and the waste fu l  use o f  
resources wi 1 l continue. A data base must be es tab l ished by the Forest Department t o  
ensure frequent mon i to r i ng  o f  f o res t  cover. There i s  a g rca t  need f o r  more data  on 
Kenyan fo res ts  before conclusive analogy on t h e i r  p o t e n t i a l  f o r  energy supply can be 
accu ra te l y  assessed. Kenya must act  f a s t  and on a la rge sca le  i f  the  i n e v i t a b l e ,  as 
p ro jec ted  by t h i s  model, i s  t o  be d iver ted .  
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ABSTRACT 

Through i t s  programs t o  map t h e  wetland types  of t h e  O n t a r i o  p o r t i o n  

@ oi the Hudson Bay-James Bay Lowland and of t h e  Canadian S h i e l d  r eg ton  
of t h e  province ,  t h e  Ontar io  Centre f o r  Remote Sensing has developed an 
e f f e c t i v e  ncthod bascd on LANDSAT datn  f o r  t h e  r eg iona l  i nven to ry  of  
pea t  r e sou rces .  

A pre l imina ry  d e l i n e a t i o n  of wetlands is provided by a g c o n e t r i c a l l y -  
c o r r e c t e d  co lou r  composite nap pr in ted  from t h e  d i g i t a l  LEJDSAT d a t a  
u s i n g  a  computerized co lour  p l o t t i n g  system. A d i g i t a l  c l a s s i f i c a t i o n  
is  then  performed t o  i d e n t i f y  t h e  l o c a t i o n  and e x t e n t  of wet land  types  
(e.g.,  open bog, t ypes  of t r e e d  f en  and black spruce-a ider  s w a p ) .  A 
map is p r i n t e d  from t h e  r e s u l t s  of t h i s  c l a s s i f i c a t i o n  us ing  t h e  
computerized co lou r  p l o t t e r .  This colour-coded map, produced at s e v e r a l  
d i f f e r e n t  s c a l e s ,  p rovides  a b a s i s  f o r  p r c - s c l e c t i n ~  f i e 1 6  s m p l i n g  s i t c s .  

T h i s  paper r e p o r t s  t h e  r e s u l t s  of a  t r i a l  a p p l i c a t i o n  of r h e  new 
pea t  inventory  ncthcd over  a 1700 hn2 a rea  of Northern Ontar io .  
Helicopter-aided spo t  sampling based on t h e  LANDSAT-derived map was 
conducted over  t h e  e n t i r e  a r e a .  T r a d i t i o n a l  t r a n s c c t  sarnpl i n g  w a s  c a r r i e d  
out  over  a p o r t i o n  of the a r e a ,  so  t h n t  a  comparison could be  n a d c  betucen 
t h e  two methods. This  comparison i n d i c a t e s  t h a t  spo t  sampling based on  
t h e  LAh'DSAT-derived map produces r e s u l t s  v i r t u a l l y  Went  i c n l  to t h c s e  
produced by the t r a n s c c t  sampling technique,  i n  approxisii,etcly o n e - f i f t e e n t h  
(1/15) of t h e  t i n e  and wi th  a propor t iona te  r educ t ion  i n  cos t .  

(*) This  paper was a l s o  p r e s e l ~ t c d  a t  t h e  Symposium on Peat and P e a t l a n d s ,  
Shippagan, New Brunswick, Canada (September 12-15, l.952) arsd w i l l  be 
pub1 i s l i cd  i n  t h e  Proceedings of t h n t  conference a s  w e l l .  
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A t t e n t i o n  \ \as  i n c r e a s i n g l y  been paid t o  Canada's pea t  r e sou rce s  over  
t h e  p a s t  few y e a r s ,  in l i g h t  of t h e i r  p o t e n t i a l  as  a ncw energy source .  
The Province  of On ta r io  is  o s t e n s i b l y  one of t h e  most promising l o c a t i o n s  
f o r  deve loping  t h i s  new f u e l ,  a s  i t  pos se s se s  some of t h e  c o u n t r y ' s  most 
e x t e n s i v e  wetland a r e a s .  There is  l i t t l e  i n £  onna t ion  a v a i l a b l e ,  however, 
on t h e  e r t e n t  of a c t u a l  pea t land  w i th in  t h e  wet lands  of Ontar io ,  and 
even l e s s  in format ion  on t h e  depth and q tea l i ty  of t h e  pea t  d e p o s i t s .  

Two p re l imina ry  e s t i m z t e s  of t h e  e x t e n t  of pea t land  i n  Ontar io  
have been produced t o  dace.  T ibbec ts  (1980) e s t i m a t e s  an  a r e a  of 
160,000 hn2, w h i l e  Monenco Ontar io  Lcd. (1981) e r t i m a t e s  258,000 la2.  
The magnitude of t h e  f i g u r e s  and t h e  l a r g c  d i f f e r e n c e  between them 
a r e  ev idence  of a need f o r  an  a c c u r a t e  provinci .a l  pea t  survey.  

The e s t a b l i s h e d  pca t  invcntory  method c o n s i s t s  i n  t h e  d e l i n e a t i o n  
of  p c ~ t l a n d  a r e a s  by a i r p h o t o  i n t e r p r e t a t i o n  and g r i d  sampling of 
i n d i v i d u a l  p e a t  d e p o s i t s .  Although ef f  e c t i l r e  f o r  t h e  inventory  of 
p e a t  r c sou r : e s  a t  t h e  l o c a l  l e v e l ,  a  more r a p i d  and l e s s  c o s t l y  method 
is r e q u i r e d  f o r  inventory  on a  r e g i o n a l  s c a l e .  

A p r a c t i c a l  new r e g i o n a l  pca t  inventory  method has t e e n  deve1opi.d 
8 t  t h e  On ta r io  Centre  f o r  Remote Sensing which is  based on t h e  fo l l owing  
two techniques :  

1. The mapping of i n d i v i d u a l  wetland t ypes  and c a l c u l a t i o n  of t h e  t o t a l  
a r e a  coverage of each,  by t h e  d i g i t a l  a n a l y s i s  of LANDSAT d a t a  and 
computerized nap product ion ;  

2. Spot sampling conducted on t h e  b a s i s  of LANDSAT-derived maps. 

This  s t u d y  p r e s e n t s  t h e  r c s u l t s  of t h e  a p p l i c a t i o n  of t h i s  method t o  
a  t e s t  a r e a  i n  t h e  Northern Clay Be l t  of On ta r io ,  and dcmonstraces t h e  
eEfec t i vencs s  and economy of t h e  method i n  comparison w i th  t h e  t r a d i t i o n a l  
survey  tccl iniqucs.  

STUDY AREA 

The s tudy  a r c a  ex tends  over 1700 km2 of ~ n t a r i o ' s  Northern Clay B c l t ,  
bctwccn l a t i t u d e s  4g0N and 430N and betwccn l ong i tudes  81030'W and 82030'W. 
Within t h i s  a r e a ,  numerous bogs and f e n s ,  vary ing  i n  extent from l e s s  
than  1 0  t o  o v e ~  2000 l ~ e c t a r c s ,  have a  t o t a l  a r c a  coverage of 2 9 3  km2. 
The underlying minera l  s o i l  is  p r imar i l y  f l n t - l y i n g  l a c u s t r i n e  c l a y  
d e p o s i t s .  The a r e a  i s  only  a c c c s s i b l e  by h e l i c o p t e r ,  a l t houzh  c o n s t r u c t i o n  
of logging  roads  has  bcgun. 



MAPPING OF WETLAND TYPES 

A LANDSAT scene  recorded on J u l y  29, 1979, inage  number 21649-15384, was 
s e l e c t e d  f o r  d i g i t a l  a n a l y s i s .  This  d a t e  was chosen t o  correspond w i t h  
t h e  season when t h e  f i e l d  sampling would be  conducted,  and t o  provide  a  
good r e p r e s e n t a t i o n  of v e g e t a t i o n  types .  T ra in ing  s i t e s  were s e l e c t e d  
through t h e  v i s u a l  i n t e r p r e t a t i o n  of t h e  WJJDSAT d a t a ,  on t h e  b a s i s  of t h e  
a u t h o r ' s  knowledge of t h ~  r e f l e c t a n c e  p r o p e r t i e s  c h a r a c t e r i s t i c  of v a r i o u s  
wetland types .  A superv ised  c l a s s i f i c a t i o n  of  t h e  s t u d y  a r e a  was performed 
u s i n g  t h e  d i g i t a l  image a n a l y s i s  system of t h e  On ta r io  Cent re  f o r  Remote 
Sensing.  The c 1 a ; s i f i c a t i o n  r e s u l t s  were then  geome t r i ca l l y  co r r ec t ed  t o  
t h e  UT'M g r i d  of t h e  Na t iona l  Topographic S e r i e s .  

TGO t y p e s  of  hard-copy maps were produced from t h e  WJDSAT dntn  by 
means of a n  Applicon Colour P l o t t e r .  T h i s  ins t rument  is a computerized 
p r i n t e r  which p l o t s  l i n e s ,  cu rves  and polygons a t  any s e l e c t e d  s c a l e ,  on 
l a r g e  s h e e t s  of o r d i n a r y  paper  s t o c k  f i x e d  t o  a  r o t a t i n g  drum. Through 
t h e  u s e  of t h r e e  i nk  j e t s ,  each apply ing  a s i n g l e  t n s i c  co lou r ,  256 d i f f e r e n t  
sllades can  be produced. I'ltc OCRS has  developed sof tware  which enab l e s  
t h e  Applicon system t o  p r i n t  a s tandard  map format ,  complete  -it11 l a t i t u d e  
and l ong i tude  r e f e r e n c e s ,  UTM g r i d  l i n e s ,  t h e  anno ta t i on  of f e a t u r e s  and 
a legend. It t a k e s  l e s s  than  1 5  minutes  t o  p r i n t  one map. F igure  1 is  a 
colour-composi te  nap of a  po r t i on  of t h e  s tudy  a r e a  produced d i r e c t l y  
i r o n  t h e  o r i g i n a l  W D S A T  d a t n ,  geome t r i ca l l y  co r r ec t ed  t o  t h e  U R I  g r i d ,  
on which bogs and f e n s ,  f o r e s t  typcs  and waterbodies  can  r e a d i l y  be 
i d e n t i f i e d .  T h i s  format  was used i n  t h e  f i e l d  f o r  purposer  of o r i e n t a t i o n  
and nav iga t i on ,  a s  topographic  map s h e e t s  d i d  not  adeqdatc ly  i d c n t i f  y 
i n d i v i d u a l  wet lands  and a s  y e r i c l  photographs were t oo  cumbersome f o r  t h i s  
purpose. F igu re  2 is a themat ic  map of t h e  c l a s s i f i c a t i o n  of wetland t ypcs  
f a r  t h e  same a r e a .  Twelve d i f f e r e n t  themcs were mapped, of which n i n e  were 
wetland types .  Tke i d e n t i f i c a t i o n  of t h e s e  wetland t y p e s ,  l i s t e d  below, 
was based l a r g e l y  on t h e  wetland c l a s s i f i c a t i o n  system developed by 
Jeglurn t a l .  (1974). 

Craminoid-r ich open bog 
Open bog 
Treed bog - low-densi ty  (5-102 t r e c  cover) 

- medium d e n s i t y  (10-25% t r e c  cover )  
- h igh  d e n s i t y  (25%+ t r e c  cover)  

Poor (mesotrophic)  t r e ed  f c n  ( a  t r a n s i t i o n  type  between bog and 
f e n ,  where sphagnum cove:s a  l a r g e  par; of t h e  s u r f a c e )  

Shrub- r ich  t r e e d  f en 
Craminoid-r ich t r e c d  f en 
Black spruce-a lder  swamp 

I n  a d d i t i o n  t o  t h e s e  wetland t ypes ,  t w 3  f o r e s t  typcs  were mapped: hardwood 
f o r c s t  and lowland b lack  spruce  f o r e s t .  These a r c  no t  s t r i c t l y  r cqu i r cd  f o r  
pea t l and  mapping, a s  t h e  wctland t ypcs  can  be mapped without  confus ion  w i th  
f o r e s t e d  a r c a s ,  ever1 i f  t t lc f o r e s t  themcs a r e  not  s p c c i f i c n l l y  i dc l i t i f i ed .  

@ The map p rov ides  t h e  loci i t  ion and c r t c n t  of i nd iv idua l  vc t l nnds ,  a s  we l l  a s  
t h e  t o t a l  a r e a  coverag2 af i nd iv idua l  tllcmes a c r o s s  t h e  map. 



To t e s t  t11e acc i r racy  o f  t l rc  mappcd c x t c n t  of individual r ~ c t l n n d  a r c a s ,  
s i x  bogs werc clioscn f o r  cornpar ison wit11 t11c 1 :15 ,840-sca le  s t a n d a r d  
p r o v i n c i a l  a e r i a l  plroc,ogrnpl:y. Tlrcrc was a d i f f c r c r ~ c c  of l e s s  t h a n  22 
bctwccn t h c  a r e a  c o v e r a g e  mcasurcment o .  I n  f a c t ,  whcn t h c  LANDSAT-dcr i v e d  
map was p rodurcd  a t  a s r n l c  o f  1 :15,840 i n  t h e  form of nn o v c r l n y ,  t h c  
mnppcd \log a r c a s  were  found t o  m.ltclr p r c c i s c l y  t l ic  n r c s s  d e l i n c n t e d  on 
t l ie photos .  Tlris  cv  i t lcncc  ind i c n t r s  t l i n t  t l ~ c  IANDSAT-based rncrlrod o f  
mapping t h e  p c r i m c t c r s  of g r n c r a l  wc t lnnd  a r c a s  is as a c c u r a t e  n s  t h e  
most c f f c c t i v e  conventional method, and is p r c f c r n b l c  t o  t h c  c x p c n s i v e  
nnd t ime-consuming a e r i a l  p l rotogrnphic  mcthod f o r  t h e  p r e l i m i n a r y  
d e l  i l l r a t  i o n  of wc t lnnd  a r c a s .  

Wi th in  t h c  1700  km3 o r c n ,  t l ie  c l a s s i f i c a t i o n  i n d i c a t e d  t l i a t  bogs  and 
f c n s  rovcrcd  o n l y  290 lun2. The c l a s s i f i c a t i o n  o f  wc t l and  t y p c s  and t h c  
protl trction of maps a t  s c a l e s  o f  1 :100,000,  1 :50,000 acd  1:15,840 o v c r  
t l ic  230 km2 a r c n  r c q u i r c d  1 0  uran-days i n  t o t a l .  By n i rp l ro to  i n t c r p r c t o t i o n ,  
l~owcvcr .  t o  t l t ~ l i n c a t c -  wctlirnd t y p c s  ;ind t o  mcasurc  t h e i r  c x t c n t  a t  t h e  
s r i l l e  of 1:15,840 o v c r  tilt hame n r c n  would c n t n i l  t l ic  i n t c r p r c t n t i o n  of 
i i ~ ~ r o x i ~ n n t c l y  370 a e r i a l  pliotogrclphs, t lrcn t h e  t r a n s f e r  of tlrc i n t c r p r c t c d  
di r ta  t o  bnscmaps. A t  l c a s t  two man-montlrs would bc  r c q i ~ i r ~ d  t o  c o n p l c t c  
t h i s  work, and :lrc r c s u l  t i u g  nrap uoiild be p roducrd  a t  o n l y  onc  s c a l c .  

I!cea gntli t-red d u r i u g  t h e  prcscrr t  s t u d y  i i ~ d i c a t c s  t h a t  pca t  volumc 
cannot  l-r rcli :al , ly c s t im; i t cd  ;it t h i s  s t n g c  on t l ic h n s t s  o f  tllr? we t l and  
tnap alone, no m a t t e r  lrow it  is protluccd: a rntigc? o f  p c a t  d e p t h s  from 
1 n: t o  4 m wnc; found anlong o c c u r r c n c c s  o f  the same bog o r  f e n  t y p e  i n  
close 111-oximity t o  aric ; inotl icr .  

1'1 ELD S1V.1l'l.l N(; OF WI"l'IJ.ND 'I'Y I'ES 

F i c l d  work was c o n d u c t r d  , u s i n g  licl i c o p t c r  t r a n s p o r t ,  w i t h  t h e  f o l l o w i ~ ~ g  
obj t-ct i v c s :  

1. To ;~sr:css t l re  accur:lcy o f  t l ic  i d e n t i f i c a t i o n  of wctlcl~rd t y p r s  on t lrc 
1.ANDSAT-l~n:;ctl maps; 

2.  To con.luct s p o t  s;111rp1 111g o f  1lc;lt o n  t lrc l ~ . i s i s  of t l r c sc  m;ips; 

3. Ta runrparc t t tc  s p o t  s~rnipl ing r c s \ i l t s  w i t h  tlrc r c s i i l  ts of t  r;ltl i t  i u n n l  
t rnrr::c.ct satnpl in): p e r f  tlr~lrt>d i n  o n c  l n r g c  bog c ~ i i t n  f r ~ i n g  n w i d c  
v a r  i c t y  of wct l n ~ i d  t y p c s .  

I1cnt :;;rn~pl c s  t ;rkan by botlr  R ~ I I I I ~ ~  ~ I I C ,  :;ysLcnis were o l ~ t a i n p d  u s i n g  a 
mad i f  Ictl Flc(:aulcy pc;lt ililgcr. Rll  1 siia~pl i n s  f o r  r i  t h r r  t r a n s c c  t  .snmpl ing  
o r  I.ASDSA'P-l~iiscd :;pot :;;r~npl fng i r ic ludt~d t l ic  f o l  l o w l i ~ g  s t c p s .  A 
l\ot;rrrIst f u l l y  fani i l  i a r  w i t h  wCtl;!nd ty l i c s  c o l l t * t . t c d ,  idc-nt i f  Lcd n ~ r d  
rccordcil  1ll;int : ; l ~ t s c i n ~ c ~ ~ ~ s  iinJ c*st ; i l~ l  i s l ~ c d  t l ic  wrt la t ld  t y p c s  on t l ic  l l n s i s  
of tlrc- t l r l i n  lir;~irt :;pcXc I c s .  Ot  !rc ,- sr  ic.rlt i:;~:;, ~~x j>c . r i t .~ rccd  i n  t h r  i d c ~ r t  i f i c a -  
t  1011 of typtBs o f  i i c a t ,  :;;inrplc~l p~.;rt 1;sycrs a t  50-cm d r p t h  1ntc.rvirls;  



e s t a b l i s h e d  t h e  decompos i t ion  v a l u e  of each  sample accord ing  t o  t h e  
von Pos t  hurn i f ica t ion  s c a l e ;  detern?ined t h e  p ropo r t i ons  of Carex, 
Sphagnum, E o p h o r u m ,  wood and sh rubs  p r e s e n t  i n  t h e  p e a t ;  and r eco rded  
t h e  plI v a l u e  of t h e  s u r f a c e  water  aud of  t h e  water  con t en t  of d i f f e r e n t  
pea t  l aye r s .  The f u l l  d e p t h  of t h e  p e a t  was rceasured and t h e  unde r ly ing  
minera l  s o i l  i d e n t i f  i ed .  

The d e n s i t y  of t r c e  cover  was e s t ima ted  on t h e  b a s i s  of two o r  
t h r e e  100 m? p l o t s ,  w i t h i n  which t h c  number and h e i g h t s  of t h e  t r e e s  were 
recordcd,  and t h e  a r e a  coverage  ( i n c l u d i n g  branches)  of each  t r e e  ove r  
approximately 1..5 m h i g h  was measured. The a r e a  coverage and number 
of t r e e s  were m u l t i p l i e d  and t h e  product  d iv ided  by t h e  p l o t  a r e a  t o  
determine t h e  pe rcen t age  t r c e  covcr .  The p ropo r t i ons  of Carex and 
Sphacnum ground cove r  were i d e n t i f i e d ,  t h e  preva lence  of hummocks and 
dep re s s ions  a s s e s s e d ,  and t h e  ave raze  h e i g h t  of t h e  humocks  measured. 
Peac and water  samples  were t aken  f o r  l a b o r a t o r y  a n a l y s i s  of t h e  ca lc ium 
c m t c n t  of t h e  wa te r  and t h e  a s h  and wa te r  conten t  of t h e  pea t .  For 
some s e l e c t e d  samples ,  t h e  pea t  was examined f o r  t r a c e  minera l s .  

Within t h e  t r a n s c c t  survey ,  f u l l  sampling was c a r r i e d  ou t  every  
300 m; i n  a d d i t i o n ,  a  measurement of p e a t  depth a l o n e  was made every  a 100 o along t h e  t r a n s r c t s .  Spot  campling s i t e s  were s e l e c t e d  t o  
r ep re sen t  a l l  d i s t i n c t  t y p e s  p r e sen t  on t h e  wetland nap ,  t o  snmplc 
d i f f c r e r ~ t  a r e a s  of  l a r g e  homo~cncous t y p e s ,  and t o  provide  a  good s p a t i a l  
d i s t r i b u t i o n  of samples. E ighty  (60) s p o t  samples were taken  u s i n g  
h c I i c u p t c r  t r a n s p o r t ,  which i n  n e a r l y  a l l  c a s e s  v e r i f i e d  t h e  accuracy  
of t h e  wetland t y p c s  on t h e  LANDSAT-derived map. The e x t e n t  of each  t ype  
was v e r i f i e d  by t h e  v i s u a l  comparison of t h e  mapped boundary w i th  t h e  
t r a n s i t i o n s  between t y p e s  v i s i b l e  from :he h e l i c o p t e r .  Some boundar ies  

. ' be tween  f e n s  and bogs wcre as we l l  d e f i n e d  on t h e  ground a s  they  were on  
t h e  map, but t h e  t r a n s i t i o n s  between eraminoid-r ich bog and open bog 
wcre no t  always as w e l l  de f ined .  Some i n s t a n c e s  of confus ion  occur red  
on t h e  map betwcen poor t r e c d  f c n  and low-densi ty  t r c e d  bog, where t h e  
f en  had ex t ens ive  sphagnum cover  and l i t t l e  t r c e  covcr .  When t11cse 
cond i t i ons  occu r r ed ,  however, i t  was a l s o  d i f f i c u l t  t o  r r cogn ize  poor t r e c d  
f en  on t h e  ground. For t h e  purpose of p e a t  inventory ,  i t  is  no t  c r i t i c a l  
t o  make a  p r e c i s e  d i s t i n c t i o n  betveen t h e s e  types .  

CO>IPARISON OF SAMPLING METHODS 

One test bog G.3 b2 i n  a r e a  was s e l e c t e d  xh i ch  was known from t h e  LANDSAT 
colour  composite t o  c o n t a i n  a l l  of t h c  previously-described bog and f e n  
typcs.  Four t r a n s e c t s  a long  which sampling was performed i n  t h i s  bog a r e  
dc l i nca t cd  on a  1:15,840-scale  a e r i a l  photograph i n  F igure  3. Although 
f e n s ,  open bogs and t r c e d  bogs can h e  i d e n t i f i e d  on t h i s  photograph, 
no d i s t i n c t i o n  c a n  r e a d i l y  be made between poor t r c e d  f e n s  and t r c c d  
bogs, and anrong t h e  d i f  f c r c n t  d e n s i t i e s  of t r e e  cover  on t r ced  bogs. 
F igure  ft shows t h e  t e s t  bog on an a e r i a l  pllotograph a t  app rox i aa t e ly  
1:60,000-scale,  on which on ly  a few of t h e  types  can be  c l e a r l y  i d e n t i f i e d .  
IIovcvcr, a  1.Ah'DSrZT colour-composi te ,  p r i n t c d  a t  1:50,GOC)-scale (F igu re  5) 
pe rmi t s  a l l  t h e  t y p c s  t o  be  d i s t i n g u i s h e d  by t h e i r  r e f l e c t a n c e  c h a r a c t e r i s t i c s .  



These typcs  a r c  t hen  r e a d i l y  c l a s s i f i e d  and mapped (F igu re  6).  I t  is 
s i g n i f i c a n t  t h a t  no  t r a i n i n g  s i t e s  f o r  t h e  c l a s s i f i c a t i o n  of t h e  s t udy  
nrea  wcrc t aken  from t h i s  bog: t h e  accuracy  achieved 3.n t h e  mapping 
of types  is pu re ly  a r e s u l t  of t h e  c l a s s i f i c a t ? o n  procedure.  i\ computer 
p r in t -ou t  (Table I.) p r o v i d e s  t h e  a r e a  coveraze  f o r  each  t ype  w i t h i n  a 
few minutes  af  t e r  t h e  c l a s s i f i c a t i o n  is completed. This  i n fo rma t ion  
can then  be inc luded  i n  t h e  map legend. 

Tcn spo t  sampl ing  s i t e s  marked on F igure  3 were i n v e s t i g a t e d  w i t h i n  
one day. A t  e ach  s i t e ,  t h e  r ~ e t l a n d  type  i d e n t l f i c d  on t h e  map was foiind 
t o  be accu ra t e .  F i g u r e  7(a) t o  ( c )  shows a e r i a l  views of some of t h e  
t ypcs .  It  took t h e  same s i z e  of fie1.d crew 5 days  t o  complete t h e  
t r a n s e c t  survey ,  which c o n s i s t e d  of 28  f u l l  samples and 48 s e p a r a t e  
peat-depth samples. 

Table  2 compares t h e  r e s u l t s  of t h e  t r a n s e c t  and s p o t  sampling 
methods. The s p o t  sampling was completed i n  o n e - f i f t h  of t h e  t r a n s e c t  
sampling t i n e ;  n e v e r t h e l e s s ,  t h e  d i f f e r e n c e  betweeen t h e  r e s u l t s  of t h e  
two methods f o r  ave rage  o v e r a l l  pea t  t h i cknes s  and average  t h i c k n e s s  by 
decomposition c l a s s  is i n s i g n i f i c a n t .  Tlle minimum dep th  was t h e  same f o r  
both methods; t h e  maximum d i f f e r e d  only  by 5  cm. Peat  p r o f i l e s  i n t e r p o l a t e d  
from samples t aken  a l o n g  each  t r a n s e c t  a r e  shown i n  F igure  8 ( a )  t o  (d ) .  
The t h i c k n e s s  of  t h e  pea t  is shown wi th  r e f e r e n c e  t o  a  h o r i z o n t a l  which 
does  no t  r e p r e s e n t  t h e  t e r r a i n  s u r f a c e  e x a c t l y ,  evcn though t h e r e  was 
ve ry  l i t t l e  t opog raph ic  v a r i a t i o n .  

During 5 days  of t r a n s e c t  sampling,  a d i s t a n c e  of 7.5 kin was 
surveyed,  f o r  an  a \*eragc  r a t e  of 1 .5 'm pe r  day ,  cover ing  5  t o  6  f u l l  
samples. No s i g n i f i c a n t  i n c r e a s e  i n  t h i s  r a t e  can be expected because  
of t h e  d i f f i c u l t y  of  walking between bog sampling po in t s .  

F ive  o t h e r  l a r g e  bogs wcre se ' ec ted  f o r  a comparison of t h e  
sampling methods w i th  r ega rd  t o  average pea t  t h i cknes s  measurements 
a lone .  F u l l  spo t  s smpl ing  was performed i n  t h e s e  bogs u s ing  h e l i c o p t e r  
t r a n s p o r t ;  t h e  t r a n s e c t  sampling,  however, cons i s t ed  on ly  of pea t  d e p t h  
samples every  100 m ,  which were completed a t  t h e  r a t e  of 2 t o  3 km p e r  
day. Table 3 i n d i c a t e s  t h a t  t h e  mean pea t  t h i cknes s  nensuremcnts 
ob ta ined  by bo th  sampling systems a r e  almost  i J e n t i c a l .  The r e s u l  t s  
presen ted  i n  bo th  Tab l e s  2 and 3 i n d i c a t e  t h a t  t r n n s e c t  sampl i n s  docs 
not  prgvide any informat ion  on average  peat  cond i t i ons  i n  a  given d e p o s i t  
over  t h e  above t h e  i n fo rma t ion  provided by I.ANDSAT-based spo t  s.lmplirlg. 

DISCUSSION OF TliE COHPARISON RESULTS 

From t h e  fo r ego ing  comparison of t h e  t r a d i t i o n a l  t r a n s e c t  sampling 
and IAHDSAT-based s p o t  sampling metliods, i t  is p o s s i b l e  t o  c v a l u a t c  t h e  
c f f i c i c n c y  of each  method f o r  a  r e g i o n a l  pea t  inventory. 

Within t h e  1700 km2 s t u d y  n rea ,  pca t lnne  cxtcnded over  290 h a .  
When h igh-dens i ty  t r c c d  bog 3 ~ ~ 3 s  a r e  exc l i~ded  from t h e  survey ,  t h e  



remaining pea t l and  measures 200 km2 i n  a r e a .  Th i s  a r e s  was surveyed 
by t h e  spo t  sampling method w i th in  10  days. Ex t ropo le t i ng  from t h e  
5 days r equ i r ed  t o  sample a long  4 t r a n s e c t c  i n  tl ic t e s t  b3.g (a 6.3 Ian 2 

a r e a ) ,  i t  would t a k e  a t  l e a s t  150 days  t o  complete t h e  e n t i r e  200 icn2 
a r e a  by t r a n s e c t  sampling. A s tudy  prepared by Pea t  Consu l t an t s  
Finland Oy (1982),  s u g g e s t s  t h a t  f o r  a pre l iminary  survey  by t h e  t r a n s e c t  
sampling method, 100 h e c t a r c s  could bc completed w i t h i n  1 t o  2 weeks. 
On t h e  b a s i s  of t h e  lower e s t i m a t e  of one week, i t  would t a k e  200 weeks 
(over f o u r  y e a r s )  t o  complete  t h e  200 kn2 arca .  The purpose of any 
pre l iminary  sampling is t o  ach ieve  a b a s i s  f o r  t h e  s e l e c t i o n  of a r e a s  
f o r  o p e r a t i o n a l  pea t  e x t r a c t i o n .  The r e s u l t s  of t h e  p r e s e n t  s t udy  
i n d i c a t e  t h a t  t h e  s p o t  sampling method providcs  an accuracy  comparable 
t o  t h a t  of t h e  t r a n s e c t  survey  method, i n  a t  l e a s t  o n e - f i f t e e n t h  (1115) 
of t h e  time. S ince  t h e  m a j o r i t y  of pea t  surveys i n  On ta r io  would be  
conducted i n  a r e a s  a c c e s s i b l e  only by h e l i c o p t e r ,  t h e  f i e l d  expenses 
per  day of both sampling systems would be v i r t u a l l y  t h e  sane. It is, 
t h e r e f o r e ,  s a f e  t o  e s t i m a t e  t h a t  t h e  c o s t  of t h e  L h l ~ ~ d ~ - b a s e d  spo r  
sampling method would be ,  l i kewi se ,  one f i f t e e n t h  (111 5) of t h e  c o s t  

@ of t h e  t r a n s c c t  sampling method. 

CONCLUSION 

Over t h e  200 pa2 pea t l and  a r e a  surveyed i n  t h i s  s t udy ,  no s i g n i f i c a n t  
d e p o s i t s  of pca t  w i th  a  decomposition l e v e l  of more than  5 on t h e  
von Pos t  s c a l e  were found. The minimum decomposition l e v e l  r eqn i r ed  
f o r  f u e l  pea: is  6; t h e r e f o r e ,  t h e  pea t  p r e sen t  i n  t h i s  a r e a ,  where 
u s e f u l  a t  a l l ,  is  on ly  s u i t ~ b l e  f o r  a g r i c u l t u r a l  use .  Some a r e a s  of 
pea t  w i th  a  decomposi t ion l e v e l  of 6 o r  7 wcr2 encountered,  but  e i t h e r  
i n  i s o l a t e d  pocke ts  o r  i n  t h i n  l a y e r s .  

I n  v i e v  of t h e  ve ry  smal l  p ropor t ion  of f u e l - q u a l i t y  pca t  t o  t h e  
t o t a l  pea t land  a r e a ,  t h e  fo l lowing  two conc lus ions  can be drawn: 

1. The most r a p i d  and c o s t - e f f i c i e n t  survey technique  a v a i l a b l e  
should be e ~ p l o y e d  t o  l o c a t e  a r e a s  of f ue l -qua l i t y  p e a t ;  

2. The p re l im ina ry  e s t i m a t e s  of t h e  ex t en t  of f u e l  pea t  produced t o  
d a t e  f o r  O n t a r i o  may be u n r e a l i s t i c a l l y  high.  
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ig. 1.  A colour-composite map of a portion of the study area, produced from d i g i t a l  IBYDSAT data. 
Tk- 1 (oh* - n l n ~ t r ~  ind ica te  hoes and fens; the dark colour indicates black spruce forest;  
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Fig. 4 .  1:60,000-scale a i r p h o t o  of t h e  t e s t  bog, on whfch no c l e a r  d i s t i n c t i o n  
can be made among wetland types.  
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Fig. 7a-c. Photographs t aken  f r o s  t h e  h e l i c o p t e r  
showing t h e  ground cond i t i ons  of some 
of t h e  wetland t y p e s  i n  t h e  t e s t  bog. 

(a) Open bog w i t h  graminoid-rich patches.  
Spot sampling s i t e s  5 and 6 (see Figure  3) 
were l o -a t ed  w i t h i n  t h i s  type. 

(b) A poor t r e e d  fen lbog complex loca t ed  i n  
t h e  middle of t r a n n e c t  PJ3 (F igure  3). On8 

( c )  An a r e a  i n  t h e  northwest  p a r t  of t h e  TlE 
0 2  

t e s t  bog con ta in ing  poor t r e e d  f e n  0 P 
( l i g h t  green) and shrub-r ich t r e e 2  f e n  

al- 

(dark  green) .  These types  corrcspond a?) Cz' 
t o  sampling p o i n t s  1 and 2 (F igure  3). > G 1  . c m 

2~ 
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metres metres 

Fig. 8 a - d  : Peat Profilcs interpolated from ful l  samples 
taken along each transect every 300 metres. 
Depth measurements are made every 100m. 

(Transects are marked on  f ig.  3) 
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ENERGY FACILll'Y SITING BY Ni3ANS OF ENVIHONMENTAL HODELLING WITI! LANDSAT, 

TIIEMA'TIC IUPPER CdJD CEGG~~LI'IIIC IKFOMlATICX SYSTEM (CIS) DhTh 

U s e r s  Baz-k~round Inforrnnt ion:  

1. P r n n s y l v a n i a  Power and Ligl i t  (PP&L) is a p u b l i c  u t i l i t y  t h a t  p r o v i d e s  

s e r v i c e  to  a b o u t  1 m i l l i o n  c u s t o n e r s  i n  a  29-county a r c a  In c e n t r a l - c a s t e r n  

P e n n s y l v a n i a  w i t h  t e s t  s i t e  indcx map l o c a t i o n s  ( F i g u r e  1). The s e r v i c e  a r c a  

i n c l u d e s  t h c  m j o r  p o p u l a t i o n  a r e a s  c e n t e r e d  o n  H a r r i s b u r g ,  Wilkcs-Barre ,  

A l l c n t o u n ,  Ens ton  and 1 .ancastcr .  PPCL 1 ~ 3 s  t h e  r e s p o n s i b i l i t y  o f  p r o v i d i n g  

a d e q u a t e  c l c c t r i c a l  power t o  its cus tomers  i n  a  c o s t  e f f e c t i v e  mnnncr. To 

a c c o m p l i s n  t h i s ,  it is  e s s e n t i a l  tha'. t h e  company b c  a b l e  t o  p r e d i c t  cus tomcr-  

g rowth  t r e n d s  and t o  c l o s e l y  c s t i m t c  f u t u r e  power n e e d s  f o r  a l l  seglncnts 

w i t h i n  i ts  s c r v i c c  a r e a .  

2. Thc N u c l e a r  Regulatory Con~rnission (NRC) h a s  thc  mandate  t o  a s s u r e  t h a t  a l l  

p roposed  n u c l e a r  powcr p l a n t s  meet t h c  s t r i n g e n t  s t r u c t u r a l  and e n v i r o n m e n t a l  

s a f e t y  c o n s t r a i n t s  d i c t a t e d  by p r e s e n t  F c d c r a l  r e g u l a t i o n s .  Many of t h e  f a c t o r s  

r c q u i r c d  t o  e v a l u a t e  proposed p l a n t  s i t e s  and e s t i m a t e  t h e i r  e f f e c t s  on t h e  

r e g i o n a l  cnv i r o n n c n t  c a n  b c  mmsurcd and model led by i n c n r p o r a t  i n g  rcrnote ly  

sc:nscd d a t a  i n t o  n  C I S .  

D c s c r i y t i o n  o f  Rcmote S c n s i n ~ h p p l i c n t i o n s  _in t h e  Con tex t  o f  t h e  I l s c r ' s  ---- --- ----- - ----- 
Businc!;r,/Wfr;sion: --- 

s u p p o r t  of i t c  requirement t o  a c c r ~ r a t  c l y  p r o j e c t  f u t u r e  powcr r c q u i r c m c n t s  , 

t h c  l'P6L Compi~ny h ~ s  developed a land  c o v e r  d a t a  base  for i t s  c n t f r c  s e r v i c c  
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a r e a ;  t l lc  i n f o r n a t  i o n  s o u r c e s  a r c  c ~ ~ r r c r ~ t l y  bascd on ground and a i r c r a f t  s u r v c y s .  

These  d a t a  a r e  now I c i n g  r o u t i n c l y  used f o r  m o d e l l i n g  e l e c t r i c i t y  r c q u i r c m c n t s  

i n  n r c a s  of f u t u r e  g rowth ,  p r e d i c t i n g  wtrerc g e n e r a t i n g  c a p a c i t y  w i l l  b e  

r e q u i r e d ,  and n rodc l l jng  t h e  e f f e c t s  o f  a l t e r n a t i v e  generating p l a n t  and  t r a n s -  

m i s s i o n  l i n e  s i t c s  on t i l e  l o c a l  and rc!gional environment .  The d a t a  are 

s t o r e d  i n  n CIS based o n  a  sys tcm dcvc lopcd  by t h e  Environmental  Sys tems  

Resea rch  I n s t i t u t e  ( E S R I ) .  T h i s  CIS is n e a r l y  i d e n t i c a l  t o  t h e  o n c  c u r r e n t l y  

b c i n g  uscd  a t  GSFC f o r  ERRSAC and t h e  E a r t h  Resources  Branch r e s e a r c h .  

NIK is r c o p o n s i b l e  f o r  coropliancc! w i t h  t h e  N a t i o n a l  Errvironmcntal  P r o t e c t i o n  

k t  (NEPA, 1969) by t h e  n u c l e a r  powcr i n d u s t r y .  T h i s  a c t  r e q u i r e s  t h a t  t c r r e s -  

t r i a l  ;rnd a t p ~ ; i t l c  rcr iource  i n v c l l t o r f e s  b e  mnde and inc luded  wit11 d c s c r f p t i o n s  

o f  p r e f e r r e d  p roposed  n u c l e a r  g e n e r a t i n g  s t a t i o r .  s i t e s  and t r a n s m i s s i o n  c o r r i d o r s .  

T h i s  f o n n s  a  11;lrt o f  t h e  i n f o r m a t i o n  rcclui rcd from energy  c o r p o r a t i o n s  b r f o r e  

cnviror i lx~cnta l  i l ~ l p a c t  a s s e s s m e n t s  can  b e  completed and c o n s t r u c t i o n  p e r m i t s  

i s s u e d .  I n  t h e  p a s t ,  a p p l i c a n t s  r e s p o n s e  t o  NEPA r e g u l a t o r y  g u i d e s  h a s  bccn  

t o  p r o v i d e  e v e r  i n c r e a s i n g  volumes of d a t a  which do  n o t  n e c e s s a r i l y  a l w a y s  

i n c r e a s e  ii:;:;c:;!;ntcnt c.omprcl~c.nsion. Dc~c t o  t h e  s i t e  s p e c  i f  i c  n a t u r c  of c n v i r o n -  

m c n t a l  assc:;srncnt, o b t a i r r i n g  d e t a i l e d  i n f o r m a t i o n  h a s  proven t o  b e  a  c o s t l y ,  

tinre consuming o j ~ c r i t t i o n .  Development of an a c c e p t a b l e  s a t c l l i t e - h a s c d  CIS 

. ~ o u l d  firr  f l i t : l t  c! b o t h  tlrc p rcp ; i rn t ion  o f  env i ronmenta l  impact s t i i t c m e n t s  by 

powcr cornpanic.:; nltd onsessmcnt  o f  t ire t ln to  by !lRC a u t h o r i t i e s .  

c o o p e r a t i v e  l ) ro jcbct  w i l l  t1cnlon:itratc t h c  u~e thodo logy  f o r  i n c o r p o r a t i n g  

d a t a  i n t o  iin c x i s t  i n g  o p e r a t i o n a l  CIS. Thc: p r o j e c t  w i l l  f u r t l r c r  



e v a l u a t e  t h e  a b i l i t y  o f  s a t r l 1 i : e  data i n  riiodclling cnvironmcntal c o n d i t i o n s  

t h a t  would be a p p l i e d  i n  t h e  preparat ion  and assessment  o f  environmental impact 

s t o t c n ~ c n t s .  



Data In tegrat ion/Remote Sensing a t  
Los Alamos Na t i ona l  Labora to ry :  An Update 

Susan 6. Freeman 
Stephen L. E o l i v a r  

Thomas A. Weaver 
Los Alamos N a t i o n a l  Labo ra to r y  

Los Alamos, New Mexico, USA 

The DIRS (Data In tegrat ion/Remote Sensing) program a t  Los Alamos N a t i o n a l  
Labo ra to r y  was begun two years  ago t o  develop e f f i c i e n t  i n t e r p r e t i v e  tech-  
n iques  f o r  use on  very  l a r g e  q u a n t i t i e s  o f  data. Some o f  these  l a r g e  d a t a  
sets ,  f o r  example, Landsat sa te1  1 i t e  imaqery and geochemical sampl ing 
programs, r ep resen t  tremendous resources f o r  t h e  g e o l o g i c a l  sciences, b u t  
t h e  a n a l y s i s  o f  these da ta  i s  slow. The DIRS program has evo lved  th rough  
t h ree  phases: developaent,  e x p l o r a t i o n  appl  i c a t  ions,  and, c u r r e n t l y ,  r e g i o n a l  
geo loq i c  z tud ies .  Th is  work i s  c u r r e n t l y  be i nq  p e r f o r ~ c e d  on t h e  CRAY-1s a t  
Los A1 amos. 

The f i r s t :  phase was t h e  development o f  t h e  i n t e g r a t i o n  and . d i s p l a y  t ech -  
n iques. Twenty-two da ta  se t s  f rom t h e  Tal keetna 1Ox3O quadrangle, 
Alaska, were used, i n c l u d i n g  17 elements f rom t h e  NURE (Na t i ona l  Uranium 
Resource Eva lua t i on )  geochemical da ta  base, NURE a i r b o r n e  geophysics, and 
geoloqy. K r i q i n g  was used t o  i n t e r p o l a t e  most d a t a  s e t s  t o  a s tandard  3-km 
q r i d ,  and a l l  da ta  s e t s  were p u t  on t h e  same g r i d .  Us ing image-processing 
concepts,  computer r o u t i ~ i e s  were developed t h a t  d i s p l a y e d  each d a t a  s e t  as an 
image. C o r r e l a t i o n  a n a l y s i s  was ~ n v e s t i g a t e d  by  o v e r l a y i n g  t h r e e  d a t a  
images, p r o j e c t e d  i n  t h e  t h r e e  p r ima ry  c o l o r s .  

The second DIRS phase i nvo l ved  a s t udy  i n  t h e  Mont ro re  1°xZO quadrangle, 
Colorado, t o  i d e n t i f y  areas o f  m i n e r a l i z a t i o n .  The number o f  da ta  s e t s  used 
i n  t h i s  s tudy  was 35, and inc luded  Landsat imaqery, 25 elements f rom t h e  
NURE geochernical da ta  base, NUKE a i r b o r n e  qeophysics, qeology, and mine and 
m i n e r a l  occurrences. Aqain, k r i g i n q  was used t o  i n t e r p o l a t e  t he  geochemical 
and geophys ica l  i n f o r m a t i o n  t o  a 1-km g r i d .  The Landsat imagery and t h e  
geo loq i c  in fo r rna t ion  were subsampled t o  t h e  same 1-km q r i d .  The r o u t i n e s  
developed i n  t he  f i r s t  phase were r e f i n e d ,  and a c l a s s i f i c a t i o n  scheme was 
developed. I n  one a p p l i c a t i o n ,  areas t h a t  had s i m i l a r  c h a r a c t e r i s t i c s  t o  
t h e  uran ium d i s t r i c t s  i n  t he  quadrangle were i d e n t i f i e d .  Us ing t h e  t h r e e -  
c o l o r  o v e r l a y  and t h e  mine and m ine ra l  occurrence i n f o rma t i on ,  areas f a v o r -  
ab l e  f o r  copper, lead, and z i n c  m i n e r a l i z a t i o n  were i d e n t i f i e d .  F i e l d  work 
has v e r i f i e d  t h e  v a l  i d i t y  o f  b o t h  t ec l~n i ques .  

Work has now begun on combin ing dd ta  I n t o  s ta te -w ide  d a t a  bases and a n a l y z i n g  
t h e  da ta  on a r e g i o n a l  sca le .  Geochemical a t l a s e s  a r e  be i nq  produced f o r  

@ Alaska and Colorado. The d a t a  bares w i l l  i n i t i a l l y  c o n s i s t  o f  llUHE geochem- 
i c a l  d a t a  and d i g i t i z e d  qeoloqy. The Alaska da ta  base i nc l udes  ove r  61900 
sample l o c a t i o n s .  The Colorado da ta  base i nc l udes  o v e r  16800 sample l oca -  
t i o n s .  Each sample l o c a t i o n  h3s 55 geoch?nica l  and f i e l d  parameters assoc i -  
a ted  w i t h  it. The Alaska a t l a s  w i l l  be produced w i t h  a 5-km g r i d  c e l l ,  and 
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the Colorado atlas will have a 3-km grid cell. The Alaska atlas, similar in 
format to the Wolfson Geochemical Atlas of England and Hales, i s  scheduled 
for prlnting in early 1983. The Colorado atlas will follow at a later date. 
Several important facts have been determined from the DIRS study: reconnais- 
sance-scale data can provide informat ion about mineral ized areas and define 
mineral districts; multivariate information can be integrated and evaluated 
in an efficient manner; and the quantity of information extracted from an 
integrated data base is larger than the total atxount of illformation extracted 
from each data set separately. In addition to resource evaluation, computer 
routines developed during this study can be used for facility siting, identi- 
fication of natural hazards, and basic geological, geochemical, and geophys- 
ical studies. 
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INTRODUCTION 

Remote Sensing can be of integral importance to the solution 

of energy problems. The manner in which the technology is 

:sed depends, of course, on the nature of the problem. These 

problems range the gamut from locating new sources of petro- 

leum to locating power plants a.nd transmission corridors to 

monitoring pollution from facilities. In nearly all instances, 

remote sensing is one input into a larger system for the 

solution of the problem. 

The NASA Ames Research Center has been involved in energy pro- 

jects for a number of years primarily in the role of providing 

assistance to users in the solution of a number of problc-PIS 

related to energy. The underlying thread to these projects 

has been the production of data bases which can be used, iq 

combination with other sources of information, to solve 

spatially related energy problems. 

Six project activities at Ames are described which relate to 

energy and remote sensing. Two of these projects involve 

powcr demand forecasting and estimations using remote sensing 

and geographic information systems, two others involve trans- 

mission line routing and corridor analysis, one involves a 

synfuel user needs assessrncnt through rem9te sensing and the 

sixth involves the siting of energy fac~lities. 
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which d i f ferent  wct'lnnd types arc readily diot  inguished by the ir  
reflectance characteris t ics .  Scc Figure 6 for  an identification 
of each type .  
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Lanc? c o v e r  i n f o r m a t i o n  g e n e r a t e d  t h r o u g l ~   ands sat image a n a l y -  

sis c a n  b e  a u s e f u l  com>oncnt i n  s i t i n g  a n a l y s i s ,  s p e c i f i c a l l y  

as  an  i n 2 u t  i n t o  c o s t  f e a s i b i l i t y  o r  e n v i r o n m e n t a l  impac t  

a n a l y s e s .  One o f  t h e  c o r r i d o r  a n a l y s e s  and t h e  w a s t e  d i s 2 o s a l  

p r o j e c t  a r e  b o t h  u s i n g  s imnla tec i  Tilematic Ilspper d a t a .  The 

o t h e r  p r o j e c t s  a l l  u t i l i z e  L a n d s a t  K u l t i - S p e c t r a l  Scanne r  

( I I S S  d a t a  g e n e r a t e d  by  L a n d s a t s  1, 2 ,  and 3 ) .  

CORRIDOR ANALYSIS 

C o r r i d o r  a n a l y s i s  i n v o l v e s  t!:e s e l e c t i o n  o f  a  r o u t e  t h r o u g h  

which a  r c s o u r c c  or phenomenon c a n  b e  ~r.oved i n  s o n e  nan:lcr. 
@ Thc p r imary  c o n s i d e r a t i o n  is t h a t  t h e  r o u t e  f u l f i l l  some 

l e a s t  c o s t ,  e n v i r o n m e n t a l ,  or o t h e r  c o n s t r a i n t s .  The P a c i f i c  

Gas and  E lec t r i c  Cory~any (California) i i n s  c o o p e r a t e d  w i t h  

IlASA i n  two p r o j e c t s  s i ? e c i f i c a l l y  e v a l u a t i n g  t h e  p o t e n t i a l  

u s e s  for r c m o t c l y  s e n s e d  d a t a  i n  e lec t r ic  t r a n s n i s s i o n  l i n c  

c o r r i d o r  c o s t  a n a l y s i s .  The Gate; t o  G r e ~ g  (PGcC) 503 k i l o -  

v o l t  C o r r i d o r  - 4 n a l y s i s  ( B e r g i s  e t  s l ,  1 3 8 2 ) ,  comi le te r l  i n  

Zune 13C2, e v a l u a t e d  t h e  costs o f  c o r r i d o r  r i q i i t  o f  [gay 

a c q u i s i t i o n  throug;? an  a g r i c u l t u r a l  a r e a  i n  F r c s n o  County. 

C a l i  Eo rn i a .  

The P a c i f i c  Gas and  Electric Conpany !lac? had  a  p r o p o s a l  f u r  a 

t r a n s m i s s i o n  l i n e  between t ! ~ z  G a t e s  and  Gregg power sub- 

s t a t i o n s  ( i n  t h e  San J o a q u i n  V a l l e y )  rejected. by tile 

C a l i f o r n i a  P u h l i c  U t i l i t i e s  Cormis s ion  on tile ground t h a t  

a l t c r n a t i v c s  were insufficiently e x a n i n c d .  One o f  1 - G & L ' s  

e f f o r t s  t o  o b t a i n  a d d i t i o n a l  d a t a  i n v o l v s s  J j o i n t  r e s e a r c ~ :  

p r o j e c t  w i t 1 1  NASA 2,rncs Resea rc;l C c n t c r  t o  c v a l u a  t z  i a n d s a t  

> l S S  d a t a  a s  a  t o o l  f o r  o b t a i n i n g  i o f o r r a t i o ! ~  on v a r i o u s  

a l t e r n a t i v e  r o u t e s .  I'ron : i A S A ' s  p c r s p c c t i v e ,  t11i.s ~ 0 i i l 2  be 

a  u s c f u l  cqernonstration o f  a  ~ 3 o t e n t i a l  a p ; > l i c a t i o n  f o r  L a n d s a t  

d a t a .  AS a r e s u l t  o f  t h e  e f i o r t  a map was crec7tcd o f  a g r i -  
-.. 'i I . - ,  
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f a c t o r s  i n c l u d e  t h e  c o s t  o f  t re l l is  w i r e  grounding i f  v ine-  

y a r d s  a r e  F r e s e n t ,  and t h e  h i g h  l a n d  a c q u i s i t i o n  c o s t  o f  

tomato f i e l d s .  PG&C w i l l  b e  u s i n g  t h i s  d a t a  i n  f u t u r e  

d i s c u s s i o n s  w i t h  t h e  P u b l i c  U t i l i t i e s  Commission when e f f o r t s  

f o r  a c o r r i d o r  a ~ t h o r i z a t i o n  a r e  r e s u ~ e d .  

A second c o r r i d o r  a n a l y s i s  i ) r o j e c t  c a r r i e d  o u t  w i t h  PGbE began 

i n  e a r l y  1962. Thc Trans r , i s s ion  L ine  Xauting J o i n t  Zesearch  

P r o j e c t  i n v o l v e s  an  examinat ion  o f  b a s i c  i s s u e s  concern ing  

f e a t u r e s  r e l e v a n t  t o  c o r r i d o r  a n a l y s i s  whie :~  can  be d e t e c t e d  

w i t h  t h e  t h e m z t i c  ma2per sensor .  The Thematic l!si3ser (TM) 

h a s  seven s p e c t r a l  c h a n n e l s  and 30 m e t e r  r e s o l u t i o n ,  an  

improvement o v e r  t h e  f o u r  channe l s  and 83 aeter r e s o l u t i o n  

o f  t h e  I I u l t i s p e c t r a l  Scanner.  T h i s  f o u r  year  p r o j e c t  i n v o l v e s  

d e l i n e a t i n g :  1) Crop t y p e s  having s p e c i f i c  c o s t  i r , ?ac t  i n  

transmission l i n e  r o u t i n g  ( s p e c i f i c a l l y  tomatoes  and v i n e y a r d s ,  - 
b o t h  o f  which were d i f f i c u l t  t o  s e p a r a t e  w i t h  IGS imagery) ,  

2 )  t h e  a g r i c u l t u r a l  i n f r a s t r u c t u r c  ( r o a d s ,  c z n a l s ,  i r r i g a t i o n  

p a t t e r n s ,  row d i r e c t i o n ) ,  3)  r i p a r i a n  v e g e t a t i o n  and s m a l l  

w a t e r  bod ies  ( a r e a s  o f  unique  e c o l o g i c  i n t e r e s t ) ,  and 4 )  r u r a l  

s u b d i v i s i o n  develo?ments. i3ecause o f  t h e  g r e a t e r  s $ ~ a t i a l ,  

s p e c t r a l ,  and r a d i o m e t r i c  r e s o l u t i o n  o f  t h e  T:lematic ! i a p i > ~ r ,  

t h e  p r o j e c t  is a l s o  deve lop ing  and e v a l u a t i n g  advanced imags 

a n a l y s i s  t e c h n i q u e s ,  many i n v o l v i n g  t e x t u r e ,  i r ,  o r d e r  t o  

b e t t e r  u t i l i z e  t h e  added in fo rmat ion .  

Another p r o j e c t  i n v o l v i n g  tile r e l a t i o n s : ~ i ~ >  o f  l a n d  use / l and  

cover  t o  r e s o u r c e  demands (Clayton,  1381) ,  r e s u l t e d  i n  an 

assessrncnt  o f  sooe  r e l e v a n t  i s s u e s  w i t h  r e n o t e l y  sensed  a s  

one  component o f  a  d a t a  b a s e  f o r  power denand f o r z c a s t i n q .  

I t  was observed t!mt remote ly  sensed d a t a  by i t s e l f  i s  

i n s u f f i c i e n t  t o  c a l c u l a t e  e n e r g y  demand; t!le d a t a  fiiust a l s o  

be  i n t e g r a t e d  w i t h  socio-economic and d e n o g r a ~ ! l i c  d a t a  i n  a 

dat.a Lase. A s  tile l a t t e r  arc? coinn:only tabu]-ar  r ia ta ,  t i le 
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d a t a  b a s e  system would i n c l u d e  and be a b l e  t o  man ipu la te  b o t h  

s p a t i a l  and t a b u l a r  d a t a .  Landsat  d a t a  i s  mnntioned a s  a 

major p o t e n t i a l  s o u r c e  f o r  s p a t i a l  l a n d  cover .  A major por-  

t i o n  o f  t h i s  e f f o r t  c e n t e r e d  upon change d e t e c t i o n  and 

p r e d i c t i o n  t e c i ~ n i q u e s .  Presumably, t h i s  i s  because  l a n d  c o v e r  

and power demand changes a r e  assumed t o  b e  d e p e n d m t  v a r i a b l e s .  

The r e a d e r  i s  d i r e c t e d  t o  C l a y t o n ' s  pa:>er f o r  a  d e s c r i 2 t i o n  

o f  image change d e t e c t i o n  c o n c e p t s ,  and change   re diction 
models. 

I n  a d d i t i o n  t o  demons t ra t ing  a p p l i c a t i o n s  u s i n g  remote ly  

sensed d a t a  i n  t h e  u t i l i t y  i n d u s t r y ,  hmes asked t h e  

Environmental  Systems Research I n s t i t u t e  (ESRI) t o  su rvey  t h e  

c u r r e n t  u s e s  o f  remotely-sensed and o t h e r  s p a t i a l  dat-.: by t h e  

u t i l i t y  i n d u s t r y .  C a r r i e d  o u t  by Will iam Hodson (ESRI, 1 3 8 1 ) ,  

t h e  survey c o n s i s t e d  o f  a  q u e s t i o n n a i r e  su rvey  o f  12 u t i l i t y  

conpanics .  3:1e r e s u l t s  i n d i c a t e d  t h a t  t h r e e  c i t e d  no u s e  o f  

any s p a t i a l  d a t a  ( f o r  pur?oses o t h e r  th.3.n b i l l i n g ) ,  s i x  used 

t h e  d a t a  i n  a computer automate2 form. The f i n a l  t h r e e  

i n d i c a t e d  t!lat they  had used r e ~ o t e l y  sensed d a t a  o t h e r  t:ia~l 

Landsat .  

I n t e r v i e w s  were conducted w i t h  f o u r  u t i l i t i e s  a c t i v e l y  u s i n g  

remote ly  sensed d a t a :  1) P a c i f i c  Gas and E l e c t r i c ,  2 )  Sou the rn  

C a l i f o r n i a  Edison,  3 )  I!ouston L i g h t  and Porier, and 4 )  Penxisyl- 

v a n i a  Power and L i g 3 t .  Each o f  t h e s e  companies used a u t o m a t i c  

s p a t i a l  d a t a  b a s e s ,  i n c l u d i n g  a e r i a l  photography d e r i v e d  l a n d  

u s e ,  and w i t h  t h e  e x c a p t i o n  o f  Southern  C a l i f o r n i a  Ldison,  

each had use2 Landsat  Zata .  

ESP1 formula ted  s e v e r a l , c p n c l u s i o n s  baszd upon t h e  r e s u l t s  o f  

t h c  q u e s t i o n n a i r e  survey and i n t e r v i e w s .  1';le l a r g e r  u t i l i t i e s  

were i n v e s t i g a t i n g  automated geographic  i n f o r m a t i o n  sys tems 

f o r  use  i n  s i t i n g  and e n v i r o n n c n t a l  a n a l y s e s .  Cnergy cienland 

f o r e c a s t i n g  was conCucted through e c o l ~ o m e t r i c  rsodeling w i t h o u t  

any s p a t i a l  r c f c r c n c c .  ESRI a o t c d  t i l a t  w 1 : i l e  a c c u r a t e  i n  t h e  
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A r e l i a b l e  l and  c o v e r  na? o f  t h e  Carquinez  p i l o t  test  site 

was r e q u i r e d  t o  p r o v i d e  t h e  b a s i s  f o r  d e t e r m i n i n g  t i le  ;?rox- 

i m i t y  o f  urban c l a s s e s  anci w a t e r  t o  abandoned and e x i s t i n c j  

hazardous  m s t e  d i s p o s a l  sites. To n e e t  t h i s  o b j e c t i v e ,  

t h r e e  s e 2 a r a t c  l a n d  c o v e r  c l a s s i f i c a t i o n s  were g e n e r a t e d ,  

each from a  d i f f e r e n t  c o n ~ b i n a t i o n  of bands: 

o Landsat  1:SS e q u i v a l e n t  bands 

o  Four o p t i n a l  TllS 3ands 

o F ive  ?'!IS bands p l u s  t e x t u r e  

Thc Landsat  e q u i v a l e n t  band c l a s s i f i c a t i o n  provided b a s e l i n e  

in fo rmat ion  when compared t o  t h e  o t h e r  two c l a s s i f i c a t i o n s .  

The op t ima l  T:lS c l a s s i f i c a t i o n  gave an i n d i c a t i o n  o f  t h e  l e v e l  

o f  i n f o r m a t i o n  a v a i l a b l e  i n  t h e  f o u r  n o s t  f a v o r a b l e  '211 bands.  

The six-banCcd ( f i v e  ?IS bands p l u s  t e x t u r e )  c l a s s i f i c a t i o n  

w i l l  encompass a l l  a v a i l a b l e  Tl.lS Sands,  i n c l u d i n g  t e x t u r e  f o r  

a d d i t i c n  o f  a  s p a t i a i  e lement . '  

These c l a s s i f i c a t i o n s  1:erc e v a l u a t e 6  by means of  a  random 

g e n e r a t i o n  o f  2 x 2 p i x e l  sar;:ple s i t es  s o  a s  t o  i>roduce a  

r e f e r e n c e  d a t a  set .  t i ine ty  one (91)  o f  t h e s e  polygons were 

t h c n  merged i n t o  a  t h r e e  band i n a g e  (Y:.! e q u i v a l e n t  bands 2 ,  

3 ,  aliil 2) 2nd disy,l ?yet?. 'I1'he l o c a t i o n s  o f  t h e  random s o l y g o n s  

wcre p h o t o - i n t e r p r e t e d  on c o l o r  i n f r a r e d  photogra,)hs ancl 

asocssccl on to2ograp:lic maps. 

SYNFUELS USER E:EEDS ASSESStlXIJT 
-- -- 

A pro  j c c t  L J ~  t i ~  t h e  s y n f u e l s  i n d u s t r y  i n v o l v e d  t h e  i d c n t i f i c a -  

t i o n  and detcr rn innt ion  o f  remote sens iac j  usc  by p r i v a t e  

c o ~ ~ p a n i c s  ancl p u b l i c  a g e n c i e s  working w i t h  s y n f u e l s  ( t h e r e  

b r a s  an crn$?asis placec! on o i l  s h a l e  ~ e v c l o ~ ~ n c n t ) .  

i u s e r  ncctis a s s c s s n c n t  inc luded  tile deve lopnen t  an6 SUL- 

sccjucnt a n a l y s i s  o f  a cjucst ionnai  r c  s o l i c i t i n g  i n f o r m a t i o n  on 

remote s e n s i n g  use ( i i ed r i ck ,  19G2) . I t  was d i s t r i b u t e 6  t o  
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79 companies  and  a g e n c i e s  i d e n t i f i e d  by t i le  U.S .  S y ~ i f u e l s  

C g r p o r a t i o n  as b e i n g  i n v o l v e d  w i t h  s y n f u e l s  i n  some c a ~ a c i t y .  

The p r o j e c t  also i n c l u d e d  o n - s i t e  i n t e r v i e w s  w i t h  a s e l e c t e d  

c r o s s - s e c t i o n  o f  t h e s e  companies  and a g e n c i e s .  

An on-going  p r o j e c t  i n v o l v e s  a n  i n t e g r a t i o n  o f  r e m o t e l y  s e n s e d  

d a t a  w i t h  a n c i l l a r y  d a t a  f o r  e n e r g y  f a c i l i t y  s i t i n g  i n  Utah. 

The s e l e c t i o n  o f  a  f a c i l i t y  s i te  r e q u i r e s  s e v e r a l  s t a g e s  o f  

a n a l y s i s  and t h e  e v a l u a t i o n  o f  nune rous  f a c t o r s .  i:l t1ioug:i 

o n l y  a s m a l l  p h y s i c a l  s i te  nay c e c d  t o  b e  l o c a t e d ,  l a r g e  

r e g i o n s  a u s t  b e  i n v e s t i g a t e d .  Tlle site selcctioil and  sssess-  

ment p r o c e s s  i n v o l v e s  t h r e e  s t a g e s :  (1) A r e g i o n a l  o v e r v i e w  

t o  e l i m i n a t e  a r e a s  t h a t  a r e  u n s u i t a b l e  and t o  select c a n d i d a t e  

a r e a s ;  ( 2 )  l!ore l o c a l  r e c o n a a i s s a n c e  t o  select  f e a s i b l e  s i t es  

w i t h i n  t h e  " c a n d i d a t e "  a r e a ;  and ( 3 )  S i t e  s p e c i F i c  

i n v e s t i g a t i o n s .  Tlle i n f o r v a t i o n  l a y e r s  o r  " sc rez l l s "  u t i l i z e d  

a t  e a c h  l e v e l  a r e  L ) r o g r e s s i v e l y  more d e t a i l e d  and s i t e  

s p e c i f i c ,  and a s  s u c h ,  more e x p e n s i v e  t o  a c q u i r e .  The s i t i n g  

p r o c e s s  c u r r e n t l y  i n v o l v e s  e x t e n s i v e  ground d a t a  c o l l e c t i o n ,  

a e r i a l  ;~:lotogra?hy a n a l y s i s ,  and r ev i ew  o f  ,)uSlis:leci data 

t h a t  is  o f t e n  u n s u i t a b l e ,  d a t e d ,  or n o t  a v a i l a b l e .  Tl.1 b a s e d  

t e c : ~ n i q u c s  coul12 r c d u c e  t h i s  t o t a l  e f f o r t  and i n  t h e  s r o c e s s ,  

r e s u l t  i n  c o n s i d e r a b l e  c o s t - s a v i n g  i n  a  t i m e l y  manner. 

F a c i l i t y  s i t i n g  i n v o l v c s  tile d e t e c t i o n ,  i d e n t i f i c a t i o n ,  and 

a n a i y s i s  o f  $ ~ y s i c a l  and c u l t n r a l  f a c t o r s .  The s e l e c t i o n  o f  

s c r e e n s  and t h e  r e l a t i v e  i n p o r t a n c c  o f  t l lose  s c r e e n s  v a r i e s  

w i t h  c a c ! ~  s t a q e  o f  a n a l y s i s .  Tile t y p e s  o f  f a c t o r s  a n a l y z e d  

f o r  s i te  s e l e c t i o n  and w a s t e  d i s p o s a l  a s s e s s m e n t  c a y  be t h e  

sane b u t  for w a s t e  disyosal impac t  assesar. :cil ts ,  more emphas i s  

is  p l a c c d  on l a n d  c o v e r ,  S y d r o l o g i c  f a c t o r s  and c i ~ a r a c t e r i s t i c s .  

Thc f a c i l i t y  s i t i n g  t e s t  s i t e  i n v o l v c s  t h e  l o c a t i o n  o f  i d e a l  

sites more-01--1css t h r o u g h  a  p r o c e s s  o f  el  i i n i n a t i o n .  Geology,  



s u r f a c e  and ground w a t e r ,  and l a n d  c o v e r  i ' a c t o r s  a r e  used i n  

d i s t a n c e  model ing ,  or i n l o r m a t i o n  l a y e r s ,  i n  t;lc s i t i n g  p r o c e s s .  

D i s t a n c e  rrodels  d e p i c t  tile proxi rx i ty  o f  a n y  2 o i n t  t o  a g e o l o g i c  

f a u l t  o r  t o  s u r f a c e  w a t e r .  C e r t a i n  l a n d  c o v e r  t y s e s  may be 

more -o r - l e s s  d e s i r a b l e  t h a n  o t h e r s ,  and t h e  l a n d  c o v e r  mag may 

b e  i n t e g r a t e d  i n t o  t h e  =ode1 f o r  e l i m i n a t i o n  of t h o s e  s i t e s  

o f  u n d c s l r a b l e  c o v e r  tyi>e.  

D i g i t a l  a n a l y s i s  tec:?niques a r e  used  f o r  g e n e r a t i o n  oE t i l e  

d a t a  f a c t o r s .  ?'ec;lniqucs suc:l a s  h i s t o g r a n  s t r e t c h i n g ,  e d g e  

en:lancement, and mu l t i - channe l  c l a s s i f i c a t i o n  are p?rfornccl  

u s i n g  t h e  Ti: c h a n n e l  e q u i v a l e n t s  r e 2 r c s e n t e d  by t i l e  XIS d a t a .  

As t h e  i x o j e c t  e n s u e s ,  o t h e r  tec !~ni r jues  t h a t  a r c  2 a r t i c u l a r l y  

s u c c e s s f u l  w i l l  b c  i n v e s t i g a t e d  and p o s s i b l y  u t i l i z e d  i n  t h e  

a n a l y s i s .  C i q i t a l  t e r r a i n  d a t a  a r e  p r o c e s s e d  f o r  g e n e r a t i o n  

o f  s l o p e ,  slop a s p e c t ,  and e l e v a t i o n  u s i c g  c"S2I s o f t w a r e .  

S t a t i s t i c a l  s i g n i f i c a n c e  tcsts a re  employed t o  aid i n  i n t c r -  

p r c t a t i o n  o f  r e s u l t s ,  q u a n t i f i c a t i o n ,  a n d  f i n a l  a c c u r a c y  

a s s e s s m e n t s .  

O u t 2 u t  products .  a r c  g e n e r a t e d  upon c o m p l e t i o n  o f  t h c  d i g i t a l  

a n a l y s i s .  Selectee! f a c t o r s  a r e  re?roducec! i n  t h e  form o f  

co lo r - coded  naps, l i n e - i > r i n t e r  maps, and p h o t o g r a p h i c  s o s i t i v c  

and n e g a t i v e  f i l m .  E . d d i t i o n a l l y ,  f a c t o r  or s c r e e n i n g  mass 

a r c  r r o v i d e d  f o r  i n t e g r a t i o n  i n t o  t h e  G I S .  WCC nay  i n  t u r n  

b e  r e q u e s t e d  t o  ~ r o d u c e  co lo r - coded  l i n e - p r i n t e r  and p l o t t e r  

p r o d u c t s .  

E v a l u a t i o n  o f  t!le r c s u l t i n y  d a t a  i n c l u d e s :  (1) An a c c u r a c y  

a s s e s s n c n t  o f  s e l e c t e d  i>roduc ts, ( 2 )  A cost  c o n p a r i s o n  

b e t w e n  'TXS-derived d a t a  l a y e r s  and t r a d i t i o n a l l y  g e n e r a t e d  

d a t a  l a y e r s ,  ( 3 )  A teci:!lical a s s e s s c e n t  of the i i ~ f o r n ! a t i o n  

c o n t e n t s  ( l e v e l  o f  d e t a i l )  o f  T; lS-der ived d a t a  l a y e r s .  
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A METHOIXILCGY FOR ASSESSING THE REGIONAL TPMSPORTfTION ENERGY DEHA,!!XlS 
OF DIFFERENT SPATIAL RES1DENTIA.L DEiELOPfEI?T SCEl?Af,IOS : 

A CASE STUDY FOR THE UPPER HOUSATONIC RIVER BASIN, IlkSShCHUSETTS 

Jonathan A. Oski,  J u l i u s  Gg. Fabos, and XeLr Grosc 
Department of Landscspe Arch i t ec tu re  and Regions1 Planning 

Univers i ty  of Massachusetts 
Amherst, MA 01003 

1.0 INTRODUCTION 

I n  19EO t h e  METLAND rescz rch  group a t  t h e  Univers i ty  of  Massachusct ts  be- 
gan r e sea rch  i n t o  t h r e e  s epa ra t e ,  but r e l a t e d ,  a r e a s  of concern t o  land- 
scape planners .  The t h r e e  s t u d i e s ,  which a l l  have energy a s  a comon de- 
nominator a r e :  

1. Assessment and planning of renevable energy r e sou rces  
2. Study of energy land use  r e l a t i o n s h i p s  f o r  f u t u r e  r e s i d e n t i a l  

planning e f f o r t s  
3. Developing bio-energy management s cena r io s  and a s s e s s  impacts 

thereof  

This  paper focuses on t h e  second t o p i c  mentioned above, more s p e c i f i c a l l y  
it sugges ts  a method whereby r eg iona l  landscape p l rnn icg  e f f o r t s  can be  
aided by t h e  u s e  of a geographic information system (METL4.W) t o  dc t e r -  
mine s i t e s .  f o r  more energy e f f i c i e n t  r e s i d e n t i a l  and mixed use  (kom;ercial, 
r e c r e a t i o n a l ,  i n s t i t u t i o n a l ,  l i g h t  I n d u s t r i a l ,  e t c . )  developmetts w i th in  
a s tudy  are&.  

I n i t i a l  r e sea rch  i n t o  energy e f f i c i e n t  land u s e  managment lias elu-  
c ida t ed  a number of r e s i d e n t i a l  development planning op t ions  which a r e  be- 
coming inc reas ing ly  more popular i n  t h e  western world, e s p e c i a l l y  t h o s e  
a r e a s  experiencing s i g n i f i c a n t  housing demand due t o  populat ion growth and 
r e loca t ion .  Espec ia l ly  prominent is t h e  no t ion  t h a t  t h e  s p a t i a l  l o c z t i o n  
of new developments have a marked e f f e c t  on t h e  energy demands of t h e s e  de- 
velopnents .  A s  noted by t h e  primary impetus f o r  t h e  readjustment  of loca-  
t i o n  p a t t e r n s  (and land u s e  managenent techniques)  w i th in  urban a r e a s  a r e  
i n  t h e  a r e a s  of automobile t r a n s p o r t a t i o n  and r e s i d e n t i a l  hea t ing  and cool- 
ing  which comprise t h e  l a r g e s t  consumers of energy i n  t h e  r e s i d e n t i a l  sec- 
t o r  (13% and 1 2 %  r e spec t ive ly )  (un iden t i f i ed  source) .  Hence, t h r e e  de- 
velopment op t ions / scena r io s  were formulated t o  s e rve  a s  t h e  b a s i s  f o r  com- 
par i son  of d i f f e r e n t  management techniques.  This  p ro j ec t  of t h e  ?fETLAND 
r e sea rch  g r e a t l y  f a c i l i t a t e d  t h e  l o c a t i o n  of land p a r c e l s  s u i t e d  f o r  r e s i -  
d e n t i a l  and mixed land usc'developments i n  t h e  Upper Housatnnic River  Bas- 
i n  Study Area i n  Berkshi re  County, Massachusetts.  The next  s e z t i o n  des- 
c r i b e s  b r i e f l y  t h e  t h r c e  development opt ions .  Following t h a t  w i l l  be a 
d i s cus s ion  of t h e  methodology developed f o r  t h i s  r e sea rch  and f i n a l l y  a 
s e c t i o n  covering t h e  r e s u l t s  of an a p p l i c a t i o n  of t h i s  methodology. 
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2.0 T I E  MA.NAGEKEW/DEVELOPMENT OPTIONS 

A s  denoted b r i e f l y  i n  F igure  1, t h e r e  a r e  t h r e e  d i s t i n c t  land u s e  manage- 
ment d e v c l o ~ n e n t  op t ions  wi th  corresponding c h a r a c t e r i s t i c s  and c r i t e r i a  
f o r  implementation. Tnis  f i g u r e  summarizes a  comparioon of t h e s e  develop- 
ment op t ions  ns wel l  a s  some of t h e  assumptions upon which t h i s  s tudy  is 
based. The f i r s t  of t h e s e  op t ions  is  t h e  most energy e f f i c i e n t  of t h e  
t h r e e  and r e q u i r e s  t h e  l e a s t  m o u n t  of developable l and  y e t  an important  
c r i t e r i o n ,  is  t h e  f a c t  t h a t  t h e s e  640 a c r e s  s t a t e d  and assumed a s  neces- 
s a r y  f o r  a  CUD m ~ s t  be  f o r  t h e  most p a r t  contiguous. Th i s  i n su r? s  t h a t  
most dwell ing u n i t s  w i th in  t h i s  t ype  of conceptual  development a r e  w i th in  
walking d i s t a n c e  t o  many of t h e  non-res ident ia l  l and  uses  (shopping and 
working snd r e c r e a t i o n  p laces)  o f f e r ed  wi th in  t h e  r o u t i n e  of t h e  t o t a l  de- 
velopment. The CUD optiorr is much l i k e  t h e  name impl ies  meaning t h a t  t h e  
development is comprehensive i n  t h e  sense  t h a t  many d i f f e r e n t ,  b u t  com- 
p a t i b l e ,  l and  uses  a r e  included i n  t h i s  development s o  a s  t o  i n s u r e  t h a t  
many s e r v i c e s  and o p p o r t u n i t i e s  can be  o f f e r ed  i n  c l o s e  proximity t o  t h e  
r e s i d e n t s .  

The second development op t ion ,  a  Planned Unit Development (PUD) is 
s i m i l a r  i n  many ways t o  a  Comprehensive Urban i n  t h a t  t h e r e  is  a h igher  
r e s i d e n t i a l  dens i ty  than i n  t r a d i t i o n a l  su5divisj .ons and :h?re is an a t -  
tempt t o  i n t e g r a t e  gene ra l ly  urban-related land uses  i n t o  t h e  t o t a l  re- 
s i d e n t i a l  plan. However, t h e  degree  of t h i s  i n t e g r a t i o n  is  not  n e a r l y  a s  
g r e a t  a s  wi th  z CUD, meaning t h a t  commonly r e c r e a t i o n  open space and o f t e n  
convenience-type shcpping f a c i l i t i e s  a r e  o f t e n  l oca t ed  at  a  c e n t r a l  por- 
t i o n  cf t h e  development. I n  some instances,  o f f  i c e  space has been i n t e -  
grated i n t o  PUD's t o  provide l imi t ed  employment o p p o r t u n i t i e s  f o r  t hose  who 
l i v e  t h e r e  and thereby decrease  t h e  o v e r a l l  t r a n s p o r t a t i o n  energy demand 
of t h e  cooanunity. 

The t h i r d  and f i n a l  development op t ion  i s  t h a t  which provides a base- 
l i n e  f o r  comparison f o r  t h e  two previous opt ions .  Th i s  s cena r io ,  a t r a d i -  
t i o n a l ,  dispersed-type growth i s  noted a s  having g r e a t e r  energy i n e f f i -  
c i e n c i e s  both  wi th  r e spec t  t o  space ~ o n d i t i o n i n g  and t r a n s p o r t a t i o n  a s  
qoted i n  Figure 1. The l a c k  of  land use  mix and common open space  g r e a t l y  
increased  t h e  amount of energy t h a t  must be  expended t o  t r a v e l  f o r  work, 
shopping, and r ec rea t ion  t r i p s .  Thus, t h i s  t ype  of cornunity developsent  
can besc be  described a s  g r o s s l y  i n e f f i c i e n t .  

Examination of energy-land use  r e l a t i o n s h i p s  i n  both r u r a l  and metro- 
p o l i t a n  a r e a s  of t h e  country has  revealed t h a t  t h e  r e s i d e n t i a l  s e c t o r  was 
accountable f o r  approximately 20% of t h e  t o t a l  p r i n c i p l e  energy consumed 
i n  t h e  United S t a t e s  ?n 1970 (Carro l ,  e t  a l . ,  1977). I n  r eg ions  such a s  
New England, where 72% of a11  primary energy consumed is based on f o s s i l  
f u e l s ,  p a r t i c u l a r l y  imported o i l ,  t h e  need t o  i n c r e a s e  t h e  e f f i c i e n c y  of 
t h e  use  of t h i s  resource  becomes paramount i n  t h e  development of long-term 
growth scenar ios .  Inherent  i n  t h e  developnent of t h e s e  s cena r io s  is t h e  
uxderstanding t h a t  they w i l l  be formulated a s  a  means t o  s t a b i l i z e  r eg iona l  
and n a t i o n a l  economics through t h e  i n t roduc t ion  of l e s s  c a p i t a l  and energy 
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Comparison of Development Opt icns /Scenar ios  
OPTION 51 
SCENARIO OPTION 

Type of Develop- 
ment/land u se  
managcment 

Comprehensive Planned Unit  Decent ra l ized  
Urban Development T r a d i t i o n a l  
Development (CUD) (PUD) Development 

10,000 10,000 10,000 To ta l  Persons 
Accomodated 

. Tota l  Area 
Required 

Dwelling Unit 
Density 

Res iden t i a l  
Densi ty 

Overa l l  
I iensi ty  

640 a c r e s  1000-1500 a c r e s  1600-3000 a c r e s  

Commerical land 

Recrea t iona l  
Land Use 

Other Land Use 
( I n d u s t r i a l ,  
I n s t i t u t i o n a l )  

Transpor ta t  ion  
Related 

% Reduction i n  80% 
Shopping T r i p s  

b a s e l i n e  

% Reduction 7 0% 
i n  Work T r i p s  

b a s e l i n e  

% Reduction i n  60% 
Recreat ion T r i p s  

b a s e l i n e  

2 Reduction i n  50% 
I n s t i t u t i o n a l  
T r ip s  

b a s e l i n e  

T o t a l  T r i p  7 0% 
Reduction 

b a s e l i n e  

To ta l  Energy 30-4 0% 
Savings 
(Conservat ive)  

" S ~ e r l i n g ,  e t . a l .  
FI fmE 1 Ear th  She l te red  

Cornunity Design 

b a s e l i n e  

Real E s t a t e  Research 
Corporat ion 
Apr i l  1974 

Real E s t a t e  Research 
Corporat ion 
Apr i l  1974 



t h e  i n t roduc t ion  of l e s s  c a p i t a l  and energy i n t m s i v e  c p a ~ i a i  p a t t e r n s , o f  
new r e s i d e n t i a l  development. A s  f i n a n c i a l  burdens t o  homeo~ners  i n c r e a s e  
yea r ly  due t o  i n f l a t i n g  t r a n s p o r t a t i o n ,  hea t i ng ,  and e l e c t r j c a l  c o s t s ,  it 
is c l e a r  t h a t  t h e r e  is  a need t o  develop a metllod whereby r e s i d e n t i a l  and 
mixed land u se  development s c e ~ a r i o s  can be c o ~ ~ s t r u c t c d  a s  t o  minimize 
t h e s e  c o s t s .  One impl ica t ion  might be t o  sho r t en  t h c  d i s t a n c e  between 
home and work a s  has been advocuted by many comprehensive urban develop- 
ments (CUD) and t o  a l e s s e r  degree  by planned u n i t  developnents  (PUD) o- 
round t h e  world. 

Th i s  r e sea rch  is based on t h e  presitmption t h a t  w i th  t h e  u se  of com- 
puted-aided landscape planning process  comprehensive urban developments 
i nca rpo ra t  ing r e s i d e n t i a l ,  commercial, r e c r e a t  l o n a l ,  l i g h t  i n d u s t r i a l  and 
o t h e r  land u se s  can be loca ted  i n  a s tudy  a r e a  t h a t  w i l l  be a t  t h e  same 
t ime energy e f f i c f e n t ,  a e s t h e t i c a l l y  accep t ab l e ,  and c r e a t e  a minimum de- 
grada t  ion t o  an e x i s t i n g  n a t u r a l  environment. METWJD* research  objec-  
t i v e s ;  namely, phys ica l  landscape planning i n  a n a t u r a l  r e sou rce  s e n s i t i v e  
manner, has  been one of t h e  d r iv ing  f o r c e s  which prevented t h e  advoca t ion  
of extremely dense populat ion c e n t e r s  o f t e n  denoted a s  a s t a t e  of maxi- 
mum energy e f f i c i ency .  (For f u r t h e r  d i s cus s ion  c o n s u l t  pages 1-22 i n  Bul- 
l e t i n  8637 and pages 1-16 i n  E u l l e t i n  1653). 

T h i s  paper w i l l  d i s c u s s  a means by which d i f f e r e n t  r eg iona l  land u se  
development op t i ons / s cena r io s  can be ccmpared i n  t e n s  of t h e i r  r e l a t i v e  
energy e f f i c i e n c i e s .  It is presumed t h a t  f u t u r e  land  e s e  planning dcc i -  
s i o n s  w i l l  be  aided by conputer-based geographic in format ion  systems and 
fur thermore,  t h a t  energy w i l l  beco~nc increasingly more importarlt i s s u e  i n  
land u se  po l i cy  and planning.  Therefore ,  a methodology has  been developed 
whereby d i f f e r e n t  s p a t i a l  a l l o c a t i o n s  of land p a r c e l s  s u i t e d  f o r  res iden-  
t i a l  and mixed use  developmcnts can be compared i n  t e n s  of t h e  t rnnspor -  
t a t i o n  energy demands inheren t  i n  t h e  l o c a t i o n  of t h e  p a r c e l  i n  t h e  region. 

2.1 Methodology 

The gene ra l  ELow diagram dep i c t ed  i n  F igure  2 r e p r e s e n t s  an overview oE 
t h e  s i g n i f i c a n t  s t e p s  i n  t h i s  procedure. T h e  t e x t  which fo l lows  is meant 
t o  accompany t h i s  diagram i n  o rde r  t o  make t h e  ene rgy -e f f i c i en t  l andscape  
s e n s i t i v e  r o u t i n e  more understandable.  

S t cp  one - e s t a b l i s h  over  landscape planning o b j e c t i v e s .  This  f i r s t  
s t e p  involves  t h e  formulat ion o r  r e a l i z a t i o n  of planning o b j e c t i v e s .  I n  - - 
t h i s  case ,  t he se  o b j e c t i v e s  a l i g n  c l o s e l y  w i th  FETLNJD o b j e c t i v e s  e s t ab -  
l i s h e d  a t  t h e  o u t s e t  of t h e  research  and development of rhc Met ropol i tan  
Landscape Planning Model. It Is s t a t e d  t h a t  t he  r e sea rch  is designed " to  
f a c i l i t a t e  land  use  decision-making based on envi ronnenta l  f a c t o r s  f o r  t h e  
gene ra l  p t ~ b l i c  good". (Fabos, Jo)ncr ,  and Grecne, 1978, p. 3) In  t h i s  in -  
s t ance ,  t h e  primary objective is t o  dc tcnnine  whether o r  no t  a due l  ob jec-  
t i v e  t h a t  is  energy-ef f  i c i e n t  and landscape-sensi t  i v e  r e s i d e n t i a l  o r  mixed 
use  development can occur  i n  t h e  Upper H o u s ~ ~ t o n i c  River  Sas in  Study Area. 
*according t o  Metropoli tan Landscape Planning,  an i n t e r d i s c i p l i n a r y  re -  
s ea r ch  e f f o r t  a t  t h e  U r ~ i v e r s i t y  of  El~lssachuset ts  s i n c e  1970. 
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S t e p  two - s e l e c t  me.rRy land  use  a l t e r n a t i v e .  Once t h e  o b j e c t i v e s  
have been formulated i n  s t e p  one, t h e  next  t a s k , t h a t  of s e l e c t j n g  t h e  
management development op t i on ,  is performed. One of t h e  t h r e e  o p t i o n s  
presen ted  e a r l i e r  i n  ? igu re  1 is s e l e c t e d  in conjunc t ion  w i th  t h e  land- 
scape  and energy constraints which a r e  a s soc i a t ed  wi th  it. These con- 
s t r a i n t s  w i l l  become more c l e a r  i n  t h e  r o l e  they  p lay  when they  ana lyze  
t h e  r c s u l t s  of t h e  s ea r ch  r o u t i n e  performed i n  S t e p  3 .  

S t e p  t h r e e  - landscape s e n s i t i v e  Ian3  u se  a l l o c a t i o n  s ea r ch  program 
of ME~IAND. This  s t e p  is a more f u n c t i o n a l  s t e p  a s  opposed t o  s t e p s  one 
and two which could be  considered a b s t r a c t .  I n  this s t e p ,  a computer 
s ea r ch  f o r  co-occurrences on ove r l a id  r e sou rce  and o t h e r  d a t a  maps pro- 
v i d e s  t h e  b a s i s  f o r  search ing  Zor land p a r c e l s  f o r  r e s i d e n t i a l  o r  mized- 
u s e  development which a r e  s e n s i t i v e  t o  t h e  environmental / landscape re- 
source  base. By i n d i c a t i n g  what c l a s s e s  OY rankings  a r e  a p p r o p r i a t e  i n  
each of t h e  fol lowing d a t a  f i l e s  ( s ee  F igure  2,  S t ep  3) a "search" can b e  
performed s i m i l a r  t o  t h a t  done i n  t h e  pa s t  w i th  e s t a b l i s h e d  FIETLANP s o f t -  
ware. The i n t e r a c t i v e  format provided by t he  ILPP system ( i n t e r a c t i v e  
l and  u se  planning program) a l lows  t h e  r e sea rche r  t o  s i t  a t  a  computer t e r -  
minal  and e n t e r  in format ion  from h i s l h e r  olenu a n  immediately g e t  a  
g r aph i c  p r in tou t /d i sp lny  of t h e  r e s u l t s  of over lay ing  t h e s e  d a t a  (map) 
f i l e s .  For example, t h e  computer prompts you w i th  t h e  fol lowing questj.ons: 
T)o you want t o  cons ider  agr j . cu i tura1  p roduc t iv i t y  type  i n  your over lay?  
C la s se s  a r e  A-B-C-D-E. One must s p e c i f y  whether o r  no t  he l shc  wants t o  in -  
c lude  a g r i c u l t u r a l  p roduc t iv i t y ,  and i f  so ,  what c l a s s e s  i n  t h e  aggrega t ion  
f i l e  (A complete d i s cus s ion  or1 t h e  aggrega t ion  of d a t a  f i l e s  can be found 
i n  F igu re  3.) Af te r  answering prompts s i .milar  t o  t h i s  f o r  a l l  d a t a  f i l e s ,  
t h e  computer overl.oys t h e  d e s i r e d  i-nformation and d i s p l a y s  co-occurrences 
of t h e  ranked v a r i a b l e s  input  by t h e  user .  Th i s  map and a r e p o r t  of t o t a l  
a c r eage  a l l o c a t e d  by t h e  s ea r ch  procedure a r e  presented a s  ou tput  f o r  con- 
s i d e r a t i o n  i n  S t ep  4. 

S tcp  fou r  - ana lyze  r e s u l t s .  Th i s  s t e p  is t h e  f i r s t  n a j o r  d e c i s i o n  
making por t ion  of t h e  methodology. 111 t h i s  s t e p  t h e  u se r / r e sea rche r  rcust 
ana lyze  t h e  r e s u l t s  of t h e  s ea r ch  r o u t i n e  t o  determine whether o r  n o t  t h e  
r e s u l t s  co inc ide  w i th  t h e  o b j e c t i v e s  e s t a b l i s h e d  i n  S t ep  1 and f i t  t h e  
o p t i n  i n  S t ep  2. I f  t h e  r e s u l t s  a r e  s u f f i c i e n t ,  then one can procccd t o  
S tep  5, i f  no t  t h e r e  is another  dec i s ion  making s t e p  t h a t  must be  performed, 
S t e p  4A. 

S t e p  fou r  a .  - a l t e r  o b j e c t i v e s  and c o n s t r a i n t s .  T h i s  s t e p  is  neces- 
s a r y  i f  t h e  r c s u l t s  of S tep  3 a r e  no t  co inc ident  w i th  t h e  i n i t i a l  ob j ec t -  
i v e s  of t h e  r e s e a r c h  and the r e sea rche r  u se r  wants t o  a l t e r  some of h i s  o r  
c o n s t r a i n t s  by s e l e c t i n g  one of t h e  fou r  op t i ons  l i s t e d  i n  F igure  4 . 2  
(Stcp 4A). Th i s  s t e p  provides  a  feedback loop of s o r t s  where one has  t h e  
op t i on  of changing a few of t h e  v a r i a b l e s  o r  rankings  perfurmed e a r l i e r  i n  
t h e  metlrodology o r ,  i n  a n  extrcme ea se ,  t o  abandoned s c a r c l ~  procedures  i n  
t h i s  p s r t i cu l - a r  s tudy  a r e a .  

Ttic f i r s t  o p t i o n  a l lows  t h e  u se r  t o  s e l e c t  a  l e s s  errergy e f f i c i e n t  
a l t e r n a t i v e  from Step  2 .  Thi s  s i t u a t i o n  may a r i s e  i f  t h e  t o t a l  ac reage  
al loc.nted is  suEf i c i en t  f o r  t h e  previously-chosen a l t e r n a t i v e  y e t  t h e  par-  
c e l s  a r e  -.ot "clumped" o r  "aggregated" i n  such a manner a s  t o  make imple- 
mentat ion of t he  chosen a l t e r n . ~ t i v e  f  e a s i b l c .  
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T'ne second o p t i o n  p e w i t s  the u se r  t o  p e r f o m  ano the r  s ea r ch  program 
a f t e r  "relaxing" some of t h e  landscpae s e n s i t i v i t y  c o n s t r a i n t s .  Th i s  
"relaxing" is  u s u a l l y  accomplished by adding more c l a s s e s  f o r  cons idera-  
t i o n  i n  one o r  more of t h e  v a r i a b l e s  i n  o rde r  t o  i n c r e a s e  t h e  number of 
co-occurrences ar.d hence a l l o c a t e d  land on subsequent s e a r c h  "runs". 

The t h i r d  op t i on  permi ts  t h e  u s e r  t o  do both t h e  f i r s t  and second 
op t ions  wh i l e  t h e  f o u r t h  op t i on ,  a r a t h e r  d r a s t i c  one, can  be chosen i f  
a f t e r  many runs  it is u s e r ' s  opinfLon t h a t  f u t u r e  development may n o t  be  
f e a s i b l e  on the s tudy  a rea .  

S t e p  : f i ve  - r e f i n e  energy demand approximations. This  s t e p  c o n s t i -  
t u t e s  one of t h e  more recent: a d d i t i o n s  t o  t h e  METLAND planning approach. 
I n  t h i s  s t e p  t h e  t r a n s p o r t a t i o n  energy demand of t h e  development o p t i o n  
d isp layed  i n  S t ep  3,  t h e  s ea r ch  rou t ine ,  is t e s t e d  i n  t h e  fol lowing man- 
ner .  The t r a n s p o r t a t i o n  energy consumption is based on t h e  fol lowing 
v a r i a b l e s  which stem from t h e  assumptions made e a r l i e r .  

1. t h e  number of average  d a i l y  t r i p s  made (home-based work and non- 
work only.  (HBW and HBNW). NOTE: (HBW and HBNW inc l ades  work, shopping, 
and r e c r e a t i o n  t r i p s  made from home) 

2. t h e  mode by which t h e  t r i p s  a r e  made 
3. t h e  average t r i p  l e n g t h  f o r  HEW and IIBNW t r i p s  
4. t h e  road network used f o r  t h e  t r i p s  is  braken dotm i n t o  t h r e e  

l e v e l s  of r oads  depending on t h e  average speed t r z v c l l e d  on them. 
The above v a r i a b l e s  a r e  used t o  b e t t e r  a p p r o x k a t c  t h e  t r a n s p o r t a t i o n  

energy demand f o r  each quadrant  i n  t h e  d a t a  ba se  on a pe r  dwell ing u n i t  
ba s i s .  Each quadrant r e p r e s e n t s  4 UTl.1 g r i d s  from a 1:25,000 s c a l e  USGS 
topographic map. (approximately 450 a c r e s ) .  

Th i s  demand i s  apprcximated by determining t h e  d i s t a n c e s  on t h r e e  
l e v e l s  of roads  (primary, secondary, and t e r t i a r y )  t o  work, shopping and 
r e c r e a t i o n  p l ace s  w i th in  t h e  s tudy a r e a  from a cen t ro id  i n  each quadrant .  
A s  speed v a r i e s  on each l e v e l  of road so  t o  does t h e  esergy  consumption. 
A s tudy  performed by P.J.  Claf fey  es t imated  t h e  r u n ~ i n g  co3 t s  a s  a func- 
t i o n  of f u e l  consumption on t he se  t h r e e  d i f f e r e n t  l e c e l s  of roads.  Thus, 
t h e  f a c t o r s  es t imated  i n  C l a f f e y ' s  work mu l t i p l i ed  by tile d i s t a n c e  t r a -  
v e l l e d  on each l e v e l  of road i n  t h e  network [?ill give  an a p ~ r o x i m a t i o n  a s  
t o  t h e  energy consumption on t h a t  p a r t i c u l a r  t r i p .  ZLultiplyiug t h i s  by 
t h e  average number of d a i l y  t r i p s  made per  dwell ing mit f o r  each of t h r e e  
t r i p  types  mentioned above y i e l d s  a dwell ing u n i t  i n s i c e  f o r  comparison 
among o t h e r  quadrants .  

Once t h e  energy consumption per  d v e l l i n g  u n i t  p ~ r  quadrant  ha s  been 
c a l c u l a t e d ,  t h e  t o t a l  energy consumption f o r  t h e  p m p s e d  dct7elopment 
s cena r io  can be de te rn ined  based on t h e  d e n s i t y  of t h e  development i n  thc 
scena r io  arid t h e  por t ion  of land i n  each quadrant a l l oca t ed  f o r  r e s i d e n t i a l  
growth development. A s  mentioned e a r l i e r ,  a populat icn i n f l u x  of 10,000 
persons w i l l  be s p a t i a l l y  a l l o c a t e d  i n  t h e  s tudy area. Consequently, t h e  
t r a n s p o r t a t i o n  energy demand w i l l  va ry  depending on t ke  s p e c i f i c  l o c a t i o n  
of new res idences .  

The t o t a l  t r n n s p o r t a t i o n  energy consumption f o r  ~ i x ~ c h  development 
s cena r io  can be determined w i th  t h e  fol lowing equat ion which computes t h e  
t o t a l  dcmand f o r  a l l  t h e  g r i d  quadrants  i n  t h e  s tudy  a r ea .  
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LA!ID USE CATEGORIES ARE AGGREGATED I N  A MANNER 
SUCH THAT THE "A" CLASS REPRESENTS LAND USES 
kH ICH OFFER MINIMUM CONFLICT TO RESIDENTIAL DEVELOPMENT 
(1 . E m  ABANDONED LAND) AND 'E" cL ss REPRESENTS AREAS OF 
MAXIMUM CaNFLICT TO DEVELOPMENT 4 I t C a  PRESENT URBAN 
INDUSTRIAL USE, WETLANDS, OR FRAGILE AREAS 

OWNERSHIP I S  CLASSIFIED AS -- 
A = PUBLIC LAND 
B = QUASI-PUBLIC LAND 
C = PRIVATE LAND 

PHYSICAL DEVELOPMENT S U I T A B I L I T Y  I S  BASED GN S O I L  
CAPABIL IT IES  FOR RESIDENTIAL DEVELOPMENT D I V I D E D  INTO 
3 CLASSES -- 
A = MOST SUITABLE 
B = MODERATELY SUITABLE 
C = LEAST SUITABLE 

TOPOCLIMATE SUITABILITY IS BASED ON ASPECT, DIVIDED INTO 8 
CLASSES 
A ' S  
B = SW 
c = w  
D = NW 
E = N  
F = NE 
G = E 
H = SE 

FOREST PRODUCTIVITY I S  D IV IDED INTO 5 CLASSES, EASED ON S O I L  
CAPABIL ITY FOR TIMBER PRODUCTION a WHERE CLASS N ~ l t  SO1 LS ARE 
MOST PRODUCTIVE AND CLASS "€I1 SO1 LS ARE LEAST PRODUCTIVE, 

AGRICULTURAL PRODUCTIVITY I S  D IV IDED INTO 5 CLASSES, BASED ON 
S O I L  CAPABILITY FOR POTENTIAL AGRICULTURE PRODlJCJIONa WHERE 
CLASS N ~ l l  SOILS ARE MOST PRODUCTIVE AND CLASS "E SOILS ARE 
LEAST PRODUCTtVE, 

SLOPE I S  D IV IDED INTO 5 CLASSES - 

FIGURE 3 



Tota l  Scenar io  Transpor ta t ion  h m 
Energy Consumption P z  zc3 

i-1 j=l 
q q  where 

e a energy consumption per  quandrant 
q per  D.U. 

D = # of Dwelling Un i t s  i n  quadrant q 
9 

n = number of rows of quadran ts  
m = number of coiumns of quadran ts  

Determinat ion of t h e  t r a n s p o r t a t i o n  energy demnd of t h i s  s cena r io  w i l l  
s e r v e  a s  an i n d i c e  f o r  comparison w i th  o t h e r  n o r e  o r  l e s s  e f f i c i e n t  spa- 
t i a l  arrangements of r e s i d e n t i a l  and mixed u se  development. 

Th i s  f i g u r e  when combined wi th  approximations f o r  space cond i t i on ing  
energy consmpt ion  w i l l  r e s u l t  i n  an index f o r  comparison of t h o  energy 
consumed f o r  d i f f e r e n t  s cena r io s  f o r  new r e s i d e n t i a l  de\*elopment i n  t h e  
s tudy  a r ea .  

S t ep  s i x  - ana lyze  r e s u l t s .  The fo l lowing  s t e p  is much l i k e  S t ep  4 
i n  t h a t  a  d e c i s i o n  is made depending on t h e  r e s u l t s  of t h e  prev ious  pro- 
cedures  and then one of two op t ions  is taken.  I f  t h e  r c s u l t s  a r e  s u f f i -  
c i e n t  f o r  t h e  planning o b j e c t i v e s  e s t a b l i s h e d  i n  S t ep  1 and i f  t h e  rr- 
s e a r c h e r s  p ro fe s s iona l  op in ion  no b e t t e r  s o l u t i o n  is  pos s ib l e ,  one can 
then  proceed t o  tl ie f i n a l  s t e p ,  S t ep  7.  Should he /she  t h i n k  t h a t  a d i f -  
f e r e n t  s p a t i a l  arrangement of a l l o c a t e d  p a r c e l s  developed unde, d i f f e r e n t  
d e s i g t ~  concepts  may resu l t .  i n  lower o v e r a l l  energy demand than  S t ep  4 A  
need t o  be  performed aga in .  

S t ep  seven - discussion of  imp~c_3-t_i.ns; a n a l y s i s  of ob j  z c t i v e  a t t a i n -  
ment. Th i s  is t h e  f i a n l  s t e p  when t h e  r e sea rche r  ana lyzes  a l l  r e s u l t s  i n  
terms of i n i t i a l  o r  r ev i s ed  o b j e c t i v e s  and makes reconmendatiorrs and for -  
mulates  p o l i c i e s  concerning poss ib l  i. community o f  r eg iona l  iinplementation 
s t r a t e g i e s .  

Furthermore, one con d i s c u s s  t h e  imp l i ca t i ons  of implementing t h e  
s e l e c t e d  development op t ion .  Impl ica t ions  i n  t h i s  s ense  ccn be environ- 
mental impacts of c o n f l i c t s  wi th  e x i s t i n g  o r  f u t u r e  land uses .  

This  metl~odology provides a  mealis by which r e g i o n s  p r o j e c t i n g  reasonably  
s u b s t a n t i a l  populat iol i  growth (e.g. 10,000) can c s t a b l  i s h  p lans  
f o r  t h i s  growth i n  more energy-ef f ic ien t  s p a t i i l l  p a t t e r n s  wi th  t h e  a i d  of 
an e x i s t i n g  geographic information system (EETLAhT) and a  r e l a t i v e l y  nomin- 
a l  d a t a  basc. Thus, i t  can b e n ~ f i t  r eg iona l  plal lncrs  a s  wel l  a s  po l i cy  
makers a s  they  should adapt and implement growth and land use  p o l i c i e s  com- 
mensurate w i th  t h e  changing p o l i t i c a l ,  economic and s o c i a l  environments i n  
a  tow11 o r  region.  

However, i t  must be a sce r t a ined  t h a t  thovgli i t  is hypotlicsized t h a t  
such magnitudes of r e s i d e n t i a l  development can b e  accomplis l~ed wi th  l i t t l e  
o r  no c o n f l i c t  ,with e x i s t i n g  land u se s ,  hazard o r  s p e c i a l  r e sou rce  a r e a ,  
t h i s  may b e  somewhat u n r e a l i s t i c  i n  rcg ions  wi th  :I s p a r s e  a v a i l a b i l i t y  of 
such land.  A s  sucli, t h e  methodology o u t l i n e d  i n  F igu re  2 provides  a  means 
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by whiclr r o n s t r n i n r s  imposcJ hp t h c  :~forcfz.c::t fnncd e x i s t  111g cond i t io r r  cnll 
br  rr81nxcd t o  twne P X ~ C I I ~  r c f l c c t  1111: a p;&siblc cllirngc i n  1li11d u s c  p o l i -  
c i e s  o r  2011 ing pc l t t c rns .  Use crf thi:; methodo1~)gy 111 c o ~ r J u n c t  1011 w i t h  p rc -  
v i o r ~ s l v  t - s t c~b l  isl~e*d n1c:111s of c ~ s s c s ~ i n g  t h e  c r o ~ ~ o n ~ i c  v i l luc  of th t*sc  s p c c i -  
(11 r t l sc~t t rccs  ccnr jrrovidc nn i n d e x  f o r  c a ~ ~ p n r i e o n  of u tw g r o r ~ t l l  p t r l i c i r * ~  
wl t  11 t  I I L ~ H I -  t  11:1t ~ ~ 1 s t  10 ilt*tcmrLnt* jr:lt t e r n s  o f  r e s i d e n t  Lnl dcvclopmcnt  
w h i c l ~  c ~ c l ~ i ~ v c  ovrbru Ll c*f f  i c  Lclrc.y g~9:1?s. 

3.0 Al'PI.1CATION OF EIETI~OIUI.l~Y h DISCUSS l0i.I 

111 t h c  f i ~ l l o w l n g  sect i o n ,  v c r i f  l c n t i c m  o f  t l ~ c  tlfnrcment farred c t c t l i ~ d o l ~ g y  
wLlL he t l t i ~ s t r u t c d  w i t h  t l w  11s~' of d n t : ~  c o l l c c t c d  by t h c  USDA SoiL Con- 
sr*rv:lt ion  Sc rv lc t*  and tire* I.LETI.AND r c s t ~ c ~ r r l ~  tcnnr f o r  t l ~ c  Uppt-r l l o u s n t o n l r  
R1vt.r Rc~sin  St11:ly Ar t l r r .  T l ~ c  n~cthodi>logy covt-rcd prcvi l runlv  n l  Lown t l r r  
11si\r ( I ~ ~ : I I I I I C ~ ,  ~ 1 ~ ~ ~ 1 0 1 ~ t ~ r .  r~sr- :~~-cl rc- r*)  t o  p c - r f ~ t r o ~  cul:ll y s  Ls o:' t l ~ t -  dcvclolr-  
rntvrt s t l i L i ~ I ~ i l  l t y  p o t c n t  l c r  L:; l o r  cBnrrgy cf f i c i c n c y  nnd/trr 1:lod:;ralrc s p n s i -  
t  i v  Lty olr :III I l l t t? r :~ct  LVc\ I ~ . I s ~ s  wit11 t h e  UII i v c r s i t  y  o f  PL?ss~~cl~ttsctt : ;  m:~in 
f rdlnre comprtt ~1'. T11t- i n t  t-r:~ct i v c  t ~ ~ ~ p i l h i l  Lty o f  tlrt. ~ r r o c r * d ~ t r c  :I 1 lows f o r  
scc1utr io  formtr1r:t i o ~ r ,  tlisl>Lny, :lntl f t * c ~ s i b i l  i t  y t111~1y::is w l ~ i l c  s i t t i t l g  clt 
t l ~ c  cr~mlrut 1-r t i * rnL~~: i l .  P.lart8 fnllwrt ernt lp  ,' t f  :It\ " n l t c r n ; ~ t  i v C w  0 . t ~  " r t r ~ ~ ~ ~  o f  
tilt* prtr):r:lni (~irc'c'~-rlr~rc-) r e : ;u l t s  111 ;I s p : ~ t  1211 d i s p l a y  of c lcvrLo:~mc~~t  np- 
por t  un!t 118s w l~ lc l l  doesn ' t  mivt*t prc*-r.st:~lrl l s l ~ ~ ~ !  c-ri t el-141, t1ren i ~ l t c r c r c t  i v c  
c:~lr:th I1 i t  lc:; oi t  11e mct lroiinl~\g!: .\I lt\w rht. "uscr"  t o  rCl:lx o n c  o r  mort8 of  
t t - t b ~ ~ s t  r : ~  tlrt :: 11npt>st*il lry t-~rc*rt;y-t-t'f i c  lc*~rcy o r  ~ : I I I C ! S I . ; I ~ ~  st%~rsit Lv Lty LI\\- 
.) ct- t  Lvc-s . 

Hc~re.c, wl1.1t w i l  l  1'1rL 16-w trcrt* wi 1  l  he. :I ~ r i r p h i c  iiud t  cxt  1r:tl dcscr-Lp- 
t  I I I I I 1 1  f  I r c .  A s  sc:rt cd c*:~rl f e a r ,  the prim:rry 
nbJc*~.t  ivt8:i :Ircb t n  dctc*r11111rt* w l ~ t . t I ~ ~ ~ r  t l~c -  two y,c~:~ls c \ i  1*111-rgy ciCicLt*~~i.y ; ~ n d  
l : ~ u ~ l s ~ . c l p ~ ~  sc811:: i t  iv i t  y t.:rrr h c  .~ccompl f s l ~ c d  whi l  c s 11 111): rt*s i i l c ~ r c t ~ s  :IIIII 'I t--  
I I I L I ~  1 1 e  I S  f i r  1 0 . 0  c t L  I t  I s t  . 61t111 t  lrt:; t11 n t n d ,  
I U I C ~  C:III I I I L ~ V C  trr S t t8p 2 .111rl 111 ( I ~ . L . O ~ ~ : I ~ L ' ~  w L ~ I I  t l l ~  t~bcr~c* ~ h J c c t  i ~ t *  ~ t ~ l t ~ r ' t  
i1l t  crlxlt  fvt* 1 , n c . r ~ n ~ p r c ~ l ~ c ~ ~ l s I v t ~  ur1r.111 t!t1vclr~lrerc~~rt , :IS tlrl- 1.11rd r t s t 3  n::tirl~gt*- 
nltStrt t  t-cl~rr lquc  t  n b c  :rpp l i d .  S u b s t ~ q u t . ~ ~ t  l y , o ~ r c  IIIL.~VI~:: t n S t  c p  3 wll l c l ~  in-  
vtrl tlt-s .I ( 1 u t ~ t  Lo11 (~rro~nlpt ) .111tl :lrrswer ( tuput  ) s C s s i a ~ l  w 1 t  l r  t  IIC tcm1111:rL 
wit 11 r t - t ; .~ r~ l s  L O  wI11c-11 cl:ts::t*s i s  t  111- : I V : I ~  l:~L>lc v i ~ r  1.11rIc- c - : I ~  t-~;t>rLt*s LIIL- 
rt:xt*r 1d1sIr1-s t o  L~r~Lt~r l t -  f o r  cr~~r:~ic\c-r.at 1011 111 t11 i s  p . ~ r t l c . t ~ L : ~ r  s t ~ ~ r c - ! ~  :IIILI 
kwt* r l . I~  1'lllI. t ~ ~ ~ ~ ~ : l l l s I ~  l:l1r~Isc~.1~~c~ sl~lls Lt i\* Lty 1s  ell1 k > t l I  11t.t tvc*, ,\11t8 I>\>\* 1 I~ l l s ly  
wt~tllIl :tt\l IX.t t  llr~!;c* c  I :l:;scls t1rr ~ l I ~ \ ~ ~ ~ l t ~ ~ ~ l l l ~ ~ 1 r t  c.011s t ~ l c ~ r i l t  fO11 wllicll wt~rll,l rbxt8rt 
I 1 1 1 1  t ~ t  I t I x i t  I I . I I ~ : : : .  t\ sr1nun:lry t  l~t-sI. sI*l  tb'-t it~11s 
I : I  I i t  "l:trst K I I ~ " ,  
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A s  one can s e e  from t h e  map d isp layed  i n  F igure  4,  t h e  acreage  a l -  
l oca t ed  i s  n o t  s u f f i c i e n t  f o r  t h e  chosen a l t e r n a t i v e ,  t h e r e f o r e  S t ep  84A 
must be  performed. I f  one s e l e c t s  t h e  second op t ion  i n  4A t h i s  i nvo lves  
r e l ax ing  one o r  more of t h e  c o n s t r a i n t s  i n  S tep  3. By r e l ax ing  (adding 
c a t e g o r i e s )  i n  Phys ica l  Development S u i t a b i l i t y  (B) and Topoclimate (L and 
G) t h e  new d i s p l a y  i n  F igure  5 ("Second Run") was presented.  Analys i s  i n  
S t ep  4 aga in  r e v e a l s  t h a t  t h i s  d i s p l a y  is  n c t  s u f f i c i e n t  f o r  t h e  chosen 
a l t e r n a t i v e  due t o  i n s u f f i c i e n t  aggrega t ion  o r  clumping a t  t h e  p a r c e l s  
t h a t  is necessary  t o  implement a  C.U.D. (need 640 cont iguous a c r e s ) .  I f  
aga in  one goes t o  S tep  4A and s e l e c t s  Option 81, t h i s  t ime meaning t h a t  a  
l e s s  e f f i c i e n t  a l t e r n a t i v e  is chosen, one can aga in  s e e  t h a t  t h e  r e s u l t s  
are no t  s u f f i c i e n t  f o r  implementation of a P.U.D. Notice t h a t  t h e  acre-  
a g e  is  ba re ly  s u f f i c i e n t  bu t  aga in  one must keep i n  mind t h e  P.U.Q. con- 
c e p t s  mentioned e a r l i e r  which a l s o  r e q u i r e  a  more coritiguous a v a i l a b i l i t y  
of developable p a r c e l s  i n  o r d e r  f o r  impl.ementation. 

Three runs  l a t e r  on t h e  f i f t h  run (See F igure  5) s u f f i c i e n t  amount of 
cont iguous land was a l l o c a t e d  by r e l ax ing  land use  c o n s t r a i n t s  t o  i nc lude  
some low l e v e l  f o r e s t  l ands  and f o r e s t e d  r e s i d e n t i a l  l and .  It would ap- 
pear  from t h e  p r i n t o u t  t h a t  t h e r e  is more than  one oppor tun i ty  t o  develop 
a  C.U.D. o r  F.U.D. i n  t h i s  s tudy  a r ea .  Thus, one is now ready f o r  S t e p  5  
which w i l l  compare t h e  t r a n s p o r t a t i o n  energy requirements  of d i f f e r e n t  
s e l e c t e d  a r e a s .  

The t r a n s p o r t a t i o n  energy requirement of Area #1 i n  F igure  7  is com- 
puted a s  fol lows:  

(Quadrant) work t r i p  energy 40,690 BTU's 
( I , J ; 9 ,10 )  shopping t r i p  energy 13,336 B T U 1 s  

r e c r e a t i o n a l  t r i p  energy - 20,943 

To ta l  energy/dwell ing u n i t  = 75,569 
-702 (C.U.D.) = 22,670.7 

(seep) 
a s  compared t o  t h a t  of Arcs /I2 i n  F igure  6  which is; 

work t r i p  energy 16,809.0 BTU1s 
shopping t r i p  energy 12,477.4 BTU's 
r e c r e a t i o n a l  t r i p  energy 4,745.3 BTU1s 

To ta l  ene rgy ldve l l i ng  u n i t  = 34,031.1 
-70% (C.U.D.) = 10,209.42 

(seep) 
A s  one can s ee ,  t h e  t r a n s p o r t a t i o n  energy d i f f e r e n c e  between t h e s e  two 
C.U.D. o p t i o n s  is c l o s e  t o  two f o l d .  Mul t ip ly  t h c  10,000 B T U ' s  saved per 
dwell ing u n i t  by t he  populat ion of 10,000 and t h e  r e s u l t a n t  s av ings  can be 
a s  high a s  100,000,000 (1x108) BTU per  day. In more app rec i ab l e  terms,  
t h i s  t r a n s l a t e s  t o  approximately 3 000 Kw (kilowatt,:) o r  cnor~gh energy t o  

2 hea t  an averng2 dwell ing (2,500 f t  ) f o r  one y2ar.  When compared t o  t h e  
sav ings  over  t h e  canvent iona l  o r  t r a d i t i o n a l  d i spersed  development, t h c  
sav ings  would be even g r e a t e r .  V!il.e both could be cons t ruc tcd  w i th  t h e  
same inlierent space  condi t  ioa ing  energy ef F i c i e n c i e s  l o c a t i o n  i n  t h c  s tudy  
a r e a  can play a  major r o l e  i n  f u r t l ~ e r  i nc r ea s ing  t o t a l  r e s i d e n t i a l  
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energy efficiency.  

The next s t ep  one would take  (Step 7 )  would be  t o  enalyze t h e  con- 
f l i c t s  and hipacts tha t  would be associated with a development of t h i s  
mlgnitude i n  t h i s  p a r t i c u l ~ r  area. Once t h a t  is  accomplished, cne m y  
chose t o  do fu r the r  "runs" o r  make recornendations a s  t o  fu tu re  land use 
p o l i c i e s  with regard t o  growth and re locat ion.  
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ASSESSIENT PLANNING AND EVALUATION OF 
RENFdABLE ENFRGY RESCWXES : AN IIJ'rERACTIE COMPUTER 

ASSISTED PROCEDURE 

Timothy W. Aston, J u l i u s  Gy. Fabos, and E. Bruce !4ccI)ougall 
Department of Landscape Architecture and Regional Plenning 

University of  Massachusetts 
Amherst, MA 01003 

1.0 INTRODUCTION 

This study is  concerned with t h e  adaptive use of urbanizing ?.andscapes 
through the  use of  renewable energy resources. The need f o r  t h e  study 
arose out  of the  increasing uncertainty i n  energy sul)plies t h a t  most 
countries experienced f o l l o v i n ~  t h e  Arab o i l  embargo i n  1973 as  wel l  a s  
1973. Desiring t o  increase supply ce r t a in ty ,  the re  has been an accelera t -  
ed research e f f o r t  i n  t h e  a rea  of  renewable energy resources. 

The goal of  t h i s  p a r t i c u l e r  study is t o  help  cornuni t ies  become 
nore e n e r a  se l f - su f f i c i en t  while simulataneously r e v i t a l i z i n g  and re- 
using the landscape. T h i - o ~ h  sound renerrable planninc e f f o r t s ,  the  
landscape resources may ke used creat ively  and effcctivcl;.. The aims of 
t h i s  study a r e  a s  follows: 

. To ascer ta in  t h e  a v a i l a b i l i t y  of renewable energy resources i n  
urbanizing communities, s p e c i f i c a l l y ,  hydroelect r ic ,  wind, and 
biomass resources. 

. To demonstrate resource quant i ty ,  qua l i ty ,  locat ion,  d i s t r i -  
bution,  and value. . To exhibi t  how ren2wable energy resources can both provide 
opportunit ies t o  development and l imi ta t ions  t o  devopment. 

The methods used i n  t h e  study f a l l  i n t o  th ree  categories:  

. Assescment of t h e  most favorable wind, hydro, and biomass 
areas.  

. Location of areas where resource oppor tuni t ies  may c o n f l i c t  o r  
CO-occur. . The rank-ordering of the  most  fnvorable areas  based on pe r t inen t  
physical ,  economic, l e g a l / i n s t i t u t i o n a l ,  s o c i a l  and environ- 
mental c r i t e r i a .  

The sbove methods a r e  both de:-ived and adapted. Adaptation occurred 
throuch modification of se lec ted methods found i n  thc  state-of-the-art  
review. Derivation of a procedure t o  assess  the  a v a i l a b i l i t y  of  the  th ree  
resources as well  a s  thc  per t inent  i ssues  involved i n  assessment was a l s o  
accomplished. The e n t i r e  procedure i s  aided through the  use of an in tc r -  
ac t ive  ccmputer system. T h i s  a l lo~:s  planners, o f f i c i a l s  , developers, and 
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a l l  i n t e r e s t  groups access t o  t h e  data  information network t h a t  is  v i t a l  
t o  the  prccedure i t s e l f .  ? a r t  of  the  i n t e r a c t i v e  sys ten  i s  the  quanti ta-  
t i v e  computer program "Fuzzy Decis ion-bfsking". This program allows f o r  
t h e  rank-ordering of po ten t i a l  development areas  bzsed on a s e t  of 
"evaluative c r i t e r i a " .  The program, as wel l  a s  t h e  e n t i r e  pocedure ,  is 
user-friendly and avai lable  foi- use by a l l  in te res ted  pa r t i e s .  

Application of the  above procedure was accomplished f o r  the  Upper 
Housatonic River Basin i n  Berkshire County, Massachusetts. The spec i f i c  
area of concentration i s  t h e  towns of  P i t t s f i e l d ,  and Lnnesborsugh 
Massachusetts. 

The e n t i r e  research effort,  presented here in  is p a r t  of the  ongoi:~g 
METLAITD ( ~ e t r o p o l i t a n  Landscape Planning) energy stuciy a t  the  University 
o f  Massachusetts' Department of  Landscape Architecture and Regional 
Planning. It i s  the second p a r t  of a th ree  p a r t  stuciy which includes:  

. Energy e f f i c i e n t  land use planning . Renewable energy resource u . t i l iza t ion . Impacts associa ted  with renewable energy resource use 

The paper itself is organized as  follows : 

. Section 2.0 gives a general  overview of  the  state-of-the-science 
i n  rencwa-~le energy resource assessment. . Section 3.0 out l ines  the  methods used i n  the  study. . Section 4.0 covers the  appl ica t ion of t h e  procedure t o  the  
study area.  . Section 5.3 concl.udes t h e  paper and discusses r e s u l t s .  

2.0 STJ.llE-OF-THE-SCIENCE I N  RENEGIABLE ENERGY ASSESSFmIT 

To provide f o r  an updated, comprehensiye assessment of renewable energy 
resources,  it has been necessary and useful  t o  review the  current  body of  
l i t e r a t u r e  on the  .:epic. Much has already been wri t ten  i n  t h e  a rea  of 
hydropower assessment. A recent  U.S. Army Corps of Engineers/New England 
River Basins Commission study has thoroughly exmined many of  the  important 
i ssues  i n  hydropower assessment and they a r e  presented herein. Ac analys is  
o f  the  i ssues  involved i n  windporrer assessment reveals t h a t  l e s s  has been 
wri t ten  on the  subject .  The l i t e r a t u r e  on biomass assessment is  a l so  q u i t e  
lean i n  terms of  discussion of the  issues.  

A review of ttle literature indicates  t h a t  the re  a r e  s i x  maJor areas  
of concern: 

. The current  s t a t e  of technology and i t s  l i n k  t o  assessment. . The a v a i l a b i l i t y  of the  resources on t h e  landscape. . The economics of  resource use. 
, The l e g a l  and i n s t i t u t i o n a l  i ssues  involved. 
. The s o c i a l  implications involved with resource use. . Various environmental impacts and implications.  
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F I G U R E  1: T H E  UPPER HOUSATOI l IC R I V E R  BAS- 
I N  STUDY AREA,  UESTCRf4 HASSA- 
CHUSETTS.  



Ttlc s e c t i o n  concludes w i th  wlltrt. h s s  Seen l ea rne3 ,  an:! whnt i s  lncl:ing 
i n  t h e  l i t e r a t u r e  i n  order  t o  provide f o r  a more compreher~sivc assessnlrnt.  

2 .1 Hydropower Assessment 

llydropower i s  one o f  t l i i s  count ry ' s  most acces s ib l e  energy 1.eso-1r.x~. It 
current . ly  supp l i e s  135 of  t l i i s  na t jon ' s  e l e c t r i c a l  cncyky. I n  New Engln..d 
i l l  p a? t i cu l a r ,  p ~ s t  i r i dus t r i a l  n c t i v i  t y  has l e f t  behind thousnnds of  dnms 
which can be r e t r o - f i t t e d  f o r  hyd;-opower p ro~ luc t ion  C ~ l i d d e i ~ ,  Iiigh, 19%). 
Iiydropower t echno low has matured g r e a t l y  s i n c e  t h e  3c . r l d1s  f i r s t  cer.t-a1 
hydro s t ,nt ion wns e r ec t ed  i n  Appleton, Wisconsin i n  1682. Inpl~cvemcn', i n  
d.m s t r u c t u r e  and design a s  w e l l  a: mec1~:inical o p e r a t i n g  equipment ins 
made hydroelectric e n e r a  an a t t r a c t i v e  n l t c rnn t ive .  

Assessment of  hiydruelectr ic  power potel l t i01 113s been a t n sk  n1re:tdy 
undertaken i n  a 19514 U.S. Amy Corps of  Ent:ineers 1nterr.ser:cy rc ,?ort ,  
The Rcsor~rccs of.New York-and New England. Broad-scoped i n  n n t x c ,  t h i s  
r e p o r t  inventor ied  p o t e n t i a l  hydro s i t e s  i n  t h e  re;;ian. I t ' s  concern wqs 
mainly i n  t h e  engineering : ~ n d  economic a spec t s  o f  hybr-o dcveio;,mcnt. with 
l i t t l e  regard given t o  t.11~ var ious  Icg:ll/inst.itution:1~1, s o c i a l ,  o r  e:lvi*=on- 
mcntnl i s sues .  

Thc ener r7  c r i s i s  o f  t h c  t-arly 1970's  promrtcd :: r.lorc tllorou&ll 
invcstit:r.tic.n o f  hydro p o t c l ~ t i ~ l .  In 1 ~ 7 6 ,  section 176 o f  t h c  Vntcr 
Resources Development Act. aut!iorizcd T d e t a i i e d  n s sc s sncn t  o f  t h e  r ~ : ~ t i o n a l  
l iydroc lec t r ic  power po t cn f in l .  i n  response t o  t h i s ,  t h e  U.S .  A;my Corps 
o f  Engineers published n s e r i e s  of :-?poi-ts t h a t  spec? l'icnlly nJdrcssed t h e  
hydro p o t c n t i s l  i n  d i f f c r c r i t  regions o f  t h e  E.S. Sc3e s t u d i c s  pcrt incn '  
t o  Ncw Engla-id inc lude  : 

. - National l iydr3e lec t r ic  Resouvces S+.~idj. - A frclimir~nx-7 Tnvcntoiy 
01' I{ydropower Re:;ources ( J u l y ,  1970) -- . I I e  Potent.i:il f o r  Hydro Dcvr-.loprne~~t :lt E x i s t ? ' ~ ~ :  D>I?.S i n  
Ncw Enzland ( ~ a n u a ~ y ,  1980) . Wntcr, 1Jnt ts ,  and W i  l d r ,  ( ~ u ~ u s t . ~  1 ~ 0 1 )  

Assessment o f  t h e  a v a i l a b i l i t y  01' t h e  rc,::ourcc oz t h e  I andsrnpc hns 
beer1 ulldertnlten i n  many nt.lrllics, Iiovevcr t h c  most. updated is i n  t h e  
J n n u n ~ y .  1980 r c p a r t  put  ou t  by ttlc A11r-y Co1.p:; and tile r i~w E r ? ~ l : u ~ d  River 
Basins Corni::sion, The P o t e n t i l l  for Ikdro D c s c p n c l ~ t  - t  Exis t ing  3 % ~  i n  
New E~iplnrid. Iicrc. ~ x i s t i r i ~ :  tian s i t e s  nrc. nsr-?ssed nr; t o  t h c i r  power 
p~.cduct,ion c n p n h i l i t i c s .  ns nre  undeveloped o r  ' 'vir~,?rr,  sitc::". Virgi  11 

s i t c  po ten t  i n 1  i s  assessed  using t h e  fol lowing power trquntion: 

where : 

Pkw 
= The power potential, i n  kilaw:ltt,s vi?:n :L pinlit  .'a~,tox' 

. . . of  f'orty. 
KC = 17ie cnp:ici t y  co1istnlit (vnrit-s I'xscn riut:>r t o  r i v e r )  
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HG = Thc gross head of the  s i t e  i n  question. 
A = The drainage a rea  i n  square miles. 

( NERBC , 1980 1 

Power production p o t e n t i a l  f o r  ex i s t ing  d m s  a r e  inventor ied  i n  t h e  
above NERBC document as  well .  It is evident then,  t h a t  t h e  resource 
i s s u e  is  we l l  documented i n  t h e  l i t e r a t u r e .  

The i s s u e  of economics_ is  a l s o  we l l  docmented. The New England 
River Basins Conunission has subjected t h e  inventoried s i t e s  t o  an 
economic f e a s i b i l i t y  nnalycis i 1 3  vhich e l l  cos t s  and benef i t s  t h a t  a r e  
ant ic ipated a r e  arranged i n t o  a  b ~ n e f i t  t o  cos t  r a t i o  t o  determine . 
economic v i a b i l i t y .  

Legal and i n s t i t u t i o n a l  i ssues  involved i n  hydro assessment a r e  many. 
Development of a hydro s i t e  w i l l  i n v o l ~ e  diversions of  stream (low and 
may be located on r i v e r  reaches used f o r  o the r  purposes. This being t h e  
case,  mitigation w i l l  be needed, and t h e  Feder,al Energy Regulatory 
Commission (FERC) 1;us o standard mitigation procedure it uses. It 's 
appl ica t ion process f o r  hydro operating permlts exposed p o t e l ~ t i a l  con- 
f l i c t s  associated with proposed projects .  I n  shor t ,  t h e  process cons i s t s  
of submission of  uppl.ication, n o t i i i c a t i c n  of t h e  public of r e c e i p t  of t h e  
appl ica t ion,  and CL FERC ru l ing  on the  appl ica t ion which takes one of  
th ree  forms: 

. Deny t,he appl ica t ion . Award t h e  l i cense  with ce r t a in  conditions . Award the  l i cense  without conditions 

Socia l  i s sues  i n  hydro assessment include land ownership considerations,  
land use,  and the  v:lrious competing m e s  t h n t  come i n t o  play. Althomh 
o the r  i ssues  such a:; enployment a r e  important, most of  t h e  v i t a l  s o c i a l  
i s sues  i n  t e rns  01. development p o s s i b i l i t i e s  w i l l  be mitigated. 

Envil-onmcnt.?l i s s u e s  i n  hydropower assessment vary widely depending 
on the  nature of  t h e  s i t e  i n  question. Obviouslj,  v i rg in  s i t e  development 
w i l i  have a  more p~.ofound impact i n  t h e  following areas :  

. Fish m i ~ r n t j o ,  

. Wildl i fe  Iin')i., , . Water flow 

. Water qua l i ty  

Environmcntnl impacts a r e  often t h e  most difficult t o  account f o r  be- 
cause they may be secondary o r  tc:.tiary i n  nnturc. It i s ,  however, these  
impacts which qu i t e  of ten  m k e  o r  break p ro jec t  developmcnt. 

In concluding, what has Seen docmented i n  the  l i t e r a t u r e  on hydo- 
power assessment 113:; been de ta i l cd  and thorough i n  nature.  The i s sue  has 
been explored as n r e a l i s t i c  ene ra -  a l t e r n a t i v e  and research has been 



FIGURE 2: THE UPPER HOUSATONIC RIVER 
BASIN, 
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extensive. What is  lacking however i s  a de ta i l ed  procedure which accounts 
f o r  a l l  of t h e  above issues .  This is  the  t a s k  of  t h e  :~?ETLAPID-developed 
procedure. 

2.2 Windpower Assessment 

Wind energy is a by-product of  s o l a r  r a d i a t i o ~ l .  It is derived from t h e  
sun's uneven warming of  the  ear th .  Global atmospheric movements cause 
prevai l ing winds. The conversion of k i n e t i c  wind energy i n t o  usable 
e l e c t r i c a l  e n e r a  involves capturing t h e  wind flow through the  drag on a 
propellor.  The turning propel lor  tu rns  a dr ive  s h a f t  which i n  t w n  is  
connected t o  a generator. Al thoxh the  windmill has been i n  exis tence  
f o r  centur ies ,  t h e  technical ly  advanced wind e n e r a  conversion sys ten  
(WECS), with i t s  design and engineering improvements, h r s  made kind 
enerm an a t t r a c t i v e  al ternative.  Although wind energy current ly  suppl ies  
only a f r a c t i o n  of our t o t a l  energy needs, it is estimated t h a t  a concerted 
government wind program could lead t o  a displncement of  730 mil l ion 
b a r r e l s  of o i l  per year by t h e  year 2000. That f i g u r e  i s  representa t ive  
of t o t a l  Canadian o i l  demand i n  1980 ( ~ e w  England Energy Congress, 1960, 
p.2). 

The state-of'-the-science f o r  wind energy assessaent is l e s s  we l l  
documented than the  hydro resource. Although the  engineering i s sues  a s  
wel l  a s  the  economics a r e  covered i n  d e t a i l ,  l i t t l e  is s a i d  of t h e  o the r  
pe r t inen t  i ssues .  1mportal:t documents include: 

. A S i t i n g  JIandbook f o r  Smcll W ~ z ( ~ e g l c y ,  1978) . Renewnblc Enerm Resource and Technology Assessment ( t h e  
Southern Tier  Regional Plannint  and Development Board, 1980) . A Planning Manual f o r  U t i l i t y  Applicntion of WECS (park, 1979) 

In assessing the  landscape p o t e n t i a l  f o r  wind energy, areas with t h e  
g r e a t e s t  overnl l  mean annual windspeed a r e  delineated.  From a regionai  
standpoint ,  t h i s  includes : 

. Northwest h i l l s i d e s  more than one mile downwind froi any 
topographic obstruction.  . If i l l tops with e levat ion higher than upwind h i ' l l s .  . Lollg val leys  ly ing  p a r a l l e l  t o  prevai l ing vinds and the  
h i i l s i d e s  associated with then (STC, 1980). 

Once these  areas a r e  delineated on n topo map, they may undergo 
l imi ted  s i t e  analys is  t o  assess  any vegetat ional  f lagging ( t r e e s  t i l t e d  
s i g n i f i c a n t l y  i n  onc d i rec t ion  due t o  strong winds). The flagging e f f e c t s  
on vegetation may be r e f l e c t i v e  of h i ~ h  mean annual windspeeds, and an 
index, t h e  Griggs-Putnam Index (GPI) r e l a t e s  the  degree of f lagging t o  
windspeed. I , I  any case,  u t i l i z a t i o n  of the  GPI on the  s i t e s  del ineated 
above can lead t o  n more de ta i l cd  s i t e  monitoring t h a t  must place before 
any WECS const r~ic t ion occurs. Power po ten t i a l  may be deternined using 
the  following equation : 
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FIGURE 3: THE UPPER HOUSATONIC RIVER BAS IN 

HOST FAVORABLE WIND ENERGY SITES. 
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P = pv 3 

where : 
P = Power a v a i l a b i l i t y  i n  watts/meter 2 

p = A i r  density 
V = Wind veloci ty  

(el idden,  High, 1980) 

As was the  case with hydropower, t h e  economic question centers  
around expected cos ts  and benef i t s .  A benef i t  t o  cos t  r a t i o  may be 
derived t o  measure p ro jec t  v i a b i l i t y .  The acceptable B/C r a t i o  w i l l  vary 
from pro jec t  t o  p o j e c t .  

The remaining l e g a l ,  s o c i a l ,  and environnental i ssues  a r e  l e s s  wel l  
documented. Any comprehensive assessment procedure must include these  
i ssues .  What is needed is a step-by-step procedure t h a t  w i l l  ocrount f o r  
a l l  of these i ssues  i n  such a way s o  a s  t o  be useful  t o  a l l  i n t e r e s t  - 
groups i n  resolving r e a l  o r  perceived conf l i c t s .  This is  the  task  of  
t h e  METLAND-developed procedure. 

2.3 Biom:~ss Assessment 

A l l  plunt  matter is considered "biomass", but f o r  the  purposes of t h i s  
study, biomass lias been l imi tcd  t o  agr ic l l l tura l  biomass such us hay, 
gra ins ,  and corn s i l a g e ,  and wood biomass such ns coniferous and 
deciduous t r e e s .  Only p lan t s  can covert  s o l a r  energy t o  chemical 
ene rm thro~igh photosynthesis. Upon combustion, t h i s  e n e r w  can be 
captured and used. 

I l is tor ' ,cal ly,  wood has been used a s  a f u e l  t o  heat  homes but recent- 
l y  b iological  and thermochcmical conversion processes have been used t o  
cot~ver t  various biomass feedstocks t o  et;lanol (grain a lcohol)  and 
methanol (wood a lcohol) .  Given these  advances i n  teclinology, it has 
become neccssnry t o  assess  biomass resources a s  t o  t h e i r  current  and 
fu tu re  a v a i l a b i l i t y .  

Currently,  wood e n e r a  i n  places has s i g n i f i c a n t l y  contributed t o  
e n e r w  supplies.  In  1980, wood supplied about two quads of energy while 
nuclear supplied about .8 quads ( ~ i l b r i d e ,  p. l 3 a ) .  I n  order f o r  a 
continued wood e n e r D  con t r ibu t io r~  t o  t!le energy supplies of t h e  nat ion,  
its i'~1tu1.e use must be planned for .  The following documents have explored 
uood and biomass ingeneral  i n  terms of e n e r a  use: 

. Thc N r w  En,qland E n c r ~ y  Atlas  lidde den and I I i ~ t l ,  1980) . Current and Future Uiomnss and Resource Inventory Techniques 
I ~ o u n ~ ,  e t  a l .  , 1977) . Tllc ldcn t i f i cn t ion  o r  Wood Er1el.m Resources i n  Central 14ichip;an 
(lfudsar~ alld Ki t t lcson,  1978) 

Tn ncscssing thc  physical  resource gotcnti:il  of the  biomnss resource,  
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FIGURE 4: THE UPPER HOUSATONIC RIVER 
BASIN. 
MOST FAVORABLE AGRICULTURAL 810- 
HASS SITES. 
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FIGURE 5: THE UPPER HOUSATONIC RIVER BAS- 
IN. 
HOST FAVORABLE COREST BIOHASS 
SITES. 
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we must f i r s t  iden t i fy  where the  : ~ g r i c u l t u r a l  o r  f o r e s t  parcels  a r e ,  and 
t o  what extent  they may he use fu l  i n  the  near t e r n  i n  producing energy. 
To do t h i s ,  one may employ a combination of  approaches. The s i n p l c s t  is to 
use a top0 map t o  del ineate  fores ted  o r  a g r i c u l t u r a l  lands. This, how- 
ever gives few clues a s  Lo t h e  usefulness of the  pa rce l  i n  question. More 
d e t a i l  can be derived from land use/lsnd cover map. In  Massachusetts, 
MacCon~ell land cover naps give useful  information 8s t o  each pa rce l  t h a t  
is recorded. MacConnell maps (see references) d e t a i l  typss  of a c t i v e  and 
inac t ive  agr icu l tu ra l  lands ( t i l l e d  and u n t i l l e d  farnlands , abandoned 
f i e l d s ,  pastureland,  e t c . )  a s  well  as  f o r e s t  lands (de te i l ed  i n  height 
and density c l a s s i f i c a t i o n s ) .  Using t h e  MacConnell maps, one may gain  
s i g n i f i c a n t  ins igh t  i n t o  biomass parcels without a c t u a l  f i e l d  ~econnais tance  
Other documents i n  t h e  body of  l i t e r a t u r e  r e c o n e n d  o combination of  
a e r i a l  and f i e l d  reconnaissarre t o  inven to r -  the  biolcass resource. I n  any 
event,  much has bcen wr i t t en  on t h e  top ic  of biomass resourcc inventory 
techniques. 

The o the r  i s sue  extensively documented i s  t h a t  o f  environnental 
impact. Fores ta t ion over t h e  years has become a t o p i c  of g rea t  concern 
i n  terms of overharvest. I.1uch has been wri t ten  on tile top ic  and various 
methods t h a t  minimize impact may be found i n  the  state-of-the-science. 
While the  e n v i r o n ~ e n t a l  implications i n  biomass o ~ c r a t i o n s  a r e  indeed 
important, the  o ther  l e g a l / i n s t i t u t f o n a l ,  socia l , '  rnd economic issues  
warrant extensive documentation as  well.  In  t h a t  biornasr technology 
is  advancing t o  the  point  where the  resources is  becoming more widely 
considered as  an e n e r a  source, they must be included i n  an o v e r a l l  pro- 
cedure t o  assess  biomass resource a v a i l a b i l i t y .  Tn i s  is t h e  task  of  the  
METWID-developed assessment procedure. 

I n  r e t rospec t ,  the current  body of' l i t e r a t u r e  on state-of-the- 
science techniques t o  assess  renewable energy resources is heavily 
biased toward the resource issues  and t h e i r  a v a i l a b i l i t y  on t h e  landscape. 
Much has a l s o  been wri t ten  on t h e  economics of  resource use,  but the  
remaining l e g a l / i n s t i t u t i o n a l ,  s o c i a l ,  and cnvironmer~tal i s sues  a r e  l e s s  
well  documented. I n  terms of the  resources themselves, most research 
has been done i n  terms of hydropower. Ovcrnll what i s  lacking is n 
comprehensive, step-by-step procedure t h a t  w i l l  a s sess  a l l  of these  re- 
sources while simultaneously f inding t h e  most favorable s i t e s  f o r  develop- 
ment. This i s  the task of the following procedure. 

3.0 ASSESSIEWI', PLNJIiING, AND EVALUATIOK OF RENEWABLE ENERGY RESOUECES : 
A CO:3PUTEli-ASSISTED PHOZEDURE 

To u t i l i z c  the  f i n c i i n ~ s  of the  state-of-the-science r-eview and bui ld  upon 
it the IIIETLAND team has derived a procedure t h a t  wil: assess  the  avnil- 
a b i l i t y  of the  rcnew~~olc  energr resources on the  l a n k c a p e  and simul- 
taneously accouct. Fur the  o the r  i ssues  v i t n l  t o  thc  p ~ o c e d u r c .  Thc 
procedure is done i n  a step-by-step fashion and can br= w r d  in tc rnc t ivc ly  
a t  the  (-0-puter terminal. 
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The procedure uses the  "elilninative approach" i n  i ts  assessment i n  
t h a t  a l l  s i t e s  t h a t  nre po ten t in l ly  productive from nn engineering stand- 
poiilt Rre locat,cd f i r s t .  Elen s i t e s  t h a t  a r e  not economically v iab le  
nre eliminated. Resulting s i t e s  a r e  rank-ordered using t h e  qunn t i t a t ive  
computer progrm,  Fuzzy Decision-Mokine, (see references) .  Here, the  
n l t c rnn t ive  s i t e s  a r c  evalunted based on c e r t a i n  physical  (power production 
potenti  n l ) ,  economic (benef i t  t o  cost  r a t i o ) ,  l e g a l  ( a f fec ted  zoning 
c lnsscs ) ,  soc ia l  ( #  of a f fec ted  landowners, I f  of nffccted h i s t o r i c  s i t e s ) ,  
and cnvironmentnl ( $  s lope of s i t e )  c r i t e r i a .  What r e s u l t s  then is  a 
comprchcnsivc, access ible ,  and f l e x i b l e  assesrment, planning, and evoluation 
procedure fo r  the above resources which cnn be used by rill i n t c r e s t  groups 
arid individuals with an i n t e r e s t  i n  Renewable E n e r a  Development. 

3.1 Step 1: The Landscape Resource Assessment 

Thin s t e p  of t.he procedure loca tes  the  various rcnewnble encrgr resource 
tha t  a r c  devclopnblc from nn engineering arid resource bnse stnndpoint . 

For thc  hydrc ~.csoll?-cc, a U.S.G.S. topogrr-pl~ic nap is  used t o  loca te  
tlie r i v e r  and r;tre:lm network i n  question. Consulting the  per t inent  U.S. 
Amy COI'PS of En6:inccrs invt.nt.ory repor t  w i l l  y i e l d  n l l  the  necessary 
info~,matiorl on m y  cxiot,irlg d.m s i t e s  t h a t  may bc rei ;rofi t tcd f o r  hydro- 
power use. Once t h i s  data i s  obtuincd, a l l  s i t e s  with a pcwcr production 
p o t c l ~ t i n l  of  f i f t y  ki1owntt.s o r  more and a hend ~ . . r c a t e r  thnn f ive  f e e t  
m:ly bc. considcrcd vinble f o r  hydr.0 use (from s t ~ . i c t l y  nn c n ~ i l l e c r i n ~  
s tnndpoint ) .  Thc::ca "eliminntive cri t .crin" nre  used by the  A m y  Corps i n  
t h a t  thvy may be potent in l ly  product.ive using current  technology 

Wilid c11crg-y resource areas  nre dclinent.ed on n t,opo mnp. F i r s t ,  from 
11 regional ntnr~ctpoint, the  following nrrns a r e  considered "prime" wind 
co l l ec t ion  arcns: 

. Nortl~wcst h i l l s i d e s  more thnn one mile downwind l'rorn any 
topogrnpl~i c obstrlrction 

, I t i l l tops  with clcvntions higher than upwind h i l l s  . Long vnllcys ly ing  pa rx l l c l  t o  prcvnilitlp winds nnd the  
h i l l s i d e s  associated with them 

011cc th i s  is done, the  v e g c t a t i o ~ ~  n t  thcse s i g h t s  is  exxnined t.o deternirle 
t'l~y;~:ing cf  f ec t s .  Trec f l n ~ g i n g ,  u s i n g  t h c  (3ri~r.s-Putnnm Index (CPI ) 
(see Appendix) can hc I-cprescntntive oT ce r tx in  wi::dspeeds. Oncc these  
wincispccd:; i n  excess of 9 milcs pcr IIOU:. i s  dclinentcd (Hcuson, 1978). 
T\lcsc nrcns nrc ~.eprcnentntive of' the most fnvorn\>lc wind siLc.s from nn 
cngi 11cc1.i n;: s tnndpoi nt . 

Biomns:; ~ C ~ O U I ' C C  :U'C~S .trc J c l i l ~ e n t  cd,  but 11~1.c one i s  advised t o  usc 
:I more d c t . n i l ~ ~ i  lnrld usc 0 1 .  I:md covt-r m;lp such :IS the MncConncll maps 
dl-scri bcti a b o v ~  (t,llc::c :~v:lilahlc ill ~ns:;ncl~ust.t.t.s). A 1 1  nctivc and 
innc t i v r  ncri t.ul tul.:ll 1llrl:ir. ( t . i l  lcil a11d UII t i l l c d  ~ 'nrmln~~tf  . pnsturel:lnd, 
:111d nb:~ritlolled I'i cltls ) a r c  i.cprcr.c~nt :lti irt: of t l ~ c  n ~ ~ w t  fnvoral~lc  
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n g r i c u l t u r a l  biomtlss orens  from n s t r i c t l y  pl~ysir : \ l  s t a n d ~ o i n t . .  I n  terms 
o f  f o r e s t  b ionass ,  tlic t n l l e s t  and dtmsest f o r c s t  s tnnds  r ep re sen t  t h e  
most fnvor:tble oppot.turlit.ies t o r  uetrr-term developwnt .  ?'he "eliminative 
c r i t e r i a "  used 11cre fire f o r e s t  s tands  i n  excess o f  f o r t y  f e e t  witk a 
crown cloourc dens i ty  over  805. These :rrens a r c  most. favorable  f o r  
f o r e s t  biomass use. 

3.2. S t e p  2: Econcrnic hsst.ssmt.nt 

To].ing t h e  proccdut-c one s t e p  f u r t l ~ t ' r ,  t h e  show sit.e:: n r c  now viewed i n  
terms ~f CCL-nomic v i n b i l i t y ,  Al l  c o s t s  arid l bcne f i t ,~  sltould b e  t . a l l icd  
over  t h e  ccollomic l i f e  of the  p r o j e c t  nr:d n r r : l n~cd  i n t o  a b e u c f i t  t o  
c o s t  r a t i o .  Tllc "ncct.ptnhlc" B/C m t i o  w i l l  vary h-na pl-ojcct t o  pro,lect. 
To come up u i  tll 11 I I I I ~  f.ol-m r u l e  o f  thumb, tlic FIk:I'I.AND " e l i ~ o i n n t i v e  c r i t c r i o n "  
of  n U/C r:ltio it1 excess o f  1 . 0  i s  uscrl. I n  othcl* uo~.ds,  n t  t h i s  s t n g e  
o f  t h e  pr~>c*c~il~t'c\, i f  t i  pro,!t-~*t ' R  a n t  ic ip3t t .d  bcurl'i ts fire t-xpccted t o  
excccd t l1c cost:: ,i  t shoulll be L-OIIS i zc red  ccoriomic:llly vi:thle. A more de- 
t t r i l ed  t>colt~\mic nrixlgn i s v i l  1 of' course. b? uscd i n  cs.mining e:lcfi p r o j e c t  
n t  :I I n t c r  stngt- o!' nsscn::mc~it.. 

3. 11. t i  3 :  Ftr:..:-.y D t~c i s ion -b l :&i~~~  : Eva1rc:~t in;: t h c  Vinblc A1 ter11nt.i ves 

At. t1:i:: poi lit i n  t l ic p ~ . ~ ~ c ' c ~ l u r c ,  only twc;il~t~rt*in,: rind economic i s sucs  llavc 
b C  I : ~ P  b i ~ s t  of t h e  c \ l r r~ t l  t 1 i ~ c ~ ' ~ : . I I Y c  stop:: Iiert- i n  tl ie L \ ~ S C S B -  

men t prac.c~,lu~.e. Tlic bIE~LINFdcv~~loyzd  p r ~ > s e d u r r  g ~ c s  011r. s t e p  furtht.~'  by 
now n\.\.~\u:ltill~: t'or t.hc var ious  ~ e ~ : n l / i ~ l s t i t u t i ~ ~ r ~ : ~ I .  s o c i a l ,  2nd environ- 
mclltnl is::ue:: a s  v c l l .  Using t h e  RIZ-y Decision-F!akin~ ~li.ogr.m, 
" ~ \ ~ : ~ l u : \ t i \ ~ ~  ~ . l* i t t~ r i : l "  ::re ::cle~-t~>tl whit-11 clrc i.ept.c::e~~tativc 01. t he  i s s u c s  
dt.:;c~.ibt*,i :\bovp. ' i ' l~cy i n ~ - l u ~ i z :  

. Eht.~.~.;)' ~ w t c n t i n l  o f  tl ie rc.nevablc c t l l c r ~  s i  tc . l i / ~  r a t  i o  or' 121~. ni t e  . d o:' :if : ' ~ ~ - t c > ~ l  ln~~~iosr~lc'r:: i 11 pott.iitin1 dt .vclcpt .nt  . # n~'r'~xct.c~l r.o!lill$ cl:l::si.:t . # 01' : ~ f f r ~ ~ ~ t i ~ d  1listori.c' ::itt.s .  lop^* of  1 . 1 1 ~  :: i ! C- 

. M:~.imi: :~~ the  t*nt\~'ty j\ot.tlnti:ll . bl:~l;irni ::c t he  B/C !.:~tio 

. bliliic~izt. tllr? # 01' :~l.fcct c ~ i  In~i~lswricr:: . Slillirni ::c t.llc # o I' :~f'fc*ctt'ct .oni:lg c l:~::ut':: . F!i~ii~i:i::t- tltc d of  : \ ! ' fc?~t~>~i  l : i : : t o ~ ' i ~ ~  ::i tcs 

. bli~\i~:t::c t.11~ 5 ::l~-pr, ~ \ t '  ~ I I P  ::itc 
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each nlternnti-:e can be  valued r?urr.erically :rs t3 hov w e l l  it s a t i s f i e s  
t he se  as sump ti or.^. For i n s t ance ,  a s i t e  wi th  an energy potcnzLa1 o f  
500 kwh is fa'furcd over  a s i t e  t i t h  330 kwh. Likewise, a sitc t h a t  , i f  
developed, w i l l  a f f e c t  20 la:ldowners, is favored over  s i t c  t h a t  vill 
s f f c c t  30 (because of reduced l e g a l  h a s s l e s ,  e t c .  1. U s i  rg t h e  FDX 
program, ecch c r i t e r i o n  may be coopared t o  t h e  o t h c r  i n  pa j rwjse  fash ion  
s o  as t o  d e t e r a i n e  which is more important.  Each c r i t e r i o n  is  e iven  an 
"importance va'ue" ( r a t i n g  Zrom 1-9). I n  t h i s  mat:ner c e r t a i n  c r i t e r i a  
nre  valued a s  rrorr important depending upor; who is running t h e  pr.oi?l.am. 
T h i s  is a v i t n l  aspec t  of  t h e  procedure i n  t h a t  a11 i n t e r e s t e d  p a r t i e s  
con mnkc use  of' t h e  procedure i n  an in te rc lc t ivc  manner, s o  a; t o  a r r i v e  
a t  t h e  b e s t  cr l tcrnat ive i n  t h e i r  own opin ion ,  hence t h i s  procedure is  
use fu l  i n  determining t h e  degree of c o n f l i c t  and a l s o  i n  r e so lv ing  t h e  
c o n f l i c t .  

4.0 APPLICATION OF T;E PR0CR)LmE 

Tho procedcre was appl ied  t o  p a r t  o f  t h e  P i t t s f i e l d  metropoli tan reg ion  
i n  t h e  Uppcr H0us:rtonic River Basin i l l  Western !.lrtsaactlut;t*tts ( s e e  Figure 
I). ??le study area cor!sists of  40,000 a c r e s  2nd :.rprcsents over  s i x t y  
squnrct mi les .  O f  t!~is area .  on,  t h i r d  is i n  f ~ r c c t  whi le  ?-nother t h i r d  
is  i n  r u r a l  r e s i d e n t i a l  use. As p a r t  01' t h e  IIETLAIi'D EnerCy Stud:, a 
complete encr ty  d a t a  j nformnt ion ~ ~ e t w o r k  was cons t ruc  i ed and s t o r e d  on t h e  
Cyber 1-15 computer a t  t h e  Univers i ty  o f  E!osscichul;etts a t  hnhcrst .  The 
da t a  bnsc inclc3ec:  

. Road lietvork 

. U t i l i t y  s r i d  . Zoning p a t t e r n s  

. Lnl;ii use p a t t e r n s  . Owl~crship p a t t e r n s  . I I i s t o r i c  ~ i t c  inform:ition . Slope Iiazal-d 

4 . 1  Thc iiyciro~dver Resource 

Thrcc existing d:m s i t e s  were foiind p??ys ica l ly  capable of  being r e t r o -  
f i t t e . 1  f o r  I I : ~ ~ I ' C P O ~ C ~ ' .  They incllide dm:; 700. 701, and 702 nr~d re!.rcsent 
454 kw o f  p o t c n t i n l  poq;cr p ~ o d u c t i o n  (see Figure 2 ) .  

h .  2 The Vindpowcr Resource 

Three ~ r n c r n l  al'cns W ~ I - ~  see11 ns co!ldllsii.e t o  wifidpowcr f r o 7  3 phys i ca l  
s tnndpoin t .  Cnch h:~:: .I nlt-.!n nr:llu21 ~5.:ldsyecd exceeding 111 n.p.h. Using 
the  Cri17i:c-fut~?,lr? 111 icx, the s i t e s  a r c  kici incat~: l!  i n  F i ~ ~ r r c  3. 
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HYDRO S I T E S  WIND S I T E S  

FIGURE 7: THE UPPER HOUSATCNIC RIVER RAS- 
IN. 
COMPOSITE RENEWABLE ENERGY RE- 
SOURCE MAP. 
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S e a t t l e ' s  System f o r  Evalua t ing  Energy Options 

P a t  Lozie and Palcolm J. HacGonald 
C i t y  Light  Department 

C i ty  o f  S e a t t l e ,  Nashington 

I ' m  h e r e  t o  oharc  w i th  you s o s e  o f  S c a t t l e 1 s  exper iences  developing a 
system f o r  rcaking c l c c t r i c a l  energy choices ,  n system t h a t  r e s t s  on a 
base  o f  d a t a  organized and presented  i n  o rde r  t o  document r e f e r ences ,  
h i g h l i g h t  assumptions and p e r n i t  v a i i d  coapar i sons  aEor i  d i f f e r e n t  
op t ions .  

S e a t t l e  C i t y  L igh t ,  t h e  c i t y ' s  municipal ly owned u t i l i t y ,  is one o f  t h e  
l a r g e s t  pub l i c  u t i l i t i e s  i n  t h e  count ry  wi th  about  1750 employees s e rv ing  
n e a r l y  300,000 accounts  i n  a s e r v i c e  t e r r i t o r y  o f  over  h a l f  a n i l l i o n  
people. Rivers  plunging s w i f t l y  from Washington s t a t e ' s  nounta ins  pro- 
v i d e  abundant low-cost h y d r o e l e c t r i c  power t o  c i t y  and s t a t e   resident^. 
S e a t t l e  ouns and ope ra t e s  s i x  h y d r o s l e c t r i c  power p l a n t s  t h a t  gene ra t e  
enough power t o  meet two-thirds o f  t h o  c i t y ' s  needs. Much of t h e  r e s t  
comcs fram t h e  Bonnevil le  Power Adminis t ra t ion  (BPA), t h e  l lo r thwes t t s  
f e d e r a l  marketing agency t h a t  u n t i l  r e c e n t l y  had acces s  t o  a seemingly 
e n d l e s s  supply o f  e l e c t r i c i t y  from f e d e r a l  multi-purpoae dens. As a 
r e s u l t ,  t ior thwestzrners  racked up t h e  h ighes t  p e r  c a p i t a  use  i n  t h e  
count ry  whi le  p a y i ~ g  t h e  lowes t  b i l l s .  But t imes Ere chenging. 

The e r a  o f  abundant hydro power is over. Hydro sites a r e  hard t o  f i nd ;  
o t h e r  power sources  a r e  hard and c o s t l y  t o  develop; r a t e s  a r e  cl imbing;  
r a t e p a y e r s  a r e  i r a t e .  I n  f a c t ,  t h e  planning process  I zm about t o  
d e s c r i b e  is one i n d i c a t i o n  o f  t h e  new c l i a t e  o f  e l e c t r i c a l  power s ca r -  
c i t y  i n  t h e  Northwcst. I n  contarasti 'o t h e  e a r l i e r  days  o f  s u r p l u s  supply 
when t h e  c o s t  o f  e r r o r s  was low, t h e  c o s t s  o f  inadequate  p l a n n i n ~  a r e  now 
ruinous.  

Fo r tuna t e ly ,  i n  t hose  e a r l i e r  days,  S e a t t l e  had begun t o  e s t a b l i s h  guide- 
l i n e s  and p o l i c i e s  t h a t  were t o  s t and  u s  i n  good s t e a d  when we had t o  
f a c e  up t o  c u r r e n t  energy r e a l i t i e s .  Let  me g i v e  you a few examples o f  
t h e s e  precedents  and o f  t h e  c l ima te  i n  which we s e t  t o  work. 

I n  1975, whi le  Zeciding whether t o  p a r t i c i p a t e  i n  two p ro j ec t ed  nuc l ea r  
power p l a n t s ,  t h e  c i t y  developed a b l u e p r i n t  c a l l e d  "Energy 1990" f o r  
meeting i ts  f u t u r e  e l e c t r i c  energy needs. Af t e r  twelve months o f  in ten-  
s i v e  e f f o r t  involving a c i t i z e n s  c o r n i t t e e  t h a t  chose i ts  own c o n s u l t a n t s  
and an expendi ture  exceeding $300,000, t h e  c i t y  decided a g a i n s t  t h e  
nuc l ea r  commitment. But,  more important ,  i n  t h i s  landnark dec i s ion ,  it 
e s t a b l i s h e d  a s e t  o f  p r i o r i t i e s  t o  be followed i n  c h o o s i m  any f u t u r e  
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e l ec t . r i ca2  energy resources.  It set a 15-year t a r g e t  o f  t h e  anount o f  
energy t o  be mved  through conservat ion.  It gave  its b le s s ing  t o  a 
( then)  c o n t r o v e r s i a l  ze thod  of fo racas t i ng  f u t u r c  dcmnd,  and it raqu i r ed  
t h a t  annusl l oad  and resource  forecasts bo published.  

Th i s  w i l l i ngness  t o  t r u s t  and e n l i s t  involved c i t i z e n s  was a l r e a d y  
becoming n S e a t t l e  h a l b z r k .  I n  t h e  last  decade, 14  m j o r  adv i so ry  ,corn- 
rn i t tecs  nunbering 8 t o  20 members each p l u s  o t h c r  c i t i z e n  groups have 
s p e n t  c o u a t l c s s  hours  reading,  ques t ion ing ,  t e s t i f y i n g  nnd r e p o r t i r g  as 
they  became deeply involved i n  key p r o b l e m  i n f l u e n c i c g  1103 t h e  c i t y  g e t s  
i t s  e l e c t r i c  power and what it pays f o r  it. 

These r e c e n t  t r e n d s  s t r o n g l y  supported ou r  d e v e l o p ~ e n t  o f  a n  energy 
planning process.  Other exper iences ,  however, m d e  it a t  once more 
urgent  and more d i f f i c u l t  t o  approach ou r  p l a n n i w  tasks .  A h o s t  o f  new 
problems hang over  t h e  Northwest because o f  t h e  two i l l - f a t e d  nuc l ea r  
p l a n t s  S e a t t l e  dec l ined  t o  suppor t  p l u s  t h r e e  i n  vh i ch  it is Involved. 
Long cons t ruc t ion  de l ays  and horrendouv c o s t  over runs  have l e d  t o  huge 
r a t e  i n c r e a s e s  and b i t t e r  charges o f  mlznanagement .. v h i l e  t h e  first 
k i l o w a t t  hour of e l e c t r i c i t y  from t h e s e  p l a n t s  is still months o r  y e a r s  
i n  t h e  fu tu re .  

If a new s t a t e  law t h a t  g r c u  ou t  o f  n c i t izen-sponsored  i n i t i n t i v a  sur -  
v ives  an appea l  process ,  pub l i c  u t i l i t i e s  l i k e  S e a t t L c  C i ty  Light  w i l l  
have t o  s ecu re  v o t e r  approval  before p a r t i c i p a t i r z  i n  any gene ra t ing  pro- 
j e c t  whose t o t a l  c o s t  exceeds $250,000. 

B r i e f l y ,  then ,  our  l ong - t cm energy r e sou rces  plc:nnin& procczs m s  devel- 
oped i n  a c i t y  with a strcrq envi ronaenta l  c o m i t z e n t ,  fin n c t i v a  cit,i- 
zenry  w i l l i n g  t o  t u r n  o u t  en  m s s e  a t  pub l i c  h e a r i n g s ,  a h i s t o r y  o f  lor? 
r a t e s  and a new awareness t h a t  lai*ge gene ra t ion  p r o j e c t s  could be stopped 
by pub l i c  v e t o  o r  jeopardized by t h e  i n a b i l i t y  t o  s e c a r e  access  t o  csp i -  
t a l  n a r k e t s  s a t u r a t e d  with bonds from t h e  l a n q u i ~ h i r ~  nuc l ea r  p ro j ec t s .  

Al thomh t h e  decade of t h e  '70's had brought u3 s e v e r a l  s o p h i s t i c a t e d  
planning t o o l s  ( load  fo recas t i ng ,  resource  fok(ecasting and long-rstqe 
f i n a n c i a l  planning,  f o r  example) t h e r e  was no c e n t r a l  body wi th  respon- 
s i b i l i t y  f o r  l o n s - r a w e  energy resource  planning. Horeaver, t h e  poten- 
t i a l  o f  t h e  u t i l i t y ' s  r e sea rch  and development effort was no t  being f u l l y  
r e a l i z e d .  Althotqh it was generously supported through a commitment o f  1 
and 3/45 of  a l l  revenue from s a l e s  of c l c c t r i c i t y ,  i t  was no t  npec i f i -  
c a l l y  geared t o  provide information about  r e sou rce  op t ions  with iden- 
t i f i e d  promise f o r  meeting i d e n t i f i e d  u t i l i t y  needs. 

Correc t ing  t h e s e  d e f i c i e n c i e s  was one reason f o r  developing our  new 
planning process.  Avoid iw inapprop r i a t e  d e c i s i o n s  and unnecessary 
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expendi tures  f o r  p r o j e c t s  t h a t  should n o t  be  supported k-as another .  Eut ,  
o u r  major o b j e c t i v e s  were more comprehensive. The C i t y  Council ( C i t y  
L i g h t ' s  policjr making body) wanted t o  make -- and C i t y  L ieh t  wanted t o  
recomend --the b e s t  and most t imely  energy cho ices  f r c n  t h o  t r ides t  
p o s s i b l e  f n w e  o f  cptior.3, suppar tcd  by tho  most coorplete informat ion  
posa ib lo .  We wanted t o  provide  warnings about  t h e  p o s s i b l e  p i t f a l l s ,  
trade-ofi 's and mi t iga t ions  o f  potential new energy resources.  We warited 
t o  i nna re  p u b l i c  acces s  t o  r e l e v a n t  in fcrmat ion  prepared wi th  l a y ~ e n  ia 
mind. And NC wanted t o  a s s u r e  c o n t i n u i t y  of t ho  planning e f f o r t  by corr- 
cents-at ing a c c o u n t a b i l i t y  f o r  energy resource  planning i n  one place.  

E x i ~ t i n g  c i t y  p o l i c i e s  provided s e v e r a l  o t h e r  c l e a r  gu ide l ines .  As p a r t  
of t h e  Energy 1990 dec i s ion ,  t h e  c i t y ' s  p r i o r i t i e s  f o r  c e c t i n g  o r  o f f -  
s e t t i n g  expected growth i n  demand a r e ,  i n  order:  (1) conserva t ion ,  (2)  
h y d r o e l e c t r i c i t y  , (3)  a t h e r  renewable sources  such as wind, b i o m c s  , 
s o l a r  and geo the rna l  energy, (4) abundant non-renewable sources  such as 
c o a l ,  and ( 5 )  o t h e r  non-renewables. 

Other  g u i d e l i n e s  e s t a b l i s h e d  o r  r e in fo rced  c i t y  p re fe rences  f o r  eneruy 
sou rces  t h a t  are (1 )  self-owned o r  j o i n t l y  obned ( a s  opposed t o  t hose  
owned by o t h e r s ) ;  (2) c o s t  e f f e c t i v e ,  ( 3 )  envircnmental ly benign, and (4) 
d i v e r s e ,  meaning t h a t  a number cf p r o j e c t s  o f  d i f f e r e n t  types  and i n  d i f -  
f e r e n t  l o c a t i o n s  a r e  favored over  a few l a r g e  and similar proJec ts .  

To he lp  nee t  t h e s e  objectives, i n  1979 t h e  Council approved a new Energy 
Resources P l a n n i w  group. Ten new po3 i t i ons  were c r ea t ed  -- i nc lud ing  
s e v e r a l  engineers ,  an economist,  power a n a l y s t ,  onvi ronoenta l  a n a l y s t ,  
and information s p e c i a l i s t .  Three yea r s  b r a  a l l o c a t e d  f o r  t h e  
p rog re s s ive  developcent and i n t e g r a t i o n  of t h e  planning system. Dut f r o n  
t h e  beginning, t h e  Council r equ i r ed  annual  r e p o r t s  g i v i n g  tile descr ip-  
t i o n ,  s t a t u s ,  planned expendi tures  and p ro j ec t ed  r e sea rch  a c t i v i t i e s  f o r  
a l l  conservat ion and g e n e r a t i a n  p r o j c c t s  under cons idera t ion .  
Addi t iona l ly ,  it requi red  p l a c i r !  each o f  t h e s e  op t ions  i n  one o f  s i x  
s p e c i f i e d  resource  ca t ego r i e s .  Placement, r e f l e c t i n g  t h e  u t i l i t y ' s  l e v e l  
o f  knowledge and t h e  o p t i o n ' s  r ead ines s  t o  be brought i n t o  ou r  system, 
would be atinually aff i rmed o r  changed by t h e  Council. 

The planning ca t ego r i e s  were only  t i t l e s  when they were e s t a b l i s h e d  by 
t h e  C i ty  Council. Subscquently, they  have undergone continuing d e f i n i -  
t i o n  and eva lua t ion .  Resource p o s s i b i l i t i e s  do n o t  have t o  s t a r t  a t  
square  one; they  nay be dropped f r o n  cons ide ra t i on  a t  any s t a g o , , a n d  they  
may s k i p  s t a g e s  o r  back t r ack .  But t h c  t y p i c a l  proposal  would r c q u i r e  
p rog re s s ive  s tudy  and developmental planning i n  t h r e e  c a t e g o r i e s  be fo re  
being endors6d by t h e  Council. If problems develop, o r  a resource  is n o t  
needed, i t  could spend an inde termina te  per iod  o f  t ime i n  one o f  two 
wholdingw ca t ego r i e s .  I n  o r d e r ,  t h e  s t ra ight -ahead  c a t e g o r i e s  are: 



1. Resource P r o p o s a l  -- c o n c o p t s ,  p o s s i b i l i t i e s  o r  p o t e n t i a l  p r o j e c t s ,  
d e s c r i b e d  I n  t o n t n t i v e  t e r m s  b ~ ~ e d  on t h o  exper icnoev  o f  o t h e r s  o r  o u r  
own h i g h l y  i n c o n p l e t e  i n f o x i a t i o n .  He t r y  t o  p i n p o i n t  c a p s  i n  i n f o r -  
mat ion  needed f o r  l a t e r  f i r m  estimte:, --data a b o u t  p r o j e c t  s i tes,  
water r i g h t s ,  l i c e n s i w  r e q u i r e m e n t s  ~ n d  c o s t s ,  f o r  example. 

2. P r e l i m i n a r y  As3'essment -- p o t e n t i a l  p r o j e c t s  undergoing a p p r o p r i a t e  
r e s e a r c h ,  s t u d y  and s u r \ w y s  t o  g i v e  u s  more p r e c i s e  ~ s t i m t e s  -- t!le 
c o s t s  o f  needed g e n e r a t i o n  s i tes  and equipment o r  how m n y  cus tomers  
would t a k e  p a r t  i n  a c o n s e r v s t i o n  program, f o r  exsmple. 

3. Candida te  f o r  Endorsement -- p r o j e c t s  t h e  u t i l i t y  wants  and e x p e c t s  
t o  recornend  f o r  Counc i l  e n d o r s e ~ e n t  w i t h i n  two y e a r s .  During t h i s  
time, we nay s e e k  p r e l i m i n a r y  p e r m i t s ,  a c q u i r e  s i t e  o p t i o n s ,  r e f i n e  
economic c a l c u l a t i o n s  and draw up p r e l i m i n a r y  purchase  c o n t r a c t s .  

4. Endorsed P r o j e c t  -- p r o j e c t s  t h a t  have r e c e i v e d  f a v o r a b l e  Counc i l  
v o t e s  and fund ing  colrmitrnents. A t  t h i s  p o i n t ,  t h e i r  expec ted  energy 
g a i n  e n t e r s  t h e  u t i l i t y ' s  o f f i c i a l  20-year f o r e c a s t s .  

If a p r o j e c t  is still a l i v e  b u t  n o t  rnoving s t r a i g h t  ahead ,  i t  w i l l  b e  i n  
one  o f  two h o l d i n g  a r e a s  -- as a con t ingency  r e s e r v e  p r o j e c t  o r  pr80ject  
i n  abeyance. 

5. C o n t i n ~ e n c y  Reserve: P r o j e c t s  t h a t  are complete  from n p l a n n e r ' s  
v iewpoin t  b u t  c u r r e n t l y  n o t  t h e  u t i l i t y ' s  b e s t  c h o i c s s .  P s r h s p s  
t h e i r  c o s t s  are h i g h e r  t h a n  t h o s e  o f  o t h e r  a l t e r n a t i v e s ,  o r  t h e y  may 
f u r n i s h  energy  o f  t h e  -wrong k i n d  o r  a t  t h e  wrong t ime.  I f  nnri when 
t h e  u t i l i t y ' s  need changes ,  t h e y  c a n  be  a v a i l a b l e  on s h o r t  n o t i c e .  I n  
t h e  meantime, t h e y ' r e  n o t  c l e a r e d  f o r  c o n s t r u c t i o n  o r  inp lementa t ion .  

6. P r o j e c t  i n  Abeyance: P r o j e c t s  whose incomple te  p l a n n i n g  work h a s  been 
h a l t e d  because  o f  b a r r i e r s  ( o f t e n  c n v i r o m e n t a l ,  l e g a l  o r  
i n s t i t u t i o n a l )  d i s c o v e r e d  d u r i n g  t h e  p l a n n i n g  p r o c e s s .  I f  t h e  
b a r r i e r s  a r e  removed o r  overcome, p l a n n i n g  nay b e  rev ived .  

Some p o s s i b i l i t i e s  a r e  dropped e n t i r e l y  because o f  b a r r i e r s  t h a t  
a p p a r e n t l y  canno t  be covercome -- e.g., economic o r  t e c h n i c a l  i n f e n s i b i -  
l i t y ,  e x t r a o r d i n a r i l y  long  devcloment t i n e s  o r  de\relopment by someone 
e l s e .  For  p l a n n i n g  and r e p o r t i n g  purposes ,  however, e v e r y  p r o p o s a l  t h a t  
s t a r t s  th rough  t h e  s y s t e z ~  is t r a c k e d ,  t o g e t h e r  w i t h  r e a s o n s  f o r  d ropp ing  
p r o j e c t s  t h a t  d o  n o t  a p p e a r  i n  t h e  s i x  p l a n n i n g / r e s o u r c e  c a t e g o r i e s .  

It was soon a p p a r e n t  t h a t  u c  needed some system t o  f a c i l i t a t e  and j u s t i f y  
placement  i n  t h e  s i x  r e s o u r c e  c a t e g o r i e s ,  t o  de te rmine  t h e  most 
a p p r o p r i a t e  u s e  o f  RhD money, and t o  d i s p l a y  i n f o r m a t i o n  so  t h a t  i t  would 
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be u s e f u l  bo th  w i th in  and o u t s i d e  C i ty  Light .  A l thowh  it uas c o t  a C i t y  
Council  requirement ,  a Data Ease emerged as a logical m y  t o  d i s p l a y  t h e  
aya t ema t i c  and s e p a r a t e  ana lyses  o f  a l l  our  resource  opt ions .  
Eventua l ly ,  such a bcse becant? a hlghlq- d e t a i l e d  appendix t o  t h e  annual  
Energy Resources Report,  ou r  o t h e r  m j o r  p l a n n i w  document. 

In  c o n t r a s t  t o  t h e  Data Dase, t h e  r e p o r t  is f l e x i b l o  i n  both f o m t  and 
scope  from yea r  t o  pear.  It is  intended t o  ana lyze  t h e  c u r r e n t  need f o r  
pouer ,  d i s c u s s  p o s s i b i l i t i e s  f o r  meeting t h e  need, and recornend a course  
o f  gene ra t ion  and conserva t ion  development t o z e t h e r  wi th  suppor t ing  
r e s e a r c h  and o t h e r  plnnning and cjxpendit,ures needed f o r  t h e  ensuing year.  
It's a130 8 convenient p lace  t o  h i g h l i g h t  problens  o r  b e n e f i t s  important  
t o  planners .  But t h e  c u r r e n t  form o f  t h e s e  p u b l i c a t i o n s  was ha rd ly  
appa ren t  when we began t h c  three-year  development process.  

Year L: During 1980, t h e  u t i l i t y ' s  p r i m r y  t a s k  was t o  develop a very  - 
pre l imina ry  Data Base and Report. 3ecause we d i d n ' t  y e t  have budget 
a u t h o r i t y  t o  h i r e  our  new team, t h i 3  t a s k  was added t o  t h e  f u l l  workload 
o f  our  Engineering Division.  They developed a first e f f o r t  -- l a r g e l y  
s ingle-page conputer  p r i n t o u t s  -- t h a t  d id  n o t  f u l l y  meet t h e  u t i l i t y ' s ,  
t h e  Council ' s  o r  t h e  pub l i c ' s  needs. The c i t i z e n s '  advisory  committee 
found it inadequate i n  s e v e r a l  r e s p e c t s  and recomended changes. I n  t h e  
1980 r e p o r t ,  t h e  u t i l i t y  pointed t o  t h e  need f o r  s t rengthening  t h e  Data 
Base i n  oevc ra l  uays: b e t t e r  dozunentat ion o f  sou rces ,  b e t t e r  iden- 
t i f i c a t i o n  of u n c e r t a i n t i e s ,  improved d i s p l a y  and f o r n a t ,  review o f  cco- 
nomic models and a s a u ~ p t i o n s  and i d e n t i f i c a t i o n  o f  pe r son i s )  r e spons ib l e  
f o r  each resource.  

Year 11: Ear ly  i n  t h e  second yca r ,  t h e  planning team was se l ec t ed .  
Before  it  reached f c l l  s t r e n g t h ,  temporary and 1 . in i ted  a s s i s t a n c e  uas  
e n l i s t e d  f r o s  two l o c a l  c o n s u l t i r g  firms. One provided p a r t  o f  t h e  tech- 
n i c a l  eva lua t ion  o f  c e r t a i n  p o t e n t i a l  energy sources .  The o t h e r  con- 
t i nued  a user-needs avsessment t h a t  a f f i r n e d  t h e  u t i l i t y ' s  e a r l i e r  
pe rcep t ions  about  needed in~proveaents ,  made p r e l i n i n a r y  sugges t ions  f o r  a 
new format ,  and a s s i s t e d  wi th  pub l i c  review and comen t .  

During t h e  second q u a r t e r  o f  1981, our  p e m n c n t  p lanning  group was i n  
p l a c e  and performing t h e  v a s t  amount o f  needed work -- designing and 
redes igning  formats  f o r  Data Base wr i teups  and s u m a r i e s ,  d e v e l o p i u  and 
t r y i n g  o u t  a v a r i e t y  o f  schenes f o r  organiz ing  ou r  d a t a ,  tapping i n t o  
hundreds o f  information sources ,  des igning  computer prcgrams, crunching 
numbers, holding pub l i c  workshops, e o t a b l i s h i w  a documentation system, 
and secur ing  and incorpora t ing  needed review. 

Some o f  t h e  k n o t t i e s t  problens were determining how much m a t e r i a l  t o  
i nc lude  and r e c o n c i l i ~  and i d e n t i f g i r g  r e l e v a n t  c o s t s ,  d a t a  a ~ d  d a t a  
c o l l e c t i o n  approaches a l r eady  i n  use  f o r  o t h e r  purposes. 



A t  t h e  end of  the  year,  t h e  Ci ty  Council approved our first f u l l - s c a l e  
Data Base, a 572-page document. It begins with resources we're r . 0 ~  cs ing 
and ends with 21sd centcry p o s s i b i l i t i e s .  I n  ordcr,  it presents  our 
c u r r e n t  ~ e n e r a t i n g  p ro jec t s  and firm purchase contracts ;  next  a r e  conser- 
va t ion  progranq and generating p ro jec t s  t h a t  have a l ready received a go- 
ahead f ~ o m  t h e  City Council i n  e a r l i e r  years. Obviously, although 
they ' re  not  ye t  i n  evidence, t h e i r  p o t e n t i a l  energy is already being 
counted t o  meet d e f i c i t s  fo recas t  i n  e a r l i e r  years; hence, shcy're not  
a v a i l a b l e  t o  help c lose  the  current ly  forecasted gap. It chds with p i l o t  
p r o j e c t s ,  reasearch p ro jec t s ,  technologies b e i m  nonitorzd f o r  t h z l r  
twenty-first-century p o t e n t i a l ,  options being droppcd and prospective 
p r o j e c t s  expected i n  succeeding Data Bases, Notice t h a t  none of  t h i s  
infcrmation -- t h e  herc-and-now i n  t h e  beginning of t h e  book o r  t h e  
maybe-someday a t  the  end -- cofi tr ibutes t o  meeting the  current  problem: 
c h ~ o s i n g  options t o  neet  the  current ly  i d e n t i f i e d  d e f i c i t .  

Genuine resource options -- those with defici t-reducing po ten t i a l  -- 
comprise the  c e n t r a l  core and by f a r  t h e  l a r g e s t  sec t ion  of  the Data 
Base. The 1981 Data Base conta ins  more than 100 opt ions ,  ranging f ron  3 
t o  12 pages i n  length,  each placed i n  one of the  s ix . revource  cate-  
gor ies .  I f  se lec ted o r  noved ahead, any of t h s  100-plus proposals would 
reduce our expected load o r  add t o  our projected energy supply. O f  par- 
t i c u l a r  importance t o  pianners a r e  the e x p l i c i t  s t a t enen t s  about asstimp- 
t i o n s  underlying a l l  calculat.ions; the  standard,  e a s i i y  scannad, 
single-page s u m a r i e s ;  and the  use of e igh t  standard headings o r  Caba 
e lenen t s  f o r  organizing and displaying a l l  data. I n  ordcr ,  t h e  data  e l e -  
ments are:  

1. General: resource, p r o j e c t  o r  prozran description;  ex i s t ing  
fea tu res ,  i f  any, and those t o  be added; state-of-the-art  of re levant  
technologies; ownership arrangements, funding p o s s i b i l i t i e s .  

2, Ticiinq: s ign i f i can t  milestones and time required f o r  m j o r  a c t i v i t i e s  
t h a t  n:ust precede endorsement and energy production o r  savings. 

3. Energy: amount and kind (on peak, intermediate peak, o f f  peak, firm, 
non-firm) generated, o f f s e t  o r  saved dur i ra  p a r t i c u l a r  t i n e  periods;  
seasonal  p r o f i l e  shawing energy ava i l ab le  each month. 

4. Economics: four key ind ica to r s  (ne t  preaent value, savings/investment 
r a t i o ;  benef i t /cos t  r a t i o ,  and level ized cos t )  a l o r ~  ~ r i t h  expected 
c a p i t a l  c o s t s  (o r  S e a t t l e ' s  expected share of c o s t s )  f o r  const ruct ion 
o r  program development f o r  each year p r i o r  t o  energy a v a i l a b i l i t y  a s  
well  a s  each year of  p ro jec t  o r  program l i f e .  

5. Env i ron~en ta l  and Social: reference t o  enviromental  check l i s t s ,  
analyses and/or impact 3tatenent.s; poss ible  impacts and corresponding 
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m i t i g a t i o n s  f o r  changes t o  animal, p l a n t  2nC humn populat ion3 caused,  
f o r  example, by gene ra t ion ,  t r a n s n i s s i o n ,  r i g h t s  of way, manufacture 
o f  needed m a t e r i a l s ,  procurement of f u e l s .  

6. L e ~ a l  and I n s t i t u t i o n s :  o t h e r  agencies  involved,  r i g h t s  t o  be  pro- 
t e c t e d ,  e x i s t i n g  and p ro j ec t ed  l e g i s l a t i o n ,  j u d i c i a l  review, r u l i n g s  
and documents o f  importance. 

7. C i t y  Li& P l a ~ n i n ~ :  pre-endorsempnt, r e sea rch  and o t h e r  planning 
a c t i v i t i e s  ( a s  d i s t i n c t  from p r o j e c t  development z c t i v i t i e s ) ,  proposed 
methods, l i k e l y  c o s t s  and probable p l a n n i w  t i n e s .  

8. References_: a l l  sc.urce3 used and l o c a t i o n s  o f  t h e s e  documents. 

Year 111: During t h e  t h i r d  yea r  (1982) we were expected t o  produce mixes 
o f  resources ,  each capable  of meeting f u t u r e  needs wi th  d i f f e r e n t  c o s t s ,  
b e n e f i t s  and trade-offs .  The 1982 e x e r c i s e  turned  o u t  t o  5 e  f a r  from 
acadenic.  S e a t t l e  was, and is, th ink ing  zbout acqu i r ing  a sha re  of t h e  
Creston Coal P l a n t  sponsored by Washirzton Hater  Power, a n  investor-owned 
u t i l i t y .  To h e l p  make t h i s  dec i s ion ,  t h e  Council d i r e c t e d  u s  t o  i d e n t i f y  
a t  l e a s t  230 megawatts o f  a l t e r n a t i v e s  t o  Creston. 

The ensuing work r equ i r ed  us ing  and expanding t h e  Dzta Base, workfng with 
a new c i t i z e n s t  c o r n i t t e e  and responding t o  advocates  f o r  p a r t i c u l a r  
approaches ranging from a l l  conserva t ion  t o  a l l  t h e r z z l  power. 

A s  a temporary t e r g e t ,  we used t h e  306-megawatt d e f i c i t  i n  our  own load  
fot .ecast ,  s gap based on an expected i n c r e a s e  o f  lib9 f r o n  our  c u r r e n t  
950-megawatt load  t o  an  a n t i c i p a t e d  1351-megawatt load  i n  1982. Another 
b leak  and expensive prospec t  was our  seasonal  l oad  i ~ b a l a n c e .  Our w ig t e r  
l oad ,  now 15% higher  than  our  annual  average,  w i l l  be 30s h ighcr  i n  
ano the r  20 years .  But hydro, f o r  decades our  a l l -purpose  answer, c a n ' t  
meet ou r  win ter  bulge u n l e s s  t h e  run-off from one win t e r ' s  fllozen s t reams 
and snow packs can be  s t o r e d  and r e l ea sed  t h e  fo l lowing  winter .  And 
hydro s i t e s  a b l e  t o  suppor t  l a r g e  r e s e r v o i r s  have long s i n c e  been 
exhausted. 

S t i l l  o t h e r  problems were posed by an a r r a y  o f  coving t a r g e t s :  substan-  
t i a l  v a r i a t i o n s  among t h e  r eg ion ' s  f o r e c a s t s ;  changing technologies ,  
t ime tab l e s  and end uses ;  s i t e s  y e t  t o  be loca ted ;  a Regional P o ~ c r  P lan  
y e t  t o  be announced; a BPA c o n t r a c t  s t i l l  bs ing  nego t i a t ed ;  BTA r a t e  
i n c r e a s e s  g r e a t l y  evceeding our  own. 

Af t e r  developing f o u r  d i f f e r e n t  306-megawatt n i x e s ,  none of  which gave us  
a r e se rve  margin, we faced up t o  t h e  need f o r  more f l e x i b i l i t y  t o  d e a l  
wi th  t h i s  p lanners  nightmare o f  unknowns. Ye developed a l a r g e r  t a r g e t :  
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450 rngaua t t s .  And wo began meeting it wl th  t h e  C i ty ' s  deslgnatcr l  
p r i o r i t y  -conservation. I n  a d d i t i o n  t o  conserva t ion  b p t c t ~  ove r  t h e  
l as t  f i v e  yea r s ,  t h e  C i ty  Council has  a l r e s d y  approved programs expected 
t o  shave  anothor  198 ncgawatts  f r o s  f u t u r e  loads.  These p r o j t c t 2 d  
~ a v i n g s  renge from a 3 megawatt s t r e e t l i g h t  converslon progran t o  40 
p l u s  rdegdwatts f r o a  s t r ingc . i t  neu r equ i r encn t s  t h ~ t  are aeLer r in3  convzr- 
s i o n s  o r  enforc ing  conserva t ion  measures when homeomars add e l e c t r i c  
hea t .  F i n d i ~ 3  o u t  how much more convervat ion can be  squeezed from our  
s e r v i c e  a r e a  requi red  an  c ~ h a u s t i \ ~ e  study. This  nosessment t u r n r d  up 178 
a d d f t i o n a l  megawatts from a l l  sources  except  bans and oonnect icn charges. 

Another assessment  turned up 172 rneeaw.itts t h a t  could cone frcm a l t e r -  
n a t i v e  gene ra t ion  (cogenera t ion ,  smll  hydro, s o l i d  waste,  b i o m u s ,  
geothermal  and wind), t h r e e  q u a r t e x  of it no more c o s t l y  than t h s  
Cres ton  Coal P lan t .  F i n ~ l l y ,  w e  recommended 100 megawatts o f  some kind 
o f  thermal  energy -- poss ib ly  from t h e  c o a l  p l a n t ,  pos s ib ly  from o t h e r  
sources .  The recornendat ions  and a s u m r y  o f  t h e  backup work a r e  
desc r ibed  i n  s i x  documents: t h e  t i t l e  o f  t h e  surmary volume is Energy 
Options.  

If we meet t h e  e n t i r e  t c r g e t ,  we can reduce ou r  RPA purc l~asev  fr3m 25% o f  
o u r  c u r r e n t  load  t o  11% o f  a l a r g e r  load. If  we exceed ou r  g o a l s ,  w e ' l l  
have a source  o f  revenue o r  a con t r ibu t ion  t o  make t o  t h e  rzsource  pool 
t h e  Northv:est w i l l  need i n  t h e  1990's and bayond. m a t e v e r  t h e  ca se ,  
w e ' l l  be  adding t o  our  cu3toaers '  e q u i t y  i n  a s y s t e s  i n  which thcy 
a l r e a d y  have a $600 m i l l i o n  inrestment .  

I n  1983, w e ' l l  be t e s t i r g  t h e  e f f e c t  o f  energy ~ p t i o n s  0.1 our  pro:ected 
d e f i c i t ,  n o t  only s i n g l y  bu t  i n  a l a r g e  number o f  conbina t ions  t o  de t e r -  
mine d e s i r a b l e  resource  mixes. ' 

I n  t h e  meantine, t h e  s ace  p lanners  w:lo wore e a r l i e r *  inundate.! with paper 
a r e  now v i s i t i n g  i n d u s t r i e s  wi th  c g c n e r a t i o n  p o t e n t i a l  and tramping t h e  
coun t rys ide  t o  i n s p e c t  s ~ a 3 . 1  hy6ro s i t e s .  Thei r  examination of  a ~ y r i a d  
o f  p o s s i b i l i t i e s  is, o r  w i l l  be,  mirrored throughout t h e  reg ion  f o r  very 
few of  c u r  c u r r e n t  enorgy p o s s i b i l i t i e s  w i l l  have m J o r  load  impacts 
i nd iv idua l ly .  Any major i m ~ a c t  n u s t  coEe from rany  s e p a r a t e  optj-ons, 
i n d i v t d u a l l y  l oca t ed ,  chosen and developed, a l l  w i th  r i s k s  and none wi th  
money-back guarantees.  

The theme o f  E n e r ~ y  Optjons 13 t h a t  t he se  k inds  o f  p repa ra t ion  znd r i s k  
g o  t and  i n  hand wi th  t h e  cumensu ra t e  b e n e f i t s  of  an  energy f u t u r e  t h a t  
is s e l e c t e d  in s t ead  o f  imposed. Acquiring use fu l  i n f c r n a t i o n  and naking 
s y s t e m t i c  p l ans  a r e  t h e  e s s e c t i a l  foundat ion o f  S e a t t l e ' s  energy f u t u r e .  





INTEGRATION OF FISM !&D WILDLIFE DATA WITE GEOBASED 
MID REMOTELY SENSED LNID USE/LARD COVER DATA -- 

A DEMONSTRATION USING SITES I N  PELWSYLVANIA 

C h a r l e s  T. cushwal, Gerna in  ~ a ~ o c h c ~ ,  and  Ca lv in  W. Du Brock 
3 

[ \ ABSTRACT 

The U.S. F i s h  and W i l d l i f e  Sei-vice developed a s t a t e w i d e  f i s h  and w i l d l i f e  
d a t a  b a s e  f o r  t h e  Pennsy lvan ia  Game Commission t h a t  i n c l u d e s  125  c a t e g o r i e s  o f  
i n f o r m a t i o n  on each  of t h e  844 s p e c i e s .  T h i s  s p e c i e s  d a t a  b a s e  is i n t e g r a t e d  
w i t h  geobased and remotely-sensed l and  u s e l l a n d  cover  d a t a  from two s i t e s  i n  
Pcnnsylvania .  One s i t e  is a n  energy  development p r o j e c t ;  t h e  o t h e r  is a 
high-energy u s e  a r e a .  Analyses  u s i n g  t h e  coliibi~led an imal  and l a n d  u s e  d a t a  
b a s e s  w i l l  be demons t ra ted  f o r  a v a r i e t y  o f  l a n d  u s e / l a n d  c o v e r  t y p e s  a t  b o t h  
sites. The a b i l i t y  t o  make "what i f "  a n a l y s i ~  p r i o r  t o  p r o j e c t  irnplcrnentation 
is p r e s e n t e d .  The Pcnnsylvonia  F i sh  and W i l d l i f e  Data  Rase w i l l  c l s o  b e  
demons t ra tcd  d u r i n g  t h e  P o s t e r  Sess ion .  

1; S e n i o r  W i l d l i f e  B i o l o g i s t ,  U.S. F i s h  and W i l d l i f e  S e r v i c e ,  E e a r n c y s v i l l e ,  IN 

S e n i o r  Land Use A n a l y s t ,  Environmental  Eng inee r ing  Branch, Nuc lea r  
Regu la to ry  Commission, Ir 'ashington, DC 

B i o m c t r i c i a n ,  D i v i s i o n  o f  L a ~ d  EIanagcment, Pennsy lvan ia  Game Commission. 
I l a r r i s b u r g ,  PA 
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INTKODUCTION 

An nbundnncc o f  aninin1 i n f o r m u t i o l l  if; available f o r  r c s o u r c c  p l a n n i n g  and  
manngement (Du Rrock c t  a l .  1981);  howcvcr ,  much o f  t h i s  i n f o r m t i o n  is n o t  
u sed  bccclusc d c f i u i t i o o s  a r e  n o t  consistent and t h e  i n f o r m o t i o n  is i n  u v a r i e t y  
o f  f o r m a t s  (Cushwn nnd nu Brock 1981) .  I n  a n  a t t c m p t  t o  a l l e v i a t e  t h i s  problem,  
t l ic  U.S. Fist1 nnd W i l d l i f c  S c r v i c e  d c v c l o p c d ,  "A P r o c e d u r e  f o r  D e s c r i b i n g  F i s h  
and W i l d l i f e  (Mnson e t  a l .  1979) .  The "Yroccdure" p r o v i d c o  u frumcwork f o r  
c o m p i l i n g  nnd s t a n d a r d i z i n g  f i s h  and w i l d i f e  s p e c i e s  i n fo rn in t  i o n  i n  .I c o m p u t e r i z e d  
d n t n  bnsc  and h u s  bccn  a p p l i e d  i n  P c n ~ l s y l v u n i a  ond s c v e n  o t l l c r  S t a t c s .  

The F i s h  and h ' i l d l l f e  Dntn Uuse d c v r l o p c d  i n  P c l ~ l l s y l v a n i n  f o l l o w i n g  t h e  
11 P roccdurcs"  i t ~ c l u d c s  d i s t r i b u t i o n ,  l c g n l  s t r l t u s ,  l i f e  h i s t o r y  and clanngemcnt 
i n f o r m u t  i o n  f ~ r  844 s p e c i e s  o f  v c r t c h r u t c  and i n v c r t c b r a t c  nnin ln ls  wllicli a r c  
r c s i d c n t  nnd conmon m i g r a n t s  i n  t l l c  S t n t c .  Tllc d n t n  b n s c  nlanagemcnt s y s t c m ,  
MANAGE ( W i l c o t t  1981) ,  is used  t o  s t o r e  and  r e t r i c v c  s p c c i e s  i n f o r c i a t i o n .  

Tllc lycnt l sy lvanin  F i s h  and W i l d I i f c  i h t a  t iesc and o t h c r  d a t a  b u s e s  compi l cd  
u s i n g  t l lc  "Proccdurc"  a r c  t lppl icnbl '  t o  niuny r e s o u r c e  p l a n n i n g  and munagcmcnt 
nccdr;, i n c l u d i n g :  

l n v c n t o r y  rllld d c s c r i p t  i o n s  01 s p e c i e s  and t l l c i r  1 i f c  h!.st o r y  l l ccds  
by c o u n t y ,  d r n i l ~ i l } : ~  b n s i n ,  food p r c f c r c n c c s ,  e t c .  

o PI.L-;M~;I t i o n  nnd rrvi'w of  i>crnil t  n p p l  i c n t  f 011s f o r  s u r f ~ c c  min ing ,  
b a s e  l oad  power p l l l n t s ,  p o i n t  sourcc- d isch: l rgc ,  r n d  o t h c r  r c g u l r l t o r y  
u s e s .  

a Prc*l);lr.ii: i o n  rtlld r c v i  cw of c~l~vl ro l ln!cntn l  i ~ n p n c  t nsscssracnt  s and 
bns inwidv p lonnin t ;  f o r  f  i s l i  r~tld w i l d l i  f c  cnl~t~riccrncut  and p t o t c c t  i o n .  

I'rcl i n i i n ~ l r p  ' v n l u l ~ t  i o n  rind ~ C V ~ C W  o f  f  is11 niid w i l d l i f e  rc : ;ourcrs  on 
n l t c r n i ~ t c  s i t c s  f o r  cnc rgp  dcvcloprnr111t p r o J e c t s .  

111 t r r n ~ s  of  c .nvi ron~i~cntn  1  i ~ u c l t y s i s ,  f  is11 rtnd w i  l d l  i f c  infc.rnic~t io11 n c e d s  
inc l t i i lc~  t l lc  f o  1 lowi11~: s i x  c i l t c ~ o r i c . ~  of  i n f o r n ~ : ~  t i o n  ( C t ~ s l ~ w i ~  ct  (11. 1980, NKC 
Kcgi11ati)ry ( :u idcs  4 .2 ,  4 .7 ,  4 .8 ,  nnil 4.11):  

3. Av i~ i  lrll)! l i t y  of  I ~ n h i t i l t  i11111 v : l l t~c .  ( ( ? u n n i i t y  of  r t q u i r c d  I l n b i t n t  
~1v;l i  lill> It%.) 
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6. Humen r e l a t  i o n s h i p s / d e s i r e s .  ( P r o j e c  t/managerr,ent w i l d l i f c  g o a l s  o r  
o b J e c  t i v e s )  

P a s t  env i ronmen tn l  a n a l y s i s  focused  on 3 few h i g h  v a l u e  s p e c i e s  s u c h  
a s  -- s p o r t f i s h  cind game, p e s t  s p e c i e s ,  t h r e a t e n e d / e n d a n g c r e d  s p e c i e s  -- 
r e g a r d l e s s  o f  t h e i r  v a l u e  i n  t h e  ecosys t em.  However, t h e  P e n n s y l v a n i a  F i s h  
and  W i l d l i f e  Data  Base p e r m i t s  t h e  d e c i s i o n m a k e r  t o :  ( a )  q u i c k l y  and c h e a p l y  
a c c e s s  and r ev iew t h e  f i s h  and w i l d l j f e  s p e c i e s  a s  w e l l  as a n i m a l  communi t i e s  
l i k e l y  t o  o c c u r  i n  a  p r o j e c t  a r e a ,  (b)  s y n t i l e s i z e  a n i m a l - h a b i t a t  a s s o c i a t i o n ,  
(c)  i n t e g r a t e  f i s h  and w i l d l i f e  d a t a  w i t 1 1  o t l t e r  r e s o u r c e s  on t h e  p r o J c c t  a r e a ,  
and (d)  s i m u l a t e  t b e  e f f e c t s  o f  a l t e r n a t i v e  l and  u s c f l a n d  c o v e r  changes .  
T y p i c a l l y ,  weeks oi- months o f  e f f o r t  were cxprndcd i n  l i t e r i l t u r c  s c a r c l l e s  t o  
make p r e l i m i n a r y  a n v i r o n m e n t a l  a n a l y s i s  a t  t h e  s p e c i e s  l e v e l  o f  d ' t c ~ i l .  T h i s  
c a n  now be  accompl i shed  i n  m i n u t e s  u s i n g  t l ic  Data  Base. I n  a d d i t i o n ,  s p ~ ? c i e s  
i n f o r m a t i o n  c a n  be  a g g r e g a t e d  by h a b i t a t  t y p e .  l and  u s e  o r  c o v c r ,  l o c a t i o u  and  
a  v a r i e t y  o f  o t h e r  p a r a m e t e r s  f o r  i n t e g r a t i o n  w i t h  o t h e r  d a t a  b a s e s .  

To supp lemen t  a n i m a l  i n f o r m a t i o n  s y s t e m s ,  c o m p ~ t e r - g e n e r a t e d  maps ( g e o g r a p h i c  
i n f o r m a t i o n  s y s t e m s  - CIS) a r c  h e i n g  used more f r c q u c n t l y  i n  c n v i r o n n c n t a l  
a n a l y s i s  i ~ n d  p l a n n i n g .  The l o n g  c s t n b l i s h e d  c a p a b i l i t i e s  o f  a e r i a l  pho tography  
and t h e  niorc r e c e n t  l a n d s a t  imagery a r e  b e i n g  i n t e g r a t e d  w i t h  G I s ' s .  I n  t h i s  
pape r ,  we d e n ~ o n s t r a t e  n t h i r d  c l emen t ;  il compute r i zed  f i s h  and w i l d l i f e  d a t a  
brisc t o  p r o v i d e  a n  evcri more t t s c f u l  i n f o r n l a t i o n  sys t cm f o r  s i t i n g  erlcsrgy 
f a c i l i  t i c s ,  and f o r  u s e  by l ~ n d  u s e  p l a n n i n g  and r e s o u r c e  mii1;ilgement. 

U t i l i z i n g  s t a t ? - o f - t h e - a r t  remote  sc t l s ing  t cch t i iqucs  t o  i d c r l t i f p  t l lc  l and  
u s c / l n n d  c o v e r  t y p c s  i n  u p r o J e c t  a r e a  .ind i n t e g r a t i n g  t h i s  i n f o r m a t i c n  w i t h  
s c l c c t c d  CIS c lcn len t s  ( c .g .  , LISG'S t o p o g r n p l ~ i c  s l l e c t s ,  U. S. Bureau of  Cctlsus 
DlFlES) o r o v i d c s  infornul t  i o n  on f i s h  and w i l d 1  i f e  lliihi t a t  u v a i l n l ~ i l i  t y  and 
d i s t r i h u t i o l l  ( i t c n l s  03  :tnd li4 ; ibovr) .  Using n  conlputcr izcd  f i s h  and w i l d l i f e  
d a t n  b a s e  l i k e  t l l ~  one  i n  Pixtlnsylv;inia p r o v i d c s  i t i fornld t ion  ( i t e m s  CI and 8 2 ) .  
Evcn more d c s i r n b l c ,  we c a n  [low exitmine "ul~at i f "  s i t c a t i o n s  to c x p l o r c  i n t c r -  
r c l i l t i o n s l l i p s  and o b j c c t i v c s  ( i  t e n s  P5 ;~t ld 0h) b c f ~ r c  i n j  t i n 1  c o n s t r u c t i o n  o f  
a p r o j e c t .  

I n  t h i s  p r ~ ? s c n t i i t i o n  i ~ n d  i n  t l ic  P o s t e r  S e s s i o n  ( t o  be ho ld  tomorrow 
e v e n i n g  i n  t h e  Ce llltjun Room) , we w i  11 demonst  r a  tc  o ~ t  r n tC~:r i i  t c d  approncl i  
u t  i l i z i u l ;  two ilreiis i n  Pennsylvnti in -- tllc. ncrwick s i t e ,  c c t l t c ~ r c d  on (1 biisc-locid 
power p l a n t  and t l l c  1 ,oncas ter  s i te .  a  I~ig l l -cncrgy u s e  u r b ; ~ t ~  and a g r i c u l t u r a l  
Ar ra  ( F i g u r e  1 ) .  

DESCK:llTION OF STUDY SITES 

Tllr Kat lcinnl Acrl)ttil~lt i c  and Spncc- Adrn in i s t r i l t i on  ( N A S A ) ,  t ' r ~ ~ n s y l v n t l i ; i  
Power and I.islit Company Comp;it~y (P PdI.) , on11 t l t e  Nuclcur  Kcl:ttla t o r y  Commission 
( N K C )  col.rd\lctcd n f o u r - p o i n t  c v ; ~ l u a t  i o n  t o  d c t c r r l i n c  t l i ~ '  ; i l jpl ic; ibi  1  i t y  \rf  CIS 
atid remote ly-sensed d i t ta  i t 1  t*nvironnlcBtltn 1  i t n i l l y s i s  or1 t l lc  Iierwick ntld I . ;~nci i s tcr  
si  t i ' s  (Ciimphvl; iind I lc~l lar t l  Iq8;l) . I'l'hl, h a s  ,ttl cnv i ro r ln i e~ l tn l  1,1t1J ~ t s c  dil tn 
bilsc wit11 4 2  c l ~ ~ n r ~ t ~ t s  t h a t  c o v c r s  t l w i r  e n t i r e  s c r v i c ~ n  a r e a  (10 ,400  sqi1;trc 
mi LCS) in  I ' C I I I ~ S ~ ~ V ; I I I ~ . I  ( S C I I ~ ) O I I I ~ ( ~ ~ ~ I I  1'182) . l11'hL is In1 L lcling ;I tluc li-ilr power 
1)liillt uci lr  t l l ~  tow11 i,f I l rrwlck :111~1 l l i t ~  s l t c - ~ l ) c c i  f i~ i t l i ~ ~ r ~ : ~ : i  t  Jot1 ;IS rcqu i r e d  
1)~'  N K C  ~-i*sttl.i t  io t l s ,  :;ui'll i I s  .I l i s t  o f  r l q l t l t s  and  ;.tninlil 1 s  ; . ict t~li l  1). ohsv rvcd  
c~i-si  t i -  i11itI it1 t lw 11c;irl)y Su~c~uc~ll~11111.1 1:ivc.r. Tllc I!crwi~.k s i t e  is i i l s o  t y l ~ i c . a l  
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o f  many a r e a s  i n  t h e  E a s t  -- i t  is l o c a t e d  i n  a l a r g e  r i v e r  v a l l e y ,  w i t h  
s p a r s e  p o p u l a t i o n ,  f o r e s t e d  h i l l s  and s m a l l  f a r a s  on t h e  more l e v e l  a r e a s .  
The L a n c a s t e r  s i t e  ar?d coun ty  is  one of t h e  most p r o d u c t i v e  a g r i c u l t u r a l  
c o u n t i e s  i n  t h e  U.S. By c e n t e r i n g  t h e  s t u d y  a r e a  on t h e  c i t y  o f  L a n c a s t e r ,  a n  
urban a r e a  surrounded by a h i g h l y  a g r i c u l t u r a l  a r e a ,  NRC cou ld  e v a l u a t e  t h i s  
t y p e  of a r e a ' s  s u i t a b i l i t y  f o r  s i t i n g  a n u c l e a r  pouer  p l a n t .  

--: + Both p r o j e c t  s i t e s  c o n t a i n  400 s q u a r e  n t i l e s ,  20 miles on each s i d e .  

i. NASA's Goddard Space Cen te r  de te rmiaed  t h e  a r e a s  of  each l a n d  u s e l l a n d  c o v e r  
t y p e  w i t h i n  t h e  two s i t e s  (Tab les  1 and 2) u t i l i z i n g  PPht 'c e n v i r c n x e n t a l  l and  

-: I 
t u s e  d a t a  sys tem (ELUDS). 

, f- 
' k 
: $ Tne i s n c a s t e r  s i t e  h a s  more t.han t w i c e  t h e  a r e a  i n  a g r i c u l t u r e  (cropland-  
! p a s t u r e  and o r c h s r d s )  (73.8%) rs compared w i t h  t h e  B e w i c k  ~ i t c  (33.2%). On 

: b t h e  o t h e r  hand, t h e  L a n c a s t e r  s i t e  h a s  o n l y  abou t  1110th ( 9 . 8 % )  of  i ts a r e a  i n  : t f o r e s t  l and  compared t o  t h e  Berwick s i t e  w i t h  s l i g h t l y  more t h a n  h a l f  (55.8%). :i 1 
1 4  

; i 

FISH AND WILDLIFE DATA BASE 

The Pennsylvania  F i sh  a:ld W i l d l i f e  Data Base i r ~ c l u d e s  125 f i e l d s  of 
in fo rmat  i o n  f o r  each s p e c i e s  i n  t h e  f o l l o w i n g  c a t e g o r i e s :  taxonomy, d i s t r i b u -  
t i o n ,  l e g a l  c t a t u s / u s e ,  s p e c i e s  o r i g i n ,  p o p u l a t i o n  d e s c r i p t o r s ,  h a h i t e t  s s s o c i -  
a t i o n s ,  food h a b i t s ,  n i c h e  r e q u i r e m e n t s ,  management p r a c t i c e s ,  and r z f e r e n c e s  
(Mason e t  a l .  1979) .  S p e c i e s  d e s c r i p t i o n s  were compiled from e x i s t i n g  s c i e n t i f i c  
l i t e r a t u r e ;  s t a n d a r d ,  c o n s i s t e n t  d e f i n i t i o n s  and terminology were ensured  by 
t h e  cod ing  i n s t r u c t i o n s  and 25 s t a n d a r d  r e f e r e n c e s .  Each e n t r y  i n  t h e  '3atn 
Base is  based upon r e s e a r c h ,  f i e l d  s t u d i e s ,  f i e l d  n o t e s ,  o r  o t h e r  vciluable 
e x p e r t  knowledge and r e f e r e n c e d  i n  t h e  Data Base (Cushva e t  a l .  1980) .  The 
Data Base was n o t  des igned  t o  r e p l a c e  b i o l o g i c a l  f i e l d  s t u d i e s ,  bu t  t o  p r o v i d e  
supplementary i n f o r m a t i o n  t o  complement s i t e - s p e c i f i c  ( b i o l o g i c a l  f i e l d )  
s t u d i e s .  

COMBINING THE LAND USE/LAIJD COVER DATA WITH YISH 
AND WILDLIFE DATA FOK TWO ENERGY SITES I N  
PENNSYLVANIA 1. 
The L a n c a s t e r  S i t e  

The a r e a s  of land u s e  and cover  types  a t  t h e  L a n c a s t e r ,  Pennsy lvan ia ,  
s i t e  were determined from ELUDS (PP6L1s Environmental Land Usc Data System) a s  
modif ied by NASA (Table  1).  The LUILC c l a s s e s  and d e f i n i t i o n s  used i n  ELUDS 
were t h e  same a s  t h o s e  i n  t h e  Pennsylvania  F i sh  and W i l d l i f e  Data Base. Both 
used a  c l a s s f f i c a t i o n  developcd by Anderson e t  31. 1976. We s e a r c h e d  t h e  
Pennsy lvan ia  D7ta Base and developed a s c t  of s n i m a l  d a t a  f o r  s p e c i e s  known t o  
occur  i n  L a n c a s t e r  County, and t o  be a s s o c i a t e d  w i t h  each  land use / l and  c o v e r  
c l a s s  on t h e  L a n c a s t e r  s i t e  (Table  3 ) .  We found 233 an imal  s p e c i e s  a s s o c i a t e d  
w i t h  tlie l and  u s e l l a n d  cover  c l a s s  a g r i c u l t u r e  ( l e v e l  I )  - c r o p l a n d / p o s t u r e  
and o r c h a r d s  ( l e v e l  11)  (Anderson e t  a l .  1976).  Th i s  "type" compr i ses  73.8% 
o f  t h e  p r o j e c t  s i t e  and p rov ides  p o t e n t i a l  h a b i t a t  f o r  9  amphibians ,  149 
b i r d s ,  24 mammals, 14 r e p t i l e s ,  35 t e r r e s t r < a l  i n s e c t s  and 2  o t h e r  t e r r e s t r i a l  
i n v e r t e b r a t e  s p e c i e s .  T o t a l  conlputing c o s t  t o  g e n e r a t e  t h i s  s e t  of an imal  
i n f o r m a t i o n  was $0.45. The common a n d l o r  s c i e n t i f i c  names of t h e s e  a n i m a l s  
p l u s  any of t h e  125 f i e l d s  of s p e c i e s  in fo rn la t ion  could be r e p o r t e d  i n  t h i s  
' 'set  . " 



TABLE 1. AREAS OF LAHR USE/LRiD COYER TYPES AT THE LANCASVER S17E. 

Or ig ina l  data, i n  polygon f o n , o b t a i n d  f ra the 
Pennsylvania P o ~ f r  and L i g h t  Company's Envfron..~ntol 
Land Use Data System (ELUDS) and gridded t o  67 m t e r  
p i x e l s  by NASA/Goddard Space F l  i g h t  Center. 

iti 1 m,eters % of ! 
j 

H i l e s  Sq TYPE Acres sq H ~ c t a r e s  To t a  1 i 

Cropland 8 Pasture 295.0 1@3,020.1 764.3 76,426.6 73.7 1 

159.6 0.6 64.6 
4 

>70% Evergreen Forest 0.2 0.0 I 
1 

>70X Dixiduoua Forest 34.7 22,232.3 90.0 8,897.3 8.7 ' 4  
1 
1 

m Hlxed Forest 
0 

Shrub Land 

1 

:;-2tl~nd Fomstc4 0.4 229.6 0.9 92.9 0.1 i 

Barren Lend 0.4 259.4 1.1 '905.0 0.1 3% - 
11.9 7,617.1 30.8 3.W. 6 3.0 

-WE! 
Viitertzady o a  j 
U n c l ~ s s i f  lcd 1.1 563.0 2.2 226.0 0.3 z r  

400 255,GCO 1,036.0 133,6033 
553 

Tota l  1 ~ 0 . 0  zs : : I 



TABLE 2. A R M S  OF LAf4D USE/LAI1D COVER TYPES AT BERHICK SITE. 

Orlgtnal  data, i n  polygon fom,obtained from the 
Pennsylvanjn Pozer and L igh t  Cmpany's E n v i r o m n t a l  
L a d  Use Data Systm (ELUDS) and gridded t o  67 m t e r  
p ixe ls  by MSA/Goddard Space F l  i g h t  Center. 

Urban 

Cropland L Pasture 

Orchards 

> 702 Evergreen Forest  

>70% Deciduous Forest 
c' 

,O Hixed Forcst  

Shrub Land 

H ~ r & c m u s  (kadow) 
b n g c l a n d  

tk t l cnd  Forested 
Barren Land 

Uac lass l f  icd 
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Other  l a n d  u s e l l a n d  cover  c l a s s e s  on t h e  L a n c a s t e r  p r o j e c t  sLte inc luded :  

1. Urban ( l e v e l  I) (Anderson e t  31. 1 9 7 6 )  o c c u p i e s  13.0% of  t h e  p r o j e c t  
s i t e  and 140 an imal  s p e c i e s  occur  i n  L a n c a s t e r  County and a r e  a s s o c i a t e d  
w i t h  t h i s  c l a s s .  Computing c o s t s  t o  produce t h i s  s e t  were  $0.37 
(Table  3 ) .  

2. Deciduous f o r e s t  c o v e r s  8.7% of  t h e  p r o j e c t  s i t e  i n  L a n c a s t e r  County 
and t h e r e  a r e  247 a n i m a l  s p e c i e s  which o c c u r  i n  t h e  coun ty  and are 
a s s o c i c t c d  w i t h  t h i s  "type." Computer c o s t s  t o  produce t h i s  s e t  
were $0 .42 .  

3. Three p e r c e n t  of  t h e  p r o j e c t  s i t e  is covered w i t h  wa te r .  There  a r e  
167 an imal  s p e c i e s  i n  L a n c a s t e r  County t h a t  a r e  a s s o c i a t e d  w i t h  t h i s  
h a b i t a t  type .  Cost t o  produce c h i s  s e t  was $0 .37 .  

T o t a l  computing c o s t s  t o  a s s o c i a t e  a n i m a l s  i n  L a n c a s t e r  County w i t h  f o u r  
l and  u s e l l a n d  cover  l e v e l  I o r  I1 c l a s s e s  was $1 .60 .  These f o u r  t y p e s  accoun t  
f o r  99% of  t h e  p r o j e c t  s i t e s  (Tab le  3;. 

I n  a d d i t i o n  t o  a s s o c i a t i n g  t h e  an imal  d a t a  w i t h  l a n d  u s e l l a n d  c o v e r  
c l a s s e s ,  t h e  an imal  d a t a  base  can  be used t o  make s i m u l a t i o n s  o r  "what i f "  
t y p e s  of  p r e l i m i n a r y  q n a l y s i s .  For example, " i f "  PP&L and NRC want t o  look  a t  
L a n c a s t e r  a s  a p o t e n t i a l  energy  development s i t e ,  we can  deve lop  a " s e t  o f  
an imal  d a t a "  which i n c l u d e s  s p e c i e s  i n  L a n c a s t e r  County and are a s s o c i a t e d  
w i t h  any of t h e  f o u r  lend u s e l l a n d  cover  c l a s s e s  i n  Tab le  3 .  T h i s  " se t "  
inc luded  440 an imals  i n  the f o l l o w i n g  groups:  

24 AMPHIBIANS 
225 BIRDS 

1 CRUSTACEANS 
47 FISH . 

7 INSECTS-AQUATIC 
51 INSECTS-TERRESTRIAL 
38 MAt-PlALS 
20  P!OLLUSCS 

2 OTHER-TEKRESTRIAI, INVERTEBRATES 
25 REPTILES 

4 G  ANIMALS 

COMPLETED. 
COST: 110 $ . l l  CPU $ .03 CONNECT $ .03 TOTAL $ .17 



Table 3. Pnirnals hu:m t o  occur i n  Lancaster County, Pennsylvania, and t o  be associated with fcur land use/ 
land cover classes by anirnal group. 

Agriculture 1 
Cmp1ar.d - Pasture Forest Urban Vat er 
& Orchards (73.8%) (9.8%) (13.0%) (3.0%) 

~ , C J ~ I ~ I N ~ S  ( 38 ) 9 17 7 15 

O T E R  AQUATIC I!PmTEEFATES ( 3 ) 

1 

$0.45 $0.42 $0.37 $0.36 I 

i .sp ! 

-02 
TOTAL CCSTS = $i.60 0 % 

i 
0, P f 



. 
, : .*. 

We were  i n t e r e s t e d  i n  t h e  s t a t u s  o f  t h e s e  440 a n i m a l s  t h a t  m y  
o c c u r  o n  t h e  L a n c a s t e r  s i t e ,  s o  we g r o u p  t h e  a n i m a l s  by s t a t u s ,  a o  f o l l o w s :  

72 1R.JLISTED 
27 COEDERCIAL 
8 1 CONSUMP-RECREATIONAL 
22 INPICATOR 

245 NOH-CONSUMPTIVE REC"RATIONM, 
340 SEE COMMENTS 

2 5  SENSITIVE 
1 STATE-ENDANGERED 

2 6  UNKNOWN 

NUMBER OF VALUES LISTED: 9 

COMPLETED. 
COST: 110 $ . l l  CPU $ .03 CONNECT $ .05 TOTAL $ .19 

> 
One o f  t h e  440 a n i m a l s  s p e c i e s  is c l a s s i f i e d  by t h e  S t a t e  o f  P e n n s y l v a n i a  

as endangered ,  t h e  bog t u r t l e .  We p r e p a r e d  a r e p o r t  wh ich  c o n t a i r s  ALL o f  t h e  
I i n f o r m a t i o n  i n  t h e  d a t a  b a s e  f o r  t h e  bog t u r t l e .  The c o s t  t o  r e p o r t  t h e  p r o f i l e  
. . 
4' f o r  125 f i e l d s  o f  i n f o r m a t i o n  was $2.64. 
- 

We s o r t e d  t h e  d a t a  on  440 a n i m a l s  known t o  o c c u r  i n  L a n c a s t e r  County 
and t o  be  a s s o c i a t e d  w i t h  one  o r  more o f  t h e  f o u r  l a n d  u s e / l a n d  c o v e r  c l a s s e s  

5 = by: 

A. Major h a b i t a t  t y p e s  

122 s p e c i e s  a s s o c i a t e d  w i t h  a q u a t i c  h a b i t a t  t y p e s  
76 w i t h  r i p a r i a n  h a b i t a t  t y p e s  

I ' 274 w i t h  t e r r e s t r i a l  h a b i t a t  t y p e s  
@ c o s t  o f  $0.15 

1. ! B. T r o p h i c  l e v e l  o f  t h e  a d u l t  l i f e  s t a g e  

1  U ~ l i s t c d  
214 C a r n i v o r e  

68 H e r b i v o r e  
144 Omnivore 

1 3  Unknown 
@ c o s t  of  $0.12 

I. 1: . F o r e s t  s i z e  c l a s s  

82  U n l i s t e d  
183 Mature  s i z e  c l a s s  
150 P o l e  s i z e  c l a s s  
144 S e e d l i n g / s a p l i n g  s i z e  c l a s s  
124 Unknown 
145 Unstocked s i z e  c l a s s  
@ c o s t  o f  $0.19 



D. ' Wetland type  

91 U n l i s t e d  
74 E s t u a r i n e  

14 1 Lacuo t r i n e  
3 Marine 

156 P a l u s t r i n e  
196 R i v e r i n e  

' 99 Unknown 
@ c o s t  o f  $0.27 

E. Food h a b i t s  of  t h e  l a r v a l  l i f e  s t a g e  

359 U n l i s t e d  
2 Arthropods-other  t e r r e s t r i a l  
5 Det r i t u s - o r g a n i c  
4 F l o w e r / n c c t a r / p o l l e n  
1 1Iardwood f r u i t  
3 lierbaceous f r u i t  

16 Herbaceous p l a n t  p a r t s  
9 I n s e c t s - a d u l t  t e r r e s t r i a l  
5 I n s e c t s - e q u a t i c  

11 I n s e c t s - i n n a t u r e  t e r r e s t r i a l  
3 Phytoplankton-diatoms 
4 P l a n t  s a p  
2 Rooted a q u a t i c  p l a n t s  

14 See  connen ts  
1 Softwood f r u i t  
3 Unknown 

24 Woody p l a n t  p a r t s  
@ c o s t  of  $0.45 

F. Occurrence i n  % Count ies  of Pennsylvania  

12 10% 
40 10-25% 

311 100% 
33 2 5 5 0 %  
22 50-75% 
22 75-99% 

@ c o s t  of  $0.16 

G. Adverse management p r a c t i c e s  

4 (No p r a c t i c e s  l i s t e d )  
17 A p p l i c a t i o n  of  f e r t i l i z e r s  

212 A p p l i c a t i o n  of h e r b i c i d e s  
287 A p p l i c a t i o n  of  i n s e c t i c i d e s  
220 A p p l i c a t i o n  of  p e s t i c i d e s  
62 C h a n n e l i z a t i o n  

124 Clean farming 
22 C r e a t i o n  of  s m a l l  and l a r g e  tmpoundments 
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22 C r e a t i o n  of suburban r e s i d e n t i a l  a r e a s  
3 Even a g e  t imber  maaagement 
1 Farm pond development 

16 Grass land  b u r n i n g  
14 Grazing 
26 Impoundment of  waterways 

6 I n c r e a s e  i n  deep  wate r  h a b i t a t s  
184 I n d u s r r l a l  p o l l u t i o a  
99 I n t e n s i v e  a g r i c u l t u r a l  p r a c t i c e s  

103 I n t e n s i v e  r e c r e a t i o n a l  development 
13 Main ta in  e a r l y  s t a g e s  o f  s u c c e s s i o n  
1 Main ta in  mast producing t r e e s  
7 Main ta in  mature  hardwood f o r e s t c  

18 Main ta in  m u d f l a t s  
14 Main ta in  overmature  hardwood and c o n i f e r o u s  f o r e s t s  
56 Man caused f l u c t u a t i o n  i n  w a t e r  l e v e l  d u r i n g  b r e e d i n g  
20 N a v i g a t i o n a l  improvements 

3 P l a n t i n g s  
1 P r e s c r i b e d  burn ing  

29 R e f o r e s t a t i o n  
88 Removal of f o r e s t  l and  f o r  f a rming  
83 Removal of  s t r ea rns ide  v e g e t a t i o n  

3 R e t a i n  o r  produce s p e c i a l  h a b i t a t  F e a t u r e s  
4 R e t e n t i o n  of  w i l d c r n c s s  

51 See comments 
32 S i l t a t i o n  

1 Thin ings  and r e l e a s e  c u t t i n g s  
58 Timber h a r v e s t  

3 TimSer s t a n d  improvement 
67 Unknown 
79 Urban o r  a g r a r i a n  development 

@ c o s t  o f  $0.59 

1- : H. Niche requ i rements  of s p e c i e s  w i t h  a n  e x t e r n a n  egg  l i f e  s t a g e  

45 (No requ i rements  l i s t e d )  
1 A i r  t empera tu re : see  comaents 
2 Aquat ic  z o n a t i o n : L i t t o r a l  
6 A q u a t i c / t e r r e s t r i a l  eco tone : ses  comments 

67 A q u a t i c l t e t r c s t r i a l  ecotone:unknown 
5 Caves-dry:unknown 
1 Caves-wet:unknown 
1 C l i f f s / l e d g e s : s e e  comEents 

12 Cliffs / ledges:unknown 
1 C o a s t a l  zone:unknown 
4 Coni fe rous  f o r e s t  a c s o c i a t i o n : s e e  comments 

99 Coni fe rous  f o r e s t  associa t ion:unknown 
28 Decaying p1ants:unknown 
5 Dissolved oxygen:anoxyphilous 
1 Dissolved o:cygen:cuoxyphFlous 

36 Dissoived oxygen:mesoxyphilous 
1 Dissolved oxygen: o l i g o x y p h i l o u s  
1 Elcvation:14000-15000 f t  
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2 Grasses:see comments 
24 Grosses:unknown 
26 Grassland : unknown 
1 Groundwatcr:see ccmments 

10  Hardwood forest association:see coments 
103 Hardwood forest association:unknown 
3 Herbs:see comments 

14 Herbs:unkno~m 
21 Human association:see comments 
31 Human association:unknown 

6 Inland wet1snd:bogs 
1 Inland wetland :ditches 
1 Inland wet1and:embayments 
4 Inland wet1and:island inhabisant 

11 Inland wet1and:pool areas 
3 Inland vet1and:prairie potholes 
6 Inland wet1~nd:seasonal wet depressions 

36 Inland vet1and:oee comonts 
1 Inland vet1and:sink holes 

16 Inland wetland:sloughs/bayous 
1 Inland wet1and:tundra 

30 Inland wet1and:unknown 
5 Inland wet1and:vegetated stream banks 

22 Inland wet1ana:veedbeds-lake 
15 Inland wet1and:weedbeds-stream 
8 Leaf litter/debris/humus:s:e -ornmsnts 
17 Leaf lit ter/debris/humus :unkrloi,n 
33 Meadows:unknoi,n 
24 Nest sites:cavities-deadldying trees 
24 Nest sites:cavities-live trees 
5 Nest sites:depressions 

19 Nest sites:see coments 
168 Nest sites:unknown 
28 Old fie1ds:unkno.m 
54 0rchards:unknown 

2 Pastures:see cornmnts 
33 Pastures:unkcom 

4 pH:alkaliphilous 
15 pH:indifferent 
23 pH:neutral 
1 Sa1inity:euryhalinous 

41 Salinity:oligohalobous 
2 Seeps/springs:see co~ments 
3 Shrubs:see comments 

62  Shrubs:unknown 
1 Soi1:gravel 
2 Soil: loaay 

14 Substrate:ernbenthic 
33 Substrate:epibenthic 
1 Substrate:epilithic 
3 Substrate:epipel ic 

32 Substratc:epipnytic 
2 Substrate:cpisabulic 
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11 Substrate:epixylous 
15 Substrate:sec corrments 
1 Substrate: unkn0r.m 

14 Successional stage:&ee conments 
12 Snccessioncl stuge:unknosln 
1 Suitable host:see comments 
2 Turbi.dity :etrlichotophilous 
1 Turbidlty:mesolichtophilous 
2 Turbidity :polylichtophilous 
18 Unknown 
4 Vegetation mosaics/edges:see comments 
46 Vegetation mosaics/edges:unknown 
1 Ve1ocity:see conlments 
20 Vclocity: 0.5 fps 
4 Vel0city:l.O-1.5 fps 
18 Vclocity: .5-1.0 fps 
1 Vines:see comments 
17 Vines :unknown 
20 Watcr depth preference: 1 ft 
23 Water depth prefercnce:l-5 ft 
4 lJatcr depth preferencc:S-10 ft 
14 Water 1evel:permanently flooded ' 

2 Water 1evel:seasonally flcodcd . 
1 Water 1evel:semipermanently flooded 
1 Water 1evel:steady-state reservoir levels 

41 W~.ter temperature:mesotherr.lai 
2 Water temperature:oligothermal 
1 Water temperature:see corr,ments 

@ cost of $1.31 

Thc above sets A-H demonstrate how the Data Base can provide detailed 
information on about 440 species of animals associated with land use/]-and 
cover classes for a projcct site in Lancaster County, Pennsylvania. Total 
costs for the Lnncaster analysis were: 

$1.60 individual land usc/land cover analysis 
.I7 land uselland cover animal group 
.19 land uselland covcr animal status 

2.64 bog turtle species profile 
3.24 sets A-H 
$7.84 TOTAL COSTS 

Total time in making this analysis was one hour. 

nlc Bcrwick site 

The Ikrwick site includes land in Luzcrne and Columbia Counties, Pennsylviinin 
Five larid usc/land covcr types included 992 of the project site (Table 2). We 
followed the same process in analyzing anininl associations at the Berwick site 
as used at the Lnncaster site; i.e., we grouped animal species into "sets" 
whicti corresponded to animal species knokn to occur in Luzerne or Columbia 
Counties and to be associated witlt each of the five land use/land cover classes. 
A t  the Berwick projcct site thcre were 253 anirlal spccics associated with 
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t h e  l e v e l  I c l a s s ,  " f o r e s t , "  i n c l u d i n g  17 amphibians ,  145 b i r d s ,  49 mzmmals, 
14 r e p t i l e s ,  26 t e r r e s t r i a l  i n v e r t e b r a t e s ,  and 2 o t h e r  i n v e r t e b r a t e s  (Table  
4). Tllele were 223 a n i m i l  s p e c i e s  a s s o c i a t e d  w i t h  c rop land-pas tu re  and o r c h a r d s ;  
133 qn t;?c urban  c l n s s ;  17 i n  b a r r e n ;  and 144 i n  t h e  w a t e r  c l a s s .  Conputing 
c q s t  f o r  t h e  f i v e  sets was $2.25.  

A Comparison of  Animal - Land Usc/Land Cover Data  
F om Two S i t e s  

At t h e  L a n c a s t e r  s i te ,  73.8% o f  t h e  s t u d y  a r e a  was c l a s s i f i e d  a s  a g r i c u l -  
t u r e ,  which inc iuded  c rop land-pas tu re  and o r c h a r d s .  There  were 233 an imal  
s p e c i e s  a s s o c i a t e d  w i t h  t h e s e  l a n d  use / l and  c o v e r  c l a s s e s .  A t  t h e  Berwick 
s i te ,  33.22 01 t h e  s t u d y  area was c l a s s i f i e d  as c rop land-pas tu re  and o r c h a r d s .  
Therc  were 223 a n i m a l  s p e c i e s  a s s o c i a t e d  w i t h  t h i s  type,  i n c l u d i n g  t h e  same 
number of b i r d s  and 3 more s p e c i e s  of  mammals t h a n  a t  t h e  L a n c a s t e r  s i t e .  The 
number c f  an imal  s p e c i e s  i n  t h e  o t h e r  t axcrmic  groups wes a l s o  similar f o r  t h e  
two s i t e s  (Tab le  5 ) .  

A t  t h e  L a o c a s t e r  s i t e ,  9.8% of  t h e  s t u d y  a r e a  was c l a s s f f i c d  as f o r e s t .  
There  were 247 an imal  s p ~ c i e s  a s s o c i a t e d  w i t h  t h i s  c l a s s .  A t  t h e  Berwick 
s i t e ,  55.8% of  t h e  a r e a  was f o r e s t ,  i n c l u d i n g  c o n i f e r o u s ,  dec iduous ,  and mixed 
f o r e s t  t y p e s  w i t h  a t o t a l  of  253 an imal  s p e c i e s  a s s o c i a t e d  wi th  t h e s e  types .  
It a p p e a r s  t h a t  t h e  g r e a t e r  n~lmber of  f o r e s t  t y p e s  ai t h e  Bcrv ick  s i te  nay 

i 
e x p l a i n  why t h e r e  were 1 3  more mammal s p e c i e s  and 5 more b i r d  s p e c i e s  a t  t h i s  
s i t e .  The s i g n i f i c a n c e  of  t h e s e  d i f f e r e n c e s  is n o t  c l e a r .  A much rcore d e t a i l e d  
a n a l y s i s  w i t h i n  major groups of an imals  would be r e q u i r e d  t o  e x p l a i n  some of  

i 
t h e s e  d i f f e r e n c e s .  However, o u r  purpose h e r e  is n o t  t o  a n a l y z e  d i f f e r e . ~ c c s  

I 
i n  t h e  eco logy  of t h e  two s i t e s ,  b u t  t o  d e n o n s t r a t e  t h e  c a p a b i l i t y  of  t h e  
Pennsy lvan ia  Data  Base t o  a s s o c i a t e  t h e  a n i m s l s  w i t h  c l a s s e s  of l and  u s e  and 

I 
cover  determined by remotely-sensed d a t a  coupied w i t h  a  geograph ic  i n f o r m a t i o n  
system.  Examples of t h i s  t y p e  of h n a l y s i s  w i l l  be demonstra ted d u r i n g  t h e  
P o s t e r  Sess ion .  

\ f I n f o r m a t i o n  abou t  t h e  Pennsy lvan ia  Data Base can  be o b t a i n e d  by c o n t a c t i n g  
t h e  Pennsy lvan ia  Game Commission: Mr. Jacob  S i t l i n g e r ,  Ch ie f ,  Divisi.cn o f  
Land Management, Pennsylvania  Game Commission, P. 0. Box 1567, H a r r i s b u r g ,  

\. 1 Pennsylvania  17120. Telephone: 7171787-6818. 

- i 
1' CONCLUSIONS AND RECONMENDATIONS 

1 1  

C We have demonstra ted one approach of i n t e g r a t i n g  f i s h  and w i l d l i f e  d a t a  
w i t h  l and  use / l and  c o v e r  c l a s s e s  on two s i t e s  i n  Pennsylvania .  The e f f e c t i v e n e s s  
of t h i s  approach depends upon t h e  q u a n t i t y  and q u a l i t y  of i n f o r n a t i o n  i n  t h e  
datn base ,  u s e r  inEormation needs ,  and how w e l l  t h e  land use / l and  cover  c l a s s i f i -  
c a t i o n  schemes zroup an imals  i n t o  meaningful  b i o l o g i c a l  u n i t s  o r  ecosystems.  

t An an imal  d a t a  base  designed a c c o r d i n g  t o  g u i d e l i n e s  developed i n  Pennsy lvan ia  
can  be used t o  make a n  i n e x p e n s i v e ,  q u i c k  f i r s t  look  a t  f i s h  and w i l d l i f e  
r e s o u r c e s  on o r  n e a r  t o  energy development sites. It cou ld  a l s o  be  a  useful .  
t o o l  f o r  t h e  e v a l u a t i o n  of p o t e n t i a l  impacts  of c o n s t r u c t i o n  of energy f a c i l i t i e s  
and long-term o p e r a t i o n  of a  f a c i l i t y  on f i s h  and w i l d l i f e .  

611  



Table 4. U n a l s  known t o  occur i n  Luzerne and Columbia Counties and t o  be associated with five land use/ 
land cover classes by animal group. 

Agriculture 
Cropland - Pasture Forest Urban Water Barren 
& Orchards ( 3 3 . 2 % )  ( 5 5 . 8 5 )  ( 5 . 0 % )  ( 1 .6%)  ( 4 . N )  

cn 
*- 
t~ AQUATIC I I ISECTS (90)  

W G  
O'l?kiEX AQUATIC IHWERTEBEWTES ( 3 ) 0 Z 

2 2  

TOTAL COSTS = $2.25 



Table 5. A c q a r i s o n  of animals nssociated with four land use/land cover c lasses  a t  the Lsncastcr ard Bezwick 
project  s i t e s  i n  Pennsylvania. 

Agri cu l  tui-e Forest Urban Water 
L B L B L B L B 

( 7 3 . 8 ~ )  ( 3 3 . 2 % )  ( 9 . 8 % )  ( 5 5 . 8 % )  (13.0%) ( 5 . 0 2 )  (3.0%) (2.0%) 

AgVATIC INSECTS (90) 7 4  

0T'Zf.R AQUATIC I!WERTEERATLS ( 3 ) 

Oi'FLR TrLFFSTHIAL IENETI'EBk4TES ( 8 )  2 3 2  2 2 2 
0 0  

TOTALS ( 8 4 4 )  233 223 247 253 140 133 167 la vz? g s  
O B  
=I- 

o w  
CZI 
PC) 
r m  
3z 
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The key t o  i n t e g r a t e  t h e  animal  d a t a  w i t h  remotely-sensed l and  u s e l l a n d  
c o v e r  d a t a  was t h a t  bo th  d a t a  b a s e s  used t h e  s t a n d a r d  l e n d  u s e l l a n d  c o v e r  
c l a s s c s  and d e f i n i t i o n s  de-.#eloped by Anderson e t  a1.(1976.) Without t h i s  
~ t a n d a r d i z n t i o n  of  d a t a  e lements  and d e f i n i t i o n s ,  w c  cou ld  n o t  have i n t e g r a t e d  
t h e s e  d a t a  bases .  
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AIR FORCE ENERGY REQUIREMENTS 

BRIAN R. LENZ, MAJOR USAF 

WASHINGTON D.C. 20330 

The energy status, goals and objectives of the Air Force will be outlined in thc areas 
of aircrlft, vehicle nnd installniion opzrations. Past accorcplishmrrrts Li reduciag 
energy consumption will be used ta introduce on going encrgjr programs and chcllenges 
to the Air Force in energy manngc-nent. Air Force hes developed on extensive 
and successful energy conservation program. New and innovative appioaches must be 
undertaken to continue the past moment~trn in reducing energy consumption. Air 
Force ~c t iv i ty  and requirements in new energy technologies such as solar., geothermal, 
wind energy, refuse derived fuel, snale oil, biomass and coal wid be described. 

The private sector development of new energy technolcgies and techniques o d d  
sig~ificantly contribute to Air Force energy conservation. The Air Force is looking at 
innovative approaclies to obtain privste sector energy expertise and complete new 
energy projects. One ap?ronch is for a contractor to devclop and operete a specific 
energy source or improve +3e on base energy system efficiency. The ccntractor would 
then be paid over a period of time by the savings that develop. This wou!d accelerate 
the energy technology transfer from industry orid provide n market place for orivate 
industry. 

Specific procedures and points of contact will be described to assist contractors ir: 
doing business with the Air Force. The primary offices involved in energy technology 
development will be outlined along with areas with a potential to be contrected out. 
General contract procedures and contract clauses will be introduced to aid contractors 
interested in doing business with the Air Force. 
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R. Koff ler  and 3. Cotter  
Lkpxtment: of Camncrce 

National Weanic  an=1 Atmspher ic  Administraticn 
National Earth S a t e l l i t e  Service 
Washington, D. C. 20233 USA 

The National Oceanic and Atnospheric Administration (NOAA) manages am3 
operates  t h e  nat ion 's  c i v i l  operat ional  earth r a t e  sensing satellite 
prcgrams. Iimdsat T?, launched in Ju ly  1-982, is the space ccmponent o f  
t h e  n w ,  operzt ional  land satellite systrm t h a t  NOM w i l l  i n i t i a t e  on 
January 31, 1983. The mde of operation o f  t h i s  ncw syst@n is estab- 
l ished.  Published data co l lec t ion  object ives ,  production l i n e  
processing, and fix& p d u c t  del.ivcry schedules arc its main 
charac te r i s t i c s .  

IXIM o f f i c i a l s  w i l l  provide attaxlees wit!! an  wervicw of the new 
Landsat sys tan and t h e  way that it w i l l  be o p x a t e d .  Systan d m i s i o n s  
that ranain opal ,  nrd Iardsat product p r ices ,  and t h e  i s sue  of comner- 
c i a l i w t i o n  w i l l  be discussed. mst of  t h e  period w i l l  h reserved f o r  
questions,  amnents ,  and suggestions from the audience. h9AA w i l l  pro- 
v ide  milirq mater ia ls  for those wishing to make wr i t t en  carmcnts. 
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I 1  Low Cost Laser Disk f o r  Ceo-Referenced Data S torage"  

William J. Campbell 
Eas t e rn  Regional  Remote Sens ing  App l i ca t ions  Center  (ERP.SAC) 

tWSA/Goddord Space E l  i g h t  Center  
Creenbl t ,  ?El 20771 

P r e s e n t l y ,  t h e  o torage ,  mznipulnt ion and d i o c r i m i n a t i o n  of ~ e o r e f e r e n c e d  
d a t a  i nc lud ing  s a t e l l i t e  d a t a  i s  handled by a v a r i e t y  of  approaches and 
systems.  Hore o f t e n  than  n o t ,  t h e s e  systems a r e  n o t  compat ib le  i n  s t o r a g e  
and r e t r i e v a l  format no r  a r e  t h e  d i f f e r e n t  d a t a  p h y s i c a l l y  s t o r e d  w i t h i n  
easy  a c c e s s  w i t h  each o t h e r .  The huge volume of d a t a  r e tu rned  by s a t e -  
l l i t e  e i t h e r  i n  d i g i t a l  o r  ana log  format can  be  s t o r e d  on v ideo  d i s c .  
Any a n c i l l a r y  o r  complementary d a t a  t o  a  g iven  p i e c e  o r  p i e c e s  of r e a l  
e s t a t e  can a l s o  be  s t o r e d  on v ideo  and c r o s s  r e f e r enced  between and among 
t h e s e  multifaceted d a t a  types .  Th i s  d a t a  i n c l u d e s  s a t e l l i t e  imagery, 
images cons t ruc t ed  from HLILTIDATE Landsat MSS and RBV d a t a ,  Thematic Mapper 
( i f  a v a i l a b l e ) ,  HOIEl, a e r i a l  photography, topographic  end t l~emat  i c  maps, 
c h a r t s ,  and l and  u s e  s t a t i s t i c a l  d a t a .  

Vidco d i s c s  c u r r e n t l y  on t h e  market (CE, Discovis ion ,  Sony) w i l l  a l low 
up t o  108K (both  s i d e s )  of s t o r a g e  wi th  a c c e s s  t i n e s  1/3  t o  3 seconds 
t o  seek  ou t  and d i s p l a y  any ind iv idua l  frame. An obvious  advantage w h e ~  
conpzrcd with lnaznctic tape is i n  s t o r a g e  space  and hand l ing .  The s t o r a g e  
a c c e s s  can be  nccornplished by o v a r i e t y  of  co r?u t e r i zed  d a t a  base  
managcmcnt systems such as d i r e c t ,  h i e r a r c h i c a l ,  key word and Yctworlc 
searches .  F i n a l l y ,  c o s t  advantage f o r  s torap,e  i n  t h e  range  of 1011 b i t s  
is npproximately $40,000 vs .  $20 once t h e  i n i t i i i l  4 i s c  is pressed .  
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SOLAR TECHNOLCGIES : 
WHEN IS THE R E S ~ C E  

COST TCO HIGH 
Y. H. Schiffman 

Pres j-dent 
Schiffman Energy Services, Inc. 

Springfield, Virginia 

This poster session reports on one aspect of the Technology Assessment of 
Solar Energy (TASE) Project. TASE was a comprehensive multi-year analysis 
of the environmental and community impacts which would result by the year 
2000 if major national incentives were adopted to accelerate the use of 
solar and biomass technologies. The study employed a comparative approach 
to examine the probable impacts of large numbers of solar the biomass 
units and the reduction of a comparable amount of energy produced by 
conventional units. These comparisons are made by examining the airect 
and indirect pollution inlpacts associated with energy prqduction, the 
capital and labor costs of systems operations, maintenance and 
construction, and the materials, land, and water resources that would need 
to be comitted. 

Overall, the study conclcded that mzjor incentives for solar and biomzss 
technology development can lead to significant air pollution and safety 
probleins as well as to major stress on national capital an3 materials 
resources. The rapid rate of growth associated wit11 majcr incentives for 
solar and biomass technologies could markedly increase energy demands in 
the manufacturing sector. The potential environm?n.ial problems and 
increases in worker health and safety hazards would largely derive from an 
increased emphasis in the manufacture of numerous small decentralized 
systems. Increased use of small unco~trolled biomass comb~stion units 
would also likely exacerbate existing local air quality problerns in many 
regions of the U.S. The capital and materials resource problems derive 
from emphasis on the high, near term growth in solar technologies. A 
general solution to this problem lies in greater emphasis on biomass 
technologies, particularly those amenable to controls and in emphasizing 
the construction of community scale solar technologies. 

The poster session will focus on the resource corcmitmentc of both 
conventional and renewable technologies. Comparisons will be made on a 
1012 Btu basis to provide a consistent frame of reference for a11 
discussions. Other aspects of this three and one half year study can be 
explored if the audience desires. The study made use of several large 
scale system dynamics models, models which the author helped design. 
These models have several interesting features for those interested in 
regional and state level energy modeling. 
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Practical Applications Ueing A High kenolution Infrared Imaging System 

David W. Baraniak 

Infrared imaging systcms can be classified into three general categories, low resolution, 
medium resolution and high resolution. It is the purpose of this paper to highlight spec- 
ific applications best suited to high resolution, television capatable, infrared data ac- 
quisition techniques. 

The data was collected from both grou~d bgned andoaerial based nobile positions where 
the temperature differentials varied from 15 C to 25 C. 

Specific applications include scaniling building complexes from the exterior usicg a 
ground based moving vehicle, scanning buildings, concrete bridge decks and terrain from 
the air using a helicopter and scanning building interiors using a mobile hand truck. 

Introduction -- 
By definition, high resolution imaging equipment produces a television signal equal to 

525 lines horizontally, with each line containing 400 picture elements. The m&nimat~ resol- 
vable temperature difference of the 8 to 14 micron sensor must be at least 1/2 C. 

The unit used to collect the data contained herein was a Fl.ir Systems model 100 TTV 
(Thermal Television) portable infrared camera. This unit was selected because of its 
direct tclcvision cornpatability and high resolution imagery. When connectcd t n  a portzble 
video tape recorder and television monitor, the system becomes mobile and can be used on a 
cart, in a vehicle, in a helicopter, or in a fixcd wing aircraft. 

All of the data collected for energy conservation and surveillance is qualitative (i.e. 
no direct temperature measurements from the emitting surface arc made). The difference 
in picture shading (grey tones) is due to the relative difference in object surface temp- 
erature. Usually, the liqhter tones are warmer and thc darker.tones are cooler. 

Data collected from the inside or outside of a building requires a temperature diffcr- 
ential of at least 1 5 O ~  for good thermal and spatial image quality. 

As a practical matter, solar loading of exterior walls and roofs is not recommended when 
looking for insulation voids. However, the solar loading of flat roof decks cr concrete 
surfaces when looking for wet insulation or concrete sub surface delaminations is required 
tc produce good thermal patterns. With these parameters in mind, the thermal surface 
patterns arc then imaged by the camera on a television monitor and at the same time record- 
ed on video tape. When hard copy prints are required, a picture of the television monitor 
is rnadc by using a polaroid camera attachment. 

Exterior data-acquisition using a vehicle rnountcd portable infrared unit 

When a great number of buildings or when very large complexes were to be scanned, the 
vehicle mounted unit was used to collect the exterior data. This type of scanning is 
usually done in the evening (three to four hours after sundown) when the objects have begun 

, to come into thermal equilibrium.. 

With the unit mounted in a vehicle (See Figure A )  and aimed at the exterior surfaces, 
the thermal data was recorded on video tape. The vehicle speed determines the quality of 
images. If a very detailed analysis is required, the vehicle should stop and the camera 
should rccord as much data as possible. This technique allows for hard copy photographs of 
thc monitor to be rnadc without blurrrnq the picture. Samples of this data are shown in 
figures 1 thru 4 .  

Exterior data acquisition using a helicopter mounted portable infrared unit 

Data acquisition usincj a fixed wing or l~elicopter mounted infrared systcm (See Figure a) 
is required when a qrcat deal of qeoqraphic area is to be covcrcd or a spccific area such 
as a roof is to bc scanned. The most important factor in using an infrared system in this 
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manner is its ability to produce high resolutiolr imagery from within a rclativelg unatable 
environment (i.e. vibrating hclicupter). Since the field of view is fixed at 21 ~ 2 8  with 
the Flir TTV lO0,the height of the helicopter or airplane from the target determines the 
amount of imagery presented on the television screen. 

Generally speaking, a helicopter is used when tzrgets, such as single or rnulti unit COm- 
plexes, power lines, substations, bridge decks, roofs and thermally polluted waters are 
scanned for thermal anomalies. The helicopter's ability to hover oyer an area make it ex- 
tremely useful to collect quality dota. Fixed wing aircraft ray be used for long dietznce 
flying of pipelines or pavement sections. Sanples of this type of aerial data can be found 
in figures 5 thru 14. 

Where helicopters are flying over populated areas, advance warning nust be given to the 
local authorities and public medic to forewarn residents of the flight patterns. kihere 
night flying is required, a daylight over flight of tho target area is required to alert 
the pilot Of impending dangers such as high voltage towers, telephone poles, tall buildings, 
etc. 

Interior data acquisition using a portable infrared unit mounted on a hand truck - 
When site circumstances require unit portability, the imaging system can be mounted on 

a hand truck (See Figure C ) .  This type of mounting allows the operator to roll the system 
from point to point, while continuollsly recording. Where detailed hard copy pictures are 
required, the hand cart remains stationary while the camera records the target image. 

Walk through interior scans of residential, indpstrial, institutional and gommercial 
buildings lend themselves to this method. The tcmperature differcntial of 15 C still 

' applies and the lack of solar loading on the exterior surface is a must. Since the surface 
cmissivity of interior walls is usually uniform, the data collcctcd tends t o  he consistent 
from room to room. 

The int.erior scan procedure ia used to detect insulation voids in the wall ;nd ceiling 
areas. Additionally, air infiltration can be locdted around windows, doors and electrical 
outlets. Most energy audits use the interior scan to locate specific thermal anomalies 
whcrc repairs are likely made. Figures 15 thru 18 highlight typical hand truck applica- 
tions. 

Additional applications for hand held usage include on site inspection of concrete for 
sub surface dclaminations, on site preventive n-aintcnance inspections in industry where 
hot electrical connections and hot bearings are detected, on site inspection of areas where 
heat transfer problems exist such as blocked heat exchanger passaqes, etc. 

Summary 

1. High resolution infrared imging systems allow the laymen to easily interpret the data. 
2. Direct television compatability allows the data to be recorded on standard video 

equipment. 
3. System portability allows the user to choose his mode of operation (i.e. mobile scan, 

aerial scan or hand truck scan). 
4 .  Television compatible high resolution imagery with a .~OC nini~um rcsolvablc tcmpera- 

ture dlffercnt~al per picture element allows the data to quantified by computer. 
5. Large data bases cdn be compiled in a short period of time using video tape (as opposed 

to hard copy prints produced on site). 
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F i g u r e  B. H e l i c o p t e r  mounted  

F i g u r e  C. Hand t r u c k  mounted  6 2 4  
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F i g u r c  1. Frame home e x t e r i o r  

F i g u r e  2 .  S i d e d  home e x t e r i o r  

F i g u r c  3 .  Cundominium c x t c r i o r  

F i g u r c  4 .  S c h o o l  exter ior  

F i g u r c  5. Condominium e x t e r i o r  
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F i g u r e  10. Flat r o o f  s c h o o l  

F i g u r e  8. Condominium e x t e r i o r  F i g u r e  11. S u r v e i l l a n c e  i n  open f i e l d  

-- 
Cold r o o f  
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I: F i g u r e  9 .  F l a t  r o o f  b u i l d i n o  F i g u r e  1 2 .  Plilwaukee c i t y  s t r c c t s  
6 2G 
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l a m i n a t i o n  

F i g u r e  13. I n t e r s t a t e  b r i d g e  deck 

C o n c r e t e  d e l a m i n a t i o n  / 
F i g u r e  14. I n t e r s t a t e  b r i d g e  deck 

F i g u r e  16, Home i n t e r i o r  window 
compar i son  

F i g u r e  17, Block b u i l d i n g  i n t e r i o r  

Cold window 
--L 

F i g u r e  15 .  Homc i n t e r i o r  w i t h  v o i d s  F i g u r e  IS. Board room i n t e r i o r  627 
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INTEGRATION OF FISH .4hTJl WILDLIFE DATA WITH REMOTELY 
SENSED LAND USEnAND COVER DATA -- AEiI) DMONSXATlOH USIliG 

SITES IN PENNSYLVANIA 

Charles T. Cushwa, Germain LaRoche and Calvin DuBrock 

ABSTRACT 

The U.S. Fish and Wildlife Service in cooperation with the Pennsylvania 
Game Commission developed a statewide fish and wildlife data base. The 
data basae includes 125 categories of infornation on each of the 544 
species of animals which are resident or com,on migrants to the State. 
The animal data will be combined with remotely sensed land use/land cover 
data from two sites in Pennsylvania. One site is an energy development 
project; the other is a high energy use area. Analyses using the combined 
data bases will be demonstrated for a variety of land use/land cover types 
at both sites. Changes in land use/land cover will be interpreted to 
assess potential development impacts on aquatic and terrestrial vertebrate 
fauna. Time and cost information for the analyses will also be presented. 
The animal data base will also be demonstrated dcring the Poster Session. 



1dE NUCLEAR REGULATORY COPJ4ISSION EREKGENCY 
PLANNING MAPPING PROGRAM 

A. Sin i sga l l i ,  E. Weinstein, and J. Coulson 
U.S. Nuclea,. Reoulatory Comn~iss ion 

Washington, D.C.  20555, U.S.A. 

Since the accident a t  the Three Nile Island nuclear power plant near 
Harrisburg, Pennsylvania over three years ago, the s t a f f  of the U.S. 
Nuclear Regulatory Commission has begun making more intensive use of 
remotely sensed data. This, together with data frorn more conver~tional 
sources, combine to develop maps tha t  can be used to  provide v i ta l  
information, as  well as ins igh t ,  to rnanagemer~t as  an aid to decision making 
ifi the event of an emergency. 

A1 though map information proved useful during the TMI accident,  the NRC 
mapping program has now been upgraded to  include more remotely sensed data. 
The principal form of t h i s  data u t i l i z ed  by N R C  i s  ae r ia l  reconaissance, 
both intermediate a l t i t ude  (about 20 - 25,000 ft.) and hicjh a1 t i  tude (about 
60,000 f t . ) .  

The above information i s  used in conjunctior! with other  data sources to  
present a compl2te and deta i led overview of a par t i cu la r  s i t e .  The 
information acquired includes: local and regional topography, general l y  
acquired from most recent USGS mappi r,g information; local and reyional 
demography, acquired from 1980 Census data and revised fo r  s i t e  spec i f i c  
considerations; road networks, acquired f ron local maps and v c r i f i  ed via 
remote sensin! techniques; a n d  general s i t e  charac te r i s t i cs  such as  land use 
and hydrology, usually ver i f ied Ly remote sensing d a t a .  

The NRC emergency planning mapping program i s  continuously being upgr3ded as 
new data becomes available.  The presentation of maps depicting the Duane 
Arnold s i t e  ( i n  Iowa) provides an ins ight  to the current. methods 3nd types 
of information available to  NRC.  
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GL3SSkqY OF' SOFIE COMMON RENOTE SENS I:3G TERMS 

Following are some of the most commonly used remote sensing terms, 
including those used in the accompanying article. 

ALTITUDE. Height of sp~cecraft above a specified datum, usually above 
mean sea level. 

BAND. Set of adjacent wavelengths in the electromagnetic spectrum which 
has a commm characteristic, such as the visable band. 

CHANGE DETECTION. Process by which two images nay be compared, resolution 
cell by resolution cell, and an output generated whenever corresponding 
resolution cells have different enough grey tones. 

CHANNEL. There are six channels (scan line detectors), per HSS spectral 
bands 4, 5, 6, and 7. Thus the MSS is a 24 channel scanner on LANDSAT 1. 

CLUSTER. Homogencous group of units which are vely much "like" one 
another. Likeness is usually determined by the association of similarity 
or distance between the measurement patterns the units give'rise to. 

CLUSTER ASSIGNHENT. Function which assigns each observed unit to a 
cluster or1 the basis of measurement pattcrns in the data sequence. 

CLUSTER IDENTIFICATION. Process in which the cluster assignment function 
is applied to the sequence of observed units, thereby yielding a cluster 
identification sequence. 

COLOR COWOSITE IMAGE. A color negative, transparency or print produced 
from bulk or precision black and white t~iplet sets (usually using MSS 
bands 4, 5, ahd 7). The resulting colors are arbitrarily derived, thus 
the expression "false color". 

DIGITAL ANALYSIS. Machine aided (con~uter) qnalysis of digital remote 
rensing data. In this case, Landsat digital data. 

DIGITAL IMAGE. Obtained by partitioning the area of an image into a 
finite two dimensional array of small, uniformly shaped, mutually 
exclusive regions called "resolution cells" and by assigning a 
representative grey tone to each region. 

ENHANCEMENT. Various processes and techniques designed to render optical 
densities on imagery more susceptible to interpretation. 

FALSE COLOR. See color composite image. 
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GEOGRAPHIC COORDINATES. The latitude and longitude used to locate any 
given point on the earth's surface. 

GROUND TRLJTH. Information concerning the actual state of ground 
conditions at the time of a remote sensing overflight. 

IElAGE/FRAME. Data from the one spzctral band of one censor for a nominal 
framing area of the earth's surface. 

IMAGERY. Representation or reproduction of objects recorded on 
photographic emulsion; visual representation of energy recorded by remote 
sensing instruments. 

MOSAIC. An assembly of several aerial photographs, usually overlapping, 
onto one picture. A controlled mosaic ic one made up of photographs 
restituted to confirm with predetermined ground survey data. 

MULTISPECTRAL. Designates imagery formed, usually cimultaneoucly, in more 
than one spectral region and acalyzed jointly. The simultaneous use of 
two or more sensors to obtain imagery from different portions of the 
electromagnetic spectrum. 

MULTISTAGE ANALYSIS. A statistically driver1 analysis technique using both 
manual and digital analysis of remote sensing data acquired at several 
altitudes, and verified by ground sampling techniques. 

REMOTE SENSING. Imaging or recording of physical phenomena at a distance 
by detecting the radiant energy which the phenomena either reflect or 
emit. 

RESOLUTION. Ability of a remote sensing system to render a sharply 
defined image, and including the three following terms. 

GROUND RESOLLITION. The minimum distance between two or more adjacent 
features of the minimum size of a features which can be detected, 
usually measured in conventional distance units such as feet or 
inches. 

IMAGE RESOLUTION. Resolution expressed in terms of lines per 
millimeter, for a given photographic emulsion under specified 
situations. 

THERMAL RESOLUTION. Image resolution esprcssed as a function of the 
minimum temperature difference between two objects of phenomena. 
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P1ERP.E-MARIE A D R I E N  

P ie r re -F ia r i e  Adr- r e c e i v e d  a  Bache lo r  o f  S c i e n c e  i n  S o i l  Chemist ry  From V i r g i n i a  
P o l y t e c h n i c a l 1 n s t i t u t e b S t a t e U n i v e r s i t y a n d a n M . S .  i n  S o i l a n d  Remotesens ing  from 
P u r d u e U n i v e r s i t y .  Hcis aPh.D. candidate--TnternctionalDevelopment- at American 
U n i v e r s i t y .  He h a s  r e c e i v e d  s e v e r a l  awards,  one o f  which is t h e  Remote S e n s i n g  
Award from t h e  I n t e r n a t i o n a l  Communications Agency. He h a s  had o v e r  1 0  y e a r s  of 
e x p e r i e n c e  a t  t h e  Inter-American Development Bank, Washington,  D.C. ,  i n  t h e  de- 
s i g n ,  a n a l y s i s  and management of a g r i c u l t u r a l  development  p r o j e c t s .  Hc is a c u r -  
r e n t  member o f  s e v e r a l  o r g a n i z a t i o n s ,  one of which is  t h e  American A s s o c i a t i o n  
f o r  t h e  Advanccrnent of S c i e n c e  (AAAS). IIe h a s  had t w e l v e  p u b l i c a t i o n s ,  p r i m a r i l y  
i n  remote  s e n s i n g  a p p l i c a t i o n s  i n  n a t u r a l  r e s o u r c e s  s t u d i e s ,  p u b l i s h e d  by S c i e n c e ,  
t h e  I n s t i t u t e  of E l e c t r i c a l  and E l e c t r o ~ l i c s  E n g i n e e r s  (IEEC), Purdue and o t h e r  
s c i e n t i f i c  j o u r n a l s ,  i n  a d d i t i o n  t o  numerous t e c h n i c a l  r e p o r t s  on a g r i c u l t u r a l  
p r o d u c t i o n  f o r  t h e  Inter-American Development Bank (IDB). 

ARTHUR T. ANDERSON 

Mr. Anderson i s  a  g e o l o g i s t  w i t h  t l ~ e  O f f i c e  o f  S u r f a c e  Mining. He r e c e i v e d  h i s  
d e g r e e  from t h e  C i t y  U n i v e r s i t y  of New York i n  1961, h a s  had v a r i o u s  grac!uate 
s t u d i c s  i n  geology and remote  s e n s i n g  and iias been a s s o c i a t e d  w i t h  f i e l d  g e o l o g i -  
c a l  a p p l i c a t i o n ,  and t h e  e v a l u a t i o n  of rcmote  s e n s i n g  d a t a  from v a r i o u s  p l a t f o r m s .  
S i n c e  g r a d u a t i o n ,  he  h a s  worked f o r  Autonle t r ic  Co., Defense  1.1npping Agency, Corps  
o f  E n g i n e e r s ,  NASA, and w i t h  t h e  O f f i c e  o f  S u r f a c e  ::ining s i n c e  1979. A s  t h e i r  
g e o l o g i s t  and rcmote s e n s i n g  c o o r d i n a t o r ,  Flr. Anderson vorlcs i n  t h e  s p e c i a l  s t u d i e s  
a r e a  of t e c h n i c a l  a s s i s t a n c e .  and p r o v i d e s  t h e  e v a l u a t i o n  o f  t h e  numerous s u r f a c e  
mining r e g u l a t  i o n  a r e a s ,  r ec lan la t ion  e v a l u a t i o n ,  i n s p c c  t i n n  programs, overburden  
a n a l y s i s  s t u d i e s ,  and a s s i s t s  i n  improving t l ie c a p a b i l i t y  t o  u t i l i z e  a e r i i i l  d a t a  
f o r  i n s p e c t i o n ,  enforcement  and i d e n t i f y i n g  t h e  s u r f a c e  e f f e c t s  f o r  mine problem 
d e l i n e a t i o n .  Mr. Anderson a l s o  h a s  o v e r  60 p u b l i c a t i o n s  on a e r i a l  and d i g i ! a l  
image p r o c e s s i n g ,  g e o l o g i c  nnd s u r f a c e  mining p r o j e c t s  th roughou t  t h e  Appa lach ian  
and Western c o a l  f i e l d s .  

ROGER B. AREND 

blr. i\rcntl r e c e i v e d  h i s  Bachc lo r  of S c i e n c e  i l l  C i v i l  E l ~ g i n e e r i n g  f o r  I'urdue Uni- 
v e r s i t y  and took h i s  g r a d u a t e  s t u d i e s  i n  E a r t h  S c i e n c e s  a t  Dartmouth C o l l c g e .  He 
h a s  been concerned w i t h  t h e  e n g i n e e r i n g  a p ~ l i c n t i o n s  o f  a e r i a l  pho togrnp l~y  s i n c e  
1962. H i s  work h a s  i n c l u d e d  t h e  i d c n t i f i c a t i o i i  of s o i l s ,  r e g i o n a l  a n a l y s i s ,  h i g h -  
way c o n s t r u c t i o n ,  t e r r a i n  ; ~ n a l y s i s ,  and t h e  c n g i n e e r i ~ l g  u s e s  of g e o l o g i c  m a t e r i a l s  
i n  a r c t i c ,  Iiigli muuntain ,  temper . l te ,  and t r o p i c  a r e a s .  lie Ins d i r e c t e d  t h e  acqu i -  
s i t i o n  of a e r i a l  pliotography f o r  p r o j e c t s  i n  t h e  U.S., Canada, and T h a i l a n d ;  o r -  
gan ized  and d i r e c t e d  l a n d u s c  mapping p r o j e c t s  t l l r o u g l ~ o u t  t h e  Midwest and N o r t h e a s t ;  
and p a r t i c i p a t e d  i n  o v c r  50 e r o s i o n  s t u d i c s ,  env i ronn icn ta l  a n a l y s i s ,  and s i t e  l o -  
c a t i o n  p r o j c c t s  t l ~ r o l l g l ~ o u t  t l ic Uni tcd S taLes .  Ile is a mem5er o f  t h e  American So- 
c i e t y  of I'hotogranunetry , t l lc Nntionil l  S o c i e t y  o f  P r o r c s s i o n a l  E n g i n e e r s ,  t h e  New 
Hanl)sliire S o c i e t y  of P r o f e s s i o n a l  Engineers, and i s  a r e g i s t e r e d  P r o f e s s i o n a l  En- 
g i n e e r  i n  tile S t a t e  of New Ilnmpsl!ire. 



TIMOTHY W .  AST3N 

Timothy W. -- Aston is a r e s e a r c h  a s s o c i a t e  f o r  t h e  M e t r o p o l i t a n  Landscape P lann ing  
Team (PIEPIAE!) st t h e  U n i v e r s i t y  of Massachuse t t s  a t  Amherst. He came t o  t h e  
U n i v e r s i t y  t o  pursue  pos t -g radua te  work a f t e r  r e c e i v i n g  h i s  B a c h e l o r ' s  Degree 
from t h e  U n i v e r s i t y  of Connec t i cu t  i n  N a t u r a l  Resources .  C u r r e n t  r e s e a r c h  em- 
p h a s i s  is  on Renewable Energy Resource Assessment,  P lann ing  and E v a l u a t i o n .  

RONALD L .  BALLARD 

Ronrild 1,. B'111ard earned a d e g r e e  i n  Geology i n  1960. He a t t e n d e d  g r a d u a t e  
s c h o o l  a t  t h e  U n i v e r s i t y  of Washington, where h e  r e c e i v e d  a Mas te r  of S c i e n c e  
d e g r e e  i a  Oceanography i n  1963. H i s  f i r s t  ass ignment  was w i t h  t h e  Environmental  
S a f e t y  Branch of t h e  Atomic Energy Commission a t  t h e i r  Nevada O p e r a t i o n s  O f f i c e ,  
deve lop ing  a P u b l i c  S a f e t y  Program i n  s u p p o r t  of a tmospher ic  weapons tests. T h i s  
program r e s u l t e d  i n  t h e  fo rmat ion  of t h e  "Overseas S a f e t y  Group," t o  which h e  was 
ass igned  a s  S a f e t y  O f f i c e r .  I n  e a r l y  1970 h e  was t r a n s f e r r e d  t o  t h e  O f f i c e  of 
E f f e c t s  E v a l u a t i o n  of t h e  Nevada O p e r a t i o n s  O f f i c e  a s  T e c h n i c a l  Program Coordi- 
n a t o r .  H i s  p r i n c i p a l  a c t i v i t i e s  involved managing a program f o r  e v a l u a t i n g  and 
documenting environmental  e f f e c t s  a s s o c i a t e d  w i t h  weapons t e s t  a c t i v i t i e s  a t  Am- 
c h i t k a  I s l a n d .  I n  May 1971 h e  j o i n e d  t h e  Washington Regula to ry  O f f i c e  of  t h e  AEC 
as a S e n i o r  P r o j c c t  Manager. I n  1972 he accep ted  a p o s i t i o n  of  Chief  of t h e  new- 
l y  formed Envi ronnen ta l  S p e c i a l i s t s  Branch and i n  J u n e  1978 he was a s s i g n e d  a s  
Chief of t h e  Envi ronnen ta l  P r o j e c t s  Branch of t h e  Nuclear  Regula to ry  Commission, 
which was c r e a t e d  i n  1975 by t h e  Energy R e o r g a n i z a t i o n  Act of 1974. I n  t h i s  ca- 
p a c i t y  he was r e s p o n s i b l e  f o r  p r e p a r i n g  Environnlental  Impact S t a t e m e n t s  f o r  pro- 
posed n u c l e a r  power p l a n t s .  I n  May 1980 h e  was a s s i g n e d  t o  t h e  rlewly o rgan ized  
Environmental Er~g ineer ing  Branch uf NRE,  where he  is c u r r e n t l y  r e s p o n s i b l e  f o r  
t e c h n i c a l  managclment of non- rad io log icn l  env i ronmenta l  m a t t e r s  r e l a t e d  t o  t h e  
n u c l e a r  r e g u i n t o r y  program. 

JOHN S. BANTA 

John S. Banta is D i r e c t o r  of P lann ing  a t  t h e  New York S t a t e  Adirondack Park  
Agency. He g radua ted  i n  19G9 from Hiram Col lege  w i t h  a B.A.  i n  mathemat ics ,  and 
i n  1972 from !laward Law School .  H e  h a s  been invo lved  i n  r e s o u r c e  p o l i c y  ana ly -  
sis a t  The Conserva t ion  Foundat ion (1974-79), d e a l i n g  w i t h  c o a s t a l  r e s o u r c e s ,  and 
development m a n n ~ e n ~ c n t  npproaclies i n  a number of f o r e i g n  c o u n t r i e s .  The Adiron- 
dack Park Agency is c u r r e n t l y  u n d e r t a k i n s  a s y s t e m a t i c  rev iew and e v a l u a t i o n  of 
i t s  s t a t u t o r y  p l a n s  and p o l i c i e s  u s i n g ,  i n  p a r t ,  computer a s s i s t e d  p l a n n i n g  tech-  
n iques .  

JOSEPH1 BERRY 

Joseph B e r r y  is an A s s o c i a t e  P r o f e s s o r  of F o r e s t r y  and t h e  A s s i s t a n t  Dean a t  t h e  - 
School of F o r e s t r y  and Envi-ronmental S t u d i e s ,  Yale U n i v e r s i t y .  l l i s  c u r r e n t  tench-  
i n g  and r e s e a r c h  i n t e r e s t s  i n v o l v e  t h e  a p p l i c a t i o n  of compute r -ass i s t ed  map ana ly -  
sis t e c h n i q u e s  t o  n a t u r a l  r e s o u r c e  p lann ing .  Formerly ,  he  was a Research Associ- 
a t e  a t  Colorado S t a t e  U n i v e r s i t y  wllere h e  se rved  a s  n l e a d  s t a f f  s c i e n t i s t  f o r  
s t u d i e s  i n  s p e c t r a l  v a r i a b i l i t y  i n  remote sensed d a t a .  He h o l d s  a ~ a c l i e l o r ' s  dc- 
g r c c  i n  F o r e s t r y  from t h e  U n i v e r s i t y  of C a l i f o r n i a ,  a P l a s t e r ' s  Degree i n  Bus iness  
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A d m i n i s t r a t i o n  and a D o c t o r a t e  Degree emphasiz ing computer p r o c e s s i n g  of r e m o t e l y  
sensed d a t a  from Colorado S t a t e  U n i v e r s i t y .  

W. ANTHONY BLAIICHAKD 

W. Anthony Blanchard is  c u r r e n t l y  a Research A s s o c i a t e  w i t h  t h e  Cen te r  f o r  Appl i -  
c a t i o n s  of Remote Sens ing  (CARS) a t  Oklahoma S t a t e  U n i v e r s i t y  i n  S t i l l w a t e r ,  
Oklahona. M r .  Blanchard r e c e i v e d  h i s  B.S. and M a s t e r ' s  d e g r e e s  from L o u i s i a n a  
S t a t e  U n i v e r s i t y  i n  1975 and 1979, r e s p e c t i v e l y .  He was a n  i n s t r u c t o r  a t  t h e  
NASA E a r t h  Resources  Labora to ry  Technology T r a n s f e r  Landsat  D i g i t a l  Image Pro-  
c e s s i n g  workshops from 1978 t o  1960. H i s  p r o f e s s i o n a l  a f f i l i a t i o n s  i n c l u d e  Sig-  
ma X i ,  AhAS, ASP, and t h e  P l a n e t a r y  S o c i e t y .  

HERBERT W. BLODGET 

Herber t  W. Blodget  is P r o j e c t s  Group Leader f o r  t h e  E a s t e r n  Reg iona l  Remote Sen- 
s i n g  A p p l i c a t i o n s  Cen te r  a t  t h e  NASAIGoddard Space F l i g h t  C e n t e r .  He r e c e i v e d  
h i s  t r a i n i n g  i n  geology,  r e c e i v i n g  a  B.S. from Rutgers  U n i v e r s i t y  and a n  M.S. ~ n d  
Ph.D. from t h e  George Washington U n i v e r s i t y .  H i s  p r i o r  e x p e r i e n c e  i n c l u d e s  em-  
ployment a s  E x p l o r a t i o n  G e o l o g i s t  w i t h  t h e  Arabian American O i l  Company and 
Texaco, Inc . ,  Remote Sensing G e o l o g i s t  w i t h  R a y t h e o n / ~ u t o r n e t r i c  and C a r t o g r a p h e r  
w i t h  t h e  Defense Mapping Agency. 

HUBERTUS L. BLOEMER 

D r .  Bloemer is  c u r r e n t l y  a n  A s s i s t a n t  P r o f e s s o r  a t  Ohio U n i v e r s i t y ,  ~ e ~ a r t m e n t  
of Geograpl~y. He r e c e i v e d  h i s  Ph.D. d c g r e e  from t h e  Union Gradua te  School  i n  
1977. H e  r e c e i v e d  h i s  1I.R. i n  Geography from Kent S t a t e  U n i v e r s i t y  i n  1968. H i s  
B.S. d e g r e e  i n  Ccograplly was awarded by t h e  U n i v e r s i t y  of C i n c i n n a t i  i n  1366. H e  
h a s  r e c e i v e d  nuncrous  awards i n c l u d i n g  t h e  Ohio U n i v e r s i t y  Rescarch Committee 
Award and t h e  Ohio U. i ive r s i ty  Col lege  Teaching Improvement Award. D r .  ~ 1 o e ; n e r ' s  
more r e c e n t  p u b l i c a t i o n  is ACMS-ASP T e c h n i c a l  Paper  e n t i t l e 2  "conpar ing D i g i t a l  
Data  P r o c e s s i n g  Techniques  f o r  Surf  a c e  Mine and Reclamst ion Monj-toring. " 

STEPHEN L. BOLIVAR 

Stcpllcn L. Bo l iva r  r e c e i v e d  h i s  Ph.D. i n  Geology/Geocllemistry from t h e  U n i v e r s i t y  - 
of Ncw Mexico (1977) ,  h i s  F1.S. i n  Geology from E a s t e r n  Kentucky S t a t c  U n i v e r s i t y  
(1972) ,  and h i s  B.A. from t h e  U n i v e r s i t y  of South F l o r i d a  (1970) .  Stephen h a s  
over  50 p u b l i c a t i o n s  and h i s  r c s e a r c h  i n t e r e s t s  i n c l u d e  program development and 
geoc l~cmica l  i n t e r p r e t a t i o n  f o r  t h e  Los A l m o s  Data  In tcgra t ion /Rcmote  Sens ing  pro- 
gram, g e o c l ~ e m i s t r y  and p e t r o l o g y  of k i m b e r l i t e s ,  and Rb-Sr i s o t o p y .  H i s  h a s  been 
cmploycd a t  Los Alamos N a t i o n a l  Labora to ry  s i n c e  1977 and i s  c u r r e n t l y  i n  t h e  
Geochemistry Group. 

J I M  BRUMFIELD 

J i m  Brumfield is  the  Co-c1:airpcrson of t h i s  1982 Conference on Energy Resource 
Elanagemcnt and se rved  a s  t h e  Techn ica l  rZdvisor and Chairman of t h e  A b s t r a c t  and 
Paper Review Commi.ttee. He is a l s o  a  Reg iona l  Electings S e c r e t a r y  f o r  t h e  U.S. 
S e c t i o n  of t h e  Remote Sensing S o c i e t y .  C u r r e n t l y ,  J i m  i s  a remote  s e n s i n g  t ech-  
n i c a l  a d v i s o r  f o r  ERRSAC a t  KASA/Goddard Space F l i g h t  Cen te r  and se rved  a s  a  
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Summcr F a c u l t y  Fel low f o r  NAS.2/Goddardts h n e r i c a n  S o c i e t y  of Eng ineer in f lduca-  
t i o n  from 1980 t o  1981. Jim is  t h e  Deputy D i r e c t o r  of  t h e  Remote Sens ing  h p p l i -  
c a t i o n s  C e n t e r  a t  Marsha l l  U n i v e r s i t y  and P r i n c i p a l  I n v e s t i g a t o r  of NAsA/~cs t  
V i r g i n i a ' s  LandlWater Resources  and Reg iona l  P lann ing  A c t i v i t i e s  Demonstra t ion 
P r o j e c t .  Jim r e c e i v e d  h i s  Bache lo r ' s  and Mas te r ' s  d e g r e e s  from M a r s h a l l  Univer- 
s i t y  knd completed h i s  Ph.D. coursework a t  West V i r g i n i a  U n i v e r s i t y .  J i m  h a s  
w r i t t e n  a v a r i e t y  of p u b l i c a t i o n s  and p r e s e n t e d  numerous p a p e r s  a t  n a t i o n a l  and 
i n t e r n a t i o n a l  c o n f e r e n c e s  and symposia. 

RONALD K. BOYD 

Ronald R. Bovd is a S e n i o r  Member of T e c h n i c a l  S t a f f  i n  t h e  Computer S c i e n c e s  
C o r p o r a t i o n ' s  System S c i e n c e s  D i v i s i o n .  H e  h a s  been a s s o c i a t e d  w i t h  t h e  E a s t e r n  
Reg iona l  Remote Sens ing  A p p l i c a t i o n s  Cen te r  a t  Coddard Space F l i g h t  Cen te r  s i r ~ c e  
1979 where h e  h a s  been invo lved  i n  image p rocess ing /geograph ic  i .nformat ion sys -  
tem r e s e a r c h  acd remote s e n s i n g  t r a i n i n g .  From 1975 t o  1979 he was employed a t  
Purdue U n i v e r s i t y ' s  Labora to ry  f o r  A p p l i c a t i o n s  o f  Remote Sens ing  (LARS) i n  a 
t e c l ~ n o l o g y  t r a n s f  e r l r e s c a r c h  r o l e .  M r .  Boyd r e c e i v e d  a B. S. i n  B!ol.ogy from 
Purdue i n  1975. He was employed a t  LARS p a r t - t i m e  from 1972 t o  1975 w h i l e  put-  
s u i n g  h i s  B.S. Mr. Boyd's i n t e r e s t s  a r e  i n  t h e  a r e a s  of d i g i t a l  image p r o c e s s i ~ g ,  
technology t r a n s f e r ,  geograph ic  i n f o r m a t i o n  sys tems ,  and biomedical remote  5ensJng.  
He h a s  au thored  and co-authored p a p e r s ,  t r a i n i n g  m a t e r i a l s ,  and r e p o r t s  i n  cach 
of t h e s e  a r e a s  and h a s  conducted numerous workshops and t r a i n i n g  s e s s i o n s  i n  dig:- 
t a l  j.n~age p r o c e s s i n g  and remote s e n s i n g .  

M r .  Campbell p r o v i d e s  rem0t.e s e n s i n g  and geograph ic  i n f o r m a t i o n  sys tems  (CIS) ex- 
p d r t i s e  t o  t h e  Cas te rn  Regional  Remote Sensing A p p l i c a t i o n s  Cen te r  (ERRSAC) a t  
NASA/Goddard Space F l i g h t  Cen te r .  lie h o l d s  d e g r e e s  i n  t h e  p h y s j c a l  sciences. 
b u s i n e s s  adrninls t r a  t i o n  and s p a t i a l  i n f o r m a t i o n  s y s  t e n s .  IIe p r e s e n t  pr imary CIL- 
t i e s  a r e  t o  manage and canduct  t h e  i n t e r a g e n c y  p z o j e c t  w i t h  t h e  Nuclear  Regula- 
t o r y  Commission (NRC), t o  deve lop  and t e s t  a p p l i c a t i o n s  and t e c h n i q u e s  f o r  Landsat  
d a t a  i n t e g r a t e d  w i t h  geobascd i n f o r m a t i o n  c y s t e n s  (CIS) ,  and t o  o r g a r ~ i z  and i m -  
plement a l l  ERRSAC rer lote  s e n s i n g  and CIS t r a i n i n g  a c t i v i t i e s .  

1,; CARL A. CARLOZZI 

C a r l  A. C a r l ~ ~ ~ i  is a p r o f e s s o r  i n  F o r e s t r y  and W i l d l i f e ,  U n i v e r s i t y  of Plassa- 
c h u s e t t s .  Long e s t a b l i s l l e d  r e p u t a t i o n  i n  c c o l o g i c a l  r eso l l rcc  p l a n n i n g  3 r d  man- 
agement. He is notcd f o r  Car ibbean Nat iona l  Park and r e g i o n a l  ecosystcm s t l r d i e s .  

ERNEST J. CLEMENS 

Mr. .- Clemens is a geographer  f o r  E a r t h  S a t e l l i t e  C o r p o r a t i o n  ( E a r t h s a t )  Ln t h e  
Environmental i l p p l i c a t i o n s  D i v i s i o n .  lie s p c c i a l i z c s  i n  r c n o t c  s e n s i n g  a p p l i c a -  
t i o n s  t o  land u s c  p lann ing .  Plr. Clemens h a s  pcrforrnccl d a t a  n c q u i s i t i c n .  f i e l d  
o p e r a t i o n s  r . ,anapment,  a e r i a l  p h o t o i n t e r p r e t a t i o n  and problca a c a l y s j s  i n  P e n n s j l -  
v n n i a ' s  abar;doncd n i n e  l a n d s  invczntory. l l i s  r e s p o n s i t ~ i l  i t ir.s inc luded  t h e  trail!-  
i n g  of a  team of p h o t o i n t e r p r c t c r s .  Other p r o j e c t s  i n c l u ~ l c  c r o p  i c c n t i f i c a t i o n  
employing smal l - sca le  c o l o r  infrnrccl  and Landsat  in;lr:et-y. Ilc conducted 1)lncL and 
wlii tc photograp11 ann1y:;is t o  c ie tcrn~ine land use i n  cor rn t i c s  o f  Plnryland and 
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Pennsylvania. M r .  Cl.emens graduated from t h e  Un ive r s i t y  of Maryland i n  1979 
wi th  a Bachelor of Science degree. 

DANIEL I. COOPER 

Daniel  Cooper received h i s  t r a i n i n g  a t  t h e  Remote Sensing and S p a t i a l  Analysis  
Laboratory of Hunter College,  C i t y  Univers i ty  of New York. Mere he received a 
B.A. i n  Environmental Science. H i s  work a t  t h e  Laboratory included t h e  s tudy  of 
d e s e r t i f i c a t i o n  i n d i c a t o r s  and processes  from r e a o t e  sens ing  sourccs.  He has 
continued i n  t h i s  r e sea rch  a t  h i s  employer, Greenliorne & O'Mara, Ilrc. P r e s e n t l y  
be is developing computer techniques t h a t  u t i l i z e  remote sens ing  d a t a  t o  l o c e t e  
groundwater i n  a r i d  c l imates .  I n  a d d i t i o n  t o  t h i s  r e sea rch ,  he has  completed 
such p r o j e c t s  a s  a computer based a n a l y s i s  of Landsat d a t a  f o r  minera l  explora-  
t i o n  i n  t he  Patagonian d e s e r t  of Argentina,  a s  w e l l  a s  a timber inventory  a s se s s -  
ment i n  Virg in ia .  

DANIEL J. COTTER 

Mr. Co t t e r  is p r e s e n t l y  tile D i r ec to r  of t h e  User A f f a i r s  Div is ion ,  Nat iona l  
Ear th  S a t e l l i t e  Serv ice ,  NOAA. Since jo in ing  t h e  S a t e l l i t e  Serv ice  i n  1973, he 
has  been involved i n  system development p ~ o j e c t s ,  progran planning and implemen- 
t a t i o n ,  and a c t i v i t i e s  t o  extend t h e  u se  of s a t e l l i t e  remotely sensed e a r t h  d a t a  
i n  a p p l i c a t i o n  a r eas .  Mr. Co t t e r  is a former U.S. A i r  Force weather o f f i c e r ,  
having received h i s  B.S. and M.S. degrees  i n  matheaatj-cs and meteorology f r o a  
t he  F lo r ida  S t a t e  Univers i ty .  For some yea r s ,  he was an  i n s t r u c t o r  i n  mathematics 
a t  the  Univers i ty  of Maryland. Fir. Co t t e r  has been d i r e c t l y  a s soc i a t ed  wi th  s a t c l -  
l i t e  remote sens ing  programs s i n c e  1965. 

JAMES COULSON 

James Coulson has been wi th  tlie S i t i n g  Analysis  Branch s i n c e  January 1981 under 
t h e  Cooperative E d u c a t i o ~  Program. He is c u r r e n t l y  pursuing a B.A. from t h e  Uni- 
v e r s i t y  of Maryland i n  College Park wi th  majors i n  economics and government anc! 
p o l i t i c s .  He is a member of two honor s o c i e t i e s  and of t he  U n i v e r s i t y ' s  General  
Honors Program. 

RAYMOND P. CURRAN 

w o n d  P. Curran, c u r r e n t l y  employed by the  Adirondack Parlr Agency, S t a t e  of 
New York, a s  Supervisor  of I ia tura l  Xesource Analysis ,  manages t he  Agency's Ceo- 
graphic  Information System. He graduated i n  1973 from t h e  S t a t e  Un ive r s i t y  of 
New York, College of Environmental Science and Fo rcs t ry ,  wi th  a Plaster of Sci- 
ence degree i n  p l an t  ecology. Since j o in ing  the  Agency s t a f f  i n  1973, Mr. Cur- 
r a n ' s  r e s p o n s i b i l i t i e s  have included environmental impact a n a l y s i s ,  r e sou rce  
inventory  and assessment, and n a t u r a l  resource  planning.  He is  a member of t h e  
Ecological  Socie ty  o i  America, Applied Ecology Sec t ion .  

CHARLES T. CUSHWA 

D r .  Cushwa is  a Senior  Wi ld l i f e  R io log i s t  with t h e  Eas te rn  Energy and Land Use -- 
Team, F i sh  and W i l d l i f e  Serv ice ,  U.S. Department of t he  I n t e r i o r  rt  Kearneysvi l le ,  
WV. H i s  work experience over t he  pas t  10 years  has been a s  a l eade r  of mult i -  



d i s c i p l i n a r y  r e sea rch  programs involv ing  t h e  Fo re s t  Se rv i ce ,  u n i v e r s i t i e s  and 
t h e  F l s h  and Wi ld l i f e  Service.  These programs arc designed to solve complcx 
b i o l o ~ i c a l / e c o l o ~ i c a l  l o c a l ,  r eg iona l ,  n a t i o n a l  and i n t e r n a t i o n a l  f i s h  and wild- 
l i f e  problems. D r .  Cushwa has been engaged f o r  t he  p a s t  20 yea r s  i n  f i s h  and 
w i l d l i f e  research .  Hc has been an author  o r  co-author on over  6 0 ' p u b l i c a t i o n s .  
H i s  s p e c i a l  i n t e r e s t  has been i n  t h e  developn~ent of improved f l s h  and w i l d l i f e  
data bases  and h a b i t a t  c l a s s i f i c r t i o n  f o r  resource  management, planning,  and 
assessments. Dr. Cushwa received h i s  Ph.D. i n  W i l d l i f e  Eiology/Ecology a t  Vir- 
g i n i a  Polytechnic I n s t i t u t e  and S t a t e  Univers i ty ,  Blacksburg, VG. Ile a l s o  re -  
ceived h i s  N.S. degree i n  Wi ld l i f e  Kanagement from t h e  sane Univers i ty .  He 
received h i s  B.S. degree i n  biology from Lynchbarg College,  Lynchburg, VA. 

ANITA DAVIS 

M s .  Davis graduated from Ohio Univers i ty ,  Athens, OH i n  June 1962 wi th  an M.S. 
i n  Environmental S tud ie s  wi th  an emphasis i n  Environmental Monitoring; and an  
M.A. i n  Geography. Her two yea r s  of graduate  s tudy  were devoted t o  monitoring 
the  reclamation progress  of a heavi ly  strip-mined c o a l  reg ion  of Belmont County, 
Ohio. 

MALCOLM DOZIER 

Malcolm Dozier holds a B.A. degree i n  Philosophy from t h e  Univers i ty  of North -- 
Carol ina  a t  Chapel H i l l .  He is  p re sen t ly  pursuing an  M.S. i n  Nririne Sciences 
and a Naster  of Applied S t a t i s t i c s  a t  Louisiana S t a t e  Uil iversi ty through an as -  
s i s t a n t s h i p  wi th in  the  Center f o r  ~ e t l a n a  Resources. K i s  p r e sen t  a r e a  of i n t e r -  
es: is i n  t he  app l i ca t i on  of renote  sensing and geographic information system 
technology t o  problems i n  wetland ecology. He is  a m~mber of t h e  American So- 
c i e t y  of Photogrammetry and t h e  Socie ty  f o r  General Systems Research. 

CALVIN DUBROCK 

Calvin DuBrock is a Research Biometr ician f o r  t h e  Pennsylvania Game Commission. 
He has a l s o  worked a s  an Ecologis t  f o r  t h e  F ish  and Wi ld l i f e  Serv ice  a t  t h e  De- 
partment of t h e  I n t e r i o r  and a s  a S t a t i s t i c i a n  f o r  t he  Department of Energy. 
I n  t h e  a r e a s  of r e sea rch  and pub l i ca t i ons ,  he has  authored and co-authored ap- 
proximately 15 t echn ica l  documents. H i s  p r i n c i p a l  r e sea rch  i n t e r e s t  and a r e a s  
of e x p e r t i s e  a r e  i n  developing w i l d l i f e  spec i e s  d a t a  bases t o  enhance environ- 
mental  assessments (from t h e  f i s h  and w i l d l i f e  pe r spec t ive )  and w i l d l i f e  planning 
and management. Calvin is  involved i n  i n i t i a t i n g  f i s h  and w i l d l i f e  d a t a  bases i n  
e i g h t  s t a t e s .  He holds a B.S. i n  Wi ld l i f e  Biology and Ecology from Michigan 
S t a t e  Univers i ty  and an M.S. i n  Wi ld l i f e  Management from Virg in ia  Po ly t ech r~ lc  
1 n s t i t u t e . a a d  S t a t e  Univers i ty .  He has received a d d i t i o n a l  t r a i n i n g  i n  d a t a  base 
management and the  des ign  of automated d a t a  bases. 

JULIUS GY. FABOS 

J u l i u s  Gy. Fabos is a p r o f e s s o r . i n  Landscape Arch i t ec tu re  and Regional Planning, 
Univers i ty  of Fiassachusetts.  Establ ished world r epu ta t i on  i n  t he  u se  of GIs's 
i n  landscape planning, being p a r t i c u l a r l y  noted f o r  t he  Metropoli tan Landscape 
Planning Model--METLAND--procedures of resource  assessm?nt ,  p lan  formula t ions  and 
eva lua t ions  begun i n  the  e a r l y  1970's. He is  the  p r i n c i p a l  developer of the  



METWD system f o r  l andscape  assessment  and p lann ing ;  h a s  been awarded numerous 
r e s e a r c h  g r a n t s .  He t a u g h t  a t  t h e  U n i v e r s i t y  of  l l e lbourne ,  A u s t r a l i a ,  and h a s  
t r a v e l l e d  wide ly  as b q t h  a l e c t u r e r  and c o n s u l t a n t .  He is  t h e  a u t h o r  o f  numer- 
o u s  art icles,  r e s e a r c h  b r r l l e t i n s  and books i n c l u d i n g  h i s  la tes t ,  P lann ing  The 
T o t a l  Landscape, Weetview P r e s s ,  1979. -- 
JACK D .  FELLOWS 

Jaclc D. F e l l o w s  is c u r r e n t l y  a f a c u l t y  r e s e a r c h  a s s o c i a t e  a t  t h e  U n i v e r s i t y  o f  
Maryland, Department of C i v i l  Eng ineer ing ,  C o l l e g e  P a r k ,  M). H e  is conduc t ing  
r e s e a r c h  i n  t h e  u s e  of g e o g r a p h i c a l  i n f o r m a t i o n  sys tems ,  image p r o c e s s i n g ,  and 
d a t a  b a s e  management f o r  u s e  i n  computer-based mathemat ica l  modcl pa ramete r  de- 
f i n i t i o n .  He h a s  worked e x t e n s i v e l y  on merging remote ly  sensed  d i g i t a l  d a t a  
and a n c i l l a r y  J a t o  f o r  f o r e c a s t i n g  i n  w a t e r  r e s o u r c e s  and env i ronmenta l  p l a n n i n g .  
He p l a n s  t o  f i n i s h  h i s  Ph.D. d u r i n g  t h e  f a l l  of 1982. 

HERBERT 3.  FSVEHOUSE 

H e r b e r t  Fivehouse s e r v e s  as t h e  Energy Coord ina to r  f o r  t h e  C i t y  of  B a l t h o r e .  
He p r o v i d e s  e x e c u t i v e  l l a d e r s h i p  t o  energy  i s s u e s  on  a  City-wide b a s i s  and as- 
s u r e s  t h e  implnmentat ion of elrzrgy management, energy  a s s i s t a n c e  t o  needy c i t i -  
z e n s ,  and r e s e a r c h  i n v o l v i n g  a l t e r n a ~ c  f u e l s ,  c o g e n e r a t i o n  and e n e r g y  methodology. 
Mr. Fivehouse h a s  managed r e s e a r c h  d e v e l o p m e ~ ~ t  programming f o r .  t h e  U.S. A i r  Force  
and most r e c e n t l y  concluded a 19-year c a r e e r  w i t h  Na t iona l  A e r o n a u t i c s  and Space 
Agency (NASA) where he  was A s s o c i a t e  D i r e c t o r  of Management a t  t l ic NA~A/Goddord 
Space F l i g h t  Cen te r .  He was appo in ted  t o  h i s  p r e s e n t  p o s i t i o n  on t h e   mayor'^ 
Cab ine t  i n  J u l y  1979. He is Ba l t imore ' s  r e p r e s e n t a t i v e  t o  t h e  Urban Consor t icm 
and a  member of t h e  consor t ium's  Energy Task Force.  

SUSAN BALOG FREEMAN 

Susan B. Freeman r e c e i v e d  h e r  B.S. i n  Geology from t h e  U n i v e r s i t y  of Wyoming i n  
1975, where s h e  s t u d i c d  reniotc s e n s i n g .  A f t e r  f o u r  y e a r s  i n  t h e  A i r  Force ,  
Susan came t o  Los Alamos t o  pursue  h e r  pr imary i n t e r e s t s  of d a t a  i n t e g r a t i o n  
and d i s p l a y  t e c h n i q u e s  and u s e s  of t h e  i n f o r m a t i o n  from i n t e g r a t e d  d a t a  s e t s .  
She h a s  been i n s t r u l n c n t a l  i n  deve lop ing  t h e  Data  In tegra t ion /Remote  Sens ing  pro-  
gram a t  Los Alamos. Susan h a s  been employed a t  t h e  Los Alamos N a t i o n a l  Labora- 
t o r y  s i n c e  1979 and i s  c u r r e n t l y  i n  t h e  Geochemistry Group. 

PETER FRENCH 

D r .  French,  cofoundcr  and P r e s i d e n t  of Resources  P l a n n i n g  A s s o c i a t e s ,  r e c e i v e d  
h i s  Ph.D. d e g r e e  i n  Water Resource Systems A n a l y s i s  from C o r n e l l  U n i v e r s i t y  i n  
1980. Before  coming t o  C o r n e l l ,  D r .  French s p e n t  t h r e e  y e a r s  a s  a  Water Q u a l i t y  
S p e c i a l i s t  i n  one of North C a r o l i n a ' s  r e g i o n a l  p l a n n i n g  a g e n c i e s .  S i n c e  1976 
D r .  F rench  h a s  been invo lved  i n  t h e  a p p l i c a t i o n  of i n t e r a c t i v e  computer g r a p h i c  

. . t e c h n i q u e s  t o  systems a n a l y s i s  and r e s o u r c e  managcnlcnt p lann ing .  

1 JANETTE C. GERVIN 

i M s .  C e r v i n  is a Program C o o r d i ~ l a t o r  i n  t h e  E a s t e r n  Regional  Remote Sens ing  Appli-  
c a t i o n s  C c n t e r .  She i n i t i a t e s ,  p l a n s ,  d e v e l o p s ,  d i r e c t s  and c o n d u c t s  remote 

a 
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o e n s i n g  r c a e a r c h  and n p p l i c i t t i o n s  p r o j e c t s  wltlr f c d c r a l ,  ~ t u t e  and l o c a l  govern- 
ment a g e n c i e s  and ot l rer  o r g a n i z a t i o n s .  She n l s o  s e r v e s  a s  t h e  tecl rnic l \ l  manager 
of thc j c l n t  ~A!if\/Corps of E n g f n c c r ~  Program, a  fivc-ycnr r c s c c r c h  program t o  
c v n l u n t e  t h e  cnpc?b i l i t  l e s  of  Lr.ncisat-D Thcmnt i c  Hnpper nnci o t h e r  ndvotrccd remote  
s e n s o r s  f o r  h y d r o l o g i c n l  nnd e n \ ~ i r o n m c n r a l  mannRcmcnt f r lnc t i cns .  The program 
a l s o  c x ~ m l t ~ e s  i n t c g r n t i o n  of remote ly  s e ~ ~ s c d  d t ~ t s  i n t o  n g c o ~ r c ~ p l ~ i c  i n f o r m a t i o n  
systein occcescd  by t tydro log icn l  , cnv i ronmenta l  and cconomic mcxl'1.s. The f  i r e t  
s t u d y  l ~ n s  i n c l i ~ d e d  renoti* s e n s i n g  r t p ~ l l c a t i o n s  i n  f l o o i i p l n i n  rt*::oi~rct*  napp ping, 
I ~ i s t o r i c a l  t r e n d s  and op t imal  dredged materfcrl  d i s p o s n l  s i t  111s. Rcgionnl  Remote 
S c n s i n ~  Appl icn t  i o n s  Coclrdinntcr f o r  Dclnwtlrc arid V i r ) : l n l t ~ ~  witt i  s r ~ c c c s s f u l  l p  
completed t c rhno logy  t r n n s f  er progrcrmu i n  hot11 s t n t r s .  C o o r d i u l ~ t c d  t l lc cf f a r t s  
of c i v i l  s e r v i c e ,  s t n t c  t ~ n d  con t rnc tc l r  personncl  t o  n c c o m p l i ~ l r  ten-::tare dcmon- 
o t r a t  lcrn p r o j c c  t a  i n  appl  i c t r t i o n s  rnng ing  f  ram a g r i c u l  t i ir :~l  Inn11 convrrtaicrn clnd 
f o r e s t  hydrocarbon r.miueion t o  wutrrstred erostcrn and wct lnnd mnpplng. PerEormr.d 
imttgc u n e ~ l y s  is and d i r e c t e d  c i v i l  ~ c r v i c e  utrd con t r t r c to r  p~-r.zun~rt*l on  t h e  ESL 
I n t c r t w t  i v c  D i g i t a l  l m c r ~ t *  H: tnlpi~lnt ic~n Systvm (1I)II.IS). M s .  (:t*rvin ~ C C C ~ V P ~  h ~ r  
M.S. 111 Tlrytrii~s from t l ~ c  Univc t ' s i ty  of F l o r i d a  n t  C i ~ I n c x v l l l t ~  111 1971 i ~ n d  Ilcr 
A. H. i n  Plryslcs f  rc lm Uuckncll  L l ~ ~ l v t ~ r x  t t y ,  I.pwlshurg, FA, i t 1  1969. 

FRED GUNTHER 

Dr. Cunt licr prclvitlc:. c~n-x 1  t c  cc~nput  i ~ i g  turd nn:~ l  y s i s  :It8rv i c e s  f o r  t  he  E n s t c r ~ i  -- - 
Kcgtturnl Kcn~otc Scns111fi A p p l i r t l t i o n s  Ct*ntcr (ICKKShC) rrt NASA/Ctrddard S ~ ~ ~ I L - C  F l i g h t  
Ccn tc r .  Kducntc-d i n  c  l n ~ s l . ~ : ~ l  suhJcct:: a11d t  re11ntBd 111 t  lit* ::c f i 8 n C ~ : ;  n1111 i n  s t n -  
t i s t  ~ C H ,  I IC !leis ~ t i r n t - d  d ~ g r t w s  111 pllill>s~jpIry (15.A.. I l r r i v r r ~ t  t y  of Sc~n P i c g o ) ,  
geology (R. S .  , Strn Ditaso S t a t e  \ I l r ivcrs i  ty :  H.S. . Unlvt*rsi  t v  o f  Minnt~:~ottr)  . n~rd 
g c o l ~ ~ ~ : i c r t l  oct*nnogrnplry (I'lr.1). , Oregon S t a t t *  I h i v c r s i t y ) .  !It- hn:; nutlrorcd v n r i -  
011s KIl1:SAC r~nd  romlrniry d ~ ~ r ~ n l c ~ l t  S .  tr~rd l l t ~ s  publ isiiisil 111 t  hc f  i c l t l s  of computer 
cic~ttr P ~ ~ I C I ~ S S  in):, rcrnt)tts sc*usiup. ~ t * o l o f i y ,  crud microlr:~ It*outc>logy. 11~- lr:~s t l t ~ s l g ~ ~ e d  
tlii- ~ \ p p  lc-1 l ln~ i~f ic  t ' roc t - s s l~ lg  Eri11r:~i VI (1111'E) nyqtcm f  :*r r ~ n i ~ t t * - ~ c n s i t r t ;  tcr l r :~ology 
t r a n s f  L-r u s  l a g  tr rnirro.*ompi~tcr. Dr. C111rthcr I s  n nit-mhcr of t l ~ c  I n t e r ~ r : ~ t  i o u t ~ l  
hxsoc i c ~ t  i n ~ r  f o r  Mt~tl~cra.rt i c n l  ~ : e n l o g y ,  t  llc h ~ c r  icnu A::slrc l : ~ t  intr f o r  t l l c  Advnnrr- 
nr~~trt  of S c l r n c c ,  tlrt* Amcrlct~ir 90c l t - ty  crf Pl~otofirtrnunctrv, tlrc l ~ r s t i t u t t -  of Elcc-  
tr ice11 ~ I I I ~  K l c c t r ~ r u t c  E n g i n c ~ t ~ r a  Cutnputer Soc i c t v .  autl t lw  Ynsl~t~rfitcrir Apple P i  
Compiitcr Club. 

LYNDA HALL 

hi. 11~11 1  I s  a strrf i s c i t ~ ~ r t  1 s t  t11rd rc-nitrtt* s ~ ~ u s i i ~ ) :  s p t - c t : ~  l  1 s t  wi tlr I h r t  hS:rt ' s  ---- - -  - -  
I I r ~ ~ r n ~ n t l  I i t  I S  I v  : :  t i .  Si~rc-t* ~ o l ~ r i ~ r s  t  lrc I' 11-n~ 111 bii~rc-ll, :9R1 , slrc 
I ~ u s  pt-rforn~t*tl i - s t t * ~ ~ : : i \ ~ i ~  f ii*lil Iirvc*st lficrt iclus, t i c r l : ~  L 1511~jt triiitc-rl~ri*t:rt t c r r ~ ,  m:lpp lng ,  
(IIICI (111i111 t  y t-ir~rt t'cr 1 t-i!! t  i ~ l f i  trf \ > r t > l ~ l i . ~ ~ i  :lria:ls :I::S~,C i:it t-11 w t  t  11 c i t r : ~ ~ r t I i ~ ~ r t * i l  1 - i r i ~  l  nrl~rt*s 
111 i ' c n ~ ~ s y  lvc1111c1. ' ~ ' I I ~ ~ s L ~  r ~ s p o ~ r : : i h i  1 1  t  l ~ s  I ~ r c  ludtn t  lrc t  re1 111 lug  t ~ u d  nr:rtrcl~i~mt*t.t trf 
e ~ i h o t  a i r ~ t t * r l r r c t  ctt 11r11 tt-clm. F l c l ~ l  dcscr- l p t  ti911 is Int t8grirt t*il w I  tlr l ~ ~ i t r t ' m t ~ t  ilrir 
froln t r t~ r l t r l  pllotogralrl~rr t o  .irr ivc iit c ~ r r  crvt$r:rl l  s l  ti* : ~ ~ r : t l y s l : ~ .  S i t c s  clrt* t r s -  
sig11~*1l Ilr l o r  i t  j tls tr11~I ):rori~t~tl lu t  (3 rcc=l:~m:~t itr~r [r 1~111trlir!: 11111 t  H i trr  i~r l -  111s 1011 111 
I s t  I - t i  i Ici~~ert I r : n  Ot ht*r projtbct s includt* a c-omptlr 1::o11 trutl 
cvtr lrltrt lttu of I.t~ndstrt i ~ u d  Si~trs:\t inlrrgc-s 1;f c i~ers tc~ l  Nort 11 (::lrcrl 111:r 111 u l r l c l ~  :I 
I I - I I I I  c v ~ r  1 I I S  I i t c i t  I t i  I :  I :  1  s I S  r  t r n 1 1  . !Is. 1111 11 ~ r : i t l t ~ ; ~  t c d  
S11mn1:r Citnr I.:ti~tlc frtrm t  lrt> 1111 1vec:;i t  v elf Ilc l:rwt\rc* i11 Dccc-nrI\t*r , IqPO. \ i f  tli tr  Il:r~.lrt~l~rr 
c r i  Art :; 1  n (;t*~rfir:~l\lry. A n  1 I I I :  Is I S  I I I r i 1 1  .II~L! eirv i rcriinlc*nt 41 l  
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has t e s t i f i e d  a s  an e s p z r t  wi tness  a t  nore  than a  dozen Federa l  and o t a t e  admin- 
i s t r a t i v e  hearixlgs. lie has a  Master of Landscape Arch i t ec tu re  degree,  wi th  mi- 
nor s  i n  urban planning and sociology,  and is iin Adjunct Profcssor  i n  t h e  School 

I of Renewable Natura l  Resources, Univers i ty  of Arizona. He is Execut ive ,Vice  

! Pres iden t  and Di rec to r  of Environmental Planning Se rv i ce s  f o r  Wirth Associates .  

.$. 
' I. 
: 4 JOHN M. HILL 

.I John M. Hi31 holds  a  B.S. degree from Towsolt S t a t e  Univers i ty ,  a  E1.S. degree 
: f from t h e  American Univers i ty ,  and a Ph.D. i n  Eiology from Texes A & M Universi ty.  

lie is  p re sen t ly  an a s s i s t a n t  professor  of C i v i l  Engineering a t  Louisiana S t a t e  
, University and is  a c t i v e  i n  appl ied  r e sea rch  programs wi th in  LSU's Remote Sens- 

i : i n g  and Image Processing Laboratory. H i s  p r e sen t  a r e a s  of i n t e r e s t  a r e  pol lu-  
t i o n  monitoring, water  resources ,  a d  c o a s t a l  zone management. He is  a member 
of t h e  fol lowing p ro fe s s iona l  s o c i e t i e s :  American Soc ie ty  of Limnology and 
Oceanography, American Socie ty  of Photogrammetry, and t h e  Aiierican Soc ie ty  of 
C i v i l  Engineers.  

JOHN HOSHAL 

John Hoshal is  c u r r e n t l y  employcd a s  a research  a n a l y s t  f o r  t he  Land :Ianagement 
Information Center.  ~ o s h n l ' s  primary d u t i e s  inc lude  working with t h e  Minnesota 
Land Management Information System (MLblIS) i n  performing environmental a n a l y s i s  
f u r  publ ic  and p r i v a t e  c l i e n t s .  Hosha: has  h i s  undergraduate degrees i n  Geo- 
graphy and i n  Urban S tud ie s  from the  Univers i ty  of Kinncsota. 

RICHARD I R I S B  

Kichard Iris11 holds  a  B.S. from Colorado S t a t e  Univers i ty  i n  Rangc-Forest Manage- - 
ment and an M.S. f r o n  Pennsylvania S t a t e  Univers i ty  i n  Forest  Resources. He cur- 
r e n t l y  works a s  an Image Analyst ar,d Cartographer f o r  t he  Nat iona l  Park Service.  
He served a s  n Fores t ry  Consultant  f o r  the  Army Corps of Engineers. Richard 's  
c a r e e r  i n t e r e s t s  inc lude  computer a n a l y s i s  of remotely sensed d a t a ,  geographic 
information systems processing and computer graphics .  

TONY JACKMAN 

Tony Jackman is  a New Zealander c o ~ p l e t i n g  a Ph.D. i n  Landscape Ecologica l  Plan- 
n ing  a t  Amherst. He came t o  t h e  U.S.A. i n  1980 wi th  an accumulated 12-year 
academic and p r a c t i c a l  experience i n  landscape and r eg iona l  planning throughout 
Aus t r a l a s i a  and tlle South P a c i f i c .  P a r t i c u l a r  emphasis of h i s  research  is t o  
p r o j e c t  wider usc of ( ; I s ' s  i n  determining the  r e l a t i o n s l ~ i p s  between landscape 
eco log ica l  planning and ~nanagcment s o  t h a t  p o s i t i v e ,  r a t h e r  than the  more t r a d i -  
t i o n a l  nega t ive  o r  exc lus ionary  approaches t o  environmental po l i cy  formulat ion 
a r e  a f forded .  

1 

i RENEE JOHNSON 

Kcnec .Jolinson is c u r r e n t l y  cmploycd a s  t h e  s t a f f  gcograpl~c!r and car tographer  f o r  ----- 
tiic blinncsotn Peat  Inventory Pro j ec t  of tlie llcpartment of Natural  Resources. The 

! empl~ssis  o f  her  work is t l ~ c  mapping products  of the  project-- the Peat Resources 
map s e r i e s  which i l l u s t r a t e s  the  r e s u l t s  of t he  p r o j e c t ' s  survey work; and t h e  



encoding and use of  t he se  d a t a  i n  t h e  MLMIS f o r  management dec is tons .  Johnson 
is a l s o  a graduate  s tuden t  i n  geography a t  t h e  Univers i ty  of Minnesota. 

GEORGE L.  JGNES 

Mr. Jones is  t h e  P re s iden t  and Chief Executive O f f i c e r  of  P r inces s  Coals,  Inc.  
of Puntington,  WV, where h i s  p r i n c i p a l  a c t i v i t i e s  inc lude  development of  c o a l  
lands, r e a l  e s t a t e ,  quarrying,  docks and i n d o s t r i a l  complexes. P r i o r  t o  assuming 
h i s  c u r r e n t  d u t i e s ,  PIr. Jones spen t  over  14 yea r s  i n  pub l i c  s e n r i c e  f o r  t h e  Cow 
wnwea l th  of V i rg in i a  s e rv ing  a s  S t a t e  Coordinator f o r  Emergency and Energy Ser- 
v i c e s  and Di rec to r  of Emergency Planning; A s s i s t a n t  Coordinator f o r  Administra- 
t i o n ,  V i rg in i a  S t a t e  Of f i ce  of Emergency Serv ices .  He was t h e  p r i n c i p a l  adv i so r  
t o  t h e  Governor on energy and d i s a s t e r  preparedness and response. He is a p a s t  
p r e s iden t  of National  Assoc ia t ion  of  S t a t e  D i r ec to r s  f o r  D i s a s t e r  Preparedness. 
He is a member of t h e  Advisory Board, Univers i ty  of Colorado, Natura l  Hazards 
I n s t i t u t e ;  Honorary Facul ty  Member, Defense C i v i l  Preparedness S t a f f  College,  
Administrator ,  Univers i ty  of Northern Colorado Extension Publ ic  Adminis t ra t ion  
Master 's  Degree Program; Administrator  American I n s t i t u t e  of A r c h i t e c t s ,  Univer- 
s i t y  Consortium t o  Develop Publ ic  Se rv i ce  Curriculum; and an  Advisory Board Mcm- 
b e r  of  t h e  National  Community Energy Management Center.  

HANS KLUNDER 

Mr. Klunder is  t h e  Chief Planner  and Owner o f  Hans Klunder Assoc ia tes  of  IIonover, 
NH. P r i o r  t o  forn ing  h i s  own f i rm he was employed by the  S t a t e  of  Maine a s  a 
s p e c i a l  consu l t an t  f o r  Fede ra l IS t a t e  coord ina t ion  between t h e  Department of Hous- 
i ng  and Urban Development and t h e  Maine Department of  Economic nevelupment. M r .  
Klunder rece ived  h i s  E1.S. degree i n  C i ty  and Regional Planning from t h e  Harvard 
Univers i ty  Graduate School of Design. He received h i s  B.S. degree i n  Landscape 
Design wi th  an Agr i cu l tu re  major fron! t h e  Univers i ty  of New Hampshire. H i s  B.S. 
degree was awarded cum laude.  He a t tended  t h e  Univers i ty  of New Hampshire on a  
Fulbr ight  Scholarship.  

RUSSELL KOFFLER 

Mr. Russe l l  Koff le r ,  D i r ec to r  of t h e  Of f i ce  of Data Serv ices ,  Nat iona l  Ear th  
S a t e l l i t e  Serv ice  (NESS), is respons ib le  f o r  managing t h e  da t a  process ing  and 
d i s t r i b u t i o n  of products  from the  ope ra t iona l  environmental s a t e l l i t e s  a s  w e l l  
as managing t h e  opera t ion  of  t he  Landsat spacec ra f t .  Mr. Koff1.er prev iosuly  
he ld  t h e  p o s i t i o n  of Chief ,  Landsat Operations. He joined NESS i n  1962 as a 
r e sea rch  meteorologist .  

RICHARD I?. KOTT' 

D r .  Richord F. Kott  is n s e n i o r  s t a f f  member (geographerj i n  t h e  Of f i ce  of I n t e r -  
n a t i o n a l  Secu r i t y  A f f a i r s  (OISA), Of f i ce  of the  A s s i s t a n t  Sec re t a ry  f o r  Defense 
Programs, U.S. Department of  Energy (DOE). H i s  r e s p o n s i b i l i t i e s  involve  program 
management, r e sp re sen ta t i on  of DOE i n  interagency committees, s t r a t e g i c  eva lua t ion  
of fo re ign  nuc lear  and o t h e r  energy c a p a b i l i t i e s ,  and surveys r e l evan t  t o  t h e  
Department's r o l e  i n  i n t e r n a t i o n a l  a f f a i r s ,  wi th  s p e c i a l  r e f e r ence  t o  n a t i o n a l  
s e c u r i t y  i s sues .  D r .  Kott has been a member of ~ I I E  t eaching  s t a f f  of t h e  Univer- 
s i t y  of Maryland, Department of Geography, College Park, MD s i n c e  1974. D r .  Kott 



r e c e i v e d  a Ph.D. d e g r e e  i n  1967 from t h e  U n i v e r s i t y  o f  P o i t i e r s  (France) ,  an M.A. 
d e g r e e  i n  1959 from Oklahoma U n i v e r s i t y ,  and an A.B. d e g r e e  from I n d i a n a  Uuiver- 
s i t y  i n  1953. A l l  d c g r e e s  were i n  geography. H i s  J o c t o r n l  dissertation, 
B r a s i l i a  d a n s  s a  Rcgion, is a n  urban and r e g i o n a l  s t u d y  i n  human geography. Ac- 
t i v e  i n  h i s  p r o f c s s i o ~ i o l  f i e l d s  o f  geography and i n t e r n a t i o n n l  s t u d i e s ,  D r .  Ko t t  
is a member o f  a numbcr of  s o c i e t i e s  and o r g a n i z a t i o n s .  He h a s  aut l iorcd s e v e r a l  
s p e c i a l i z e d  s t u d i e s  and r e p o r t s  on i n t e r n a t i o n a l ,  nvtntfon/crnnsportation, i n t e l -  
l i g e n c e ,  n u c l e a r ,  geograph ic ,  e n e r g y - r e l a t e d ,  and n a t i o n a l  n c c u r i t y l d c f c n s c  t o p i c s .  
Dr. K o t t  h a s  a l s o  r e c e i v e d  a numbcr of  ownrds, honors ,  and s e r v i c e  d e c o r a t i o n s .  

H. PETER LADE 

D r .  K. P c t c r  Lode is o P r o f e s s o r  o f  Soc io logy  and Anthropology a t  S a l i s b u r y  
S t n t e  Col lege .  H i s  a r e a  o f  s p e c i a l i z a t i o n  is t h e  o p p l i c u t i o n  of  Remotc S e n s i n g  
t o  a r c h n e o l o g i c n l  s i t e  l o c n t i o n ,  moni to r ing ,  and c u l t u r a l  r e s o u r c e  management. 

GERMAIN LAROUCHE 

Dr. LnHouchc is a  Lnnd Use Ana lys t  i n  t h e  T e r r e s t r i a l  Rcsourccs  S e c t i o n  of  t h c  -- 
Environmental  Eng ineer ing  Branch of  t h e  D i v i s i o n  o f  Eng ineer ing ,  USNRC. Ile is 
invo lved  i n  t h e  c v n l u i i t i c ~ n  of  t l ic p o t e n t i a l  t ~ n v i r o n m c n t n l  impact on t e r r c s t r i e l  
ecosystems and l and  usc .  P r i o r  t o  b e i n g  cmploycd by t h c  NRC, he  w c ~ s  d i r c c t o r  of  
T c r r e s t r i n l  Ecology f o r  n  p r i v a t e  c o n s u l t i n g  f i r m .  I n  t h i s  c a p q c i t y  11c d i r e c t e d  
arid conducted b n s e l i u c  s t u d i e s  of proposed n u c l e n r  o r  f o s s i l  f u e l  powcr p l a n t s ,  
nnd l n r g c  urban rind r e c r e a t i o n a l  dcvelopmrnts .  llc l ~ n s  conducted f o r c s t  and rilnge 
mnngemcnt r c s c n r c h  w i t 1 1  t h e  1I.S. F o r e s t  S e r v i c e  i n  F l o r i d a  f o r  2 y e n r s .  D r .  
Lal!oucl~r r c c c i v c d  t h e  P1i.D. dcgret. i n  Uotany-Plant Ecology from t h e  U n i v e r s i t y  of  
E lassachuse t t s  n t  Amlierst i n  1969, llrc N.S. i n  t l ie  samc a r e a s  frolr. t h c  Cnt l io l i c  
l l n i v c r s i t y  o f  hrncricn i n  Wnsllington, D.C. i n  1958, nnd tlic D . A .  i n  i3'iology from 
t h e  C ; t t l ~ o l i c  U t i i v c r s i t v  of Ancr icn i n  1957. 111 1950 he grnduntcd from t h e  Stock-  
b r i d g c  Scllool of  ~ l ~ r i c i ~ l t r ~ r c  of tlrc t l n i v c r s i t y  of H n s s n c l ~ u s c t t s  ds 11 F l o r i c ~ ~ l t u r c  
major .  Hc was c l c c t e d  t o  tlrc S o c i c t y  of Sigma X i  i n  1958 cind IIGS hccn n  memhcr 
of  t h e  E c o l o g i c n l  S o c i c t y  of  ~ l m c r i c n  s i n c e  1957, mcnhcr of  t l ~ c  S o c i e t y  o f  Amcri- 
c a n  F o r e s t e r s  s i r l cc  1972 and n member o f  t l ic T o r r c y  f3otanicnl Club s i n c e  1980. 

B R I A N  R.  L E N 2  

Mnjor Rrinn 1,t~nz liils ii blicstcr of  A r t s  d c g r c e  i n  Clicmistry from tlrc l l n i v c r s i t y  of 
Sou t l re r~ i  C n l i f o r n i n .  tie is c i ~ r r ~ ~ ~ t  l y  s c r v f r ~ g  a s  t l~c  Energy l'rc~grnm Ehtingc-r a t  
H c n d q u ~ r t t ~ r s  Unitcd S t a t e s  A i r  Force.  P r i o r  t o  t l ~ l s ,  lie was : ~ s s i g n c d  n s  n  qua l -  
i t y  nssurnncc  of  f i c c r  :it tlic I)t-fclisc Fuel S i ~ p p l y  Cent cr whcrt* .1mciug o t h e r  d u t  i c s  
h c  was t l le g a s o l ~ o ~  p r o j c c t  clif i c e r .  tic h :~s  sc rvcd  3s n s r n f f  f u c l s  o f f  i c c r  n t  
Hcndqunrti*rs l l n i t c d  S t . i t c s  Air Forces  i l l  Europc h c i c s  r c s p v ~ i s i h l c  f o r  cncrgy con- 
s e r v a t  ton ,  pe t ro leum c-, .t inns  and t i ~ t ~ k n g c  nl locn: i n n .  t!~. 11;1s s c r v c d  11s ;r h ; ~ n c  
f u e l s  o f f i c e r  i n  Vlct~inm  lid Tliniland n11d n s t i r i f  f t ~ c l s  ~ f f i ~ ~ r  f o r  ~ i s s i l i ?  f i 1 ~ 1 s .  

NORMAN H .  MACLEOD 

Dr. bi:~clcod is t h e  c:h:rirm;111 nud prc .s idc~i t  c > i  Amcrlca11 S ~ i ~ l l c c  aud T ~ ~ c l ~ ~ ~ n ' i o ~ y  Cnr- --- 
p o r n t i o n ;  n  FIarylntid c o r p n r i l t i ~ ~ n  c~lgagcd i n  t l ~ c  d c v c l i ~ p m c ~ ~ t ,  m:ln;1~:c*mctlt i11iI1 IISC 

of t h e  AEROS system 01' s : t tc l  1 i t c s  (1~0ODShT, PE'I'I:OSI\T, CI.lElAShT) , ~roi111d s t i l t  inn 



and image process ing  technol.ogies, and resource mnagernent information systems 
f o r  resource  discovery,  monitoring and nanagement- P r i o r  t o  j o i n i n g  American 
Science and Technology Corp., he was a Senicr  O f f i c e r  w i th  t h e  F o ~ d  and Agricul- 
t u r e  Organizat ion of t h e  !Jni ted Nations, R e ~ o t e  Sens ing  Center ,  Rome, I t a l y .  He 
a l s o  served a s  a  D i r ec to r  f o r  t he  Ear th  Resources Development Research I n s t i t u t e  
and a s  a  Research S c i e n t i s t  a t  t h e  American Univers i ty .  llc rece ived  h i s  ?h.D. 
degree i n  Agronomy and P lan t  Physiology from the  Usl iversi ty o f  lhrylai-d.  He 
rece ived  h i s  N.S. degree i n  Agronomy from the  E n h c r s i t y  of Massachuset ts  rnd 
h i s  B . A .  degree i n  L i b e r a l  A r t s  from t h e  Univers i ty  of Chicago. D r .  Macleod hag 
prepared over  50 pub l i ca t i ons ,  p r i n c i p a l l y  on the i n t e r p r e t a t i o n  and use  of re-  
mote sens ing  d a t a  with r e f e r ence  t o  land m a n a g a n t  and r e h a b i l i t a t i o n .  

MALCOLM J. MACDONtUD 

M. J. Macdonald was r e c e n t l y  appointed Deputy Super in tendent  of Engineering and 
U t i l i t y  Systems f o r  S e a t t l e  C i ty  Light ,  one of the  count ry ' s  l a r g e s t  municipal  
u t i l i t i e s .  Previously,  he had been Di rec to r  of h t r g y  Resources Planning,  pro- 
ducing t h e  u t i l i t y ' s  1981 Energy Resources Repont and Data Base and coo rd ina t ing  
t h e  product ion of s i x  long-range resource  plmnkhg r e p o r t s  t i t l e d  "Energy Options .I' 
Before j o in ing  C i ty  Light  two years  ago, Macdon-Ad was a  c a r e e r  o f f i c e r  i n  t h e  U. 
S. Navy beginning wi th  graduat ion  from t h e  U.S. Its-ral Academy i n  1956. Before 
leaving  t h e  Navy i n  19e0 ns a Captain,  he serve8 i n  tile C i v i l  Engineer Corps, was 
Commanding Of f i ce r  of t h e  Navy Publ ic  Works Center i n  Norfolk, VA, and Navy kfobile  
Construct ion Ba t t a l i on  Four, and Di rec to r  of I n r t a l l a t i o n s  and F a c i l i t i e s  f o r  t h e  
Ass i s t an t  Secre ta ry  of t he  Navy. 1Ie holds  a  ~ d ~ e l o r ' s  degree i n  C i v i l  Engineer- 
ing  from Rensselaer  Poly tcchnic  I n s t i t u t e ,  a Master's i n  C i v i l  Engineering from 
t h e  Univers i ty  of I l l i n o i s  and p ro fe s s iona l  cngiincer l i c e n s e s  i n  t h e  s t n c e s  of 
Washington 3nd Ca l i fo rn i a .  

E .  BRUCE bXACDOUGALL 

E. Bruce MacDougall, Ph.D., is the  department lead  of t h e  Landscape Arch i t ec tu re  
and Regional Planning Department a t  t h e  UniversBty o f  Massachuset ts  a t  Amherst. 
tie is  the  au thor  of s e v e r a l  a r t i c l e s  on geograpuc  a n a l y s i s  and Computer Program- 
mine, % S p a t i a l  Problems, Edward Ar~lo ld ,  1976, Current  r e sea rch  i n t e r e s t s  in-  
clude:  envj-ronmental inventory  and eva lua t ion  Zor urban planning and des ign  and 
t h e  accuracy of s c i e n t i f i c  information i n  Regimal  Planning. 

Wughanga N. Maglienda obta ined  a Bachelor 's  d c g ~ c e  from t h e  l rn ive r s i t y  of  Nairobi .  
She taught  f o r  two years  i n  a  h igh  school  i n  K c n ~ a  be fo re  a t t e n d i n g  Ohio Univer- 
s i t y  where she  received an M.A. i n  Geography. Af te r  completing he r  course  work 
i n  geography, she  en ro l l ed  i n  a  second Master 's  deg ree  i n  Environmental Science.  
I n  both a r e a s ,  she has concent ra ted  i n  the  use ,nf remote sens ing  d a t a  f o r  r e sou rce  
management. tier M.A. t h e s i s  was "Monitoring Kenyan Forcs t  Changes U ~ i n g  Remote 
Sensing: A Case Study of  Mau Forest." Future p l a n s  i nc lude  s t a r t i n g  a  Ph.D. pro- 
gram i n  Economic Education with t he  des i r ed  r c s n f t  being a  major i n  Environmental 
Economics. 
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LAWREIJCE NIX 

Lawrence Mlx holds  a B.S. and M.S. i n  Fo re s t ry  from N i s s i s s i p p i  S t a t e  Un ive r s i t y  
and h i s  Ph.D., a l s o  i n  Fores t ry ,  from t h e  Univers i ty  of Georgia. H i s  r e sea rch  
a c t i v i t i e s  have included s tand  growth, b ionass  product ion,  s i l v i c u l t u r e ,  t r e e  
physiology, manipulat ion of biemass a c c r e t i o n  i n  f o r e s t  s t ands ,  mul t i - resource  
inventory  of f o r e s t s ,  a v a i l a b i l i t y  of f o r e s t  biomass f o r  f u e l ,  chemical s t imula-  
t i o n  of o l e o r e s i n  product ion,  and wood formation i n  f o r e s t  t r e e s .  H i s  publica-  
t i o n s  inc lude  t h e  sub jec t s :  biology of  wood f  o m t i o n ,  chemical i nduc t ion  of  
r e s i n  soaking, chemical c o n t r o l  of f o r e s t  vege t a t i on  and multi-phese inventory  
o f  f o r e s t  bionass.  He is a s soc i a t ed  wi th  t h e  Socie ty  of h e r i c a s  Fo re s t e r s ,  
SARRMC Wood Energy Committee, S.C. Energy.Planning Corn i t t ee ,  and U.S. Fo re s t  
Se rv i ce  S i l v i c u l t u r e  C e r t i f i c a t i o n  Board. 

JONATHAN A. OSKI 

M r .  Oski is  employed by t h e  NETLAND Research Group, Department of Landscape Ar-  
c h i t e c t u r e  and Regional Planning, Univers i ty  of Massachu-etts. H i s  work in- 
vo lves  co-authoring a  r e sea rch  b u l l e t i n  which focuses  on t h e  a p p l i c a t i o n  of geo- 
g raph ic  information systems i n  an  energy planning s i t u a t i o n .  M r .  Oski rece ived  
h i s  FIastcr 's degree i n  Regional Planning from t h e  Univers i ty  of Massachuset ts  i n  
Anherst,  MA, i n  Nay 1982. H i s  a r e a  of s tudy  focused cn t h e  use  of computer-sided 
landscape planning and systems modelling and a n a l y s i s .  He rece ive2  h i s  B.S. de- 
g ree  i n  Biology from Hobart College i n  Geneva, NP. H e  co-authored a paper  w i th  
Timothy Aston e n t i t l e d  "A Land Use Plan  f o r  t h e  Nor th f i e ld  M t .  HermGn School." 

SIMSEK PALA 

D r .  Pa l a  obta ined  a Bachelor 's  degree a t  t h e  Univers i ty  of  Ankara, Turkey. He 
won a s cho la r sh ip  f o r  graduate s tudy i n  Germany, where he obta ined  R d o c t o r a l  
degree i n  geomorphology f r o n  the  Univers i ty  of F r e i b i ~ r g .  Af t e r  i m i g r a t i n g  t o  
Canada i n  1972, he joined t h e  Ontar io  Centre f o r  Renote Sensiag a t  i ts  incept ion .  
A s  Chief S c i e n t i s t  of t h e  OCRS, D r .  Pa la  has developed a p p l i c a t i o n s  of  s a t e l l i t e  
imagery t o  geo log ica l  mapping, mineral  exp lo ra t i on ,  f o r e s t r y ,  a g r i - u l t u r e ,  l and  
use  planning,  hydrology and environmental monitoring. He !las p ~ t  a  p r a c t i c a l  
d i g i t a l  inage a n a l y s i s  system i n t o  ope ra t ion  a t  t h e  OCRS, and has  daveloped a 
computerized mapping technique t o  produce d i g i t a l  a n a l y s i s  r e s u l t s  i n  a useable  
format. He is  ruapping t h e  s u r f i c i a l  gcology of Northern Ontar io  from a e r i a l  
photography and ex t ens ive  f i e l d  sampling, wi th  t h e  a i d  of Landsat imagery; and 
is a l s o  mapping t h e  wetlands of t h e  fludson Bay-James Bay 1,owland by d i g i t a l  
Landsat a n a l y s i s .  He i n i t i a t e d  programs t o  map land ~ s e / l s n d  cover  a c r o s s  t h e  
province and t o  map f o r e s t  types no r th  of l a t i t u d e  5 2 O ~ .  D r .  Pa l a  is  a l s o  re- 
spons ib l e  f o r  t he  t r a i n i n g  and technology t r a n s f e r  programs of t h e  Centre.  

RICHARD F. PASCUCCI  

Richard Pascucci  is t h e  Manager, Ear th  Sciences Appl ica t ions ,  1-utometric,  I nc . ,  
F a l l s  Church, VA. He received a B.S. i n  gcology i n  1952 from t h e  Un ive r s i t y  of 
Connect icut  and pursue i  graduate s t u d i e s  a s  a  Higgins   ell ow a t  Columbia Univcr- 
s i t y  and a s  a  Fu lb r igh t  Scholar  a t  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Aer i a l  Survey 
and Earth Sc iences  i n  D e l f t ,  t he  Netherlands. He has had 21 yea r s  of exper ience  
i n  eva lua t ing  the  c a p a b i l i t i e s  and l i m i t a t i o n s  of remote sensors .  During t h i s  



t ime he  has p a r t i c i p r t e d  i n  t h e  des ign ,  implgnentat ion,  and nanagement o f  pore 
than  50 p r o j e c t s  d e a l i n g  wi th  o i l  and mineral  exp lo ra t i on ,  env i ronaen ta l  i a p a c t  
a n a l y s t s ,  and nuc l ea r  p w e r  p l a n t  s i t i n g ,  and has  published 25 papers  c n  t hese  
sub jec t s .  lie is c u r r z n t l y  involved i n  t h e  resource- re la ted  npp l i cn t ions  of  a 
geugraphic i n f o r z i t i o n  system and i n  t h e  computer a n a l y s i s  of  s a t e l l i t e  d i g i t a l  
da ta .  He is a member o f  Phi  Beta Kappa, Sigma Xi, and Phi  Kappcr Phi.  

MICHAEL G .  PAVLIDZS 

Michael P a v l i d s  rece ived  h i s  C i v i l  Engineering degree from Lehigh Un ive r s i t y  - 
i n  1371. From 1972 t o  1.974 he  was a consul tan t  a t  Ebasco Serv ices ,  Inc. ,  a 
u t i l i t y  i ndus t ry  c o n s u l t i n g  fir-, where he performed hydrologic i n v e s t i g a t i o n s  
f o r  power p l a n t  s i t e  f e a s i b i l i t y  s t u d i e s  and r e l a t e d  environmental r e p o r t s  f o r  
Nuclear Power P lan ts .  From 1974 t o  t h e  p re sen t  he  has been employed by Green- 
horne & O'Mara, Inc. I n  1976 he rdceived h i s  & s t e r l s  o f  Science,  C i v i l  Engi- 
neer ing  degree from George Washington Universi ty.  He is t h e  D i rec to r  f o r  t h e  
Ear th  Sciences Division.  Under h i s  d i r e c t i o n  he has  developed va r ious  d i s c i -  
p l i n e s  which inc lude  a p p l i c a t i o n s  of  computer s c i ence ,  remote sens ing ,  photo- 
grammetry, geography, geology, and geographic information systems. 

ROBERT RAGAN 

D r .  Robert R a ~ a n  is t h e  Direc tor  o f  t h e  Remote Sensing Systems Laboratory and a 
Professor  of C i v i l  Engineering. H i s  a r e a  of s p e c i a l i z a t i o n  is t h e  a p p l i c a t i o n  
o f  remote sens ing  t o  hydrologic modeling. 

JAMES KARL SAILOR 

James Karl  S a i l o r  is p re sen t ly  a Systems Consultant f o r  Resourcc Mapping Applica- 
t i o n s  a t  In te rgraph  Corporation. P r i o r  t o  j o in ing  In te rgraph  i n  A p r i l ,  he has  
served a s  a consu l t an t  i n  f o r e s t  i ndus t ry  a p p l i c a t i o n s  of Geographic Information 
Systems i n  Oregon, a s  w e l l  a s  a n s t u r a l  resources  p lanner  f o r  t h e  New England 
River Basins Comiss ion .  Mr. S a i l o r  holds a Mzster 's  degree frcm Yale Univers i ty  
of Fo re s t ry ,  s p e c i a l i z i n g  i n  S p a t i a l  I n fo rna t ion  Systems, and a E.A. i n  Biology 
f r o n  h h e r s t  College. He has  published papers  on computer mapping a p p l i c a t i o n s  
i n  f o r e s t r y ,  hydrology and land plannfng. 

CHARLES E .  SASSER 

Mr. Sasse r  ho lds  a B.A. degree i n  h i s t o r y  and an  M.S. degree i n  Marine Sciences 
from Louisiana S t a t e  Universi ty.  He is p re sen t ly  a r e sea rch  a s s o c i a t e  a t  t h e  
Center f o r  Wetland Resources, LSU. H i s  i n t e r e s t s  a r e  c o a s t a l  wetland ecology, 
and wetland management. He is a member of t h e  fol lowing p ro fe s s iona l  s o c i e t i e s :  
Botanica l  Society of America and Es tuar ine  Research Federat ion.  

YALE M. SCHIFFMAN 

Yale ?I. Schiffman is t h e  p r i n c i p a l  of Schiffman Energy Services, Inc. 1Ie is  
r e s p o n t i b l e  f o r  design and management of  a l l  t e chn ica l  p r o j e c t s  i nc lud ing  t h e  
National  Conference on Energy Resource Management 1982 and 1983; t he  Technology 
Assessment of  So la r  Energy Systems; Energy Resource Management a t  Naval F a c i l i -  
t i e s .  P r i o r  t o  foiming Schiffman Energy Serv ices ,  he was r e spons ib l e  f o r  



d i r e c t i n g  t h e  MITRE C o r p o r a t i o n ' s  b n m ~ n i t y  and  Reneweble A p p l i c a t i o n s  Croups. 
tie lias des igned  : l a r g e  s c a l e  sys tem dynamics model CFLM, t h e  Community E..c.rgy 
Impact Model ( c o p y r i g h t ,  1982) f o r  ude i n  e s t i w t i n g  energy  u s e  a t  t h e  comrnu1.- 
i t y  l e v e l  ar.d f o r  f o r e c a s t i n g  t l ie impac t s  o f  i n s t a l l i n g  a l t e r n a t i v e  ene rgy  sys- 
tems i n c l u d i n g  energy  c o n s c r v a t i o ~  o p t i o n s .  H i s  paper  o n  CEW w a s  awarded t:le 
I n t e r n a t i o n a l  Congress  o f  Appi ied Systems Kesearcli M e r i t o r l o u s  Award f o r  1982. 
lie 1;as r e c e n t l y  a u t h o r e d  two books on energy  r r y o u r c e s .  The f i r s t  is  e n t i t l e d  
"So la r  Energy Systems--An A l t c r n a t i \ ~ e  P e r s p e c t i v e , "  pub!.ished by Lexlng t o n  
Books. The second book is  c a l l e d  "Energy Rosoclrce Management-.-A R e f e r e n c e  Kcte- 
book f o r  Energy Resource  P l a n n e r s  and E lan~gers . "  M r .  Schif fman i s  she  Prer:i.ieiit 
of t h e  American P l a n n i n g  A s s o c i a t i o n ' s  Energy P la i ln ing  D i v i s i o n ,  is  ii member o f  
t h e  E d i t o r i a l  Board o f  Comtex S c i e n t i f i c  C o r p o r a t i o n  a n 3  h a s  been l i s t e i  i n  k310's 
Who i n  t h e  South ,  Disc ingu i s l i ed  Americans,  and Men o f  D i s t i n c t i o n .  H e  r e c e i v e d  
h i s  Bache lo r ' s  and  * s t e r ' s  d e g r e e s  i n  Urban P l a n p i n g  from Bos'on d n i v e r a i t y ,  
H e  s e r v e d  a s  a  Teach ing  Fel low a t  Boston U n i v e r s i t y  and Harvard U c i v e r s i t y ' s  
Gradua te  Schoo l  o f  Design. 

Willcm S. Schoor,hoven is a Community P l a n n i n g  C o n s u l t a n t  f c r  t h e  Pennsyl.vania 
Power a n 3  L i g h t  Company. Hia e x p e r i e n c e  i l l c l u d c s  t h e  c o o r d i n a t i o n  d f  e f f c r t s  
t o  e s t a b l i s h  a campute r i zed  d a t a  base  f o r  us= i n  company f a c i l i t y  s i t j n g  and 
t e c h n i c a l  a s s i s t a n c e  t o  p ~ i b l i c  a g e n c i e s .  Willern h o l d s  a d e g r e e  i n  Geography 
from t h e  U n i v e r s i t y  o f  Toronto .  

NICIIOLAS M. SHORT 

D r .  N icho las  M. S h o r t  i s  c u r r e n t l y  engaged i n  r e s e a r c t  w i t h i n  tlle Geopnysics  
Branch a t  NASA/Goddard Space F l i g h t  Cen te r .  During 1977-1981, he  was t h ?  pro- 
gram s c i e n t i s t  and D i r e c t o r  o f  T r c i n i n g  f o r  t h e  E a s t e r n  R e g i o ~ a l  Remote S c n s i ~ g  
A p p l i c a t i o n  C e n t e r  (ERRSAC) a t  G ~ d d a r d .  7rom 1972 th rouqh  mrd-1977 D r .  S h o r t  
was t h e  Geology D i s c i p l i n e  Leader  i n  NASA's E a r t h  Resources  Program, wi 5 r e -  
s p o n s i b i i i t i e s  f o r  implementa t ion  o f  more t h a n  8 0  domes t i c  arid f o r e i g n  in-rest:- 
g a t i o n s  i n  m i n e r a l  r e s o u r c e s ,  g e o l o g l c  s t r u c t u r e s  a n a l y s i s ,  a ~ i d  l -znd, 'om s u r -  
veys  wit!lin t h e  Landsat  (ERTS) program an< f o r  c o o r d i n a t i o n  among NASA C c n t o r s  
o f  r e s e a r c h  I n t o  a p p l i c a t i o n s  o f  g e o l o g i c  rcmote  s e n s i n g  f o r  m i n e r a l  and Oilergy'  
e x p l o r a t i o n .  Dr. S h o r t  receiver1 h i s  B.S. i n  G e o l a j y  from Sc. Lou i s  l l n i v e r s i t y  
(1951) and a n  M.A. i n  t h j s  f i e l d  f r cm Washington I ' . i v e r s i t y  and o b t a i n e d  h i s  
Ph. D. i n  Geology i r o n  Massachusc t t a  I n s t i t u t e  o f  ' ~ e c h u o l o f y  (1958;. Cr. S h o r t  
l ias w r i t t e n  o r  co-authored more t b a n  75 p a p e r s  i n  s e v e r a l  s u b r i e l d s  o f  geology 
and remote s e n s i n g .  He h a s  co-ediced t h e  s t a n d a r d  r e f e r e n c e  book o n  Shocl: bfeta- 
morphisn  of N a t u r a l  M a t e r i a l s ,  h a s  co-authored a p i c t o r i a l  a t l a s  of  v c l c o n i c  - 
l andforms ,  and h a s  completed t h e  f i r s t  basic t e x t b o o k  on -. P l a n e t a y -  Gcolony. He 
i; s e n i o r  a u t h o r  o f  t h e  w i d e l y  known NASA S p e c i a l  P u b l i c a t i o n  3b0 e n t i t l e d  
Miss ion  t o  Zarth--Landsat Views t h e  World. 

FREDERIC SIEGEL 

F r e d e r i c  R. S i e g e 1  r e c e i v e d  t h e  3 .A.  d e g r e e  from Harvard U n i v c r s r t y  (1954).  Me 
e a r n e d  the M.S. d e g r e e  (1358) and t h e  l'h.D. d e g r e e  (i9C.I) from t h e  l l n i v e r s i t y  o f  
Kacsas.  tie t h e n  t a u g h t  and d i d  r e s e a r c h  i n  Argentin.;  f o r  two y e a r s  a t  The S n c t i -  
~ u t o  Miguel L i l l o  (Unive r s idad  k 'ec ional  d e  Tucunnn) b e f o r e  j o i n i n g  t h e  S t a t e  



Geolog ica l  Survey of  Kansas as 11ead of  t h e  Gcocl~emist ry  Divisi .on. I n  1965, h c  
became A s s o c i a t e  P r c f c s s o r  o f  G ~ o c h e n ~ i s t r y  at: t l ~ c  George IJashingtnn U n i v e r s i t y  
and i n  1969 was nadc  P r o f e s s o r  of  Gcochcnis t ry .  I n  1976, Dr. S i e g e 1  became 
Chairman o f  t h e  Depar tn~cnt  o f  Ccology of   he Ccorge Wsshington U n i v e r s i t y .  He 
h a s  l ~ c l d  a n  appointment  a s  Research A s s o c i a t e  wit11 t h c  U.S. N a t i o n a l  Elilscum 
(Smitllsonian I n s t i t u t i o n )  s i n c e  1967. Hc was a n  5 o s o c i a t e  c d i t o r  f o r  t h e  Jour -  
n a l  o f  E x p l o r a t i o n  from 1972-76 and is  p r c s c n t l y  e d i t o r  f o r  t h e  volume "Review 
of  Rcscarcll on Modern Problcriis i n  Geochemistry" p u b l i s h e d  by UNESCO. D r .  S i e g c l  
h a s  r e c e i v e d  fund ing  f o r  r csca rc l i  p r o j e c t s  f roin t h c  NSF, t h c  Smithsoninn I n s t i -  
t u t i o n ,  t l ~ e  U n i v c r s i  t y  Commi t t c c  on Kcsearc l~ ,  t l ~ c  Nllf, and p r i v a t e  i n d u s t r y .  
H i s  t eac l i ing  f i c l d s  and n r c a s  of  e x p c r t i s c  i n c l u d e  v a r i o u s  a s p e c t s  o f  gcocl~crn- 
i s t r y  (nnr  i n e ,  e x p l o r a  t i o n ,  env i ronmenta l )  and env i ronmenta l  geology ( inc lud ing '  
g e o l o g i c a l  l iazards  i n  land--usc p l a n n i n g ) .  

fiAM N. SINGH 

D r .  Kim N. Sing11 r c c c i v e d  a n  El. Sc. d e g r e c  i n  Agronomy from Banaras  Itindu Uni- 
v e r s i t y ,  I n d i a ,  i n  1964 and a  Ph. I). i n  SocioLogy w i t 1 1  s p c c i n l i z a t i o n  i n  Demography 
and llumcln Ecology, and Kcscorch Metl~odology and S c a t i s t i c s  from t h e  I l n i v e r s i t y  o f  
Gcorgia  i n  1970. Rctwc3cn 1969 and 1980, Ilc t augh t  c o u r s e s  i n  Den~ograpl~y, Human 
Ecology, I<csciircl~ Elcthorlology, S o c i a l  S t a t i s t i c s ,  and Comn~unity H c a l t l ~  a t  bo th  
undcrgradua tc  and g r a d u a t c  l e v e l s  a t  EIars11a11 Univers i  t y  , I lun t ing ton ,  W'. Dur- 
i n g  h i s  t e n u r c  n t  P l a r s l ~ a l l  I l n i v e r s i t y  , tic d i r e c t e d  s e v .  r a l  r c s e a r c l ~  p r o j c c t s  in -  
c l u d i n g  t h o s e  r e l a t e d  t o  energy r e s o u r c e s  f o r  t h e  U.S. Army Corps o f  Eng ineers .  
I n  n d d i t  ion ,  11c Iii~s been involvccl w i t 1 1  s t i d i e s  d e n l i n g  w i t h  p o p u l a t  i o n  e s t i m a t e s ,  
t r c n d s ,  and d i s t r i l ) u t i o n  i n  tlic Appa lac l~a in  Kcgion. Ilc h a s  bccn a n  a c t i v e  mcm- 
b e r  o f  t l ~ c  Nars l i a l l  l l n i v c r s i t y  1tcn1ot.c Sens iug  Croup (an in tc - rd i sc ip l inc l ry  group)  
s i u c c  i t  was o r g a n i z e d  i n  1979 and II'IS a t t c n d c d  s e v e r a l  workshops on Rcmotc 
S e n s i ~ l g  a t  NASA/Goddard Space F l i g h t  CcnLcr i n  G r e e n b e l t ,  ME. During 1980-81 
academic y e a r ,  IIC was s c l c c t e d  a s  an Anlcrfcan Counci l  on I:d*.~cation Governmental 
Fel low from t l ~ c  f a c u l t y  nlcmbcrs from t h c  u ~ l i v c r s i  tics and c o l l c g c s  t l ~ r o u g : ~ o u t  the 
United S t a t e s .  Ilc jo ined  t11c Data n ~ i d  Drmogrnpl~y D i v i s i o n  of  t h e  O f f i c e  o f  Revc- 
nuc S l ~ c ~ r i n g ,  U.S. 1)cpartrncnt of  t h c  'I 'rcosury a s  a  Program Analyst  Dcmograplrcr i h i  

.June 1980. 

ANTON A. SINISGALLI 

Anton A. S i n i s g a l l  i lias bccn wi t l i  t l ~ c  U. S .  Nuclear  Rcgul a t o r y  Commission (NKC) 
s i n c : ~  1974. H i s  c u r r e n t  d u t i e s  i n c l u d c  t l lc i d e n t i f i c a t i o n  and e v a l u a t i o n  o f  
Iiaznrds t o  t l lc s a f e  o p e r a t l o l l  of  n u c l e a r  power p l a n t s  due t o  man-rcla tcd a c c i -  
dents c x t c r n a l  t o  t l losc p l a n t s  and s i t e  cl1~1ract t>r iz3t io11 (demography, topography,  
l a n d  u s c ,  c t c . ) .  P r i o r  t o  j o i n i n g  tlrc NI:C, E'r. S i n i s g n l l i  was a c t i v c l y  engaged 
i n  v a r i o u s  rcmi>tc. s e n s i n g  progrn-w. Ilc h o l d s  a  U.S. from 1)avis and E l k i n s  Col- 
l e g e  and a n  M.S. from West Virgi11i.a U n i v e r s i t y .  He is a ~ncmber o f  t l ic  S o c i e t y  
of  Sigml X i  and tllc h n ~ c r i c a n  S o c i c t y  f o r  T e s t i n g  and b l a t c r i a l s .  Mr. S i n i s g a l l i  
is tile r c c i p i c n t  o f  s c v c r n l  i n t e r ~ l a t i o n n l  awards.  

-\LAN F. SMITH 

Mr. Smitll is t l lc?  SEAIZCII-I'AK Naiicigcr, Au;omctric, Inc.  Ilc l io lds  a B.S. i n  geology 
from t h e  U11ivcr:;ity of  Nortli C a r o l i n a  and n U.S.  i n  geogr;lphy (1977) from t h e  
U n i v e r s i t y  o f  PiarylclnJ. Ilc iins l ~ a d  14 yciirs o f  c s p c r i c n c e  i n  t h c  a p p l i c a t i o ~ l s  o f  



rl*rnotr. H C - I I ~ I ~ I I X  t o  111e t*;lrt\t S C ~ C I I C I ~ H ,  t*spi\ 'it\lly 21s r r l a t c d  t o  r x p l o r n t l o n  ~co logy  
c ~ n d  tc?rr;rilr s t t ~ d l ~ a s ,  :rrrd II:IS p r ~ r t l ~ f p : ~ t i ~ t l  111 t*v:~lu:~t 111s t l lc  r t ~ s u l t s  o f  NASA's 
11111t1t  I t  I I ~ I  ~irtrgrfirns. ( . r r t*ut  l y  . Ill* 1 s lnvti 1vl.d 111 t d r v o  lijp- 
nlc*lrt of r r r l  ~ * n p  l t i rn t  ltiu prt t~lt lct  for ; I I ~ Q  c x p l o r a t  loll contmunltv. TItls  p r o d u c t  UHC*H 

(1 c t i n l i t ~ t c ~ r - c ~ : ~ s l : ~ t t ~ ~ i  p,'~t>t;rr~pl\lc 11\forn1:1L Lou systcbm t o  qu:rlrt l l y  arrtl synthc:alzci in-  
I tBrprt*Lcrt ltrn rc*:at~l t s  f r t t m  s ldt*- itwk 11rg rcld:tr i ~ u d  lirlltlsnt MS:; Im;~gr.ry. tic is 41 

n1rpmlrc.r of (: l l r  r\:nr*rlc:111 S,icI1*ty o f  I ' l~~ t t~ tg remmt~t rp .  



ti? c a ~ l u o c r l t r j i  problcn:;. S i n c c  1978 I r t p  hi13 hccn (1 g r u d u u t c  a t t l d c n t ,  nnd t lrcn 
s t n f  f mt*ml)c*r, l a  ( h r n c l l  \ I n l v c r s i t y ' s  I)cl>:lrtr.\cnt o f  Erlvironmcntel  E n g l n c c r i n g .  
T11ro11gll~)ut t l r l s  p r r l o d  I I ~  vo rkcd  i n  tlrt* l c h o r u t o r y  o f  Comptitcr ( : rnp l r i c~  devclop- 
in* t c ~ ~ . l l ~ ~ i q t ~ t * s  for c ~ r n p t ~ t  er-8 ldod cia t n  i n p u t  nrld m z n l p u l n t  fun ,  l n t c r n c t  t v c  
m d c l  tug ,  and 1.crlor p r o c c s s i n ~ .  Ilc w i l l  complc tc  thc r c q u i r c m c n t s  f o r  Ills P11.1). 
d u r i n g  tlli* SlllMlcr o f  1982. 

Dr. .I~~lrn7"~wu:~llr*ntl t*:\r~lvd i l l s  11. Sc.  (I.ond~)u tlnivt*rtri t y  19b7) 11ud h I s  PI1. I). (Lc:tl- 
c i c ) ~ ~  Llr~lvc-rs l t y 1071 ). Itis r c s c n r c l ~  l ~ a t t \ r c s t s  c u r r c n t  l y  : Ire p r i m i l r i l y  ill tlrc 
r1pl11 t c:rt t i u ~ s  of  rcmot c scns1111; f o r  t c r r :~  (11 cvtr l u n t  I o n .  Ki*cct~t l y  c-ii i L e d  n hook 
clrt  i t  l ~ d  "'l'c*rr l:ln t\11:11 y s  1:: c~tril Kcmote ~ c ~ l j s l r r g "  (1981 ) . I k  . Townul~cnd st*rvcd 41s n 
VI:tLtiirg A : ~ ; ~ o ~ . f r ~ t t '  I'rcifc*~:ror ctt C1:lt-I; I I ~ l f v c r s i t y ,  Wii rc t*s tcr ,  EU ntld N o t l a u i ~ l  
Nc*sc*:lrcl~ (:ctrl11ts 11 Scnl t r r  V i s i t  l u g  Kcsc:trclr A s s ~ c l : ~ t ~ '  a t  NASAICodd;rrd Spncc F l  ifillt 
a t  r I 1 1 1  I l r r ~ ~ i c l ~ .  I ~ c  W:IH tlrc- Ilan~jr:il>l c* Ccnc*rcll ScC r c t u r y  
of  t IIC Kt*artr[ c- SVIIS ill}; SticL~*t y , :llrd 111 I9  74 wits c!l>prrlutc*tl Clln trm:111 o f  t11c :!ill t pd 
K l  tl}:tlom I;l*tnotc* Scns   in^ (:t%tltrl.'s Workirr): Group o ~ \  h r ~ d  App 1 lc:l t 1 ~ 1 n u  c~tld Scc rc -  
i ; lry o f  L Ire* Work tug ( :rol~p 011 I trformr1t lr711 Ilantl l l I\* t t l  Kt-mot t* Scns  L I I R .  

\)r. ' ~ ' ~ I ~ I I I - v  {:I C,>-\\ir,x.tor OHSIR and ~\s so r t : t t cb  1'8-c>t'csscrr o f  F ~ j r c s t  M:~~l:lgcn~~nc 
-.- ----- .-- . 
: i t ~ ' t - ~ r ~ r : ; ~ ~ v : ~ i ~ l ; ~  S [ : IL~-  [It1ivc.r-;ity. II t*  c.k*c~-lvt*tl ;I 11.S~. ( F o r . )  111 1959 from tlrc 
I I V  t y , S ~ I I I I ,  I I I .  111 1902 I I P  rccc*tvc,l :111 El.1.'. trtltl 111 lYb5 rr 
I .  I .  f I I 1 I v :  1 . l ) r .  'I'II~IIC-r workt*d I n  t:ovt*rtrm~*nt:~l f c i r c s t  r y  111 
I\~I::L I.;I l 1:r l ronr 100t) 10 It)o1 ;IS :III ;11Ilnll\i:i t r i l t o r ,  :rrztl f r i jm  1904 to  1 YO9 :IS JI 1,io- 
I r 1 I t I I ;  1 : I m : : n  r s r -  S LIICC\  1 VhV 111.- I l i l H  ~ C C I I  :\ 

mr.nllrc*r t r t '  ~ I r t *  f : ~ c r ~ I  t y 01-  L \ I C *  S c l ~ t ~ \ l  t > f  I:,>t'c*st Kc~sotarcc~s :lt tlit* I lu!v~*rs l t y ,  wllc\rt8 
IIC* t en:r~.lr1*~ cstwlr:it~s 111 r c ~ : a o ~ ~ r , ~ ~ -  n~~:~st r r t*~ni*t l t  H * I) lomt- t ry ,  .711d f o r c s  t w~llrlgc8mt*rrt . 
,\I.Ic*r s t8 r \ r I~ rg  i o r  tw,) ytn:\r:; ;IS ( : I I ; I ~ ~ I ~ : I I I  o f  1 1 1 ~ -  l:or~.st S k - l t * ~ ~ r i \  l*rtj):rt~m, llc* \~i-citr.r~* 
c:c~-l)l rttrr nl' 0HSI.K 111 19H0. 11;l:: I ~ c * I \ ~ ~ * < I  t o  i n s  t;rl 1 tilt- OHSKI: s y s  tcm a t  t l r ~  
Ll\l[vc\r:; 11 y t ~ t '  ( :c*,>y~l:~ ;111t\ ; ~ t  Nt11-1 11 (::~ro I ill:\ Slt11 t8 li'!~li\~t*rs 1 t y , :I:I ~ 1 - 1  1 :Is 011 1 ht8 
,\tist I.:\ 1 1:111 ( : O V ~ . ~ . I I I I ~ ~ - I ~ [  ' H II:II i,r~tw 1 tlv C ~ > I I I ~ ~ I I  1 1 1 ~  I I ~ * I  WC~F?; 11;1sc*d 111 (::l~ll~i\t.r:l. 11) mi- 

,! I [ t , \ll  ( '1 '-,lll'~~l,.[ [ 1 1 ~  ~ , > r ~ ~ S l l , > ~ l s  ill [ ll,* 11:;'- llf [ llt* :zy:;t c-111 :It [ 11,~s~- IUt> l l ~ ~ . l l t  lo119 * 
1 1 ~  II;I:; p : ~ r t  1,. I ~ * : I L  ,b,l 111 1 ,I;I,.~I 111~; ~11 ,>r t  co~tr:;l-h 111 rc-;1lott8 SCWH t r l ~  11t I'i1~1ri S1:1tc*. 
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P r o j e c t  Manager f o r  t h e  Pennsylvania Abandoned Coal Mine Inventory Team. H i s  
primary accomplishnents i n  t h i s  capac i ty  have been t o  a s s i s t  i n  t h e  des ign  and 
management of t h e  ex t ens ive  a e r i a l  survey of  abandolied c o a l  mine f e a t u r e s  i n  
Pennsylvania. S ince  j > in ing  EarthSat  i n  January 1981, M r .  Warnick has  a l s o  con- 
t r i b u t e d  t o  a number o f  o t h e r  p ro j ec t s .  He was primary image a n a l y s t  i n  a tech- 
n i c a l  eva lua t ion  of r e c e n t  a e r i a l  surveys of a g r i c u l t u r a l  l and  use  I n  Bol iv ia .  
I n  September 1981, he coord ina ted  a  two-week t r a i n i n g  s e s s i o n  f o r  fo re ign  sc ien-  
tists i n  the  use and a p p l i c a t i o n s  of Landsat d a t s  f o r  ag r i cu l tu ra l .  surveys  i n  
no r the rn  Thailand. M r .  Warnick graduated from Oregon S t a t e  Univers i ty  wi th  a 
Bachelor of Science degree  i n  Geography i n  1976 and a I-laster of  Sc ience  degree  
i n  Resource Geography i n  1977. 

THOMAS A. WEAVER 

Thomas A. Weaver rece ived  h i s  Ph.D. i n  Geophysical Sc iences  from t h e  Un ive r s i t y  
of Chicago (.1973), h i s  M.S. i n  Geophysical Sciences fropi t h e  s ameschoo l  i n  
1968 and h i s  B.S. is Astrogeophysics from Colgate Univers i ty  i n  1967. Thomzs's 
r e sea rch  e f f o r t s  have been involved wi th  s e i smic  c h a r a c t e r i s t i c s  of underground 
voids,  microseismic s t u d i e s ,  and physics  and m a t e r i a l  p r o p e r t i e s  a s s c c i a t e d  wi th  
p lane tary  i n t e r i o r s .  H2 has been empleyed a t  Los Alemos National  Laboratory 
s i n c e  1972, and is t h e  program manager of  t h e  Los Alamos Data Integrat ion/Re- 
mote Sensing program; he is a l s o  Deputy Group Leader f o r  t h e  Geophysics Group. 

E R I C  WEINSTEIN 

Er i c  Weinscein has been wi th  t h e  D i v i s i m  c f  Emergency Preparedness f o r  t h e  
p a s t  3-112 yea r s  dur ing  which time has  co-authored Nurcg-0728, t he  NRC Lnci- 
dent  Response Plan,  and NUREG0845, Agency Procedures f o r  t h e  NRC Inc iden t  Re- 
sponse Plan. He has a l s o  developed, wi th  t h e  b e l . ~  o f  the  U.S. Geoiogical  Sur- 
vey, t he  10 and 50 m i l e  emergency planning maps f o r  a l l  52 ope ra t ing  r e a c t o r  
s i t e s  and is now i n  t h e  f i n a l  s t a g e s  of completing an a d d i t i o n a l  30 s i t e s  w i th  
ove r  75 percent  cons t ruc t ion  conpleted.  b l r .  Weinstein has  a  B . A .  from Aqeri- 
can Universi ty.  

JAMES M. WHITE 

James M. White is a Research A s s i s t a n t  w i th  t h e  Remote Sensing System Labora- 
tory.  He was t h e  Engineer-In-Charge of t h e  Land Cover Data Co l l ec t i on  f o r  t h e  
Environmental P ro t ec t ion  Agency's Chesapeake Bay P ro j ec t .  

RONALD WITT 

Ronald W i t t  is a  s p e c i a l i s t  i n  remote s ens ing  a p p l i c a t i o n s ,  d i g i t a l  image pro- 
c e s s i n g  and tech  t r a n s f e r  a c t i v i t i e s .  l l i s  research  i n t e r e s t s  inc lude  merging 
d a t a  s e t s  f o r  c l a s s i f i c a t i o n ,  change de t ec t ion ,  and urban a r e a  and a r i d  l ands  
a p p l i c a t i o n s  of  remote sensing.  Ronald is t h e  co-edi tor  of t he  Second Eas te rn  
Regional Itemote Sensing Applicat ions Conference proceedings, wi th  s e v e r a l  papers  
w r i t t e n  on remote sens ing  f o r  s u r f a c e  mine monitoring. He holds a  B.A. i n  H i s -  
t o r y  from Middleburg Collegt>, a  M.A. i n  Geography from t h e  Univers i ty  of Utah 
and fc l lowships  from the Univers i ty  of Tehran and tile Univers i ty  of  Utah. Ile 
is a member of A.S.P. 



JAMES R. WRAY 

Janies R. Urar is  a s e n i o r  geographer -ca r tographer  i n  t h e  O f f i c e  o f  Geographic  
Research a t  t h e  U.S. G e o l o g i c a l  Survey. Mr. Kray 's  c u r r e n t  r e s e a r c h  is o n  de- 
velopment of t e c h n i q u e s  f o r  i n v e n t o r y i n g  l a n d  u s r  and  ].and c o v c r  and f o r  noni-  
t o r i n g  l a n d  c o v e r  changc ( i n c l u d i n g  t h e  p r o c e s s i n g  o f  Landsa t  d a t a  i n  d i g i t a l  
form),  a p p l y i n g  t h i s  t echno logy  t o  o p e r a t i o n a l  p r o g r c n s  o f  t h e  U.S. Geol.ogica1 
Survey,  and d e m a n s t r a t i n g  t h e s e  t e c h n i q u e s  f o r  o t h e r  u s e s  nild u s e r s .  Mr. W r ~ y  
s e n r e d  a s  p r i n c i p a l  i n v e s t i g a t o r  i n  Landsat  and Skv lab  exper imen t s  i n  u rban  
changc d e t e c t i o n  u s i n g  remote  s e n s o r s  aboard  a i r c r a f t  and  s a t e l l i t e .  He was 
r e s p o n s i b l e  f o r  t h e  d e s i g n  o f  such  u s e r - o r i e n t e d  end p r o d u c t s  a s  a p r o t o t y p e  
A t l a s  o f  Urban and Reg iona l  Change, a n d  a d i g i t a l  l a n d  c o v c r  m p  o f  Washington 
f i t t e d  t o  c e n s u s  s t a t i s t i c a l  a r e a s .  Mr. Wray ea rned  d e g r c c s  i n  geograpliy a t  
t h e  U n i v e r s i t y  o f  Chicago. tie is author-editol:  o f  "Photo I n t e r p r e t a t i o n  i n  
Urban Area Ana lys i s "  i n  t h e  Manual o f  P h o t o ~ ~ c ~ p l i i c  I n t e r p r e t a t i o n ,  pub l i s l i ed  
by t h e  ;mcr ican S o c i e t y  of Photogramnetry.  He h a s  a l s o  c o n t r i b u t e d  t o  t l ic  So- 
c i e t y ' 3  Manual o f  Remote Sensing.  Urban c h a p t e r s  i n  b o t h  manuals were  i n -  
s p i r e d  by o r  made u s e  o f  t h e  NASAIUSGS Census C i t i e s  Landss t  exper imen t .  A t  
t h e  t ime o f  t h e  a c c i d e n t  a t  Thrce  Milc Is la lad i n  Matclt, 1979, J i m  Wray was in- 
s t r u m e n t a l  i n  d e m o n s t r a t i n g  t h e  c a p a b i l i t y  o f  t h e  U.S. G e o l o g i c a l  Survey t o  
p r o v i d e  o computer-drawn l a n d  u s e  and l a n d  c o v c r  map c e n t e r e d  i n  R.11 cnd ovcr-  
l a y i n g  b o u n d a r i e s  and codes  of census  s t a t i s t i c a l  a r e a s .  L a t e r  Ilc d e s i g n e d  a 
s e t  of f i v e  l and  u s e  and p o p u l a t i o n  maps p repared  by USGS for u s e  n t  t h e  R11 
h e a r i n g s .  Mr. Wrny is a member o f  t h e  Amcrican S o c i e t y  o f  Pl io to~,rsmmctry ,  
American Congress o n  Survey ing  and Miipping, and A s s o c i a t i o n  o f  American Ceog- 
r ap l i e r s .  
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