
NASA Conference Publication 2198 C'P - 3 19& 

wade avalaclr *neev N A P  sp0n- 
in the interest r! - ' ' 6',de do- 
*mination d Ear??. ??-c . -??S SUN~Y 
hpORm j~izr;~;: ;.! - .....,ut I~abillQ 
& any use mbde ~heie0L9' 

Second 
Eastern Regional 
Remote Sensing 
Applications 
Conference 

A conference held in 
Danvers. Massachusetts 
March 3-11, 1981 

(E83- 1 C  189) SECOSD ELSTERN P F G I C K l r  REMOTE N83- 19 IS! 
S E N S I N G  APPLICATIONS CONFEFENCF l K A S 3 )  TIIBU 
398 F HC b 1 7 f i F  A 0 1  

CSCL 058 N83- 19181 

https://ntrs.nasa.gov/search.jsp?R=19830010870 2020-03-21T03:57:58+00:00Z



NASA Conference Publication 2198 

Second 
Eastern Regional 
Remote Sensing 
Applications 
Conference 

Marc L. Iinhoff, R. G. Witt, and 
Diane Kugehann, Edirors 

Goddard Space Flight Center 
Greenbelt, Maryland 

Scientific md Tedmial 
Informnion Officr 
1981 



PREFACE 

The Second Eastern Regional Remote Sensing Applications Conference brought 
together the user conmiunity i n  Earth tesources satellite technology within 
the  ERRSAC region. Through technical sessions, forums, and fellowship, 
par t ic ipants  from s t a t e  and local  government organizations shared experiences 
i n  remote sensing applications with one another and with users in the  Federal 
government, universi t ies ,  and the  private sector. The conference brought 
par t ic ipants  up t o  date on new remote sensing technology, explored ways t o  
improve s t a t e  and regional programs, and provided opportunities t o  learn 
about services available from the Federal and private sectors.  

ERRSAC is responsible fo r  t ransferr ing satellite remote sensing technology 
t o  public use, primarily t o  s t a t e  and loca l  governments i n  nineteen north- 
eastern and north cent ra l  s t a t es .  Interact ing through orientat ion,  t raining,  
cooperativz projects,  and technical assistance,  ERRSAC provides opportunities 
f o r  potential  users t o  discover how t o  apply Landsat data t o  m e e t  t h e i r  
resource inf o m t  ion needs. 
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THE HEAT CAPACI'K MAPPING MISSION 

Nicholas M. Short 
Geophysics Branch 

NASA/Goddard Space F l igh t  Center 
Greenbelt, MD 20771 

On Apri l  26, 1978, NASA launched the  Heat Capacity Mapping (Radiometer) 
Mission (HCM(R)M) s a t e l l i t e  a s  t h e  f i r s t  i n  a low-coat s e r i e s  of Applications 
Explorer Missions (AEM). This s a t e l l i t e  moves i n  a near-polar sun synchronous 
retrograde o r b i t  a t  an a l t i t u d e  of ca. 620 kilometers t h a t  leads  t o  mid-lati tude 
crossing times c lus te red  around 1:30 p.m. and 2:30 a.m. Opposing day-night orbi-  
t a l  t r acks  permit coverage of t h e  same ground a reas  i n  a 12-hour i n t e r v a l  a t  
l a t i t u d e s  from 0-20' and 35-78' and a 36-hour i n t e rva l  from 20-35'. An o r b i t a l  
t r a c k  is repeated on a 16-day cyc le  but adjacent  coverage occurs every 5 days. 

A 2-channel radiometer c o l l e c t s  both re f lec tance  and thermal. da t a  over a 
ground swath of 715 kilometers. One charinel measures v is ib le - re f lec ted  I R  
(0.5-1.1 urn) r ad ia t ion ;  t he  second operates i n  the  10.5-12.5 pm range t o  sense 
thermal I R  rad ia t ion  during b0t.h day and night  passes. The thermal channel hgs a 
NEAT (a  measure of thermal s e n s i t i v i t y  based on signal-to-noise r a t i o )  of 0.3 K 
a t  280 '~  a t  a s p a t i a l  reso lu t ion  of 600 m. at nadir .  

Reflectance da t a  a r e  used t o  ca l cu la t e  apparent a l b e d o 2  which a f fo rds  some 
indica t ion  of s o l a r  energy ava i l ab l e  f o r  surface heat ing t o  a depth of a meter o r  
more. The thermal band da ta  r e l a t e  t o  day and night  rad ian t  (equivalent black- 
body) temperatures from which a d iurna l  AT value can be determined. These 
parameters a r e  inputs  t o  t h e  funct ion:  Apparent Thermal I n e r t i a  (ATI) = NC 
( 1  - a)/AT, where N i s  a va r i ab l e  sca l ing  f a c t o r  and C is a constant r e l a t ed  t o  
t he  s o l a r  f lux .  AT1 Is, i n  turn ,  r e l a t ed  t o  t he  quant i ty  P, thermal i n e r t i a ,  
defined a s  P = dye, where K = thermal conductivity,  9 = densi ty ,  and c = 
spec i f i c  heat.  Each of those var iab les  i s  a property of mater ia l s .  Both 
inorganic and organic mater ia l s  have c h a r a c t e r i s t i c  values of K, 9 , and c ,  and 
hence P i t s e l f  can be d iagnos t ic  of given substances (rocks, s o i l ,  s o i l  moisture, 
vegetat ion)  a t  t h e  Ear th ' s  surface.  

HCMM therefore  is designed t a  evaluate  t he  u t i l i t y  of thermal i n e r t i a  
( r e l a t ed  t o  heat  capaci ty)  and ~ t h e r  thermal and r e f l ec t ance  da ta  f o r  (1) dis-  
criminating bedrock and unconsolidated r e g o l i t h  types, (2)  mapplng s o i l  moisture, 
(3) measuring plant  canopy tanperatures ,  (4) examining thermal c i r cu l a t ion  i n  
l a r g e  water bodies, and ( 5 ;  monitoring urban heat  is land ef f ec tc .  Determination 
of absolu te  values f o r  e t t h e r  r ad i an t  o r  k ine t i c  temperatures i s  usua l ly  d i f f i -  
c u l t  because of such i n t e r f  e r ing  o r  indeterminate f ac tor8  a s  (1) mater ia l s  
emissi-dities, (2) l a t e n t  and sens ib l e  heat changes, (3) thermal cont r ibu t ions  
from the  atmosphere, (4) sur face  wind and o ther  meteorological inf luences,  and 
(5) e f f e c t s  of topography. Nevertheless, r e l a t i v e  d i f fe rences  i n  albedo o r  
temperature, a s  zvidenced by gray l eve l  ( tona l )  va r i a t i ons  i n  imagery represen- 
t i ng  the  senser! sur face ,  can o f t en  be cor re la ted  with spec i f i c  mater ials .  For 
instance : 



DAY VIS DAY I R  NIGHT I R  

"Pure Water I' D D-HD VL D VL 

Vegetated Surfaces MD-M MD-L M-L MD-L L-MD 

Damp S o i l  MD-M M-L MD M-L ML -D 

Basal t  D L M-L MD L-VL 

Grani te  M-L Y L-M MD-M M-L 

Desert Sand L-VL L-D MD-L M-L M-MD 

Level: D = Dark; MD = Mediirm Dark; M = Medium; L = Light;  VL = Very Light 
( t he se  q u a l i t a t i v e  t ona l  values  are r e l a t i v e  such t h a t  d i s s tmi l a r  l e v e l s  can 
correspond t o  s imi l a r  temperatures, i. e. , t he  levels of D and VL f o r  water 
expresses t h e  condi t ion (small  abso lu te  T) t h a t  shows up a s  r e l a t i v e l y  c o o k r  
and warmer Day and Night I R  water s igna tures  with respect  t o  land temperatures.) 

Of p a r t i c u l a r  s ign i f icance ,  dominantly dark or  l i g h t  t ona l  pa t t e rns  in t h e  
Day VIS lrnagery, u sua l ly  represent ing s imi la r  sur face  materials, o f t e n  chow con- 
s ide rab l e  gray l e v e l  var ia t ior i  i n  day and/or n igh t  I R  images, genera l ly  ixldica- 
t i v e  of changes in dens i ty ,  water content ,  o r  composition. These and o ther  pat- 
t e r n s  may p e r s i s t  when multitemporal scenes a r e  examined, but commonly t h e  pat- 
t e r n s  vary considerably.  This suggests e i t h e r  a va r i ab l e  response t o  heat input 
and cooling a t  d i f f e r e n t  seasons, o r  f requent ly  t h e i r  a s s o c b t i o n  with ephemeral 
f a c t o r s  such a s  l o c a l  o r  changing meteorological condi t ions kcluding i r r e g u l a r  
a i r  masses o r  i so l a t ed  r a i n f a l l  e f f e c t s .  

A c h a r a c t e r i s t i c  set of HCMM images i s  shown in Figiqre 1. The f i r s t  t h r e e  
(A-C) have been computer-enhanced, s p e c i f i c a l l y  through cont ras t - s t re tch ing  and 
bandpass f i l t e r i n g .  Figures 1 A  and 13 show t h e  s t a t e s  of New York and Pennsyl- 
vania a s  imaged by t h e  Day VIS and Day I R  channels on August 19, 1980. Notable 
i n  t h e  Day VIS scene a r e  t h e  l e n t i c u l a r  dark a r ea s  r i g h t  and below center  t h a t  
correspond t o  a n t h r a c i t e  coa l  wastes spread along va l l ey  f l oo r s ;  t h r  .!ark tones 
i n  and around Phi ladelphia  and New York City (lower r i g h t ) ,  Pittsbur,,,  ( l e f t  
edge), and Rochester (center  top) ;  and t h e  l i g h t e r  tones i n  t h e  Ck t sk i l l s  (center  
r i g h t )  and At l an t i c  Coast P l a in s  (lower r i g h t ) .  In  t h e  Day I R  scene, t h e  
a n t h r a c i t e  va l l eys  s tand out  as l i g h t  toned (warm) owing t o  increased tempera- 
t u r e s  (from t h e  blackbody e f f e c t )  and the  c i t i e s  a l s o  a r e  br igh t  toned (heat 
i s land  e f f e c t ) .  Areas of dense f o r e s t s  tend t o  be dark toned (qu i t e  cool,  i n  
pa r t  from t h e  evapotranspiration e f f e c t ) ;  t he  loba te  pa t t e rn  near upper cen t e r  
f u r t h e r  reveals t he  inf luence of wooded a r e a s  concentrated on sync l ina l  mountains 
while t h e  zlg-zag dark band e f f e c t  below it is cont ro l led  by f o r e s t s  along folded 
mountain r idges.  Note a l s o  t h e  thermal pacterns  i n  t he  Great Lakes, e spec i a l l y  
t he  band of warmer water ( l i g h t e r  toned) along the  south shore of Lake Ontario, 
a s  Localized by a thermal b a r r i e r  (drtrksr tones) of cooler  and deeper water. 
Clouds (upper l e f t )  appear a s  very dark tonee. 



I11 Figure l C ,  t h e  scene is  a Night IR h a g e  taken t h a t  same summer (exact 
d a t e  of overpass no t  ava i lab le )  over much t h e  same region a s  t h e  previous two 
images. Most of t h e  Allegheny Plateau, t h e  Ca t sk i l l s ,  and g lac ia ted  t e r r a i n  t o  
t he  nor th  a r e  rendered in dark tones. The a r ea s  t o  t h e  south, including t h e  
Valley and Ridge and Coastal  P l a in s  physiographic provinces, a r e  warmer a8 indi-  
cated by t h e  medium gray tones. The fores ted  r i dges  a r e  del ineated by even 
l i g h t e r  tones (warmer ; l ea f  insu la t ion  e f f e c t ? )  . Neither t h e  coa l  waste surf  aces  
nor t h e  ci t ies stand out a e  warm i n  t h i s  n igh t  scene. The moot s t r i k i n g  d i f -  
ference i n  t he  Night I R  image is the  very l i g h t  ( r e l a t i v e l y ,  warmest) tones t h a t  
mark both l ake  and r i v e r  waters. Once more, t h e  cool  clouds show up i n  dark  
tones. 

Figure I D  is an ea r ly  experimental vers ion  of an AT1 image made from May and 
June 1978 images. Dark tones represent  low and l i g l ~ t  tones higher AT1 values  
respec t ive ly ,  This image, t h e  only one made a e  ye t  f o r  t h i s  region, i s  d i f f i c u l t  
t o  i n t e r p r e t  because of e r r o r s  in t h e  expression of ATI. Water should appear a s  
l i g h t  tones,  f o r  example, as i t  does along the  Susquehanna River, but doesn't  i n  
t h e  At lan t ic  Ocean and l a r g e  lakes .  

A second s e t  of examples is  presented i n  Figures 2A-D. The sequence A (Day 
VIS), B (Day IR), and C (Night IR) shows t h e  a r i d  lands  of eas te rn  Algeria as 
imaged i n  t he  f a l l  of 1978. The dese r t  dune f i e l d s  of t he  Grand Erg Or ien ta l  
(upper center)  a r e  conspicuous. Outcrops (lower p a r t  of image), cons i s t i ng  of 
low re f lec tance  (metamorphic and/or basa l t )  Cretaceous rocks, a r e  p a r t i c u l a r l y  
warm a t  night .  The image i n  Figure 2 D  contains  much of Cal i fornia  and adjacent  
Nevada a s  seen i n  a Night I R  rendi t ion  obtained on Ju ly  17, 1978. The Great 
Valley is conspicuously warmer (because of brown grasses  (s t raw in su l a t i on  
e f f e c t ) ? ) .  The S i e r r a  Nevada Mountains a r e  cool  (exposed rock and coni fe rs ) .  
The block f a u l t  mountain ranges of Nevada tend t o  be fr inged by l i g h t  tones 
(reason uncertain) .  The famous San Andreas f a u l t  zone shows up a s  a dark  (cocler  
because of ao i s tu re? )  l i n e  i n  t h e  lower center .  Thermal eddies  a r e  evident i n  
t he  ocean. 

The HCMM inves t i ga to r s  program .is drawing t o  a c l o s e  and f i n a l  r e p o r t s  a r e  
now beginning t o  de f ine  t b e  u t i l i t y  cf daylnight  thermal data .  Already it has 
been demonstrated t h a t ,  under favorable  circumstances, some major rock types can 
be iden t i f  led,  s o i l  moisture i n  extensive a g r i c u l t u r a l  and a l l u v i a l  t e r r a i n s  can 
be detected and r t  l e a s t  semi-quantitativeby assessed,  and c i r c u l a t i o n  of cur- 
r e n t s  i n  l a r g e  water bodies followed by noting t h e i r  thermal pa t te rns .  







TBAlDSFERABILITY AKD DATA ACCESS ISSUBS 

A. Victor Perreros 
The Council of S t a t e  Governments 

I would l i k e  t c  b r i e f l y  d iscuss  the  evolution of t he  DID6 system, the 
DIDS pro jec t  i n  South Carolina, and s a e  of the  progress and i s sues  t h a t  have 
emerged from t h i s  USA-sponsored project.  The i s sues  e rana t ins  from t he  DIDS 
project r e l a t e  to concerns t h a t  I be l ieve  are shared by the  panel members. 

DIDS is an acronym t h a t  o r ig ina l ly  stood for  Doaestic Infoorrati3n Display 
System. Since then, it h a j  been re-nand the  Decision Infor ra t ion  Display 
System. Its curren t  o f f i c i a l  federa l  t i t le  is the  Inter-agency Decision 
Infoxmation Display System. Row \ID6 is in its second generation. Soon its 
c a r e t a k ~ r s  w i l l  be ta lk ing  of DIJ. i n  terms of thin3 and fourth generat ion 
DIDS s y s t w -  

The DIDS- ( ~ e c i s i o n  Information Display system)--is a minicomputer-based 
system designed t o  display federa l  statistical da ta  f o r  s va r i e ty  of geo- 
graphic areas in the  fc- of choropleth maps. These s t a t i s t i c a l  maps are then 
displayed w i n g  an in t e rac t ive  fu l l -co lor  high reso lu t ion  d isp lay  t e l r i n a l .  

DIDS was a spin-off of s a t e l l i t e  technology Eeveloped by YASA a t  the 
request of the m i t e  House. I n i t i a l l y ,  i t  w a s  a simple concept. What w a s  
perceived as needed at the  time w a s  a .system t h a t  displayed s t a t i s t i c a l  
infonnation on a geographic bas i s  f o r  nat ional  policymakers. Consequently, 
the  impact of i s sues  could then be s tudied i n  t e rns  of the geographic dis-  
t r ibu t ion  of s t a t i s t i c a l  information acrosa d i f f e r en t  p o l i t i c a l  ju r i sd ic t ions .  

DIDS is now i n  an operat ional  mode. Consider the d i f fe rences  between the  
f i r s t  and second generations of DIDS. DIDS o r ig ina l ly  was developed from the 
Atmospheric and Oceanic Information Processing System (AOIPS), an image 
processing system developed a t  NASA's Goddard Space Fl ight  Center. 

DIDS o r i g i n a l l y  shared t i m e  with o ther  appl ica t ions  on a DEC PDP 11/70 
computer. Map displays were gznerated on a Haeeltine image ana lys i s  t e w i n a l  
(IAC-2) tailor-made t o  NASA spec i f i ca t ions  and 3ardwired t o  the  11 /7O. System 
geography, s t a t i s t i c s ,  operat ing systen and software were s tored on th ree  
d i f f e r en t  disk drives.  The DIDS prototype system o r ig ina l ly  used a data  base 
containing information f r m  the County and City Databook of the United Ltates ,  
geocoded t o  individual  counties. 

When demonstrations a t  the White House and Capitol  H i l l  were conducted, 
spec ia l ly  balanced video l i n e s  had t o  be e~p loyed  t o  transmit the high 
resolut ion video picture Image from the Haeeltine terminal a t  Goddard t o  a 
downtosn s lave  monitor. Teledommunication cos t s  per demonstration were 
prohibi t ive a t  about $10,000. Because of t h i s ,  most damonstrations were held 
on-site a t  Goddard. 



The i n i t i a l  demonstrations o f  DIIS i n  1978 l e d  t o  a one-year per iod o f  
testi~g and demonstration by a group of 1 5  f e d e r a l  agencies.  I n  1979, smaller 
and cheaper l i n e s  were w e d  t o  convey video imagery o f  reasonable  q u a l i t y  from 
t h e  terminal  a t  Coddaxd t o  a s l a v e  t e m i n a l  i n  t h e  downtom Coaaerce bui lding.  

DIDS TODAY 

The second genera t ion  DIDS system now *has 5 t s  fill time hardware base--a 
DEC VAX 11/780 computer, a s s o c i a t e d  per iphera l s ,  a Conrac c o l o r  monitor,  a 
Debnsa 5512 c o l o r  image d i s p l a y  terminal ,  an 8 by 10 and 35-rn still camera, 
and a xemx c o l o r  copier.  DIDS a l s o  m u  has  tuo  remote t e m i n a l  s y s t e a s :  orie 
i n  t h e  basemen:: of t h e  Old Executive Of f ice  Wlilding i n  Washington, D.C., and 
o m  r e c e n t l y  i n s t a l l e d  i n  Columbia, South Carolina.  The $80,000 remote 
terminal system c o n s i s t s  of a DEC IS1 11/23 minicomputer, 3 d i s k  d r i v e s ,  a VT 
100 a l p h a n m e r i c  opera t ing  t e w i n a i ,  a DeAnea c o l o r  5512 d i s p l a y  t e m i n a l ,  and 
a communications i n t e r f a c e .  

The second genera t ion  DIDS system a l s o  provides s ing le -po in t  access  t o  
over  5,000 socio-econanic and environmental data elements from 22 d i f f e r e n t  
agency d a t a  bases. I n  t h e  c u r r e n t  system, SnSA, county, congress iona l  
d i s t r i c t  and s t a t e  s t a t i s t i c s  p r imar i ly  from f e d e r a l  agencies  a r e  i n t e r -  
a c t i v e l y  displayed a g a i n s t  d i g i t i z e d  census geographical  boundaries. DIDS 
today a l s o  has a polygon-based world map c a p a b i l i t y  and even has a l i m i t e d  
world d a t a  s e t .  Outputs from DIDS a r e  represented v i a  CRT d i s p l a y ,  35-nrm 
s l i d e s ,  c o l o r  p r i n t ,  xcrox and polaroid  photo d i sp lays .  Cur ren t ly ,  27 f e d e r a l  
and non-federal agencies  p a r t i c i p a t e  arid provide funding support  t o  t h e  DIDS 
program. 

HOW DIDS WORKS - 

3IDS is &signed as  a use r - f r i end ly  system. By means of h i e r a r c h i c a l  
menu s e l e c t i o n ,  t h e  u s e r  f i r s t  s e l e c t s  h i s  geography o f  i n t e r e s t  ( i . e . ,  U.S. 
by county, US CD, s t a t e  by county, metro a rea  by census t r a c t ,  world map). 

The use r  then s e l e c t s  the  d a t a  t o  be c o l o r - c l a s s i f i e d  and displayed f o r  
t h e  geographic a rea .  ?h i s  process  is d ~ n e  through menus. The u s e r  map 
s e l e c t s  one o r  two v a r i a b l e  map d i sp lays .  Fur the r  d a t a  manipula t ion can be 
done by changing d a t a  c l a s s i f i c a t i o n  i n t e r v a l s ,  changing c o l o r s  (DIDS has  
4096), h i g h l i g h t i n g  i n t e r v a l s ,  c a l c u l a t i n g  i r d i c e s ,  zooming o r  magnifying 
subregions of a map t o  i n c r e a s e  r e s o l u t i o n ,  time l a p s e  d i s p l a y  o f  chrono- 
l o g i c a l  d a t a  s e r i e s  and histogram end s c a t t e r p l o t  r epresen ta t ions .  One o f  its 
most use fu l  c a p a b i l i t i e s  is t h a t  o f  us ing a c u r s o r  t o  i n t e r a c t i v e l y  i d e n t i f y  
ac Individual  county, and d i s p i a y  its d a t a  value.  DIDS is among many th ings  a 
system t h a t  should r e v o l u t i o n i ~ e  chorople th  map production.  I t  could genera te  
e n t i r e  s t a t i s t i c a l  a t l a s e s  i n  hours r a t h e r  than months. 

Some o f  t h e  l i m i t a t i o n s  of DIDS technology have been discussed elsewhere 
and I s h a l l  not dwell 011 t h i s  here.  Technological enhancements t h a t  address  



these  l imi ta t ion8  are on the drauing board of the DIDS program o f f i c e  and are 
scheduled f o r  imp laen ta t ion  in the  next feu years. 

CYB SOUTH CAROLIHA PROJECT 

The Council of S t a t e  Governments ia present ly coordinating a DIDS 
demonstration project  i~ Sr *th Carolina sponsored by AASA. The Council has 
had a h i s to ry  of involvement in na tura l  resource in fo r r a t ion  system pro jec ts  
am3 has worked with CSPA and HCSL in these a reas  f o r  s a e  the. 

The pro jec t  represents  an attempt t o  tr-fer DIIX t o  a s t a t e  government 
environment. The general gca l  of the project  is t o  evaluate  DIDS i n  terms o f  
its we in a s t a t e  government s e t t i n g ,  t o  i den t i fy  ways by which s t a t e  
governments could benef i t  from DIDS technology and t o  develop recommendations 
f o r  system modifications t o  more e f f ec t ive ly  address s t a t e  needs. 

After some delay in e q u i p e n t  del ivery,  the remote t e w i n a l  system was 
i n s t a l l e d  in South Carolina in  l a t e  December, making it the  only o ther  DIDS 
remote system in the county. It is cur ren t ly  housed i n  the  Socia l  and 
Sehavioral Sciences Lab in ye University and scheduled t o  be moved t o  the 
Senate chambers of the  South Carolina l eg i s l a tu re  i n  l a t e  Harch. 

Working with Dave Cowen of the  University and Andy Laurent, Fred Vang and 
other  o f f i c i a l s  i n  the  Division of Research and S t a t i s t i c s ,  we have iden t i f i ed  
programmatic a r eas  of  s t a t e  government t h a t  could po ten t i a l l y  benef i t  from 
D I E  u t i l i z a t i o n .  Personnel i n  these agencies a r e  already preparing county 
l eve l  da ta  i n  machine readable form f o r  en t ry  i n t o  DIDS. The system, with 
NASA's help, is now f u l l y  operat ional  and the communications l i n e  t o  the  hos t  
is now up and running. A South Carolina data  base cons is t ing  cf over Q00 
var iab les  from the  South Carolina abs t r ac t  i a  cur ren t ly  being edi ted and 
entered on the host.  The South Carolina s t a f f  has already been t rained f o r  
system use and a number of successful  demonstrations with s t a t e  o f f i c i a l s  have 
already been held. 

The South Carolina evaluation process w i l l  include a numSer of surveys 
and experimental mechanisms. The user  survey w i l l  cover ac tua l  use, ease of 
use, u t i l i t y  and spec i f i c  appl ica t ion  i ssues ,  and w i l l  s o l i c i t  recommendations 
f o r  system modification. A s e r i e a  of quasi-experiments w i l l  evaluate  o ther  
a l t e rna t ives  t o  DIDS--such as a univers i ty  mainframe so lu t ion  using standard 
s t a t i s t i c a l  packages linked t o  computer mapping software. South Carolina 
would a l so  l i k e  t o  use DIDS t o  build a f i l e  f o r  Columbia, South Caroiina 
census t r a c t s ,  and t o  d i g i t i e e  a more de ta i led  South Carolina county f i l e  than 
t h a t  resident  on DIDS. 

An important focus of the  evaluation w i l l  cen ter  on system t ransfer -  
a b i l i t y .  In  South Carolina, the DIDS remote systems has the same basic  user  



c a p a b i l i t i e s  as t h e  h o s t  cosputer.  The process ing o f  some DIDS functions such 
as zooming takes  longer  a t  t h e  m o t e  site. The major d i f f e r e n c e  is i n  t h e  
amount o f  d i s k  s t o r a g e  f o r  immediate access.  The h o s t  has  s u f f i c i e n t  d i s k  
s t o r a g e  s o  t h a t  a l l  DIDS geographic base f i l e s  and s t a t i s t i c a l  d a t a  are 
a v a i l a b l e  upon u s e r  request .  The remote has  an on- l ine  c a p a c i t y  f o r  on ly  
about 300 var iab les .  S i m i l a r l y ,  t h e  remote is r e s t r i c t e d  i n  t h e  number of  
geographic base f i l e s  t h a t  can be put on- l ine  f o r  immediate d isplay.  

The L s I / ~  1 /23 remote system e x e ~ ~ l i f i e s  a prototype se l f -conta ined 
hardware conf igura t ion  t h a t  a l ready  e x i s t s  i n  some s t a t e s .  A number of s t a t e s  
have acquired hardware wi th  c a p a b i l i t i e s  similar t o  t h i s  system (i .e. ,  
Minnesota, New J e r s e y ,  Oklahoma, e t c .  ) . These a r e  s tand-alone d a t a  access ,  
r e t r i e v a l  and d i s p l a y  systems used i n  conjunct ion wi th  GIs and LANDSAT 
process ing a p p l i c a t i o n s .  

There a r e  some c o n s t r a i n t s  i n  terms of comparabil i ty.  DIDS v i a  t h e  
DeAnza 5512 hardwan? has  a raster scanning d i s p l a y  c a p a b i l i t y .  Furthermore, 
t h e  raster-encoded polygon d a t a  s t r u c t u r e  of t h e  system enables  map images t o  
be c r e a t d .  i n  f o u r  t o  s i x  seconds. The DIDS system a l s o  uses  DEC equipment. 
The DIDS program o f f i c e  people roughly e s t i m a t e  t h a t  even wi th  a DEC system, 
four  man-years of sof tware  conversion would be required t o  r e p l i c a t e  t h e  
system elsewhere. Despi te  t h e s e  cons idera t ions ,  t h e  point  is t h a t  p a r a l l e l  
technology has a l s o  been developed at  t h e  s t a t e  l e v e l ,  end technology does not  
appear t o  be an insunnounteble b a r r i e r  i n  system t r a n s f e r a b i l i t y .  Some s t a t e s  
could even l ay  claim t o  having more c o s t - e f f e c t i v e  DIES-type systems c a r r y i n g  
hardware p r i c e  t ages  of less t r im $10-15 thousand. 

Assuning t h a t  DIDS-type c a p a b i l i t i e s  a l ready  e x i s t  on t h e  s t a t e  l e v e l ,  
i n t e r e s t  would seem to  n a t u r a l l y  convtrKe on access  t o  DIDS d a t a  bases. This  
i s s u e  is bound t o  loom c l e a r l y  as t h e  most important i s s u e  of concern t o  s t a t e  
and, l o c a l  gover~lment i n t e r e s t  i n  DIDS. 

DATA ACCESS 

I n  its r o l e  a s  coord ina to r  of the South Carol ina  p r o j e c t ,  The Council has 
s a t  a s  a member of t h e  DIE S t e e r i n g  Committee i n  Washington f o r  t h e  p a s t  y e a r  
and has been i n  a p o s i t i o n  t o  observe some of t h e  more c u r r e n t  developments i n  
t h e  evolut ion o f  DIDS over  t h e  p a s t  year.  The S t e e r i n g  Committee is chaired 
by t h e  Di rec to r  of the  O f f i c e  of Federal  S t a t i s t i c a l  Po l icy  and Standards  
( t h a t  houses t h e  DIDS ~ r o g r a m ) .  The 22 agencies  t h a t  fund DIDS and o t h e r  
p a r t i c i p a n t s  sit on the  committee. These f e d e r a l  o f f i c i a l s  have a r t i c u l a t e d  a 
r o l e  f o r  DIDS a s  a v e h i c l e  f o r  implementing improvements i n  f e d e r a l  d a t a  
systems with p o l i c i e o  t h a t  gavern these  systems. The b e n e f i t s  a r e  obvious. 
DIDS forces  a common f o m a t  on federa l  d a t a  bases.  I t  i n t e g r a t e s  a number o f  
d i v e r s e  f e d e r a l  d a t a  so7.irceo i n t o  a common s tandardized s i n g l e  f i l e  s t r u c t u r e .  
I t  has in tegra ted  both socio-economic and environmental d a t a  i n t o  a common 
base. I t  may even tua l ly ,  a s  its c a r e t a k e r s  would l i k e ,  a f f e c t  redesign of 
major f e d e r a l  d a t a  programs, and provide a f o c a l  point  f o r  a s s e s s i n g  u s e r  
needs of a l l  f e d e r a l  d a t a ,  



The managenen t p lan  f o r  DIDS i n  FY 81 and a  d r a f t  FY 81 -82 p o l i c y  i s s u e s  
s ta tement :  

Does not  p roper ly  recognize  s t a t e  an(? l o c a l  government as governmental 
o r g a n i e a t i o n s  . 
R e s t r i c t s  d i r e c t  program p a r t i c i p a t i o n  i n  DIDS t o  t h e  f e d e r a l  
community. 

a Recommends t h a t  DIDS be opera ted by a  p r i v a t e - f o r - p r o f i t  f i r m  t h a t  
would be t h e  on ly  means by which non-federal  u s e r s  could a c c e s s  DIDS 
products  and s e r v i c e s .  

Such i s s u e s ,  I s u s p e c t ,  a r e  not  s p e c i f i c  t o  the  n a t u r e  of t h e  OIDS b e a s t ,  but  
most l i k e l y  m i r r o r  t h e  d i r e c t i o n  o f  f u t u r e  f e d e r a l  p o l i c y  towards d a t a  a c c e s s  
and d i s t r i b u t i o n .  I t  is unfor tuna te ,  f o r  these  p o l i c i e s  ignore:  

S t a t e  needs f o r  access  t o  f e 8 e r a l  d a t a ,  much o f  which they provide  
themselves ; 

a That a  d a t a  p r i c i n g  p j l i c y  should proper ly  d i s t i n g u i s h  between s t a t e  
and l o c a l  governme~it u s e r s ,  and p r i v a t e  f i r m s ;  

That s t a t e s ,  by v i r t u e  of  t h e i r  exper ience  with s i m i l a r  systems,  t h e i r  
resources  and t echno log ica l  s k i l l s  could p o t e n t i a l l y  c o n t r i b u t e  t o  
DIDS system development; 

That  s t a t e s  should be t r e a t e d  a s  equal  p a r t n e r s  w i t h i n  t h e  i n t e r -  
governmental d a t a  community. 



STATE INVOLVEMENT I N  AND USE OF LANDSAT TECHNOLOGY 

Paul A. Tessar 
National Conference o f  State Legis latures 

Denver, Colorado 

I. OVERVIEW 

The s ta tes  have been a c t i v e  pa r t i c i pan ts  i n  the Landsat program over the 
l a s t  f i v e  years. My presentat ion today w i l l  f i r s t  discuss some background 
on s t a t e  involvement i n  Landsat systems planning, w i l l  review the status o f  
s ta te  Landsat use, overview major s ta te  recomnendations on the Landsat system 
and re la ted  programs, and l a y  ou t  f u t u r e  plans o f  the  federal  government 
regarding the Landsat system as r e f l e c t e d  i n  the Fiscal  Year 1982 budget 
process. 

I I . BACKGROUND ON STATE INVOLVEMENT IN LANDSAT SYSTEMS PLANNING 

I n  1976, NCSL (The National Conference o f  State Legis latures)  i n i t i a t e d  a 
Remote Sensing Project .  Along w i t h  t h i s  pro ject ,  a Remote Sensing Task Force 
composed of s ta te  leg is la to rs ,  l e g i s l a t i v e  s t a f f ,  and s t a t e  agency s t a f f  was 
formed. This task fo rce  conducted a number o f  user requirement studies. I n  
the l a s t  several years a new task fo rce  was formed c a l l e d  the NRIS, o r  Natural  
Resource Information Systems Task Force. There are a number o f  members of 
t h i s  task fo rce  i n  t h i s  region. Representative Tom Anderson o f  Michigan i s  
Chairman, Bob Hansen o f  Minnesota i s  Vice-Chairman, Representative Dale Locker 
of Ohio i s  a member o f  the committee, as are Delegate Jud i th  Toth o f  Maryland, 
Senator Jerome Van S i s i i n e  o f  Wisconsin, and Representative Monroe F l i n n  o f  
I l l i n o i s .  

NCSL, through i t s  several Landsat-related task forcos, has been very ac t i ve  i n  
making recommendations t o  the federal government on the conf igura t ion  o f  the 
Landsat system. and the types o f  support a c t i v i t i e s  requi red by s t a t e  and 
loca l  governments t o  u t i l i z e  these capabi l  i t es .  A number o f  technical  
recommendations were made on Landsat-D. A Landsat-0 support campaign was 
i n i t i a t e d .  Many l e t t e r s  were sent t o  NASA an3 OM and the Congress; and the 
r e s u l t  o f  these l e t t e r s  and other support was the approval o f  the Landsat-D 
program as cu r ren t l y  planned by NASA. NCSL has a lso made many recommendations 
on the need f o r  technology t rans fer  hssistance. These NCSL recommendations, 
i n  cornbinat ion w i th  the General Accounting O f f  i ce  Report suggesting tha t  NASA 
needed t o  more a c t i v e l y  see t h a t  t h e i r  technologies were u t i  1 ized, resu l ted  i n  
the format ion o f  the NASA Regional Appl i c a t  ions Program. 

Over the lasf. two years, the NRIS Task Force has a lso been ac t i ve  i n  making a 
number o f  recommendations on the operat ional Landsat system as proposed by 
NOAA and the National Earth S a t e l l i t e  Service, or  NESS. Over the years NCSL 
has been involved i n  a number p f  user awareness a c t i v i t i e s  such as committee 
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b r i e f i n q s  and worksho~s and has ~ roduced  a number o f  bub l ica t ions  such as our 
- ~ r -  ~. ~ 

NRIS newsletter, ~ e ~ i s l a t o r ' s  ~ u j d e  t o  Landsat and Leg is la to r ' s  Guide t o  
Natural Resource f nformation Systems, data requirements surveys, and so on. 

I n  l a t e  1978, the National Governors' Association, through the Council of 
State Planning Agencies, i n i t i a t e d  the Earth Resources Data Pro jec t  which i s  
an executive counterpart t o  the Natural  Resource Information Systems Pro jec t  
a t  NCSL. The Earth Resources Data Council i s  a group w i t h i n  the Council o f  
State Planning Agencies t h a t  has provided cont inuing recamendations on the 
operat ional systems and technology t rans fer  act iv i t ies--many o f  t h e i r  
recommendations made i n  conjunct ion  w i th  the NCSL Task Force described 
previously.  CSPA has a1 so been involved i n  various user awareness a c t i v i t i e s  
i n  conjunct ion w i th  NCSL and the NASA regional centers. 

I n  1978, the Intergovernmental Science, Engineering and Technology 
Advisory Panel, o r  ISETAP, conducted a study on the s ta te  and l oca l  government 
needs f o r  an operat ional Landsat system. There were many recomnendations or1 
the need f o r  an operat ional system, the form i t  should take, and the need f o r  
re la ted  technology t rans fer  assistance. One por t ion  o f  the ISETAP study was a 
s ta te  Landsat app l ica t ion  survey. This survey i s  cu r ren t l y  being updated by 
NCSL and CSPA. 

Over the years, the states have a lso supported a number o f  Congressional 
i n i t i a t i v e s  d i rec ted  a t  opera t iona l iz ing  the Landsat program. These would 
include the Moss b i l l ,  the Ford b i l l ,  the Stevenson b i l l ,  the Schmitt b i l l ,  
and, i n  the fu tu re  w i l l  include add i t iona l  l e g i s l a t i o n  by Senator Harr ison 
Schmitt o f  New Mexico and Representative Don Fuqua of F lor ida.  It i s  
ant ic ipated tha t  the Senate w i l l  have a b i l l  out by t h i s  sumner which w i l l  
deal w i th  the short-  and long-term issues re la ted  t o  i n s t i t u t i o n a l i z a t i o n  o f  
the Landsat program. 

111. STATUS OF LANDSAT USE 

Over the l a s t  several years there has been a dramatic increase i n  s ta te  
usage o f  Landsat data. By Ju ly  1976, there were four  s tates t h a t  had 
analysis and appl icat ions capab i l i t i es :  Texas, Geurgis, South Dakota, and 
Miss iss ippi .  A t  t ha t  time, there were a lso s t i r r i n g s  o f  i n te res t  from a 
number of other states. As o f  July, 1978, two more states w i th  analysis and 
appl icat ions c a p a b i l i t i e s  were on l i ne :  New Jersey and North Dakota. A t  t ha t  
time 20 states were beginning involvement w i th  the NASA Regional Appl icat ions 
Program. 

As c f  today, there are 16 states w i th  d i g i t a l  Landsat c a p a b i l i t i e s  inc lud ing  
Georgia, Idaho, Iowa, Kansas, Louisiana, Mary1 and, Maine, Minnesota, New 
Jersey, Oklahoma, Oregon, South Carolina, South Dakota, Texas, Vermont and 
Washington. There are 10 states a t  t h i s  time planning t o  develop c a p a b i l i t i e s  
inc luding Alaska, Arizona, F lor ida,  Kentucky, Michigan, Miss iss ippi ,  Montana, 
New Mexico, North Carolina, and V i rg in ia .  These estimates are conservative. 
Other states may be moving ahead. S t i  11, by Ju ly  1962, a t  a miminum, h a l f  the 
states w i  11 be rou t ine  Landsat users. 



I V .  MAJOR NCSL/CSPA RECOMENOATIONS 

The NCSL/NRIS Task Force and the  CSPA Earth Resources Data Council have, 
over the l a s t  several years, spent a great deal o f  t ime studying Landsat- 
re la ted  issues. A number o f  major recomnendat ions have been developed 
including: 

Oata cont inu i ty - -  These recomnendations have dea l t  w i t h  a need f o r  an 
operat ional system and the need t o  b u i l d  a t h i r d  and fourth Landsat-D 
t o  ensure con t i nu i t y  through the 1980's. 

e Frequency and pat te rn  o f  observation-- These recommendations have 
h igh l igh ted  the need f o r  a t w o - s a t e l l i t e  system f o r  po ten t i a l  e igh t -  
day coverage, and the use o f  inventory ra ther  than sk ip  o rb i t s .  

State representat ion  i n  program management-- These recomnendat ions 
have dea l t  w i th  the need t o  have NCSL and NGA seats on the federal  
Landsat Program Board and the need t o  have actual  s t a t e  agency users 
on NOAA's User Advisory Cornnittee. 

F u l l y  operat ional system-- These recomnendations have dea l t  w i t h  the 
bands and reso lu t i on  requi red i n  a f u l l y  operat ional system, acd the 
need f o r  pointable sensors. 

Oata processing system-- A number c f  recommendations have been made 
i n  t h i s  area including: 

- rou t ine  de l i ve ry  of standard products i n  seven t o  fourteen days; 
-emergency de l i ve ry  i n  twenty-four t o  f o r t y - e i g h t  hours; 
- ret rospect ive orders i n  fourteen days; 
-a1 1 d i g i t a l  data processing system; 
-nearest neighbor or cubic convolut ion resampling; and 
-the need f o r  a va r ie t y  o f  map pro ject ions.  

@ Oata p r i c i ng - -  These recommendations qave deal t  w i t h  the need fo r  
phased incremental p r i c e  increases anu the need f o r  adequate no t ice  
of such major p r i ce  increases t o  s ta te  users. Many states use 
b ienn ia l  budget processes, and these two-year budgets are prepared as 
much as nine months i n  advance o f  t h e i r  implementation. Therefore, 
three years are required f o r  some s t a t e  users t o  have adequate no t ice  
of p r i ce  increases. These recomnendations have a lso made the po in t  
tha t  s ta te  and l oca l  users o f  Landsat are s ign i f i can t  users from d 
pub l ic  p o l i c y  standpoint, and i t  i s  not  i n  the pub l i c  i n te res t  t o  
p r i ce  these users out o f  the market. 

Oata copyr ight- -  This recommendation has dea l t  w i t h  the need f o r  an 
exemption from the copyright laws f o r  s ta te  and l oca l  governments f o r  
in te rna l  usage o f  Landsat data. 



Data archival - -  These recommendations have discussed the need t o  save 
a1 1 usable data i n d e f i n i t e l y .  The desi re f o r  federal  archiv ing 
p o l i c i e s  t o  be c lea r  and consistent and f o r  adequate n o t i c e  t o  be 
provided t o  users o f  any changes t o  these archival  p o l i c i e s  has a lso 
been expressed. 

Technology t rans fer - -  The states have provided strong support f o r  
NASA Landsat technology t rans fer  e f f o r t s  -- the Regional Appl icat ions 
Program, tho User Requirements Program, and the Un ive rs i t y  A f f a i r s  
Program. The states f e e l  thac there are a number o f  program elements 
required f o r  s u c c ~ s s f u l  technology t rans fer  inc lud ing  or ien ta t ion ,  
t ra in ing ,  demonstration, involvement o f  p o l i c y  makers, system 
development assistance, and a geographical ly focused program. 

V. FUTURE PLANS FOA THE LANDSAT SYSTEM 

The best case scenario f o r  the fu tu re  o f  the Landsat system was, i n  my 
opinion, the Carter budget. This budget recomnended tha t  NOAA proceed t o  
b u i l d  Landsat-03 and -04 t o  assure data c o n t i n u i t y  through the 1980ts, t ha t  
the ground segments be improved so tha t  there would be an operat ional  data 
system a t  Goddard. and t h a t  a quick-look c a p a b i l i t y  be avai lab le.  The Carter 
budget also provided adequate funding f o r  a t h i r d  segment o f  the Landsat 
system, the user appl i c a t  ion  segment. The NASA Landsat Technology Transfer 
Programs f o r  s t a t e  and l oca l  governments were t o  be continued, and a NOAA 
market development program t o  work w i th  other user sectors was t o  be i n i t i a t e d .  

Next 1 would 1 i k c  t o  discuss the worst case scenario. There i s  much 
speculation and rumor i n  the a i r .  Rather than cont r ibu te  t o  the rumor m i l l ,  I 
would l i k e  t o  go a t  t h i s  question from the  angle of "what i s  i t  t h a t  we have 
t o  lose? What are po ten t i a l  and l i k e l y  budget cuts, given the current  c l imate 
i n  Washington?" 

The Administrat ion and/or Congress w i l l  probably examine the comnitment o f  
the previous Administrat ion t o  an operat ional system. I t  appears tha t  the 
t r a n s i t i o n  from the p r i va te  s e c t ~ r  w i l l  be accelerated and t h h t  we may 
continue w i th  a quasi-operat ional system f o r  the near term. Landsat-Dl and 
-02, curr f2nt ly  under construct ion, are probably too f d r  along t o  stop. NOAA8s 
suggested appropriat ions f o r  $100 m i  11 ion-plus t o  b u i l d  Landsat-D3 and -04 
would appear. t o  be questionable given massive non-mi l i ta ry  budget cuts. If 
these expenditures are eliminated, the prospects f o r  data c o n t i n u i t y  through 
the decade are not  as b r i gh t .  

Enhancements t o  the ground data processing system proposed by NOAA are 
l i k e l y  t o  be considered dup l i ca t i ve  o f  the EROS f a c i l i t y  and are l i k e l y  t o  be 
cut .  I n  fac t ,  these enhancements f e l l  v i c t i m  t o  the f i r s t  round o f  Reagan 
budget cuts. F ina l l y ,  the adminis t rat ion appears t o  be e l im ina t i ng  technology 
t rans fer  across the board, and NASA and NOAA a c t i v i t i e s  i n  t h i s  area could be 
terminated. 

These po ten t i a l  cuts are of great concern t o  s ta te  and l oca l  governments. 
There are many reasons why an uperat ional  Landsat system i s  needed. The new 
emphasis o f  tne new Administrat ion appears t o  be a s h i f t i n g  df  resource 



planning and management t o  the states. These types o f  planning and management 
ef for ts  can be m a t e r i a l l y  aided by the use of Landsat data. A t  the same time, 
federal a id  t o  the states i s  being cut, and many s t a t e  budgets are i n  jeopardy 
due t o  decl i n i n g  revenues. I n  these times o f  t i g h t  s ta te  budgets, the states 
have t o  do more w i th  less. Landsat i s  a cos t -e f fec t ive  too l  and can enable 
smaller s t a f f s  t o  do more work w i t h  smaller budgets. The Landsat system and 
technology was developed by the federal  government a t  an investment o f  $1 
b i l l i o n .  The s ta tes  and the people o f  t h i s  country should bene f i t  from t h i s  
$1 b i  11 ion research and development investment. 

There are many nat ional  p o l i c y  impl icat ions a lso involved i n  t h i s  question 
o f  whether or  not  there w i l l  be an operat ional Landsat system. The French 
government i s  d e v e l ~ p i n g  a system which may compete w i t h  Landsat-D ca l  led  
SPOT. The Japanese are a lso  competing. Perhaps some day we w i l l  be using 
data from t h e i r  system i f  the U.S. abandons i t s  plans f o r  an operat ional 
system. I n  short ,  the users o f  Landsat data need the con t i nu i t y  and re-  
l i a b i l i t y  o f  serv ice t h a t  w i l l  a l low them t o  conf ident ly  rrlake investments 
which w i l l  enable them t o  u t i l i z e  Landsat data e f f e c t i v e l y .  

There i s  a c r u c i a l  need f o r  technology t rans fer  assistance i n  general, and 
i n  the NASA Landsat Technology Transfer Program i n  pa r t i cu la r .  The space 
segment and the ground segment are only  a p a r t  o f  the overa l l  system. We neeu 
t o  recf~gn$ze and s e w  ice  the user app l ica t ion  segment as we1 1. For about $6 
m i l l i ~ n  a year, the federal government could assure tha t  s ta te  and 'ocal 
government and pub1 i c  sector users benef i t  from t h i s  $1 b i  11 ion federal  
investment. I t would be qu i te  "penny wise and pound foo l i sh "  t o  proceed 
without such a technology t rans fer  program. 

The p r i va te  sector w i l l  not do tecnnology t rans fer  on i t s  own. It i s  i n  
t h e i r  i n te res t  t o  s e l l  services and products, no t  t o  develop s e l f - s u f f i c i e n t  
users. Technology Transfer Programs i n  NASA, i n  fact, help t o  develop a 
market t ha t  t h i s  p r i va te  sector can serve. Unfortunately, most p r i v a t e  sector 
f i rms have not  recognized t h i s  f ac t .  Technology t rans fer  i s  r e l a t i v e l y  cheap, 
perhaps as cheap as the t i l e  on ths  space shut t le ,  and the bene f i t s  o f  t h i s  
assistance are q u i t e  large. The NASA Charter does requ i re  the widest 
p rac t i ca l  dissemination o f  R & D resu l ts ,  and without technology t rans fer  we 
cannot be assured tha t  the users w i l l  bene f i t  from our nat ion 's  $1 b i l l i o n  
investnent. 

Our s ta te  governments are very conservative i n  developing new programs. 
States simply do no t  take many r isks .  As f a r  as new technologies are 
concerned, our Governors and Legis l a t o r s  are a1 1 "from Missouri". Clear 
benef i ts  need t o  be demonstrated before they are w i l l i n g  t o  invest.  I 'm not 
sure how many states would be w i l l i n g  t o  come up w i t h  $50 t o  $ i O O  thousand 
f o r  a Landsat demonstration pro ject ,  t r a i n i n g  and technical  assistance. They 
simply would not  take advantage o f  the opportuni t ies and capabi 1 i t i e s  
avai lab le from Landsat were they requi red t o  invest  up front.  Given a low- 
cost, low-r isk opportuni ty  t o  evaluate Landsat, most states have decided t o  
invest i n  it. Without these demonstrations, however, most would no t  even have 
invest igated the technology, much less invested i n  it. 



A f i n a l  po in t  regarding the need f o r  federal  technology t rans fe r  regards 
the way the p r i va te  sector would operate a technology t rans fe r  program. The 
p r i va te  :ector would serve the la rges t  users and l e t  the small ones go. I n  
terms o f  do1 l a r  volumes, the states are ra ther  small users of Landsat. They 
represent on ly  6 t o  8 percent o f  the market. I n  terms o f  the pub l i c  po l  i c y  
signif icance of t h e i r  usage, however, the states are extremely important 
users. I t  i s  the states tha t  by and large manage our na t ion 's  resources and 
provide stewardship t o  see t h a t  these resources are used without being 
abused. 

rhe above speculations on the worst case scenario are ~ a s e d  on what I f e e l  
may come t o  pass i n  the Reagan budget recommendations. Perhaps I 'm 
overstat ing the case, and perhaps not. The budget i s  cu r ren t l y  execut i v e l y  
conf ident ia l .  NASA and NOAA o f f i c i a l s  m o t  speak on the budget u n t i l  it i s  
released l a t e r  t h i s  week. You may want t o  l i s t e n  very c a r e f u l l y  on Thursday 
t o  NOAA and NASA presentations t o  see how the programs and hardware discussed 
e a r l i e r  have fared. 

V I  . CONGRESSIONAL APPROPRIATIONS PROCESS IN BRIEF 

The Administrat ion budget w i l l  be out i n  the next few days. ..s we a l l  
know, however, the President proposes and Congress disposes. Congress w i  11 
determine the FY 82 budget, There are many channels open t o  in f luence the 
Congressional process. Those who are concerned w i l l  make t h e i r  fee l ings  ant, 
recommendations known t o  appropriate au thor i t ies .  

I n  the next few months, authorizations, appropriations, and budget 
committees i n  both houses o f  the U.S. Congress w i l l  be very busy. They w i  11 
be holding hearings, examining agencies and programs, accepting inpdt  from 
government o f f i c i a l s ,  commercial f i rms, and p r i v a t e  c i t i z e n s  and determining 
what they fee l  i s  a proper funding leve l  f o r  each and every agency and program 
i n  the federal government. The FY 82 budget w i l l  be the oatput of t h i s  
process. It i s  my hope tha t  t h i s  budget w i l l  include s u f f i c i e n t  funding f o r  a 
c red ib le  Landsat system and Technology Transfer Program. I f  t,?e 
Administrat ion and Congress agree w i t h  our c o l l e c t i v e  recommendations, i t  
w i l l .  
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ABSTRACT 

The Department o f  Natural Resources, Environmental Protect ion O i  v i s ion  
has been invo:ved i n  a project  f o r  computer mapping and analysis f o r  approxi- 
mately four years. The i n i t i a l  e f f o r t s  include the processing o f  Landsbt 
d i g i t a l  data f o r  each 1.1-acre c e l l  i n  Georgia and subsequently categorizing 
the land cover conditions. The pro jec t  has included the completion o f  several 
t es t  cases as well  as the es tab l i shen t  of an operational hardware and sof t -  
ware processing capabi 1 i ty a t  the Georgia I ns t i t u t e  of Technol ogy . Fol 1 owing 
the conpletfon o f  the tes t  cases, the operational capabi l i ty  was developed t o  
process the en t i re  state (60,000 sq. miles and 14 Landsat scenes) i n  a 
cooperative project  between eleven d iv f  sions and agencies a t  the regional , 
stt:e, and federal levels. Products have been developed f o r  agencies such as 
the Corps o f  Engineers, Game and Fish Division, Georgia Forestry Coamf ssfon, 
and several other agencies i n  both mappped and s ta t f  s t i c a l  formats. 

The project  has further involved the developlent and use of a 
computerized geographf cal data base f o r  lnanageraent programs. To a 1 arge 
extent the applications o f  the data base have evolved as users o f  Landsat 
infornatfon requested that  other data ( i  .e., soi ls ,  slope, land use, etc.) be 
made compatible wi th  Landsat f o r  management programs. To date, geographic 
data bases i ncorporating Landsat and other spatf a1 data have Been constructed 
t o  deal w i th  elements of P.L. 92-500 sec. 208, the nnrnfcfpal so l i d  waste 
management program, and reservofr management f o r  the Corps of Engineers. I n  
addition, Landsat data are bef ng used f o r  app? icat ions i n  wetland, wf l d l  i f e ,  
and forestry management. While a great deal o f  technical fmprovenents t o  the 
system have occurred, the success o f  the Georgia project  l i e s  wi th  the under- 
standing o f  and the a b i l i t y  to deal wf t h  the fns t f  tu t iona l  needs and user 
requirements f o r  management programs. 

Over the past several ypars, the Departm~nt . ^ Natural Resources (DNR) 
and several other state a encies have expressed th need f o r  an e f f i c i e n t  9 means o f  col lect ing, stor  ng, graphfcal l y  Aspla. ,;~g, and in terpret ing natural 



resource i n fo ru t i on .  I n  addition, several federal agencies w i t h  planning and 
regulatory msponsibl l i ty f o r  W r g i a  also expressed the need f o r  m e f f i c i en t  
data handling system. Given th l s  demand f o r  more e f f i c i en t  data handling 
procedures, #IR began to look f o r  an alternative to tradit4onal manual mapping 
wthods . 

Beginning i n  l a te  1974, the State o f  Gcorgla was o f f e n d  the opportunity 
to v i s i t  the Earth Resources Laboratory o f  NASA. Ouring the v l s i  t, NASA 
personnel explained the processing procedure f o r  Me Landsat data. I n  
addition, severalcase studtes wen discussed a d  as a demonstration WASA 
processed one Landsut tape using ground t ru th  Informatron collected p r i o r  t o  
the v is i t .  

The results of the v i s i t  were o f  sufficient interest to several prograa 
managers that  a f o m l  request for technology transfer was subaitted from 
Georgia to NASA. NASA agreed to i n i t i a t e  a technology transfer consisting of 
tw, phases. Rase I would deternine the feas ib i l i t y  o f  uslng Landsat f o r  
nanagement applications i n  k o r g i a  u t i l i z i n g  NASA hardware and software 
essentially cost free to the State, and Phase 11 would transfer the software 
and application knowledge provided the State secure the necessary hardware 
capability. 

With the avaflabf 1 i t y  o f  cate l l  i t e  images fnw Landsat, the gathering o f  
1.1-acre land cover information becre possible within a reasonable budget and 
t ine  f raw.  A1 though very useful, Landut data alone has only l imi ted appli- 
cation to the wide range of technical and rana-nt programs that agencies 
such as DNR have to  administer. Therefore, i n  order to achieve m x i ~  
u t i l i z a t i o n  o f  the Landsat data, i t  has beta necessary t o  colbine i t  with 
other types of mapped data to create a usable and cost e f fect ive systea fo r  
data management. Over the l a s t  several years, OW'S abl l  i t y  t o  generate land 
cover data ( i  .e., naps and s ta t i s t i cs )  from Landsat has increased t o  an opera- 
t ional system capable o f  integrating other geographic f i les.  

SYSTEM COWIGURAT ION 
Hardware 

The Resource Assessment t in i t  of DNR uses the State o f  Georgia's UNIVAC 
1100/82 with an EXEC 8 operating system. Cawnunicatlon with the large 
mai n f  r a m  i s  accompl i shed primari 1 y through *dl a1 -upK terminal s . Computer 
usage requiring large or special (overprinting a t  8 LPI) printouts i s  done 
batch while data base updating, correcting and s ta t i s t i ca l  reporting a n  
accoaplished I n  an interactive mode. 

A l l  Landsat processing was accmpl ishd a t  the Georgia Ins t i tu te  o f  
Technology which i s  also located i n  downtown Atlanta. Concurrent with the 
Statewide Landsat ClassifIcatlon Project, Georgia Tech purchased a mini- 
computer system which was equipped w i  t h  two disk packs, tach with 2 1/2 
megabytes o f  storage, two dual density 9-track tape drivers, a 20" electro- 
s tat ic  prlnter/plotter, a dumb terminal, and a color image processor. The 
color image processor has been modified by Tech personnel t o  enable i t s  use i n  



e l t h t r  a 256x256~3 plane format or  a 512x512~1 plane format, both wl th  8-bl t  
planes. The sophlstlcated raster Image processor enabled f l e l d  penonml to 
d l n c t l y  enter t ralnlng s m l e s  by pnvieulng raw Landsat data so the re f lec t -  
awes rrs-led a color Infrared photograph. The raw data capabll lw, plus 
the h l  cost o f  CPU ti# on large aainfrsws such as the UNIVAC, requlred 
that a 0" 1 Landut processing occur on the mint-coaputtr system a t  Tech. 

Construction o f  the computer data bases including I )  acqulslt lon o f  
data, 2) f l e l d  checking, 3) encoding, 4) data entry and storage, 5) 
editlng, and 6) data ret r ieval  and display was a state e f f o r t  conducted by 
the Resource Assessment Unlt. These data bases were b u i l t  and are u ln t l aned  
by DNR personnel on the Stl te 's UNIVAC. 

Corunlcation of data between the 36-B IT UN1 VAC and the 16-BIT mini - 
computer was accorpl lshed wlth sow degree o f  d i f f i c u l t y  using data tapes 
wri t ten I n  binary. The transfer o f  Landat data to the State-malntalncd data 
bases permitted lnteractlve use o f  current Landsat in forrat ion through the 
already established data base software. The transfer o f  the ve r l f  red and 
corrected data base information t o  Tech's mini-ccmputer system allawed f o r  
color graphlc display and for eff l c i en t  creation o f  graphlc presentaticn 
materials on 35-nn slides. A1 1 35- s i  ides were phatographed d i rec t ly  from 
the color image processor. 

0 
Sof Ware 

With DNR contracting portions of the project to 6corgia Tech, the 
scenario was -mated whereby tm, di f ferent  conputer systems wl th divergent 
ins t i tu t lona l  direction and d i f fer ing s ta f f  discipl ines were being errployed. 
Thls caused a large variety of  software t o  be developed, converted, and 
implemented. 

The primary software used on the State's Univac was CONGRID/DBMANG 
developed by Richard Hokans a t  the School o f  Forest Resources, University o f  
Georgia. The CONGRID (conversational GRID) program i s  a FORTRAN program 
developed from (as so many o f  the Grid-oriented data base programs are) the 
GRID computer mapping program or ig ina l l y  developed by Sinton and Stelni t z  a t  
Harvard. The program used by Resource Assessment has a format-free verbal 
colnand language enabl ing intersection, union, and 1 i near c d i  nation o f  data 
variables and generation o f  associated 1 ine pr in ter  ray-scale maps. The 9 D M 6  (Data Base Manager) program also uses a verba comand language and i s  
used interact ively t o  build, edit, and maintain the data f i l e s  and t o  generate 
new variables such as soi 1 -associated characteristics from exist ing sol1 s 
data. 

The software u t i l i zed  a t  Gcorgia Tech for the data base projects i s  a 
highly nod1 f ied mini -computer version of I f f iRID.  l h i  s version i s modul a r l  zed, 
interactive, and raster orlented. In addition, there are a wide variety of 
computer programs developed a t  Georgia Tech t o  handle a l l  aspects o f  Landsat 
processing including geometric rec t i f i ca t ion  and image display on the mini- 
computer system. 



Phase I of  the Landsat pro$ect surveyed exist ing programs w i th in  Ute 
Department o f  Natural Resources t o  determine which o f  these n igh t  require data 
whfch Landsat could provide. Several Landsat-derived products were produced, 
including the processfng o f  tm, Landsat scenes, one fo r  coastal 6eorgia and 
one for the northern portion of  the State. The land cover categories 
consist1 ng o f  water, high and low density urban, pastures, cul t lvated 1 ands , 
bare ground, decf duous and coniferous forest, and wetlands were displayed on 
the products and detennf ned to be o f  f nterest t o  several regf onal , state, and 
federal programs. The data were produced f n  formats specified by the user 
ranging from geographf ca l l y  ~apped products a t  varfous scales t o  tables of 
s ta t i s t i cs  by water qual f t y  management unf t s  (watersheds) and countf es. A t  
the coapletfon of Phase I f n  1976, i t  b e e m  apparent that  Landsat d i g i t a l  
processing could provfde re lat ive ly  detaf l ed  and accurate data on a repetf t i v e  
basis covering the ent i re state, a capabil i ty whfch had never before existed. 
Since many o f  our programs requfre statewide data and analysfs over time, 
Landsat's type o f  coverage and data production became most attract4 ve. 

Inst i tu t ional  Approach 

The current Phase 11 ef fo r t  i s  a good example o f  how regional, state, and 
federal agencfes i n  Georgia are working together with a conaron data source fo r  
specf f i c  appl f cations. 0#R has been coordf nat i  ng a state-wf de Landsat df gf t a l  
processf ng e f f o r t  whfch was recently campleted. The ro le o f  DRN i n  t h i s  
project has been to establish a structure for  j o i n t  part ic ipat ion i n  t$e 
effort ,  the devel opnent of product c r f  terf  a vf s-a-vf s 1 egf st at f  ve requf r e n t s  
o f  the part icipating agencies, fn f t ia t lng  a cost-sharing plan to  insure 
affordable products w i  . ii mfnfmum duplication o f  ef fort ,  and t o  provfde data 
for natural resource management programs as an extension of DNR's technical 
assf stance role. 

The following are some of the regional, state, and federal agencies whfch 
participated fn the Georgf a Landsat e f fo r t  (Figure 1). 

The Envf ronmental Protection Df vf sf on o f  DNR: For Sectf on 208 and 303e 
of PL 92-500, regardf ng non-poi n t  source pol lu t f  on and water qual i ty plans fo r  
r f  ver basins. The computer-compatf b le  Landsat data a1 low summarf ra t ion o f  the 
acveage of varfous land cover condftfons withfn a watershed related t o  
agricul ture, forestry, construction, or mfning elements that may be potentf a1 
non-point sources o f  po l lu t f  on. From thf s sunmary and supplemental f nfor- 
matfon a comparative ranking of the potential of  watersheds within the State 
to emf t non-point source pol lu t ion was developed. Best management practices 
were then formulated for  those watersheds wf th  the highest pol lut ion 
potentf a1 . 

Sof 1 Conservation Service o f  the U.S. Department o f  Agricul tu r t :  For the 
Conservation Needs Inventory, regardf ng the extent and areas o f  change I n  



specif ic types o f  agriculture, the location of potential areas o f  gross 
erosion, and the n s u l  t ing  effects on water quality. Specific land cover 
conditions which a n  derived from the Landsat data include location o f  
pastun, bare ground, and crops. The Landsat information allaws land cover 
trertd identif ication, which should fac i l i t a te  mre ef fect ive al location o f  
f f c  ;d personnel. A1 so, the vegetation cover and water relationships (e.g., 
wetland conditions) ident i f ied by Landsat are useful f o r  e n v i r o m t a l  
assessment i n  water resource projects. 

U.S. Army Corps o f  Engineers: For Section 404 o f  PL 92-500 regarding 
dredge and f i l l  permits, including location of wetlands and spof 1 areas. I n  
order for the Corps o f  Engineers to  ef fect ively impleatent the pemi t t i n g  
program, they f i r s t  need to be aware o f  the wetland locations. Landsat data 
provide th is  information. Also, the repeti ti ve nature o f  Landsat allows 
m n i  t o r i  ng o f  wet1 and conditions over ti me. 

Game and Fish Divfsfon o f  DNR: For the Wood Duck Habi t a t  Study under the 
Pitbran-Robertson Act. Landsat i s  we1 1 suited fo r  deterwining d l  f ferent types 
of vegetation. This fs  valuable !n fomt ion  for w i l d l i f e  biologists i n  
studying habitat areas. 

Department o f  Connrrnity Affairs: For making land use inferences from 
land cover catewrfes for  comrehensive develomnt  ~ l a n s  under HUD 701 
planning requi r k n t s .  several Area Planning and ~ e v e l  opment Cmiss ions have 
expressed an equal interest i n  th is  technique and are part ic i9xt ing i n  the 
project. 

U.S. A r q y ,  Fort Bennlng, Georgia: For analysis o f  forestry and w i l d l i  fe  
management areas on the base as a part  o f  the Environmental Inipact Statement 
process. 

The challenge t o  the program during Phase 11 was t o  provide a qual i ty of  
information and support that warranted continuing use o f  Landsat data. It i s  
expected that future uses w i l l  emphasize i te ra t i ve  applications such as the 
land cover data used by SCS i n  thefr  Conservation Needs Inventory or by the 
Environmental Protection Divfsi  on i n  the1 r conti nuing water qua1 f t y  planning 
process. 

Procedure fo r  Landsat Happins 

As the Phase I1 project began, the part icipating agencies expressed thefr  
genuine desire t o  the use of Landst data and furnish substantial f i e l d  support 
and cost-sharing for  the products. The Depar+mnt o f  Natural Resources s ta f f  
t raf  ned over 50 people from reg1 onal , state, and federal agencies i n  the 
process of correlating the Landsat reflectances to  actual ground conditions. 
The training sessi ons were designed so f i e l d  personnel would have an adequate 
understanding of what data were required whi l e  i n  the f ie ld .  Listed below are 
the steps required for the Phase I I effor t .  



-Selection of Nanagclcrrt Applications: Legally mandated management 
prograas such as sol fd waste management, erosion and sediment control, P.L. 
92-500 sec. 208, etc. were reviewed to dttemine which o f  the State's 
unagecnnt e f fo r ts  might effectively u t i l i z e  the Landsat data. 

-Design Statedde Landcover Classification Scheme and Gmund Truth Data 
Collection Form: A three-level land cover classification scheme was designed 
to m a p a s s  a l l  possible ground conditions. t h i s  task also covered the 
design o f  tht ground t ru th  forms which were used by the f i e1  d personnel t o  
record actual land cover conditions. 

-&sl gnate Project Personnel : This task i nc l  ud@d designation o f  agency 
personnel and the i r  responsi b i  1 i t ies  t o  the Landsat project e f for t .  

-Training Sessions: Instructions were given t o  the f i e l d  investigators 
on how to corplete ground t ru th  foms and i n  the selection o f  ground t ru th  
samples (i.e., an area specif ical ly chosen fo r  val ldatlon purposes). The 
ground t ru th  salples have homogeneous land cover conditions and were used t o  
"train" the coaputer during the c lass i f i ca t i  on process. 

-Preview Gates of Sate l l i te  Coverage: This task included selection cf 
recent cloud-free coverage dates which had the proper seasonal conditions. 

-Collect Information fo r  Ground Truth: k q u i  re aerial photography, 
photomaps, base maps, and topographic quadrangles rrhich are used to locate the 
ground truth samples. 

-Call ect Ground Truth Data : Fie1 d investi gators collected ground t ru th  
data of uniform areas ( f .e., homogeneous stands o f  pine, marsh grasses, 
pastures, etc., or impervious surfaces such as paving or exposed rock). 

-Enter Ground Truth Data i n to  Georgia Tech System: Ground t ru th  data 
were entered in to  the computer i n  the form of t raining samples. The training 
sarples i n  turn were the validation procedure fo r  the c lass i f icat ion o f  the 
data . 

-Stat ist ical  Eva1 uation o f  Data for Uniformity: Computer histograms were 
run t o  test  the uniformity of  the selected t ra in ing samples. 

-Classification of Landsat Data: This task inc l  udes the c lass i f icat ion 
of the raw data using the training samples collected fo r  each of the Landsat 
scenes. (Figure 2 shows the arrangement of  the Landsat scenes fo r  Georgia. 

-Evaluation o f  Classified Data: The c lass i f ied data were checked for the 
correct p l a c e m t  of land features such as lakes, forest, towns, beaches, etc. 

-0lgi t ized County and Water Qua1 i t y  Management Units ( W Q W )  Boundaries: 
County and UQMU boundaries mrt df g i t i r ed  using the l a t i  tude/longitude 
coordinate systems. This d ig i  t i r e d  information was then converted t o  plxel  
coordinates t o  be compatible with the Landsat data. 



-Transformation matrices: La t i tude and longi tude coordinates were 
assigned t o  each of the Landsat 1.1-acre c e l l  s. 

-Combine D i g i t i z e d  Water Qua1 i t y  Management Un i ts  (WQMU) and County Data 
w i t h  Landsat Data: The d i  g i  t i  zed WQMU and county boundaries were superimposed 
over the Landsat data, and s t a t i s t i c s  were co l l ec ted  f o r  each o f  the land 
cover categories w i t h i n  each of the boundaries. 

- S t a t i s t i c a l  Analysis o f  Acreage: To fu r the r  document the Landsat data, 
the t o t a l  area o f  the d i g i t i z e d  county data was compared t o  pub1 isbed acreage 
s t a t i s t i c s ,  and the d i g i t i y e d  WQMU data were compared t o  s t a t i s t i c s  derived 
from planfmetering the WQkIU1 s. 

-Preparation for  Pr in t ing :  Data were w r i t t e n  i n  a spec i f ied  format onto 
a comp~ter  tape which was used t o  produce both negative and p o s i t i v e  f i l m  
recordings. 

-D is t r i bu t i on  of Products: Products were d i s t r i b u t e d  t o  agencies who 
cooperated i n  the Landsat pro ject .  The complete 1 i s t i n g  of products I S  shown 
i n  Figure 2. 

Landsat Results 

Although no exhaustive e f f o r t s  were made t o  es tab l ish  the precise l eve l  
o f  accuracj f o r  the Landsat information, there were pre l iminary e f f o r t s  t o  
t h i s  end. These e f f o r t s  included the review o f  l i t e r a t u r e  which dea l t  w i t h  
ant ic ipated resu l t s  i n  the eastern U.S., superimposing o r  " f lash ing"  raw data 
over the c l a s s i f i e d  data, and consul t a t i o n  w i th  personnel from the various 
f i e l d  agencies. 

Results o f  these informal e f f o r t s  confirmed the conclusion t h a t  the 
Landsat products were o f  very high l eve l s  o f  accuracy f o r  most categories. 
The ranking o f  the land cover condit ions according t o  the accuracy o f  
determination, going from the high t o  low were: water, wetlands, f o res t  
condit ions, pastures and grass areas, exposed earth, high-densi t y  urban and 
then low-density urban areas. Further, i t  should be stated t h a t  temporal 
condit ions and physiographic regions were a t  l eas t  p a r t l y  responsible f o r  our 
varying degrees of success. Further analysis showed t h a t  the degree o f  
d i f f i c u l t y  i n  c lass i f y i ng  an area was d i r e c t l y  re la ted  t o  the amount o f  
experience the ind iv idua l  i n  the f i e l d  had c o l l e c t i n g  t r a i n i n g  samples and the 
time i n  the f i e l d  r e l a t i v e  t o  the time o f  s a t e l l i t e  passover. The condi t ions 
which caused the greatest concern were snow and bare ground. The snow 
occurred only  i n  the highest elevat ions o f  North Georgia and under most 
condit ions i s  n c t  a fac tor  a t  Georgia's l a t i t ude .  However, the bare ground 
condit ions caused by recent ly  cleared ag r i cu l t u re  areas i n  the South Georgia 
region caused some signatures t o  be confused w i t h  urban areas of  s i m i l a r  
ref lectance. Proper temporal considerdt ion should lessen these d i f f i c u l t i e s  
i n  fu tu re  e f f o r t s .  



The resu l ts  o f  the Phase I1  e f f o r t  supported the e a r l i e r  premise tha t  
s a t e l l i t e  data could be used t o  e f fec t i ve ly  cate r f z e  land cover condftions 
statewf de. The project  produced maps coverf ng a 9" 1 60,000 square miles o f  the 
State along wfth s ta t f  s t f cs  f o r  each o f  the 198 U w ' s  and 159 counties. The 
challenge t o  the future wf 11 be to f ncrease the awareness wi thf  n the agencies 
o f  Landsat's t o ta l  abf 1 f t ies, to increase the technical abf l f  t y  t o  perform 
tasks, and to broaden the operational system. 

Wf t h  the avaf labf  1 f ty o f  sate1 1 f t e  images from Landsat, the gather1 ng o f  
1 and cover f nfonnatf on f o r  1 -1-acre c e l l  s became possf b1 e wthf n a reasonable 
budget and time frame. Although very useful, Landsat data alone have only 
1 fmf ted appl f cat ion to the wf de range o f  technfcal and management programs 
that  agencies such as the Department o f  Natural Resources have t o  administer. 
Therefore, f n order to achf eve maxfmm u t f  1 f zatf  on o f  the Landsat data, f t was 
necessary to c d f n e  f t  wf t h  other types o f  resource data. The object ive of 
mergf ng a number o f  df f fe rent  types o f  mapped f nfornatf on I s  t o  create a 
single computerfzed en t f t y  f o r  maximum user inter face and f o r  cost-effectfve 
data manf pul ations. 

As a means o f  assessing the advantages o f  developing and using a 
computerf zed data base t o  catalog , map, and analyze resource f nformatf on, a 
demonstration project  was ln f  t i a t ed  by the Department of Natural Resources f n 
north Ful ton County. The North Ful ton Demonstration Project included 
df gf t f  zf ng 23 data varf ables (eventually expanded to 35) over a 200-sq. mf . 
study area. Although the North Fulton County Project was not brought -50 
completion ( i t  was suspended fo r  lack o f  personnel time), su f f i c i en t  tes t ing 
and prel  iiarf nary analyses c lear l y  demonstrated how a computerf zed data base 
could be useful fn  evaluatf ng munfcfpal sol f d waste management sf tes and f n  
eval uating non-point source p o l l  u t f  on as well  as erosf on potentf a1 o f  sf tes f n 
water qua1 f ty management unf t s  (WQMU). I n  sunmary, the North Fulton County 
Project demonstrated that  resource data could be organfzed i n t o  a readf ly 
usable computerf zed data base and successfully employed f o r  land and water 
resource management. 

As a resu l t  of  the success of  the North Fu1 ton Demonstratfon Project, the 
Department o f  Natural Resources contracted wi th  the U.S. Army Corps o f  
Engineers t o  prepare a computerf zed data base f o r  two ex is t ing reservoirs i n  
Georgia (Clark Hf 11 and West Pofnt) and one proposed reservof r (Rf chard B. 
Russel 1 ) and the adjacent lands (see Ff gure 3). The Resource Assessment Unf t 
was to  compile the most current natural and cu l tura l  resource data and store 
the f nformatf on f n a geographf cal  l y  referenced computerf zed data base. The 
deta base i n  turn would be used by the Corps f n  the updating o f  the master 
plans. I n  the case of the Russell Project, the data base was t o  be used t o  
create an i n f  t f a l  Master Plan f o r  the reservof r lands. 



Ins t i tu t iona l  Approach 

The complexity o f  the issues surrounding resource management has 
increased s ign i f i can t l y  over the past 10 t o  15 years. A pa r t i cu la r l y  v a l i d  
example o f  t h i s  i s  the planning of a Corps o f  Engineers reservoir. These 
changes have occurred as a resu l t  o f  (1) the advent o f  more formal ru les  and 
regulations per ta in in  to reservoir projects, (2 )  the increase i n  publ ic  
part ic ipat ion,  and ( 3  ! the need f o r  a comprehensive design which takes i n t o  
account accessibil i ty, supply and demand f o r  recreational ac t i v i t i e s ,  and the 
impact of  recreational a c t i v i t i e s  on the resource base. I n  most cases the 
solut ion requires a complete natural and cu l tura l  resource analysis i n  concert 
w i th  a denand/feasibil i ty study. As the publ ic  demands greater access t o  
reservoirs, managers are of ten faced wi th an array o f  issues and requirements 
which must be understood and f u l  f i l l e d .  A successful management system must 
balance the often confl i c t i n g  concerns o f  environmental qua1 i t y  , recreation, 
budget restr ic t ions,  and regulations. Because o f  t h i s  increase i n  complexity 
the management techniques o f  a decade ago are no longer adequate. Therefore, 
the need arose t o  tes t  computer methods f o r  designing a master plan. 

The computer data bases which t h i s  paper describes were employed by the 
Georgia DNR f o r  the Clark Hi1 1, Richard B. Russell, and West Point projects. 
Essentially, the method involved the use o f  computer data base programs f o r  
the display and analysis o f  natural and cu l tura l  resource data (Figures 4-10). 
The data base was designed spec i f i ca l l y  to address the concerns o f  the 

leg is la t ion  which the Corps o f  Engineers i s  mandated t o  consider, namely : 

(1 National Environmental Pol i c y  Act of  1969 

(2) Federal Water Project Recreation Act o f  1965 

( 3 )  U.S. Fish and Wi ld l i fe  Coordination Act o f  1965, as amended 

( 4 )  Histor ic  Preservation Act o f  1966, as amended 

( 5 )  Executive Order 11593 on His tor ic  Preservation 

(6) Clear Water Act o f  1977 

( 7  Endangered Species Act o f  1973, as amended 

(8) U.S. Army Corps o f  Engineers Regulation 1130-2-406 

The use o f  a data base f o r  the management of  lands adjacent t o  a 
reservoir project  i s  a technique aimed toward t o ta l  and comprehensive land 
management. When the data base i s  properly constructed, t h i s  approach can be 
u t i l i z e d  t o  handle the accounting o f  a l l  natural and cu l tu ra l  resource 
information that  might be required i n  the planning process. The data were 
then used independently and i n  concert wi th other data sets t o  evaluate areas 
of the reservoi r sf tes which were considered appropriate and inappropriate (as 
defined by Corps c r i t e r i a )  f o r  land use ac t i v i t i e s .  



I n  review: the data base approach has displayed several advantages over 
t r a d i t i o n a l  planning methods. Both manual and computer approaches assumed 
t h a t  the data are ava i lab le  o r  t h a t  the data can be generated from e x i s t i n g  
information. A1 though both manual and computer methods requi r e  data gathering 
e f f o r t s ,  data c o l l e c t i o n  f o r  the data base approach proved t o  be less  
expensive f o r  the Georgia DNR because o f  the systematic approach employed. I n  
addit ion, mass producing computer dr iven information i n  map form i s  
considerably less expensive than t r a d i t i o n a l  techniques. Over time, the data 
base information w i l l  be updated and edi ted as the Corps requires or  as new 
data are developed. A l l  possible economic e f f i c iency  i s  almost c e r t a i n  t o  be 
rea l ized i f  data are updated on a r e p e t i t i v e  basis, ra the r  than expending 
funds f o r  an e n t i r e l y  new data c o l l e c t i o n  e f f o r t  every 5 years as Georgia hss 
done i n  the past. 

For analysis, the computer data bases were designed t o  i n teg ra te  archived 
computer ds~,, i n  a manner t h a t  gives f l e x i b i l i t y  t o  a wide va r ie t y  of map 
users. The programs are able t a  be used i n  conversational language and are 
designed f o r  maximum f l e x i b i l i t y  as they contain several rout ines which 
perform various types of analyses. Further, once the data base ex is ts ,  the 
analyses can be generated f o r  a f r a c t i o n  o f  the cos t  o f  manual analysis and i n  
considerably less time. Analysis maps can be generated f o r  spec i f i c  issues 
and t a i l o r e d  to  the needs o f  the user. This ;pprr?c+ allows maximum inpu t  i n  
a planning process f o r  a1 1 i n t e r e s t  groups w i  t b  each having the a b i l i t y  t o  
t e s t  the impacts on t h e i r  p a r t i c u l a r  concerns. The automated approach 
therefore assisted i n  a more ob jec t ive  and economical means o f  data 
co l lec t ion ,  analysis, and pub1 i c  p a r t i c i p a t i o n  and i n  c e r t a i n  cases may resul t 
i n  quicker regulatory approval and p ro jec t  implementation. 

Future Landsat and Data Base E f f o r t s  

A t  present, there i s  no formal l y  established interdepartmental e f f o r t  i n  
Georgia government responsible f o r  providing data base and Landsat products t o  
the prospective user. The reason i s  t ha t  the user community i s  content w i t h  
the present arrangement f o r  products and services ( t y p i c a l l y  contractual )  and 
also because most organizations have been unable t o  fund e f f o r t s  other than on 
a pro ject -by-pro ject  basis. A t  f i r s t  glance the l a t t e r  comnent might cause 
concern as to  the a o i l i t y  o f  the s ta te  t o  design and implement an operational 
data base system. However, a more de ta i led  analysis o f  Georgia's i n s t i t u -  
t i ona l  arrangement might y i e l d  fu r the r  i ns igh t  i n t o  understanding the present 
course o f  a c t i o ~ .  

To date, program managers have been most recept ive t o  explor ing new 
techniques f o r  data acqu is i t ion  and analysis. The primary reason f o r  t h i s  
r e c e p t i v i t y  i s  the increased responsib i l  i t y  placed on s ta te  resource managers 
by federa l l y  mandzted 1 egi  s l  at ion. These federa l l y  mandated programs o f ten  
requi re massive data c o l l e c t i o n  e f f o r t s  and t f  ght deadl ines. Therefore, 
federa l l y  imposed deadl i nes, i n  concert w i th  ex i s t i ng  management programs, 
have created the need f o r  a product-oriented s ta te  information system which i s  
able to  perform a diverse group o f  technical tasks w i t h i n  r e l a t i v e l y  shor t  
periods of time. The challenge t o  the technical s t a f f  has been to  aggregate 
several i so la ted  e f f o r t s  i n t o  a s ta te  framework f o r  land management. 



The challenge facing the e f for t  fo r  a state system i n  the inmcdiatt 
future w i l l  be o m  o f  i n s t i  tu t iona l  rather than technical concerns. Although 
an operational Landsat and data bast capabi l i ty  exists, the system i s  dcsi ned 

u t i l i z i n g  the system unless fundlng i s  avai lable to cover the anticipated 
? as a "pay-as-you-go" arrangement. Themfort, potent ia l  users have d i f f i c u  t y  

costs o f  a project  for data col lect ion,  analysis, and dissemination. 
Unfortunately, fundins i s  often unavailable or  inadequate t o  m e t  the costs 
far cer ta in  projects. This scenario can resu l t  i n  potent la l  data base and 
Landsat projects msor t ing  t o  t rad i t i ona l  manual methods because o f  the 
i nab1 1 i ty t o  access the sys tcn. Thenfor t ,  the questions which wen addressed 
i n  1976 i n  establ fshing the system (such as financing, location, and system 
configuration and objectlvc ,) w i l l  a l l  require new th inking f o r  the 1980's. 

The pract ical  applications for these Landsat and data base techniques are 
almost l im i t l ess  f o r  an agency such as the Department 3 f  Natural Resources 
rh l ch  cont inual ly  makes decisions f o r  whlch the best and most current 
information i s  needed. 

To date, data base and Landsat a c t l v i t i e s  conducted by the Department o f  
Natural Resources have demonstrated how data variables such as land cover, 
so i ls ,  slope, and wetland Information can be integrated and analyzed f o r  
management programs. Further, the 411n data from Landsat C and the proposed 
33m Thematic mapper data from Landsat D or Do w i l l  a1 low considerably greater 
opportunities t o  nap land cover conditions and boundaries o f  wetlands and t o  
derive bet ter  s tac ls t i ca l  accuracy. 

A strong argument can be made f o r  the incorporation of Landsat in fo r -  
mation wfth other resource infortnatlon t o  fnnn a data base o f  natural and 
cu l tura l  information f o r  state resource management programs. The data base 
has demonstrated how large volumes o f  mapped or  s t a t i s t i c a l  i n fomat ion  can be 
ealrl ly accessible i n  a format f o r  decision maki.ay Further, the data base 
approach w i l l  allow managers and technical s t a f t  to  maintain a "quick look" 
capabi l i ty  so exist ing and potential  areas af  d i f f i c u l t y  can be evaluated and 
monitored over time. 

The quick look capabi l i ty  can read i ly  access county, watershed, and 
w i  l d l  i fe mdnagement area data whlch could be imnedlstely displayed and 
compared wi th other maps, aer ia l  photographs, and permit re1 ated Information. 
This capabil i ty has the advantage of allowing the most recent and 
comprehensf ve information to be read i ly  available f o r  the decision-making 
process. Further, the data can t~ updated while allowing change detection and 
other management orlented analysis to  occur. As an example, change detection 
can be employed i f a project  manager wanted t o  know the extent o f  land cover 
changes fn a watershed over a period of tlme. This might include the change 
i n  the amount o f  acres of  impervlous surface i n  a watershed over a pcrlod o f  
t fme and h e r e  the changes have occurred. 



Perhaps the m s t  val uable aspect o f  the data base process I s  the ab l l  I ty 
of program managers to  look quickly a t  va r io~ ls  a1 ternat lve s i tes  and plans. 
The data base process enables a program manager t o  change the data variables 
and c r l t e r i a  o f  an analysls t o  vlew other possible p lan a1 ternatlves. Uslng 
the data base, the plan a1 ternatlves can be eval uated and updated w! t h  greater 
ease than w l  t h  t rad l  t iona l  methods. 

The three reservoir projects which the Department o f  Natural Resources 
has collpleted uslng the data base techniques have proven t o  be cost e f f l c l e n t  
and ef fec t ive  from the C.O.E. technical and management perspective. Perhaps 
even more Inportant, a process has been l n s t l  tuted t ha t  w l l l  peml  t updating 
o f  exist ing data and the addlt lon o f  neu data I n to  a computer format that  I s  
easi ly accesslble t o  a l l  users. I n  the long run, the data base approach I s  
the only solut ion that  w l l l  al low Information to be efficiently housed I n  on: 
locat ion and ye t  be accesslble t o  a l l  pub1 l c  agencies concerned w l  t h  Georgia. 
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AGENCY PROJECT OUTPIJT_S_ PROGRAM USE - 

Ga. DNR - EPD S t a t i s t i c s  o f  landcover ca tegor ies  P.L. 92-500 sec. 208 & 303e 
f o r  each o f  198 WQMUs 

Ga. DNR - Game & F i sh  S t a t i s t i c s  o f  landcover ca tego r ies  Wood Duck H a b i t a t  Study and 
f o r  each o f  159 count ies  and 35mn o t h e r  wet land r e l a t e d  programs 
s l i d e s  f o r  c e r t a i n  count ies  

Ga. Dept. o f  C m u n  i +y A f f a i r s  S t a t i s  t i c s  "f landcover ca tegor ies  HUD-701 n a t u r a l  resource 
f o r  each o f  159 count ies  and element 
1 : 250,000 maps o f  t he  s t a t e  

Ga. Fo res t r y  Comnission S t a t i s t i c s  o f  landcover ca tegor ies  S t a t i s t i c s  t o  a s s i s t  i n  s i t e  
f o r  each o f  159 count ies  & l o c a t i o n  s tud ies  f o r  f o r e s t  
1 :250,000 m ~ p s  o f  the zcate  products i n d u s t r i e s  

Ga. O f f i c e  Planning & Budget S t a t i s t i c s  o f  landcover ca tegor ies  HUD-701 n a t u r a l  resource 
f o r  the  159 count ies p l u s  element, S t a t e  Development 
1:250,000 maps P lan 

U.S. S o i l  Conservat ion Serv ice  S t a t i s t i c s  o f  landcover ca tegor ies  Conservat ion Needs Inventory ,  
f o r  each o f  159 count ies  8 Land Inven to ry  Mon i to r i ng  
1:250,000 maps o f  t he  s t a t e  L 35mn Program 
s l i d e s  f o r  each o f  159 count ies  

U.S. Amy  Corps o f  Eng. S t a t i s t i c s  o f  landcover ca tegor ies  Urban Studies,  Wetland Iden t -  
f o r  each o f  198 WQMUs and 1 :250,000 i f i c a t i o n  ( i e .  404). Lakeshore 
maps o f  t he  s t a t e  Management Studies 

U . S .  Amy - F o r t  Benninq S t a t i s t i c s  o f  landcover ca tego r ies  Base Master P lan and Environmental 
f o r  the  f o r t ' s  11 management areas Impor t  Statements 
p l u s  a 1:50,ODO map 

Nor th  Georgia Area P lann ing S t a t i s t i c s  f o r  6 count ies ,  s t a t -  HUD-701 n a t u r a l  resource 
6 Development C m i  s s i o n  i s t i c s  f o r  100+ census enumeration element 

d i s t r i c t s  p l u s  county maps a t  
1" = 1 m i l e  

Coosa Val l e y  Area P lann ing S t a t i s t i c s  f o r  10 count ies  p lus  HUD-791 n a t u r a l  resource 
R Development Conmission county maps a t  1" = 1 m i l e  element 

Figure 1 .  Statewide Landsat Project 
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* Classified Landsat data for each ~f the above wries 

* 1 : 250,000 Statewide Maps for each of the above scenes 
* 35 mm slides of each of the 159 counties in Ca. 
* Statistics by county for each of the 159 counties 

Statistics by water quality management unit for all 198 units 
Selected products at 1 : 50,000 and lm24,000 

F i g u r e  2.  Landsa t  Scenes ,  Dates and P roduc t s  
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F i g u r e  10. North Fu l ton  C ~ u n t y  Emphasis Map 



THE PACIFIC NORTHWEST REMOTE SENSING PROJECT 

Wallace E. Hedrick 
Resources Northwest, Inc . 

I n  February 1978, t h e  P a c i f i c  Northwest Regional Commission (PNRC),  made 
up of t h e  Governors o f  Idaho, Oregon, Washington, and a  f e d e r a l  co-chairman 
appointed by t h e  P r e s i d e n t ,  approved a  three-year  e f f o r t  e n t i t l e d  t h e  Landsat 
Appl ica t ions  Program (LAP) aimed a t  e s t a b l i s h i n g  o p e r a t i o n a l  c a p a b i l i t i e s  i c  
t h e  P a c i f i c  Torthwest  t o  analyze  Landsat d i g i t a l  imagery and apply t h e  r e s u l t s  
t o  n a t u r a l  resource  management programs. 

It a i l  s t a t e d  i n  t h e  f a l l  of 1974, when t h e  PNRC e s t a b l i s h e d  t h e  "Land 
Resources Inventory  Task Force" ( l a t e r  changed t o  "Technology T r a n s f e r  Task 
Force") wi th  t h e  charge of i n v e s t i g h t i n g  the  p o t e n t i a l  a p p l i c a t i o n  of Landsat 
technology to  Y t a t e  and l o c a l  problems. The Task Force, wi th  r e p r e s e n t a t i v e s  
from Idaho, Oregon, Washington and a  p r o j e c t  d i r e c t o r  proposed the  e s t a b l i s h -  
ment of t h e  Land Resources Inventory Demonstration P r o j e c t  (LRIDP) . The 
p r o j e c t  was designed t o  demonstrate t o  s t a t e  and l o c a l  agencies  methods f o r  
e x t r a c t i n g  and us ing infarmat ion derived from s a t e l l i t e  remote s e n s i n g  tech- 
nology. The Task Porce proposed t h a t  s t a t e  and l o c a l  agencies  o b t a i n  
a s s i s t a n c e  from organiza-  Jns t h a t  had the  required t e c h n i c a l  e x p e r t i s e  and 
a n a l y t i c a l  c a p a b i l i t y  i n  t h e  remote sens icg  f i e l d .  The Task Force requested 
and received t h i s  a s s i s t a n c e  from the  Natior.al Aeronautics and Space 
Adminis t ra t ion (NASA) and t h e  U.S. Geological  Survey (through the  EROS and t h e  
Geography programs). During the  LRIDP, t n e  Task Force and i t s  two f e d e r a l  
p a r t n e r s  assembled 45 s t a t e  and l o c a l  agencies  a s  p a r t i c i p a n t s  i n  23 
ind iv idua l  demonstrat ion p r o j e c t s .  These p r o j e c t s  were i n  the  d i s c i p l i n e  
a r e a s  of f o r e s t r y ,  a g r i c u l t u r e ,  rangeland,  urban, c o a s t a l  zone, noxious weeds 
and s u r f a c e  mining. Thz r e s u l t s  of t h e  LRIDP encouraged the  Commission t o  
embark on the  Landsat Appl ica t ion Program i n  1975 which had a s  i ts  s t a t e d  
object ive . . . .  " t o  establish i n - s t a t e  c a p a b i l i t y  f o r  the  a s e  and s p p l i c a t i o n  of 
Landsat d a t a  by s t a t e  and l o c a l  agencies  i n  t h e i r  d e c i s i o n  making and resource  
management processes."  This o b j e c t i v e  has  been achieved by e s t a b l i s h i n g  
o p e r a t i o n a l  a n c i y s i s  f a c i l i t i e s  i n  each of the  t h r e e  s t a t e s ,  Idaho and 
Washington have instal11:d Landsat d i g i t a l  a n a l y s i s  systems i? Boise and 
Olympia t o  augment a n a l y s i s  programs a l ready  i n  p lace  wi th in  those  s t a t e s .  
Oregon, meanwhile, has  enhanced e x i s t i n g  c a p a b i l i t i e s  a t  Oregon S t a t e  
Univers i ty  i n  C o r v a l l i s .  Cur ren t ly ,  a  number of agenc ies  a r e  conducting 
o p e r a t i o n a l  a p p l i c a t i o n  p r o j e c t s  u ' i i l i z i n g  the  new d a t a  a n a l y s i s  f a c i l i t i e s  
and Landsat derived da ta  a r e  now being used by these  agencies  i n  t h e i r  
day-to-day opera t ions .  



IDAHO - 
Governor John V. Evans issued Executive Order 80-4 on Apr i l  11, 1980, 

establishing an Idaho Image Analysis  F a c i l i t y  (IIAF). The f a c i l i t y  is 
operated by t h e  Idaho Department o f  Water Resources which h a s  been t h e  s t a t e ' s  
lead agency dur ing  t h e  Landsat Appl ica t ion Program. The execu t ive  o r d e r  was 
t h e  fo rmal iaa t ion  of  a long-term e f f o r t  t o  e a t a b l i e h  o p e r a t i o n a l  Landeat 
d i g i t a l  a n a l y s i e  c a p a b i l i t y  i n  t h e  "Gem Sta te" .  Govornor Evana' o r d e r  
provides  a framework f o r  i n s u r i n g  management, coord ina t ion ,  maintenance and 
t e c h n i c a l  suppor t  of the  image a n a l y s i s  f a c i l i t y .  The Idaho Image Analys is  
F a c i l i t y ,  whi le  housed a,?d maintained by IDM, ie a c c e e s i b l e  t o  o t h e r  s t a ' 2 ,  
f e d e r a l  and l o c a l  agencies  and p r i v a t e  i n t e r e s t s .  IDWR w i l l  p rovide  t h e  uae  
of t h i s  equipment t o  agencies  i n  conducting Lsndaat d i g i t a l  a n a l y s i s  pro j e c  t e .  
The primary components of t h e  Idaho f a c i l i t y  a r e  t h e  VICA!?!IBIS image a n a l y e i a  
so f tware  on t h e  S t a t e  Audi tor ' s  TBM 376-168 and an i n t e r a c t i v e  d i g i t a l  image 
d i s p l a y  dev ice  -- STC Model 70 l ' i sp lay and System 511 so f tware  -- which 
o p e r a t e s  on I D W R ' s  PDP 11 /34 comyuter. The f ~ c i l i t y  a l e o  mainta ins  i n t e r -  
p r e t a t i o n  equipnent f o r  Landsat itcagery and a e r i a l  photographs. 

The es tabl ishment  of  t h e  IIAF is t h e  f i r s t  s t e p  of  o p e r a t i o n a l  
u t i l i z a t i o n  o f  Landsat d a t a  v i t h i n  the  s t a t e .  Faced wi th  very  l i m i t e d  budgets  
and i n c r e a s i n g  d a t a  requirements f o r  improved planning and d e c i s i o n  making, 
the  resource  mal?.agers and p o l i c y  makers i n  Idaho w i l l  be demanding a l e v e l  o f  
product ion c a p a b i l i t y  from tcis  technology which w i l l  f a r  overshadow t h e  
e f f o r t s  to  d a t e .  

OREGON 

Oregon was t h e  only  s t a t e  with an e x i s t i n g  Landsat process ing c a p a b i l i t y .  
The Environmental Remote Sensing Laboratory a t  Oregon S t a t e  Univers i ty  was 

a l r e a d y  es tab l i ehed  with suppor t  from t h e  Univers i ty  A f f a i r s  O f f i c e  of  NASA. 
The s t a t e ,  the re fo re ,  e l e c t e d  t o  enhance these  f a c i l i t i e s  ap i ts approach t o  
developing o p e r a t i o n a l  use of Landsat and des ignated ERSAL a s  the  opora t iona l  
f a c i l i t y  f o r  Oregm. 

ERSAL i a  not l imi ted  t o  Landsat ,  bu t  provides a f u l l  range of  s e r v i c e s  
including:  sample des ign f o r  resource  inventory  and map accuracy assessment;  
i n t e r p r e t a t i o n  of l a r g e  and smal l  s c a l e  a e r i a l  photographs; a n a l y s i s  o f  
m u l t i - d a t e  imagery; and geoscience  a p p l i c a t i o n s  o f  s ide look ing  r a d a r  imagery. 
The Laridsat process ing a t  ERSAL is done on a Cyber 73 a t  t h e  OSU Computer 
Center vhich provides f o r  bulk process ing and remote access  from ERSAL. 

The Landsat a n a l y s i s  so f tware  used ' 3  PIXSYS, which s t a t e d  fram computer 
programs developed a t  Purdt~e  Univers i ty .  This sof tware  h ~ s  been s i g n i f  i c ~ n t l y  
expanded and adapted f o r  Oregon's use over  the  pas t  10 y e a r s  by ERSAL'S s t a f f .  



Washington S t a t e  d id  not  s t a r t  from an e s t a b l i s h e d  base. Like Idaho, 
Washington was concerned wi th  e s t a b l i s h i n g  an o p e r a t i o n a l  c a p a b i l i t y  t o  
s e r v i c e  s t a t e  u s e r s  i n  u c o s t  e f f e c t i v e  way. An anaLyeis  of e x i s t i n g  s t a t e  
hardware ehowd t h a t  Wa~hington S t a t e  Univers i ty  had a computer wi th  
s u f f i c i e n t  c a p s s i t y  t o  e f f i c i e n t l y  process Landsat d a t a  covering l a r g e  areee .  

The Washington S t a t e  Univers i ty  Computing Yervice Center a c t i v e l y  sought 
t o  be designated t h e  repos i to ry  of proceesing c a p a b i l i t y .  The a v a i l a b i l i t y  of 
t h e  AMDAHL V-6 o f fe red  a new genera t ion  computer capable of r a p i d l y  process ing 
l a r g e  amounts of data.  The s t a t e  agencies  f e l t  t h a t  t h e  a d d i t i o n  of i n t e r -  
a c t i v e  image processing e q u i p e n t  would make it poss ib le  t o  e f f e c t i v e l y  work 
with Landsat da ta .  

The opera t iona l  c a p a b i l i t y  i n  Washing ton c o n s i s t s  of VICAR/IBIS sof tware  
on t h e  AMDAHL V-6 computer i n  Pullman and an I n t e r a c t i v e  Image Process ing 
Laboratory (IIPL) on t h e  Cap i to l  Campus i n  Olympia. The IIPL operated by 
WSU/CSC con ta ins  (as i n  1daho) t h e  STC Model 70 Display and System 51 1 e a r t h  
resources  procesaing sof tware  which opera tes  on a PDP 11/34 computer. The 
AMDAHL V-6 is l inked t o  t h e  IIPL v i a  dedicated telephone l i n e s .  D i s c i p l i n e  
e x p e r t i s e  comes from wi th in  i n d i v i d u a l  agencies  o r  through coopera t ive  
agreements among p a r t i c i p a t i n g  agencies.  

Cperat ional  c a p a b i l i t y  is achieved by melding t h e  c a p a b i l i t y  of 
e s t a b l i s h e d  s t a t e  e x p e r t i s e  ard equipment with a modest s t imulus  o f  new 
technology. Together,  t n i s  combination provides an a d d i t i o n a l  t o o l  t o  those  
cancerned with n a t u r a l  resource planning and management i n  Washington S t a t e .  

PARTICIPATING STATE AND LOCAL AGENCIES - 

1. Idaho 

a. Department of Water Resources 

b. Divis ion of Economic and Community A f f a i r s  

c. Department of Fish  9 Game 

d. Univers i ty  of Idaho 

e. Bureau of Mines and Geology 

a.  Department of Land Conservation and Development 

b. Oregon S t a t e  Unibers i ty  



c. Department of F i sh  8 W i l d l i f e  

d. Doschutes County 

e. Department of Ervironmental Q u a l i t y  

f .  Department of Water Resources 

3. Washing ton 

a. City  of Tacoma 

b. Spokane County 

c. Department of Came 

d .  Univers i ty  of Washington 

e. Washiqton S t a t e  Univers i ty  

f .  Department of Ecology 

g. Pl-inning and Community A f f a i r s  

h. Departmect of Revenue 

i. Department of Nat.ura1 Resources 

j. Western Washington University 



LACIE AYD AgRISTARS 

B. ti. Moore 
Lockheed Engineering and Management Services Company, Inc.  

Houston, Texas 

The USDA has been ac t i ve l y  engaged i n  developing and using remote sensing 
i n  support o f  major departmerttal missions since the 1340's. U n t i l  the 
past decade, remcte sensing e f f o r t s  p r imar i l y  involved the use of a e r i a l  
cameras mounted i n  f ixed-wing a i r c r a f t  t o  obta in photographs o f  the 
country's land area. In  Ju ly  1972, the f i r s t  Earth Resources Technology 
S a t e l l i t e  (ERTS) , no# ca l l ed  Landsat 1, was successful ly orb i ted.  Since 
then, i t  has been demonstrated t h a t  d i g i t a l  products as wel l  as image products 
derived from the data co l lec ted by the Mul t ispectra l  Scanner (MSS) on 
Landsat, combined w i t h  appropriate analysis techniques, can provide useful 
information t o  those engaged i n  monitor ing and planning the development 
and conservation o f  the Earth 's  resources. 

!n 1974, NASA, NOAA, and USDA began the  Large Area Crop Inventory Experiment 
(LACK) t o  research, develop, apply, and t e s t  a technology which was designed 
t o  estimate wheat production worldwide, w i t h  a goal of achieving improved 
accuracy and timeliness over current  global estimates. Wheat area estimates 
were based on analysis o f  Landsat data, and weather e f f e c t s  models were used 
to estimate wheat y ie ld .  LACIE, compieted i n  i978, demonstrated t h a t  
t h i s  technology met the established goal (40 percent accuracy w i t h  a 90 
percent confidence leve l  a t  harvest) i n  the U.S. Great Pla ins and the 
USSR f o r  two consecutive years. I n  addit ion, the LACIE resu l t s  indicated 
tha t  technology improvements are needed i n  ce r ta in  other  important wheat 
growing regions, p r imar i l y  where f i e l d  s ize i s  close to  present s a t e l l i t e  
reso lu t ion  l i m i t s  and where spr ing wheat i s  d i f f i c u l t  t o  separate from 
other small grains such as spr ing barley. 

Following several yesrs o f  a small-scale research ef for t ,  the S t a t i s t i c a l  
Reporting Service (now p a r t  o f  the Econoriiics, S t a t i s t i c s ,  and Cooperatives 
Service o f  USDA) completed an experiment i n  1977 f o r  using Landsat d i g i t a l  
data t o  improve crop acreage estimates f o r  a1 1 major spring-planted crops 
i n  I l l i n o i s .  This experiment, using f u l l  frame c l a s s i f i c a t i o n  combined 
w i t h  grcrtind data col lected f r o m  a probabi l  i t y  sample, demonstrated the 
usefulness of remote sensing data f o r  est imating domestic crop acreages 
and f o r  supporting land use estirnat ion a c t i v i t i e s .  

The encouraging resu l t s  o f  the above -mentioned two experiments (LACIE and 
11 1 i noi s Crop Acreage Experiment) have led  government planners t o  support 
addi t ional  explorat ion o f  the possibi  1 i t i e s  f o r  extcndi ng appl i ca t ions  
o f  remote sensing t o  other domestic uses, as wel l  as t o  addi t ional  crops 
i n  other countries. 



I n  1978, the Secretary o f  USDA proposed a cooperative e f f o r t  to car ry  ou t  
a mutlial l y  benef ic ia l  e a ~ t h  resources-related aerospace research, development, 
and t e s t i n g  program.* Seven informat ion requirements were i d e n t i f i e d .  

1. Ear ly  warning o f  change a f f e c t i n g  product ion and q u a l i t y  o f  
comnodi t i e s  and renewable resources ; 

2. comnodi t y  product ion forecasts ; 

3. l and  use c l a s s i f i c a t i o n  and measurement; 

4.  renewable resources inventory and assessment ; 

5. land p roduc t i v i t y  estimates; 

6. conservation prac t ices  assessment; and, 

7. pol 1 u t i o n  detect ion and impact evaluat ion. 

(While a1 1 seven are important t o  the USDA, the f i r s t  two - ea r l y  warning 
and comnodi t y  product ion forecast ing - have been given emphasis because of 
the imnediate need f o r  b e t t e r  and more t ime ly  in format ion on crop condit ions 
and expected product ion. ) 

I n  response t o  the USDA Secretary's I n i t i a t i v e ,  the AgRISTARS (Agr icu l tu re  
dnd Resources Inventory Surveys Through Aerospace Remote Sensing) Program 
was establ ished. AgRISTARS i s  a six-year program o f  research, development, 
eval uation, and appl i c a t i o n  o f  aerospace remote sensing f o r  a g r i c u l t u r a l  
resources beginning i n  F isca l  Year (FY) 1980. The program i s  a caoperative 
e f f o r t  o f  the USDA, NASA, USDC, USDI, and AID. 

The soal o f  the program i s  t o  determine the usefulness, cost, and extent  
t o  which aerospace renlnte sensing data can be in tegrated i n t o  ex i s t i ng  o r  
fu ture USDA systems t o  improve the o b j e c t i v i t y ,  re1 i a b i l  i ty,  time1 iness, 
and adequacy of information required t o  car ry  ou t  USDA missions. The 
overa l l  approaci~ i s  comprised o f  a balanced program o f  remote sensing 
research, development, and t e s t i n g  which addresses domestic resource 
rnanagment , as we1 1 as comnodi t y  product ion in format ion needs. 

The Technical Pmgram i s  s t ructured i n t o  e i g h t  major p ro jec ts  as fol low: 

1. Ear ly  WarningICrop Condi t ior ,  Assessnent (EWICCA); 

2. Foreign Comnodi t y  Production Forecasting (FCPF) ; 

*Jo in t  Program o f  Research and Development of Users o f  Aerospace Technology 
f o r  Agricul  turSal Programs, February 1978. 



3. Y ie ld  Model Developnent (YMD) ; 

4. Supporting Research (SR); 

5. S o i l  Moisture (SM); 

6. Domestic Crops and Land Cover (DC/LC); 

7. Renewable Resources Inventory (RRI ) ; and, 

8. Conservation and P o l l u t i o n  (CIP) . 
These elements are i n te r re la ted  through research, exploratory experiments, 
p i l o t  experiments, USDA user evaluations, and large-scale appl i c a t i o n  
tests. 

The EWICCA research e f fo r t  i s  designed t o  develop and t e s t  the basic 
techniques required t o  support the operational Crop Condition Assessment 
D iv is ion  (CCAD) o f  the Foreign Agr icu l tu ra l  Service i n  USDA. The 
EW/CCA addresses 20 crop/region combinations i n  the  U.S. and seven 
fore ign countr ies (USSR, Argentina, Brazi 1, Canada, People's Republic 
of China, Mexico, and Aust ra l ia )  f o r  s i x  major comnodities (wheat, 
barley, corn, soybeans, r i c e ,  and cot ton)  .* I t  i s  assumed t h a t  the  
techniques u t i l i z e d  f o r  e a r l y  warning are l a rge ly  crop dependent and 
country independent. 

The Foreign Comnodi t y  Production Forecasting (FCPF) a c t i v i t y  addresses 
12 crop/region combinations i n  the U.S. and s i x  foreign countries (USSR, 
India, Argentina, Braz i l ,  Canada, and Austral i a )  fo r  f i ve  major comnodi t i e s  
(wheat, barley, corn, soybeans, and r i c e ) .  This p ro jec t  w i l l  develop 
and t e s t  procedures fo r  using aerospace remote sensing technology t o  
provide more object ive, t imely, and re1 iab le  crop production forecasts 
severdl times during the growing season and improved preharvest estimates 
fo r  the crop/regions o f  i n te res t .  The FCPF a c t i v i t y  bui lds upon the 
ex i s t i ng  remote sensing technology base and extends t h i s  technology t o  
addi t ional  crops and regions. Large Scale Appl i ca t i ons  Testing (LSAT) 
of candidate technology for  making estimates o r  production i n  fore ign 
countries w i  11 be conducted by USDA. 

The Yie ld Model Development (YMD) w i l l  support USDA crop production 
forecasting and est imation by (1)  test ing,  evaluat ing and select ing 
crop y i e l d  models fo r  app l ica t ion  test ing;  (2) i den t i f y ing  areas of 
feasible research f o r  improvement of model usefulness; and ( 3 )  conducting 
research t o  modify ex i s t i ng  models and t o  develop new crop y i e l d  assessment 
methods. 

*These crops and regions may change i n  response t o  USDA information needs. 



The Supporting Research (SR) p r o j e c t  covers research, development, and 
t e s t i n g  o f  new and/or improved remote sensing techno1 ogy. Research w i  11 
be conducted i n  the f o l l c ~ i n g  areas, as re la ted  t o  app l ica t ions  o f  remote 
s e ~ s i n g  technology: area est imation, crop development stage estimation, 
spectral  crop appearance i n  y i e l d  est imation, crop stress, and so i  1s. 

So i l  Moisture (SM) research i s  a i rec ted  toward development o f  the 
measurement of s o i l  moisture ( i n - s i t u  and remotely) fo r  po ten t i a l  use 
i n  o ther  appl icat ions,  such as ea r l y  warning uses, crop y i e l d  estimation, 
watershed runoff, and vegetat ive st ress assessments. 

Domestic Crops and Land C ~ v e r  (DC/LC) object ives a re  d i rec ted  a t  automatic 
c l a s s i f i c a t i o n  and ect imation o f  land cover w i t h  emphasis on major crops. 
Landsat and advanced sensor data w i l l  be used i n  conjunct ion w i t h  ground 
data t o  improve the prec is ion  o f  est imat ion and c l a s s i f i c a t i o n  procedures 
a t  the substate l eve l  and t o  inves t iga te  change moni t o r i  ng techniques. 

The Renewat'e Resources Inventory (RRI ) PI-oject involves requirements 
i n  seven major problem areas: Regional and Large Area Inventor ies; 
Current Technology Assessment; New Technology Development; Detection, 
C lass i f i ca t i on  and Measur :nent o f  Disturbances; C lass i f i ca t ion ,  Modeling 
and Measurement o f  Renewi le  Resources; Determination of S i t e  S u i t a b i l i t y  
and Land Management Planning; and Ana ly t i ca l  and Cartographic Support 
t o  the Resource Information Display System. 

The Conservation Assessment p o r t i s n  of the Conservation and Pol 1 u t i o n  
(UP)  Pro jec t  addresses appl i ca t i ons  i n  three areas: inventory o f  
conservation pract ices; est imation o f  water r u n o f f  using hydrologic 
models ; and determination o f  physical cha rac te r i s t i cs  o f  snowpacks .' 

The Po l l u t i on  por t ion  o f  the C/P Pro jec t  w i l l  provide an assessment o f  
conservation pract ices * !,rough use of remote sens ing  techniques t o  
quan t i t a t i ve l y  assess skiiment runoff ,  t o  detect  gaseous and p a r t i c u l a t e  
a i r  pol lu tants,  and t o  assess t h e i r  impacts on a g r i c u l t u r a l  and f o r e s t r y  
resources. 

A v a i l a b i l i t y  o f  Thematic Mapper (TM) data from the Landsat D ser ies o f  
sate1 1 i tes may cause the o r i g i n a l  AgRJSTARS schedule t o  be modified. 



ORIGINAL P A S  IS 
OF POOR QUALIW 

DROIIGET AWD ENERGY APPLICATIOWS 

Eugene L. Maxwell 
Solar  Energy Research I n s t i t u t e  

The theory suppor t ing the  use  of vege ta t ion  i n d i c e s  der ived from Landsat 
da ta  f o r  the  d i r e c t  measurement of biomass is b r i e f l y  reviewed. R e  use of 
m u l t i s p e c t r a l  d a t a  t o  measure biomass is a  n a t u r a l  and v i a b l e  a p p l i c a t i o n  s i n c e  
the  photosynthet ic  product ion of biomass g ives  vege ta t ion  its unique s p e c t r a l  
p roper t i e s .  Vegetation i n d i c e s  a l s o  perform a normal iza t ion  f u n c t i o n  which t ends  
t o  make them i n s e n s i t i v e  t o  atmospheric and s o i l  c o l o r  v a r i a t i o n s .  O p t i c a l  and 
d i g i t a l  Landsat products a r e  d iscussed r e l a t i v e  t o  the  u.;e of vege ta t ion  i n d i c e s  
t o  monitor drought impact. Based on r e s u l t s  obta ined i n  Colorado, o p e r a t i o n a l  
use  of Landsat t o  monitor drought i s  c o s t  e f f e c t i v e ,  p r a c t i c a l  and ready f o r  
implementation today. The d i r e c t  measurement of biomass energy resources  may 
a l s o  benef i t  from Landsat technology. Measurement of t o t a l  biomass and a ~ n u a l  
primary production may be f e a s i b l e .  I d e n t i f i c a t i o n  of t h a t  component of biomass 
resources  a v a i l a b l e  f o r  energy use w i l l  r e q u i r e  o t h e r  saurces  of information,  
however. 

M U G  ROUND 

Some of the most widespread and u n i v e r s a l  problems fac ing  the  people of t h i s  
e a r t h  have t o  do with t h e  cond i t ion  and a v a i l a b i l i t y  of the  vege ta t ion  cover ing 
the  surface .  Food, f i b e r  and f u e l  a r e  provided by t h e  vege ta t ion ,  a s  we l l  a s  
products f o r  cons t ruc t ing  s h e l t e r s .  Vegetation is a l s o  v i t a l  f o r  t h e  maintenance 
of a  hab i t ab le  environment s i n c e  i t  has  a  dominant e f f e c t  on t h e  oxygen and car-  
hon dioxide  i n  our environment. Natural  d i s a s t e r s  have always been a  f a c t o r  i n  
man's s u r v i v a l ,  e s p e c i a l l y  the  famines which accompany drought. Such problems 
a r e  conpounded today by overpopula t ion of t h e  p lane t  which has  placed many 
regions  on the  edge of d i s a s t e r ,  where even a  small  p e r t u r b a t i o n  below expected 
food production can r e s u l t  i n  s t a r v a t i o n .  F u r t h e n o r e ,  with our  d e c l i n i n g  f o s s i l  
f u e l  r e se rves ,  we can fo resee  the  time when tl- a v a i l a b i l i t y  of energy could 
become a  more genera l  s u r v i v a l  f a c t o r .  This con& 'n has r e s u l t e d  i n  an i n c r e a s e  
i n  the  use of wood f o r  f u e l ,  which i n  some reg;. s of the  world has  r e s u l t e d  i n  
ex tens ive  de fo res ta t ion .  

Tbe measurement of s t and ing  crop biomass ( the  q u a n t i t y  of v e g e t a t i v e  biomass 
i n  p lace  a t  a  given point  i n  t ime)  and t h e  annual production of biomass h a s  
t h e r e f o r e  taken on worldwide importance. Because of the  g loba l  na tu re  of the  
problem, s a t e l l i t e  remote sens ing  is an obvious candidate  f o r  the  measurement 



system. The cur ren t  Landsat system has t h e  p o t e n t i a l  f o r  such g loba l  monitoring,  
us ing vege ta t ion  i n d i c e s  der ived from t h e  m u l t i e p e c t r a l  scanner data.  

The t h e o r e t i c a l  b a s i s  f o r  biomass measurement is b r i e f l y  reviewed and aev- 
e r a 1  vege ta t ion  i n d i c e s  are compared. Two t o p i c a l  a p p l i c a t i o n s ,  drought monitor- 
ing and biomass energy resource  assessment,  a r e  used t o  i l l u s t r a t e  the  p o t e n t i a l  
value  of biomass measurement from s a t e l l i t e  remote sensing systems. Many o t h e r  
r e l a t e d  a p p l i c a t i o n s  such a s  monitoring of d e s e r t i f i c a t i o n  and d e f o r e s t a t i o n  w i l l  
a l s o  b e n e f i t  from t h i s  space-age technology, but none a r e  of more u n i v e r s a l  
concern than drought and energy. 

Remote sensing could be used t o  measure or  e s t im '~ te  the  q u a n t i t y  of s t and ing  
crop biomass us ing d i r e c t  o r  i n d i r e c t  methods. The i n d i r e c t  method would use  
remote sensing t o  i d e n t i f v  and nap the  c h a r a c t e r i s t i c s  of the  v e g e t a t i o n  cover ing 
the  e a r t h ' s  surface .  These c h a r a c t e r i s t i c s  would then he used t o  compute biomass 
values. For ins tance ,  i n  f o r e s t e d  regions  the  i n d i r e c t  method employs regress ion  
equa t ions  which r e l a t e  biomass t o  s p e c i e s  type,  s i z e  and dens i ty .  Di rec t  mea- 
surement of biomass us ing remote sensing r e f e r s  t o  methods which e x t r a c t  biomass 
va lues  d i r e c t l y  from spec t ro rad iance  measurements. The d i r e c t  method employs 
regress ion  equat ions  which r e l a t e  biomass t o  radiance  values. Up t o  t h e  p resen t  
time, the  d i r e c t  measurement of biomass using remote sens ing  has  been a p p l i e d  
p r i m a r i l v  t o  the  assessment of rangeland and cropland condi t ion.  There is a con- 
s i d e r a b l e  volume of l i t e r a t u r e  which addresses  the  measurement of s t and ing  c rop  
biomass using remotely sensed vege ta t ion  i n d i c e s  (combinations of radiance  va lues  
from s e l e c t e d  s p e c t r a l  bands). Some of the  more a v a i l a b l e  r e fe rences  inc lude  
Jordan (1969); M~xwel l  (1976); Pearson, Tucker & M i l l e r  (1976); Thompson (1979); 
and Tucker (1979). .: recent  r e p o r t  by Maxwell e t  a l . ,  (1980) considered the  use  
of Landsat t o  monitor drought impact. Key r e s u l t s  of t h a t  r e sea rch  p r o j e c t  a r e  
b r i e f l y  summarized i n  t h e  a p p l i c a t i o n  s e c t i o n s  of t h i s  paper. 

VECETATIO# INDI &S 

By d e f i n i t i o n ,  a vege ta t ion  index should be a v a r i a b l e  which is determin- 
i s t i c a l l v  r e l a t e d  t o  the  v e g e t a t i o n  c h a r a c t e r i s t i c  o r  characr :er is t ics  of i n t e r -  
e s t .  I n  t h i s  ins tance ,  our concern and the  concern of o t h e r s  is the  measurement 
of s t and ing  crop biomass and/or  the  measurement of biomass production. 

The d e n s i t v  v a r i a t i o n s  observed i n  a photograph o r  the  v a r i a t i o n s  i n  t h e  
d i g i t a l  numbers recorded by Landsat r e s u l t  from the  varying i n t e r a c t i o n s  which 
t ake  place  between s u r f a c e  m a t e r i a l s  and the  inc iden t  e lec t romagnet ic  (M) 
energy. The use of EM remote sensing methods t o  measure vege ta t ion  c h a r a c t e r i s -  
t i c s  is unique hecause the  measurement of the  r e f l e c t e d  energy from v e g e t a t i o n  is 
d i r e c t l y  r e l a t e d  t o  the  b i o l o g i c a l  funct ioning of t h a t  vegeta t ion.  This is one 



of the few instances i n  which the ex t rac t ion  of information from remotely sensed 
da ta  Is not dependent on some secondary o r  t e r t i a r y  relat ionship.  

The in t e r ac t i ve  mechanisms of a green leaf can be explained with reference 
t o  the leaf  cross  sec t ion  shown i n  Fig. 1 ( a f t e r  Salisbury and Parke, 1970). The 
l i g h t  enter ing the leaf passes through the epidermal c e l l s  i n to  the pal isade 
region where most of the chlorophyll  content of the leaf  ex i s t s .  The allowed 
energy s t a t e s  of the chlorophyll  r e s u l t s  i n  s t rong absorption i n  the red and blue 
wavelengths. Light which is not absorbed w i l l  reach the spongy parenchyma sec- 
t i on  of the leaf which is character ized by i r r egu la r  c e l l s  separated by a i r  
spaces o r  voids p a r t i a l l y  f i l l e d  with water. The d i f f e r e n t  r e f r a c t i v e  ind ices  of 
the  water and ce l lu lose  r e s u l t s  i n  r e f r ac t i on  and r e f l e c t i o n  of the l i g h t  rays  
passing through the leaf .  This causes a considerable increase i r r  ihe  e f f e c t i v e  
path length of the l i g h t  rays,  thereby increasing the probabi l i ty  t ha t  the  l i g h t  
w i l l  be absorbed. For aear  I R  wavelengths (not absorbed by the leaf  pigments) 
t he  mult iple  r e f l ec t i ons  within the  leaf increases  the probabi l i ty  t h a t  t he  rays 
w i l l  u l t imately e x i t  from the  top of the leaf  a s  r e f l ec t ed  energy. These phenom- 
ena r e s u l t  i n  spectroref  lectance c h a r a c t e r i s t i c s  fo r  green vegetation such as 
tha t  shown i n  Fig. 2. The s t rong pigment absorption processes r e s u l t  i n  very low 
re f lec tance  i n  the v i s i b l e  port ion of the spectrum, whereas near IR wavelengths 
exhib i t  very s t rong ref lectance.  The re f lec tance  c h a r a c t e r i s t i c s  of a t yp i ca l  
s o i l  (brown s i l t y  loam) is shown i n  Fig. 2 for  comparison. 

Position in Spectral Space 

From Fig. 2 one notes tha t  as  the vegetation covering the s o i l  increases  
from 0 t o  100% canopy cover the re f lec tance  i n  the v i s i b l e  par t  of the  spectrum 
w i l l  decrease whereas the re f lec tance  i n  the near IR w i l l  increase.  Therefore, 
i n  ag r i cu l tu ra l  o r  heavi ly  vegetated a reas  a pa t te rn  of re f lec tances  f o r  individ- 
ua l  f i e l d s  such as  t ha t  shown i n  Fig. 3 is of ten  observed. These data were 
obtained from the Landsat mul t i spec t ra l  scanner (MSS) system. Band 5 is i n  the  
red portion of the spectrum between 600 and 700 nanometers and band 7 is i n  the  
near infrared region between 800 and 1100 nanometers. The individual  e l l i p s e s  
shown on t h i s  f igure  represent the d i s t r i bu t ion  of the radiance c h a r a c t e r i s t i c s  
of individual  f i e l d s  o r  loca t ions ,  i . e., they represent the spec t r a l  space occu- 
pied by a pa r t i cu l a r  f i e l d  or  locat ion.  F ie lds  which contain no green vegetat ive 
cover w i l l  be found t o  l i e  along the s o i l  br ightness  l i n e  i n  t h i s  s p e c t r a l  space 
plot .  During the growing season, as  the vegetat ive cover of the f i e l d  increases ,  
the f i e l d  posi t ion i n  spec t r a l  space w i l l  move up along the greenness curve. The 
exact path followed w i l l  be determined i n  par t  by the spec t r a l  c h a r a c t e r i s t i c s  of 
the s o i l .  The s o i l s  i n  northeastern Colorado, where these data  were obtained, 
ranged from dark brown loams t o  l i g h t  sandy loams. The re t lec tance  of a lake i n  
t h i s  region is a l so  shown. 

The use of mul t i spec t ra l  data  t o  i den t i fy  or  c l a s s i f y  vegetation types is 
inherent ly  ambiguous because of t h e i r  movement i n  spec t r a l  space during the grow- 
ing season and during t h e i r  l i f e  cycle. However, t h i s  movement v i t h i n  spec t r a l  
space which tends t o  thwart the use of mul t i spec t ra l  data  fo r  vegetation c l a s s i -  
f i c a t i o n  is d i r e c t l y  r e l a t a b l e  t o  biomass productior, and the quant i ty  of vegeta- 
t i o n  covering the underlying s o i l .  This i l l u s t r a t e s  the  statement previously 



made t h a t  the  measurement of the  s p e c t r o 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  of v e g e t a t i o n  
i s  d i r e c t l y  r e l a t e d  t o  the  growth processes  of the  vegeta t ion.  We should n o t e  
t h a t  t h e  s i g n i f i c a n c e  of the  p a t t e r n  shown i n  Fig. 3 was f i r s t  recognized by 
Kauth and Thomas (1976) who dubbed i t  t h e  t a s s e l e d  cap (our s tock ing  cap l o s t  its 
t a s s e l ) .  

Landsat I n d i c s  

Some of the  most common i n d i c e s  genera ted from Landsat bands a r e  l i s t e d  and 
def ined i n  Table 1. The r e l a t i v e  use fu lness  of t h e s e  i n d i c e s  f o r  measuring bio- 
mass is ind ica ted  by t h e  F-values ( r a t i o s  of va r i ances )  given i n  Table 2. Data 
s e t s  from rangeland, crops ,  crops  p lus  range and i r r i g a t e d  hay were used t o  eval -  
u a t e  t h e  indices .  Although the  normalized d i f f e r e n c e  index us ing  bands 7 and 5 
has  a considerably  h igher  mean ranking than the o t h e r  ind ices ,  t h e  most s i g n i f i -  
c.nnt obcervat ion is  the  s i m i l a r i t y  of the  F-values. The v a r i a t i o n s  i n  ranking 
f o r  the  d i f f e r e n t  da ta  s e t s  may i n  p a r t  k an a r t i f a c t  of those  s e t s  a s  a r e  
p-value d i f f e r e n c e s  between s e t s .  A l l  i n  a l l  one must conclude t h a t  any of t h e s e  
s i x  i n d i c e s  w i l l  provide a u s e f u l  d i r e c t  measurement of vege ta t ive  biomass, which 
is  c o n s i s t e n t  with the  r e s u l t s  obtained by Tucker (1979). 

Harrow Band Indicetc_ 

From the  r e f l e c t a n c e  curves shown i n  Fig.  2 ,  one might conclude t h a t  the  use 
of almost any p a r t  of t h e  i n f r a r e d  spectrum would be equa l ly  u s e f u l  i n  forming a 
vege ta t ion  index. Remote sens ing  systems, however, do not measure re f l ec tance .  
Rather, they measure the  radiance  From the  scene which is a func t ion  of the  i r r a -  
d iance ,  su r face  r e f l e c t a n c e ,  atmospheric t r ansmi t t ance ,  and atmospheric radiance  
va r i ab les .  This f u n c t i o n a l  r e l a t i o n s h i p  can be e x ~ r e s s e d  i n  a form . s i m i l a r  t o  
t h a t  shown i n  Eq. (11, which a l s o  shows the  f u n c t i o n a l  dependence on wavelength, 
s o l a r  e l e v a t i o n  angle  and the  obse rva t ion  o r  look angle :  

su r face  radiance  i n  the  band from X t o  A 2 ,  
s o l a r  s p e c t r a l  i r r a d i a n c e  a t  the  top of the  atmosphere, 
su r face  r e f l e c t a n c e ,  
downward atmospheric t r ansmi t t ance ,  
upward atmospheric t r ansmi t t ance ,  
atmospheric upward s c a t t e r i n g  c o e f f i c i e n t ,  
wavelength, 
s o l a r  e l e v a t i o n  and, 
downward look angle from the  a i r c r a f t  o r  s a t e l l i t e .  



The e f f e c t  of the  atmosphere on radiance  measurements is observed i n  the  narrow 
band radiance  d a t a  from Ungar, e t  a l .  (1977), which a r e  shown i n  Fig. 4. Severa l  
major aosorp t ion  bands a s  we l l  a s  many mine: atmospheric. s c a t t e r i n g  and absorp- 
t i o n  phenomena a r e  noted. The Landsat-D Thematic Mapper system has  been designed 
with bands from 63C t o  690 nanometers and 760 t o  900 nanometere s o  a s  t o  avoid 
the  oxygen and water ~ b s o r p t i o n  bands noted on Fjg. 4. This should s i ~ n i f i c a n t l y  
improve the  performzic- of vege ta t ion  i n d i c e s  used f o r  the  d i r e c t  measurement of 
biomass. Landsat-D is scheduled f o r  leunch i n  t h e  1983 timeframe. 

The vegeta t ion indf.ces defined i n  Table 1  a r e  not only s e n s i t i v e  t o  biomass 
v a r i a t i o n s ,  but they r.re a l s o  r e l a t i v e l y  i n s e n s i t i v e  t o  v a r i a t i o n s  i n  s o i l  back- 
ground r e f l e c t a n c e  a . ~ d  atmospheric absorp t ion  and s c a t t e r i n g  e f f e c t s .  I n  o t h e r  
words, the  r a t i o s  2nd d i f f e r e n c e s  used i n  forming the  i n d i c e s  tend t o  normalize 
radiance  changes_ i ack ing  s p e c t r a l  s t r u c t u r e .  For ins tance ,  the  r a i s i ~ q  o r  lower- 
ing  of t h e  s o i l  curve i n  Fit. 2, such LS might r e s u l t  from s o i l  mois ture  changes, 
w i l l  be ~ o r m a l i z e d  by r a t i o i n g  any two bands. Complete normal iza t ion is not 
expected s i n c e  most s o i l  and atmospheric changes e x h i b i t  some s p e c t r a l  
v a r i a t i o n s .  

Severa l  bare f i e l d s  having d i f f e r e n t  s o i l  co lo r  were used t o  eva lua te  the  
o r i g i n a l  Landsat bands and the  vege ta t ion  i n d i c e s  a s  s o i l  d i sc r imina ;o r s .  The 
F - s t a t i s t i c s  f o r  each of these  v a r i a b l e s  when used t o  d i s c r i m i n a t e  among the  
s o i l  types  a r e  shown i n  Table 3. These s t a t i s t i c s  i n d i c a t e  t h a t  Landsat hands 4 
and 7  a r e  most s e n s i t i v e  t o  s o i l  c o l o r  v a r i a t i o n s ,  whereas t h e  vege ta t ion  i n d i c e s  
a r e  r e l a t i v e l y  i n s e n s i t i v e .  Data were not a v a i l a b l e  t o  eva lua te  atmospheric nor- 
ma l iza t ion ,  but the re  is good reason t o  expect  t h a t  such an e f f e c t  e x i s t s .  Fur- 
t h e r  research on the  normalizing e f f e c t s  of vege ta t ion  i n d i c e s  is  underway a t  
SERI and w i l l  Ile repor ted  a t  a  l a t e r  date.  

DROUGHT APPLICATION 

A p r o j e c t  d i r e c t e d  a t  the  development of methods f o r  monitoring drought 
mpact using Landsat d a t a  was undertaken with NASA sponsorship dur ing 1978 and 
979. Planning f o r  t h i s  p r o j e c t  was i n i t i a t e d  .luring 1976 and 1977 because of 

the severe  dro-*gh: i n  Colorado and many o t h e r  ves te rn  s t  . t e s .  Although the  
s e v e r i t y  of the drought was recognized,  t h e r e  were only l i m i ~ e d  means f o r  compar- 
ing the  drought impact from one year  t o  the  next o r  one region t o  the  next.  
Landsat was considered a  p o t e n t i a l  source  f o r  such comparative information on 
the b a s i s  t h a t  the  water d e f i c i e n c i e s  r e s u l t i n g  from drought a f f e c t  t h e  e a r t h ' s  
vege ta t ive  cover,  which coilld be monitored us ing vege ta t ion  ind ices  der ived from 
Landsat m v l t i s p e c t r a l  d a t a .  

The framework wi thin  which Landsat might funct ion f o r  monitoring drought 
impact was defined bv t h e  Colorado Depdrtment of Agricul ture  and the  Colorado 
Drought Council a s  shown i n  Fig. 5. The p o t e n t i a l  f o r  data  inpu t s  from Landsat 
a r e  i n d i c a t e d  bv those  parameters marked wi th  a  "bu l l e t " .  For t h i s  paper we w i l l  



l i m i t  cons ide ra t ion  t o  t h e  use of Landsat t o  monitor rangeland and cropland con- 
d i t i o n  by t h e  d i r e c t  measurement of  biomqse. 

I f  ,Landsat da ta  a r e  t o  be used a s  i n d i c a t o r s  of drought s e v e r i t y ,  then  t h e  
images must be made a v a i l a b l e  i n  a t imely  fash ion  a t  a  reasonable  c o s t  f o r  s t a t e  
aRency use. I n  genera l ,  i t  w i l l  be necessary  t o  mike comparative measurements 
from year  t o  year  and two o r  th ree  t imes dur ing t h e  growing season t o  o b t a i n  a 
r e l i a b l e  measurement of drought impact. These f a c t o r s  tend t o  magnify c o s t  
cons ide ra t ions .  

The need f o r  s e v e r a l  measurements dur ing t h e  growing season is ind ica ted  by 
the  green-up and senescent  c y c l e  f o r  rangeland i n  s e v e r a l  Colorado c o u n t i e s  
dur ing 1978 (see  Fig. 6). One should note  t h a t  during the  s p r i n g  t h e  rangelands 
tend t o  green up a t  most loca t ions ,  even under drought cond i t ions .  C e r t a i n l y  
t h e r e  would be d i f f e r e n c e s  i n  t o t a l  biomass i n  one county versus  ano the r ,  but 
these  d i f  ferencos  e x i s t  i n  p a r t  a s  a n a t u r a l  consequence of d i f f e r e n t  c l i m a t e  and 
s o i  1 condi t ions .  Supporting evidence of drought impact is obta ined,  t h e r e f o r e ,  
by monitoring the  onset  of senescence. For instance, no te  t h a t  t h e  upper curve 
f o r  Cone jos County was t a k e i ~  from a n  i r r i g a t e d  pas tu re  which was not s u f f e r i n g  
from drought. Compare t h i s  curve with those  coun t i es  exper iencing t.tte most 
severe  drought cond i t ions  (Alber t ,  Huerfano, P h i l l i p s  and Lincoln). ,arimer 
County was i n  r e l a t i v e l y  good cond i t ion  and the  s i t e s  measured i n  E l  Paso County 
benef i t ed  from the  2.6-inch r a i n f a l l  noted on Fig. 6. I t  is a l s o  i n t e r e s t i n g  t o  
no te  t h a t  Routt County was exper iencing drought conditions, but a t  t h e  h igher  
e l e v a t i o n s  of t h a t  mountainous county the  senescent  cyc le  develops a t  a  l a t e r  
date .  

These temporal c o n s i d e r a t i o n s  pointed t o  the  need f o r  an inexpensive product 
and process  t o  be used f o r  f requent  monitoring of v e g e t a t i v e  biomass f o r  t h e  
e n t i r e  s t a t e .  I t  gas recognized e a r l y  on t h a t  t h i s  could most l i k e l y  be accom- 
p l i shed  with black and white o r  c o l o r  o p t i c a l  products genera ted from Landsat 
data .  The o p t i c a l  products were pho to in te rp re ted  on a comparative bas i s  t o  iden- 
t i f v  those  regions  s u f f e r i n g  the  g r e a t e s t  impact. Once c r i t i c a l  a r e a s  were iden- 
t i f i e d ,  computer compatible t apes  (CCT's) were used t o  provide a more p r e c i s e  and 
q u a n t i f i e d  measure of drought impact. 

OPTICAL VECETATIat INDEX (WI)  

I n i t i a l l y  i t  was assumed t h a t  f a l s e  c o l o r  composite p r i n t s  f o r  t h e  Landsat 
d a t a  would be used t o  provide a s t a t ewide  drought monftoring c a p a b i l i t y .  A f t e r  a 
g r e a t  d e a l  of researc'l  and eva lua t ion ,  however, it  was concluded t h a t  s tandard 
c o l o r  products su f fe red  from a lack of q u a l i t y  c o n t r o l  and t h a t  c o n t r a s t  enhanced 
products of the  q u a l i t y  required would be almost a s  expensive a s  the  c o s t  of per- 
forming a f u l l  computer a n a l y s i s  of the  d i g i t a l  data .  The use of c o l o r  products 
was t h e r e f o r e  r e j e c t e d  f o r  t h i s  a p p l i c a t  i r n ,  where comparisons from one d a t e  t o  
the  next a r e  required f o r  drought assessment. 



As an a l t e r n a t i v e  o p t i c a l  product ,  an o p t i c a l  vege ta t ion  index (OVI) was gen- 
e r a t e d  by forming a  sandwich of a  band 7  p o e i t i v e  t ransparency and a band 5 nega- 
t i v e  t racsparency.  The photographic d e n s i t y  of t h i a  product can be 
mathematically def tned as: 

where 

DN5 = Landsat d i g i t a l  nunber f o r  band 5, 
DN7 = D i g i t a l  number f o r  band 7, and 

C = Constant. 

An example of the  OVI is shown i n  Fig. 7 where a comparison between band 7  and 
band 5 images can be made. Note f o r  example, the  d i f f e r e n c e  i n  v e g e t a t i o n  condi- 
t i o n s  i n  the San Luis Valley (west of the  mountains) and the  e a s t e r n  p la ins .  
This d i f f e r e n c e  is much more e t i d e n c  on the  OVI product than on e i t h e r  band 5  o r  
7 and r e f l e c t s  the d i f f e r e n c e  between an annual p r e c i p i t a t i o n  of 8 inches i n  t h a t  
p a r t  of t h e  San Luis Valley ve r sus  annual  p r e c i p i t a t i o n  of 12 t o  14 inches  e a s t  
of the  mountains. Note a l s o  t h e  dark volcanic  cones i n  the  upper l e f t -  hand 
corner  of each image. These cones a r e  very s p a r s e l y  vegeta ted  and t h e i r  dark  
appearance on both bands 5 and 7 r e s u l t s  from the  dark b a s a l t i c  rocks of which 
they a r e  comprised. The heavy v e g e t a t i o n  i n  t h e  i r r i g a t e d  a g r i c u l t u r a l  f i e l d s  i n  
the  San Luis !'alley and i n  t h e  bottom of the  dra inages  from the  mountains is 
ind ica ted  by t h e  dark tone on the  OVI product. 

Although these  i n i t i a l  r e s u l t s  f o r  t h e  OVI product were very encouraging,  
subsequent a n a l y s i s  has shown t h a t  v a r i a t i o n s  tr! the  d e n s i t y  of the  s t andard  
black and white products  produced by t h e  EROS Data Center can produce a  f a l s e  
i n d i c a t i o n  of changes i n  vege ta t ion  condi t ion.  Therefore,  cau t ion  nust  5e exer-  
c i s e d  when using these  products.  I n  many i n s t a n c e s  such problems can be i d e n t i -  
f i e d  by examining l o c a t i o n s  of known land cover cond i t ions ,  such a s  i r r i g a t e d  
croplands ,  barren lands,  and l akes  and r e s e r v o i r s .  

The d i r e c t  genera t ion  of OVI products us ing computer-generated d i g i t a l  index 
values  and a  f i lm w r i t e r  would e l i m i n a t e  most of the  q u a l i t y  c o n t r o l  problems and 
a t  the  same time produce an inexpensive product f o r  use i n  surveying l a r g e  
a reas .  A recommendaticrn t o  provide such a  product has been ~ u b n i t t e ~ '  t o  the  EROS 
Data Center. 

DIGITAL IMDEX CALIBRATIOI! 

Biomass values  from ground measurements were needed i n  o rde r  t o  c a l i b r a t e  
the  vege ta t ion  f ndex values  der ived from Landsat. Volunteer f i e l d  personnel  from 
the  a t a t e  exteneicn s e r v i c e ,  the  Colorado S t a t e  Fores t  Service  and the  Colorado 
A g r i c u l t u r a l  Experiment S t a t i o n  were used t o  record vege ta t ion  d a t a  th ro l~ghou t  
Colorado during the  summer of 1978. 'fie f i e l d  d a t a  obta ined were used t o  es tab-  
l i s h  g rzph ica l  r e l a t i o n s h i p s  between vege ta t ion  i n d i c e s  and biomass a s  shown i n  
Fig. 8 f o r  the  normalized d i f f e r e n c e  index. The d i f f e r e n c e  between the  row crops  
and rangeland da ta  is probably r e l a t e d  t o  p lan t  s t r u c t u r e .  The i n i t i a l  growth of 



row crops does not produce ~ m c h  canopy cover. Therefore,  even though t h i s  pre- 
dominantly v e r t i c a l  growth producee a s i g n i f i c a n t  q u a n t i t y  of biomass i n  t h e  
f i e l d s ,  the  f i e l d  r e f l e c t a n c e  is s t i l l  dominated by t h e  s o i l .  

Ul t imately ,  when t h e  l ea f  area index becomes so high t h a t  a l l  of t h e  i n c i -  
dent l i g h t  is e i t h e r  absorbed o r  r e f l e c t e d  from the  vege ta t ion  canopy, the  vegeta- 
t i o n  index w i l l  no longer be s e n s i t i v e  t~ changes t n  biomass. It is l i k e l y  t h e  
rangeland d a t a  w i l l  asymptote around 10,000 kilograms per  hectare .  The asymptote 
f o r  row crops w i l l  occur a t  a much higher  biomass. It is important t o  recognize  
t h a t  once these  asymptotic values  a r e  reached, o r  once maximum growth of any 
given vegeta t ion type has  been achieved, f u r t h e r  v a r i a t i o n s  i n  vege ta t ion  index 
values  w i l l  be r e l a t e d  only t o  changes i n  crop vigor. This  a l s o  s e r v e s  t o  remind 
us t h a t  the  vegetz t ion if idices w i l l  always be a func t ion  of both biomass and 
vege ta t ion  vigor. 

The assessment of drought impact was t o  be based p r imar i ly  on an eva lua t ion  
of change from one d a t e  t o  t h e  r e x t  a: t h e  same locat ion.  Therefore,  a d e c i s i o n  
was made t o  e s t a b l i s h  t h e  " ~ m i v e r s a l "  nottasymptotic vege ta t ion  index/biomass 
r e l a t i o n s h i p  of Fig. 8, spannj ng the  rangeland and row crop data.  The dashed 
l i n e s  were v i s u a l l y  f i t  around the  mean s o  a s  t o  encompass 90% of t h e  d a t a  po in t s  
(excluding the  row crop da ta  below 10,000 kilograms per hec ta re ) .  These l i n e s  
were used t o  bracket nonoverlapping biomas lances. These r e s u l t s  seem t o  indi-  
c a t e  t h a t  2 t o  1 changes i n  bitmass can be accura te ly  monitored. 

R n a l y t i c a l  Procedure 

A r e g r e s s i ~ ~ l  equat ion could have been f i t  t o  the  g r e a t e r  por t ion  of t h e  
curve In Fig. 8 such t h a t  a biomass value  could be computed f o r  each p4xel. How 
ever ,  a s impler  a n a l y t i c a l  technique making use of t h e  e n t i r e  curve was 
se lec ted .  The indzx v a l s e s  f o r  each of the  biomass ranges were used i n  connec- 
t i o n  with a l e v e l  s l i c i n g  or graymapping rout ine .  This procedure is very inex- 
pensive and produces biomass maps a s  w e l l  a s  s t a t i s t i c a l  summaries (by summing 
t h e  number of p i x e l s  f a l l i n g  ~ . i t h i n  each of the  biomass ranges). 

Fipl:re 9 compares t h e  r e s u l t s  obtained us ing t h e  graymapping procedure f o r  
1973 (a w e t  year)  and 1976 (a drought yea:) f o r  a por t ion  of the  E a r l  quadrangle 
i n  sou thcen t ra l  Colorado. The e f f e c t  of the  drought on t h e  rangeland and i r r i -  
gated hay f i e l d s  of t h i s  region is aDparent. A more q u a n t i t a t i v e  eva lua t ion  of 
the  drought impact is a v a i l a b l e  from the  biomass t o t a l s  f o r  1973, 1976 and 1978 
which a r e  given i n  Tdble 4. The accuracy of these  t o t a l  biomass numbers was not  
evzll*ated. Since a un iversa l  ve ,e:ation index curve was being used f o r  a v a r i e t y  
of vegeta t ion types,  i t  i s  not t o  be expected t h a t  t h e  a b s o l u t e  accuracy was 
e s p e c i a l l y  good. However, s ince  the  image da tes  i n  each of t h e  t h r e e  years  cor- 
responded t o  the  sane point  i n  the  growing season, t h e  r e l a t i v e  magnitude of 
change f o r  each of these  t h r e e  regions  should be val id .  



With the  supply and c o s t  of f o s s i l  f u e l s  becoming a g r e a t e r  concern f o r  t h e  
e n t i r e  world, t h e r e  is a growing i n t e r e s t  i n  t h e  use of bfonass  as a renewable 
energy resource. The inventory of biomass resources ,  the re fore ,  has  taken on new 
dimensions which sugses t  a reassessment of inventory o b j e c t i v e s  and methods. 

Carrent land cover c l a s s i f i c a t i o -  schemes use cover type f o r  t h e  f i r s t  
l e v e l s  of c l a s s i f i c a t i o n .  For example, t h e  f i r s t  l e v e l  may e s t a b l f s h  such broad 
c l a s s e s  as f o r e s t ,  rangeland, shrubland, e tc .  The second l e v e l  s e p a r a t e s  f o r e s t  
i n t o  coniferous ,  deciduous and mixed, and t h e  t h i r d  l e v e l  e s t a b l i s h e s  s p e c i e s  o r  
ecosystem types  such a s  p n d e r o s a  pine, lodgepole pine ,  spruce-f i r ,  et a l .  Fur- 
t h e r  c h a r a c t e r i z a t i o n  of t h e  f o r e s t  o f t e n  takes  t h e  form of statistics on s tand  
dens i ty ,  spec ies  n i x  and tree h e i g h t s  and diameters. From these  s t a t i s t i c s  and 
accompanying a r e a  es t imates ,  t h e  volume of merchantable t imber is ca lcu la ted .  
These same s t a t i s t i c s  could and probably w i l l  be used t o  estinate t o t a l  biomass 
( t h e  Fores t  Service  i n i t i a t e d  e f f o r t s  t o  do s o  nationwide i n  1980). 

However, f o r  energy assessment purposes one can conceive of an  i n v e ~ t o r y  
system which measures t o t a l  vege ta t ion  biomass a s  t h e  f i r s t  l e v e l  of informa- 
t ion.  Higher l e v e l s  would then subdivide  t h e  biomass i n t o  use c a t e g o r i e s  (lum- 
ber, poles ,  plvwood, energy, et a l . )  and u l t imatv lv  energy content  c a t e q o r i e s  
could be es tab l i shed .  This l eads  t a  t h e  i n t e r e s t i n g  concept of us ing remote 
sensing f o r  the  d i r e c t  measurement of t o t a l  vege ta t ive  biomass, thereby  stab- 
l t s h i n g  - .* f i r s t  l e v e l  of information. This w i l l  be explored r e l a t i v e  to f o r e s t  
resources.  A t  t h e  present  time w e  have no o p e r a t i o n a l  exper ience i n  us ing  reno te  
sensing i n  t h i s  way. Thus, we can only  suggest  poss ib le  procedures and p o t e n t i a l  
problems, based on research r e s u l t s .  

Di rec t  measurement of f o r e s t  biomass energv resources  p resen t s  wre d i f f i -  
c u l t  problems than crop res idues .  Vegetation ind ices  a r e  responsive pr imari  l y  t o  
t h e  f o l i a g e  of the  t r e e ,  not the  branches o r  stem. Hence, d i r e c t  biomass =a- 
suremencs would a c t u a l l y  measure only the  smal les t  component of the  t o t a l  t r e e  
biomass (see  Table 5 from Saucier ,  1979). Also note  t h a t  t h e  propor t ion of t o t a l  
t r e e  biomass represented 0 1  t h e  f o l i a g e  w i l l  be a funct ion of s t and  s t r u c t u r e ,  
t r e e  s i z e  and species .  Hence, un less  s tand,  spec ies  and s i z e  da ta  were a v a i l -  
ab le ,  t h e  measurement of f o l i a g e  biomass could not be used t o  e s t i m a t e  Lotal  bio- 
mass. To P ~ r t h e r  complicate the  problem, the  biomass of the  merchantable P e n  
must he s l b t r a c t e d  f r m  t h e  t o t a l ,  s i n c e  it w i l l  be used f o r  h i g h e r  v a l u e  prod- 
u c t s  such a s  saw timber, poles ,  plywood, e tc .  Furthermore, the  propor t ion of 
t h e  t c t a l  biomass represented by t h e  merchantable stem can vary from a s  l i t t l e  a s  
401 t o  a s  * ich a s  90%. This is a funct ion of tlre spec ies ,  s i z e ,  l o c a t i o n  and 
intended use. The branching h a b i t s  of hardwoods s r e  p a r t i c u l a r l v  s i g n i f i c a n t  i n  
t h i s  regard. Species e x h i b i t i n g  decurrent  b rawhing  ( l a t e r a l  branches grow as 
rap id ly  a s  the  stem) do not have a l a r g e  stem. Clark :I9781 has found t h a t  on 
the  average only 48% of a 40.6 cm Quercw rubra  ( red oak) is harvested.  I n  gen- 
e r a l ,  t h e  proportion of the  t o t a l  biomass which w i l l  be a v a i l a b l e  f o r  energy use 
i s  h igh ly  var iable .  



I n  a d d i t i o n  t o  s l a s h  l e f t  i n  t h e  f i e l d  a f t e r  ha rves t ing ,  the  th inning of 
s ~ a t ~ d s  ( e s p e c i a l l y  hardwoods) to improve f o t e s t  p roduc t iv i ty  is considered a 
prime source  of f u e l  wood. One should also consider  t h e  removal of dead and d i s -  
eased trees and trees downed bv wind o r  snow. The complex n a t u r e  of f u e l  wood 
a v a i l a b i l i t y  obviously r e q u i r e s  more than a reasureaent  of t o t a l  biomass t o  
e f f e c t i v e l y  c h a r a c t e r i z e  t h i s  resource.  

Nevc.rtheless, =@ping of t o t a l  b ioeass  wi th in  f o r e s t  boundaries w i l l  provide 
infcmmation not a v a i l a b l e  today. Futhermore, the  use fu lness  of sample p l o t  d a t a  
c o l l e c t e d  by t h e  F ~ r e s t  S e r v i c e  might be extended such t h a t  e s t i m a t e s  could be 
nade on a county c;- r e g i o n a l  bas is .  Fores t  Serv ice  sampling techniques  f o r  
s t a t e  o r  n a t i o n a l  i n v e n t o r i e s  a r e  designed t o  provide a c c u r a t e  d a t a  f o r  statis- 
t i c a l  summaries. They n r e  not  meant t o  provide d a t a  f o r  managing a s p e c i f i c  
f o r e s t  a r  s t and  o r  f o r  d c l i n e a t i n g  t h e  s p a t i a l  d i s t r i b u t i o n  of t h e  f o r e s t s  wi th in  
t h e  s t a t e .  Landsat d a t a  and a e r i a l  photography may be of s p e c i a l  value  f o r  map- 
ping the  loca t ion  of t o t a l  f o r e s t  biomass. 

Ihe use of Landsat t o  update hiomass i n v e n t o r i e s  a l s o  appears  promising. It  
is a reasonable hypothesis  t h a t  vegeta t ion i n d i c e s  a r e  mst c l o s e l y  r e l a t e d  t o  
the  r a t c  of primary product ion of b ioeass  at the  t i m e  of measurement. And of 
course,  t h e  r a t e  of prodact ion mst be s t r o n g l y  c o r r e l a t e d  t o  t h e  in-place g r e e n  
hionass wherein t v a  photosynthesis  process t akes  place. Given t h i s  hypothesis ,  
it is reasonable LO assume t h a t  vege ta t ion  index d a t a  from Landsat, combined with 
an appropr ia te  growth model and weather da ta ,  could be used t o  estinate annual 
changes i n  biomass. TLn o t h e r  words, once a reasonably a c c u r a t e  inventory of 
f o r e s t  biomass resources  e x i s t s  f o r  a region,  Landsat n i g h t  become a device  t o  
monitor change. Landsat could provide an annual update of value t o  a l l  use r s  of 
t h e  f o r e s t  products. 

I t  is apparent t h a t  we a r e  not ready t o  i n i t i a t e  o o e r a t i o n a l  use of Landsat 
f o r  d i r e c t  measurement of f o r e s t  biomass resources.  Much research and 
development remains t o  be done. 

The d i r e c t  measurement of green biomass is one of the  mst n a t u r a l  app;iza- 
t i o n s  of nrul t i spectra l  remote sensing systems such a s  Landsat. Opt ical  ve,-ca- 
t i o n  index products can be usea t o  m n i t o r  l a rge  a r e a s  a t  low cost .  a m p u t e r  
processing of t h e  d i g i t a l  d a t a ,  al though more c o s t l y ,  w i l l  provide a q u ~ n t i t a t i v e  
assessment of biomass condi t ions .  Due considerat ion must be given t o  t i ~ e  move- 
ment of vege ta t ion  through s p e c t r a l  space, dur ing the  growing season and dur ing 
t h e  l i f e  cyc le  of t h e  p l a n t ,  i f  accura te  information on biomass q u a n t i t y  and 
condi t ion is  t o  be obtained.  

Monitoring of drought impart and measurement of t o t a l  biomass resources  
appear t o  be f e a s i b l e  a p p l i c a t i o n s  of t h i s  technology. Use i.; fores ted  a r e a s  
r e q u i r e s  some basic  research t o  address  the  problem of r e l a t i n g  f o l i a g e  biomass 
t o  t o t a l  biomass. Nevertheless,  L a n d ~ a t  used i n  concer t  wi th  o t h e r  sources  of 
information could g r e a t l y  improve our knowledge of biomass a s  a renewable energy 
resource. 
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Table 1. S E L E r n  VBCBTAlT(Ri INDI- 

Name Computatior 

71 5 715 Ratio (DN7/DN5) x 30 

ND Normalized Difference [((DN7 - DN5)/(DN7 + DN5)) + 1 1 x 125 

RND Root Norm. Diff. [((DN~ - DW5)/(D~7 + DN~)) + 1f12x 30 

6/ 5 615 Patio (DN6/DN5) X 30 

ND-6 Normalized Diff.-6 [((DN6 - DN5)/(~~6 + DN5)) + 11 x 125 

RND-6 Root Norm. Di t f .-6 [((DN6 - DN5)/(DN6 + DN5)) + 1 f I 2x 30 

Notes: (1) DK stands for the digital number recorded by Landsat. 
(2 )  Band 5 -- 600-700 nm; Rand 6 -- 700-800 nun; 

Rand 7 --- 800- 1 100 nm. 

Table 2. OWPARISON OF INITIAL F-VALUES FOR 'LHE VEGETATIrn INDICES FOR 
FtWR DATA SETS (RANKED FOR EAm SET) 

F-Values F-Va lues 
Index Range land Crops 

715 614 (2) 1272 (5) 
ND 627 (1) 2314 (1) 
RND 540 (4) :d77 (3) 
ND-6 525 ( 5 )  1769 (4) 
WID-6 606 (3) 2026 (2) 
61 5 517 (6) 1238 (6) 

F-Values F-Va l11es 
Crops & Range Irrip;. Yay 

1930 ( 4 )  220 (6) 
1961 ( 3 )  495 ( 2 )  
1998 (2) 368 (4) 
1807 (5) 385 (3) 
1699 (6) 554 (1) 
2036 (1) 204 (5) 

Mean 
Pank 

4.25 
1.75 
3.25 
4.25 
3.00 
4.50 
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Table 3. AR F-STATISTIC EVALUATION CR IRE 
SgWSITIVIIP OP ntE ORIGINAL LAND= 
BANDS AI9D IIiE VECRAlTON INDIQIS TO 
VARIATIORS IR SOIL OOLOR 

Var iab le  F - s t a t i s t i c  
-- 

band 4 
band 7 
r n D  
RND-6 
band 5 
ND 
7 1 5  r a t i o  
6 1 5  r a t i o  
ND-6 
band 6 

Table 4. ESTIMATES OF B I m S S ,  USING nIE ND 
INDEX, FOR PORTIONS OF T H E E  QUAD- 
RANGLES I N  OLORADO 

( A l l  Values a r e  i n  Kilograms) 

Year ~ a r  la Ju lesburg  b Uestonc 

197 3 57,100,000 6,340,000 4,480,000 
1976 16,500,000 1,720,000 2,520,000 
1975 43,500,000 5,910,000 6,610,000 

a5,420 h e c t a r e s  of ranneland and i r r i g a t e d  
hay. 

'1,960 h e c t a r e s  of rangeland. 

C1,020 h e c t a r e s  of mountain shrubland.  
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Table 5. o(WIOLWT DLSTRIBUTIaW aP ~~ TRBB AMWE 
GRaRlD FOR OOlllBRCUL SIZED SOOTRERR PIhiS 
CQan10C IR NATURAL S T m s  

Proportion of Cmplete Tree 
Compl tte Tree Above Ground 
Above-Ground (2) 

D.b.h. Dry Weight 
(cm) (kg) Stem Branches Foliage - 
15.2 83 75 20 5 
20.3 175 7 5 17 5 
25.4 319 81  15 4 
30.5 497 82 14 4 
35.6 729 8 3 13 4 
40.6 1,022 84 12 4 
45.7 1,382 85 12 3 
50.8 1,817 87 10 3 



- Upper Epidermis 

I Pal~sade Parenchyma 

I Spongy Parenchyma 

- Lower Epidermis 

Figure 1 .  Typical Cross S e c t i o n  o f  a Leaf Ind ica t ing  In terna l  Structure  

Wavelength (nanometers) 

Figure 2 .  Typica l  S p e c t r o 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  o f  Green Vegetation 
and Brown S i l t y  Loam Soil. Note the  ch lorophy l l  absorpt ion  bands i n  the  
blue (100 - 500 nm) and red (600 - 700 nm) por t ions  o f  the  spectrum. 
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-GREENNESS CURVE 
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Figure 3.  Spectral Clirstering of Ground Cover i n  the Orchard, Colorado 
Quadrangle on iiugust 16, 1978. See text  for  discussion. 
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400 500 600 700 800 900 1000 

Wavelength (nanometers) 

Figure 4 .  Spectral Radiance Characteristics of Sugar Beet Field 
i n  the Imperial Valley, Californis  on Hay 15 ,  1975. (From Ungar, 
e t  a l ,  1977 ,  annotations added.) 
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Figure 6 .  The Green-up and Senescent Cycle for Rangeland i n  
Several Colorado Counties. Data from ocular estimates of 
f i e l d  observers. The upper curve for Conejos County is from 
an irrizated pasture. A l l  data from 1978; ra in fa l l  events 
were refiional, not measured at observation f i e l d s .  
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INOEX VALUE 

Figure 8 .  Green Biomass Versus the Normalized Difference (ND) Index. Data 
are from numerous f i e l d s  i n  eastern Colorado and severa l  image dates  i n  1973 
and 1978. This composite "universal" curve ignores known d i f ferences  of  
vegetat ion types .  This w i l l  l imi t  the absolute accuracy o f  biomsss me.is.lre- 
ments. 





REMOTE SENSING FOR FOREST APPLICATIONS 

I N  NEW YORK: TWO CASE STUDIES* 

John A. S t a n t u r f ,  Warren R. P h i l i p s o n ,  
L i sa  K. B a l l i e t t ,  and Karen L. Jahn 

C o r n e l l  Univers i ty  

ABST RACP 

Under-ut i l ized f o r e s t  r e sources  i n  t h e  Nor theas t  can supply  
fiber t o  new markets. Informat ion  on f o r e s t  r e sources ,  however, is 
o f t e n  too aggregated t o  e s t i m a t e  a v a i l z b l e  woody material w i t h  su f -  
f i c i e n t  d e t a i l  for planning s p e c i f i c  p r o j e c t s .  Over t h e  p a s t  y e a r ,  
s taff  of Corne l l  U n i v e r s i t y ' s  Remote Sensing Program, under a g r a n t  
from NASA, a s s i s t e d  New York S t a t e  agency personnel  by a s s e s s i n g  
a v a i l a b l e  woody m a t e r i a l  f o r  two p o t e n t i a l  development p r o j e c t s ,  a 
wood-fired power p l a n t  and a p a r t i c l e  board manufacturing p l a n t .  
These f e a s i b i l i t y  s t u d i e s  a r e  reviewed, i l l u s t r a t i n g  how informa- 
t i o n  de r ived  from h i g h - a l t i t u d e  a i r c r a f t  photographs,  Landsat image- 
ry, and a v a i l a b l e  s r p p o r t i n g  dat.3 were i n t e g r a t e d  t o  a r r i v e  a t  es- 
t i m a t e s  of  woody material. 

INTRODUCTION 

Corne l l  U n i v e r s i t y ' s  Remote Sens ing Program is fur.ded p r i r a r -  
i l y  by a g r a n t  from t h e  Nat ional  Aeronautics  and Space Administra- 
t i o n  t o  t h e  School o f  C i v i l  and Environmental Engineering. S ince  
the Program's incep t ion  i n  1972, its s t a f f  has  endeavored t o  
s trengkhen i n s t r u c t i o ; i  and perform resea rch  i n  remote s e n s i a g ,  
b u i l d i n g  upon C o r n e l l ' s  t h i r t - y  y e a r s  of exper ience  i n  a e r i a l  photo- 
g raph ic  s t u d i e s .  A primary a c t i v i t y  o f  t k e  Program is a p p l i e d  re- 
search .  User-oriented p r o j e c t s  are conducted a t  no charge t o  t h e  
use r  i f  t h e  p r o j e c t  invo lves  a unique ac t ion-  or benef i t -producing 
a p p l i c a t i o n  of a i r c r a f t  o r  s a t e l l i t e  remote s e n s i n g  i n  New York o r  
t h e  Northeast  . 

U n ~ ? r - u t i l i z e d  forest resources  i n  t h e  Nor theas t ,  i n c l u d i n g  
New Y o r ~  where annual growth exceeds annual  removal, can supply 
f i b e r  t o  new markets wi thout  adverse ly  a f f e c t i n g  convent ional  t i m -  
b e r  markets.  Over t h e  p a s t  y e a r ,  Program s t a f f  a s s i s t e d  New York 
S t a t e  agency personnel  wi th  assessments  o f  woody . t la ter ial  f o r  two 
p r o j e c t s ,  a wood-fired power p l a n t  i n  t h e  Adirondack region and a 
p a r t i c l e  board p l a n t  i n  t h e  Southern T i e r  region.  These p r o j e c t s  
a r e  reviewed i n  t h i s  paper ,  i l l u s t r a t i n g  how Program s t a f f  used 
remotely sensed and o t h e r  d a t a  to  meei t h e  informat ion  needs o f  
t h e  use r s .  

* The work desc r ibed  i n  t h i s  paper  was supported by NASA Grant 
NGL 33-010-171. 
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STUDY 1. WOOD-FIRED POWER PLANT 

Uncer ta in ty  i n  petroleum c o s t  and supply h a s  prompted i n t e r e s t  
i n  a l t e r n a t i v e  energy soaces such cs wood. I n  New York, t h e  S t a t e  
Energy O f f i c e  is consider ing  t h e  development of  a ten-megawatt (MW) 
wood-fired power plant i n  t h e  Adizondack region (F igure  1). One 
primary c o n s i d e r a t i o n  is t h e  a v a i l a b i l i t y  of  s u f f i c i e n t  woody mate- 
r i a l .  A t  t h e  r eques t  o f  t h e  S t a t e  Energy O f f i c e ,  a s t u d y  w a s  under- 
taken t o  a s s e s s  t h e  p o t e n t i a l l y  a v a i l a b l k  woody material w i t h i n  an 
economic h a u l  d i s t a n c e  o f  Tupper Lake, New York. 

PR.C#BLEM AND APPROACH TO SOLUTION 

Avai lable  informat ion  on f o r e s t  r e sources  is aggregated  and 
dated.  The s m a l l e s t  u n i t  f o r  which d a t a  are r e p o r t e d  is a county,  
and a t  t h e  t i m e  o f  t h e  s t u d y ,  t h e  m o s t  r e c e n t  pub l i shed  inventory  
d a t a  w e r e  over  t e n  y e a r s  o ld .  I n  o r d e r  t o  e s t i m a t e  p o t e n t i a l  f u e l -  
wood s t o c k s ,  _i '- was necessary  t o  (1) c l a s s i f y  land a s  t o  i ts  poten- 
t i a l  a v a i l a b i l i t y ,  us ing  e x i s t i n g  reitlot? s e n s i n g  a a t a  and support-  
i n g  informat ion;  ( 2 )  i d e n t i f y ,  map, and xeasure  a r e a  of  f o r e s t  cov- 
er types  on t h e  avai lab ,e  l and ,  L;(ZS &&mote s e n s i n g  d a t a ;  and (3 )  
d e r i v e  fuelwood e s t i m a t e s  i!: each cover  t y p e ,  us ing  pllblished men- 
s u r a t i o n  da ta .  

MATERIAL AND METHODS 

Sources o f  Information 

The a v a i l a b l e  remotely sensed and supplemental  d a t a  inc luded 
s e v e r a l  d a t e s  o f  high a l t i t u d e ,  c a l o r  i n f r a r e d  a e r i a l  photbgraphy, 
t w o  Landsat c o l o r  composite images, t w o  l a n a  use  maps of  t h e  Adi- 
rondack S t a t e  Park, maps of  industry-owned l and ,  and 1:62,500 
s c a l e  U. S. Geological  Survey topogleaphic maps (Table 1) . 

The F o r e s t  Survey o f  New York (1) wrls  t h e  primary source  o f  
a v a i l a b l e  mensuration d a t a .  Average v o l m e  d a t a  f o r  each coar,t> 
w e r e  c a l c u l a t e d  by f o r e s t  type  and used,  along wi th  an  e s t i m a t e  05 
annual removals f o r  t h e  Northzrn Region. Es t imates  of  g ross  an- 
nual  growth, m o r t a l i t y ,  and c u l l  percentaye  w e r e  ob ta ined  from a 
s tudy of t imber growth r a t e s  of n a t u r a l  s t a n d s  i n  Ne- i  York ( 2 ) .  
The weight of branch m a t e r i a l  from tree t o p s  v-as a l c o  es t ima ted  ( 3 ) .  

Land C l a s s i f i c ~ t i o n  Process - 
A l and  c l a s s i f i c a t i o n  was e s t a b l i s h e d  t o  exclude  a r e a s  where 

whole-tree h a r v e s t i n g  would be d i f f i c u :  because of  l e g a l  o r  phys- 
i c a l  l i m i t a t i o n s .  Land was excluded i f  it was nonfores ted ,  y t a t e -  
owned, wet land,  o r  s t e z p e r  than  15%. Industry-owned land was n o t  
excluded b u t  a s sessed  s e p a r a t e l y .  F o r e s t  cover  types  were ikhin-  
e a t e d  a s  "dominantly c o n ~ f e r o u s , "  " d o ~ i r ~ a n t l y  deciduous,"  o r  "mixed 
coniferous-deciduous" on a l l  p o t e n t i a l l y  a v a i l s b l e  (nonexcluded) 
l and ,  inc lud ing  t h a t  be1 orlging t o  i n d u s t r y .  



The base  map c o n s i s t e d  of s e v e r a l  1:62,500-scale U.S. Geologi- 
cal Survey topographic  maps. A c i r c l e  of 30-kilometer (km) r a d i u s  
was drawn wi th  t h e  V i l l a g e  o f  Tupper Lake a t  t h e  c e n t e r .  The 30-km 
r a d i u s  was an a r b i t r a r y  d i s t a n c e  which was cons ide red  t o  b e  w e l l  
w i t h i n  an  economic h a u l  d i s t a n c e .  The t o t a l .  a r e a  w i t h i n  t h e  circle 
was 282,600 h e c t a r e s  ( h a ) .  

A e r i a l  photographic i n t e r p r e t a t i o n  o f  f o u r  land cover  types-- 
wet lands ,  w a t e r  bod ies ,  f o r e s t ,  and nonfores t ,  was done on a c e t a t e  
us ing  the high a l t i t u d e ,  c o l o r  i n f r a r e d  a e r i a l  photographs. Boun- 
d a r i e s  w e r e  t r a n s f e r r e d  t o  t h e  base  map us ing  a Zoom T r a n s f e r  Scope. 
Ownership maps w e r e  p r o j e c t e d  t o  t h e  s c a l e  of  t h e  base  map us ing  an 
opaque p r o j e c t o r ,  and boundaries  w e r e  e e l i n e a t e d  on a c e t a t e .  S lopes  
s t e e p e r  than  15% were a l s o  t r a c e d  o n t o  s h e e t s  from t h e  topographic  
base  maps. P o t e n t i a l l y  a v a i l a b l e  land was then  determined by over- 
l ay ing  the d i f f e r e n t  a c e t a t e  s h e e t s .  F u r t h e r  i n t e r p r e t a t i o n  o f  t h e  
a e r i a l  photographs and Landsat images allowed f o r e s t  types  t o  be 
s e p a r a t e d  2nd t h e i r  a r e a s  subsequently measured wi th  a g r i d .  

Methodology of  Fuelwood Est imat ion  

The p r e s e n t  grading s tock  volume and annual growth of t h e  fo r -  
est cover  types  was es t ima ted  by applying average p e r  h e c t a r e  va l -  
u e s  t o  t h e  l and  base  f o r  growing s tock  volume and annual  removals 
Erom t h e  Fores t  Survey (1) , and wi th  d a t a  from o t h e r  s t u d i e s  (2,3) . 
The a b i l i t y  o f  t h e  a v a i l a b l e  wood resource  t o  supply  t h e  pcwer 
p l a n t  under C i f f e r e n t  management schemes wa.; then  a s s e s s e d ,  assum- 
ing  average energy and mois ture  con ten t .  

Weighted averagzs were used i n  e s t i m a t i n g  g r a s s  v o l m e  from 
t h e  Fores t  Survey (1; d a t a .  The F o r e s t  Survey d a t a  a r e  recorded 
f o r  e n t i r e  coun t i e s  o r  t h e  reg ion ,  whi le  t h e  s tydy  a r e a  inc luded 
p o r t i o n s  of f o u r  c o u n t i e s ,  and t h e  Fores t  Sbrvey d a t a  a r e  r e p o r t e d  
by f o r e s t  types  more s p e c i f i c  than  t h e  t h r e e  g e n e r a l  c l a s s e s  i n t e r -  
p r e t e d  from t h e  a e r i a l  photographs. 

RESULTS AND DISCUSSION 

Land Area l f s t i n ~ a t e s  

Thir ty-seven pe rcen t  o f  t h e  land w i t h i n  30 ks of Tupper Lake, 
o r  approximately 1060 km2, i s  f o r e s t e d  land p o t e n t i a l l y  a v a i l a b l e  
co supply  wood t o  a power planc.  Ana1y.s;-s of h i g h - a l t i t u d e  c o l o r  
i n f r a r e d  photographs and J,andsat images found t h i s  a rea  t o  be com- 
posed o f  51% mixed, 39% deciduous,  and 10% con i fe rous  f o r e s t s .  

Avai lable  Fuelwood Est imate  --- 
The amount of fuelwood p o t e n t i a l l y  a v a i l a b l a  was e s t i m a t e d  

s e v e r a l  ways. The most conse rva t ive  e s t i m a t e  assumed t h e  a v a i l -  
a b i l i t y  of only  "waste" wood--cull m a t e r i a l  and m o r t a l i t y .  Th i s  
was estimat.ed t o  be 7 2 , 3 0 0  m e t r i c  tGns per  yea r .  \ssuming s u f f i -  



c i e n t  a d d i t i o n a l  t o p  and stump r e s i d u e  from sawlog harvests, tnere 
would be  s u f f i c i e n t  fuelwood w i t h i n  30 km o f  Tupyer Lake t o  supply  
a 10-MW p l a t  wi thout  d i s r u p t i n g  convent ional  timber markets.  De- 
t a i l e d  informat ion  on t h e s e  e s t i m a t e s  is a v a i l a b l e  e lsewhere  ( 4 ) .  

ST2DY 2. PARTICLE BOARD FACTORY 

PROBLEM AND APPROACH TO SOLUTION 

A p a r t i c l e  board manufacturing f i r m  is cons ide r ing  the develop- 
ment of a new f a c t o r y  n e a r  Bath, N.Y. A primary f a c t o r  a f f e c t i n g  
t h e  f e a s i b i l i t y  is t h e  supply  o f  c o n i f e r s  and law-density hardwoods. 
Avai lable  informa2ion on f o r e s t  r e sources  is aggregated  ( t h e  small-  
est  u n i t  f o r  which d a t a  a r e  r epor ted  is  a county) and d a t e d  (New 
York , 1970 : Pennsylvania,  1965) . 

A t  t h e  r e q u e s t  o f  a s p e c i a l  c o n s u l t a n t  to  t h e  New York S t a t e  
Commerce  Department, Proqram s t a f f  undertook a p r o j e c t  t o  estimate 
land a r e a  suppor t ing  c o n i f e r s .  This was done through i n t e r p r e t a -  
t i o n  o f  h igh  a , t i t u d e ,  color i n f r a r e d  a e r i a l  photographs and Land- 
sat s a t e l l i t e  images, The d e l i n e a t i o n  of low-density hardwoods 
(e .g . ,  r e d  maple, aspen, and basswood) was n o t  a t tempted as t h i s  
would have r e q u i r e d  l a r g e r  s c a l e  d a t a ,  m o r e  ground d a t a ,  or both. 

MATERIALS AND METHODS 

Sources of  Information 

A s t u d y  a r e a  was d e f i n e d  a s  a c i r c l e  w i t h  a r a d i u s  of  80 km 
around Bath, N.Y. (F igure  1). Severa l  d a t e s  o f  NASA high a l t i t u d e ,  
c o l o r  i n f r a r e d  a e r i a l  photographs ( s c a l e  approximately 1:120,000) 
were v a i l a b l e  f o r  t h e  nor the rn  h a l f  of t h e  s tudy  a r e a  (Table 2 ) .  
High a l t i t u d e  photographs w e r e  a v a i l a b l e  f o r  on ly  a s m a l l  p o r t i o n  
o f  t h e  sou the rn  h a l f  of t h e  s tudy  a rea ;  however, s e v e r a l  d a t e s  of 
Landsat images were on f i le .  A w i n t e r  and a summer Landsat scene  
w e r e  e x ~ m i n e d ,  and t h e s e  n o t  on ly  covered t h e  a r e a  o f  i n t e r e s t  b u t  
over lapped t h e  a r e a  imaged by t h e  h i g h - a l t i t u d e  photographs. 

Procedure 

Land a r e a s  i n  c o n i f e r s  were i n t e r p r e t e d  from t h e  aerial photo- 
graphs us ing  a zoom s te reoscope  and t r a c i n g  d i r e c t l y  on to  a c e t a t e  
over lays .  Areas were t a l l i e d  us ing  a g r i d .  The o v e r l a p  o f  t h e  
a e r i a l  photographs and I-andsat imctges was b e n e f i c i a l  f o r  develop- 
i n g  s p e c t r a l  keys f o r  i n t e r p r e t i n g  t h e  Landsat images. 

For mapping c o n i f e r s  i n  t h e  p a r t  o f  t h e  s t u d y  a r e a  covered 
on ly  by Landsat ,  photographica l ly  en la rged  2 o s i t i v e  t r a n s p a r e n c i e s  
o f  Landsat bands 5 ,6 ,  and 7 were p laced i n  a c o l o r  a d d i t i v e  viewer 
and r e g i s t e r e d  t o  provide a composite image a t  a s c a l e  o f  approxi- 
mately 1:184,500. The c o l o r  a d d i t i v e  viewer a l lows b l u e ,  g reen ,  
r e d ,  and whi te  l i g h t  t o  be shown through each o f  t h e  t r a n s p a r e n c i e s  



s e p a r a t e l y  by t h e  use o f  f i l t e r s .  Tha r e s u l t i n g  f a l s e - c o l o r  image 
d i sp layed  011 a viewing s c r e e n  can b e  i n t e r p r e t e d  i n  a f a s h i o n  s i m i -  
l a r  t o  t h e  i n t e r p r e t a t i o n  o f  t h e  h i g h - a l t i t u d e  photographs. Choice 
of  c o l o r s  , however, is a r b i t r a r y .  The b e s t  d i s c r i m i n a t i o n  o f  coni-  
f e r s  was o b t a i n e d  w i t h  t h e  w i n t e r  scene  l a c k i n g  s i g n i f i c a n t  snow. 
When a green f i l t e r  w a s  used on band 5, b l u e  on band 6 ,  and red on 
band 7, c o n i f e r s  appeared as dark ,  reddish-purple . Acreage was 
t a l l i e d  us ing  a g r i d .  

RESULTS 

The t o t a l  a r e a  i n  c o n i f e r  s t a n d s  w i t h i n  80 km o f  Bath, N.Y. ,  
was approximately 71,250 ha. Th i r ty -e igh t  p e r c e n t ,  or 27,000 ha ,  
a r e  l o c a t e d  i n  Pennsylvania.  

COMPARISON OF THE STUDIES 

The "use r"  i n  t h e s e  s t u d i e s ,  s t a t e  agency personnel ,  had simi- 
l a r  informat ion  reqnirements:  l o c a t i o n - s p e c i f i c ,  up-to-date esti- 
mates of  f o r e s t  r e sources  f o r  less than  e n t i r e  coun t i e s .  These 
needs could n o t  be met by e x i s t i n g  f o r e s t  inventory  informat ion .  
I n  o t h e r  ways, however, t h e  informat ion  requirements  w e r e  d i s s imi -  
lar ,  as w e r e  t h e  a v a i l a b l e  d a t a .  

I n  t h e  power p l a n t  s t u d y  d e t a i l e d  informat ion  on t h e  p o t e n t i a l  
a v a i l a b i l i t y  of f o r e s t  s t a n d s  was needed. S p e c i f i c  c o n s t r a i n t s ,  
such a s  land ownership and s l o p e ,  had t o  be cons idered  and r e q u i r e d  
t h a t  supplemental  informat ion  be u t i l i z e d .  Althobgh growth and 
y i e l d  d a t a  f r o m  publ ished sources  w e r e  used t o  e s t i m a t e  t h e  f u e l -  
wocd volumes, remote s e n s i n g  methods could  a l s o  have been a p p l i e d  
i f  a p p r o p r i a t e  a e r i a l  volume keys were a v a i l a b l e .  

In  t h e  p a r t i c l e  board s tudy ,  t h e  on ly  informat ion  requirement  
c o n c e r ~ e d  t h e  presezlce o f  p a r t i c u l a r  tree s p e c i e s ,  s p e c i f i c a l l y ,  
c o n i f e r s  and low-density ha rdw~ods .  Because o f  t h e i r  s p e c t r a l  
p r o p e r t i e s ,  it was r e l a t i v e l y  easy  t o  s e p a r a t e  c o n i f e r s  ( a s  a 
c l a s s )  from deciduous v e g e t a t i o n ,  even a t  t h e  smal l  s c a l e  of Land- 
s a t .  

The two s t u d i e s  d i f f e r e d  a l s o  i n  t h e  data a v a i l a b l e .  High a l -  
t i t u d e  a i r c r a f t  ph3tographs were a v a i l a b l e  f o r  almost  tiie e n t i r e  
power p l a n t  s tudy  a r e a  b u t  on ly  f o r  a p o r t i o n  of t h e  p a r t i c l e  board 
s tudy a rea .  Landsat d a t a  were a v a i l a b l e  f o r  both  s t u d i e s  and were 
used t o  supplenent  t h e  a i r c r a f t  d a t a  on t h e  power p l a n t  p r o j e c t  b u t  
se rved  a s  t h e  primary d a t a  f o r  t h e  p a r t i c l e  board s tudy .  
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Tab le  1. Informat ion  Sources  For  t h e  Power P l a n t  Study 

D&te/Type/Source/Scale Land Cover S lope  Ownership 

25 June  1979/Color I n f r a r e d  
Airphoto/NASA/ 1:118,000 

20 May 1974/Color I n f r a r e d  
Airphoto/NASA/ 1: 116,000 X 

30 A p r i l  1973:Landsat Color  
Composite/NASA/ 1:1,000,000 X 

8 January  1973/Landsat Color  
Composite/NASA/ 1:1,000,000 X 

- 
Apri  1 19 79/Adi rondack Park Map/ 
Adirondack Park Agency/ 1 : 175,  O G O  X 

September 1974/Adirondack Park 
S t a t e  Land Master  Plan/Adirondack X 
Park Agency/ 1:268,000 

19 75-1976/ In te rna t iona l  Paper  Co. 
F o r e s t  Survey M a p s / I n t e r n a t i o n a l  X 
Paper  Co./ 1:65,500 

1953-1955/15 Minute Topographic 
Maps/US Geo log ica l  Survey/ 1:62,500 X X 

1966-1970/7 1 /2  Minute Topographic  
Maps/US Geo log ica l  Survey/ 1:24,000 X X 
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Tab le  2. I n fo rma t ion  Sources  For  t h e  P a r t i c l e  Board P l a n t  Study 

Date/Type/Source/Scale C o n i f e r s  Loca t ion  

1 8  August 1978/Color I n f r a r e d  
Airphoto/NASA/ 1: 116,000 X 

19  September 1973/Color I n f r a r e d  
Airphoto/NASA/ 1: 130,000 

2 5 October  19 7 3/Landsat B&W 
P o s i t i v e  T r a n s p a r e n c i e s ,  Bands 
5,6 and 7/NASA/Photographically 
Enlarged  t o  1:184,500 

- - 

1950/Army Map S e r v i c e  Topographic 
Maps/US Geo log ica l  Survey/ X 
1:250,000 

F i g u r e  1. New Y o r F  S t a t e ,  showing 
s t u d y  a r  ?as around 
Bath and Tupper  Lake, N .  Y.  



MAPPING FOREST TYPES I N  WORCESTER COUNTY, MARYLAND, USING LANDSAT DATA 
- .  

~ a m e s  Burt is ,  Jr. and R. G. W i t t  

ABSTRACT 

The Worcester County, Maryland Forest Mapping Study was a cooperative 
demonstration projec t  conducted by t h e  E a s t e n  Regional Remote Sensing Ap- 
p l i ca t ions  Center (ERRSAC), the  Haryland Forest Service and Salisbury S ta te  
College. The f e a s i b i l i t y  of mapping Level I1 fo res t  cover types f o r  a 
county-sized area  on Maryland's Eastern Shore was demonstrated. A Level I 
land use/land cover c l a s s i f i c a t i o n  was ca r r i ed  out f o r  a l l  of Worcester 
County as w e l l .  A June 1978 Landsat scene was u t i l i z e d  i n  a c l a s s i f i c a t i o n  
which employed two software packages on d i f f e r e n t  computers (IDMS on an 
HP 3000 and ASTEP-I1 on a Univac 1108). 

A twelve category c l a s s i f i c a t i o n  scheme was devised f o r  the  study area. 
Resulting products include black and white l i n e  p r i n t e r  maps, f i n a l  color- 
coded c l a s s i f i c a t i o n  maps, d i g i t a l l y  enhanced color imagery and tabulated 
acreage s t a t i s t i c s  f o r  a l l  land use and land cover types. 

INTRODUCTION AND BACKGROUND 

The applicat ion of s a t e l l i t e  da ta  t o  fo res t ry  mapplng and' re la ted  
management problems has been well  documented i n  recent years. His tor ica l ly ,  
a e r i a l  photography has been the  standard me6ns of mapping and t o  some 
degree measuring fo res t  resources. S a t e l l i t e  da ta  have increasingly been 
employed i n  recent years t o  inventory l a rge  areas on a r e p e t i t i v e  basis .  I 
Both public  and p r iva te  e n t i t i e s  have undertaken fo res t  inventories through 
d i g i t a l  processing of remotely sensed data. A t  leasst three  s t a t e s  have 
conducted statewide surveys demonstrating the  u t i l i t y  of Landsat da ta  
applied t o  fo res t  resource mapping. 

After reviewing some of the  great  va r i e ty  of inventory s tud ies  i n  
the  l i t e r a t u r e ,  t 3 e  consensus among most authors is tha t  d i g i t a l  Landsat 
da ta  provide good mappings (80% t o  90% accurate)  of broad fo res t  types o r  
Level I1 categor ies  i n  most cases. Some fac to r s  c i t e d  as favorable i n  use 
of Landsat da ta  are:  

- a v a i l a b i l i t y  of synoptic da ta  f o r  la rge  areas 

- r e l a t i v e  ob jec t iv i tv  of computer c l a s s i f i c a t i o n  va. a i r  
photo i n t e r p r e t a t i c n  

- the p o s s i b i l i t y  of using multidate imagery t o  improve 
s ing le  c l a s s i f i c a t i o n s  



DATA SOURCES 

A subse t  of one Landsat scene (June 11, 1978) was used i n  t h e  d i g i t a l  
process ing and c o n s i s t e d  of approximately 11002 p i x e l s  a f t e r  preprocessing.  
High a l t i t u d e  c o l o r  i n f r a r e d  photography from Apri l  11, 1977 was used a s  
one form of f i e l d  information.  A s e r i e s  of 1 :74,000 topographic maps was 
a l s o  used f o r  t h i s  purpose, a s  we l l  as f o r  d i g i t i z i n g  t h e  county boundary 
and ground c o n t r o l  po in t s .  Fur the r  d a t a  were c o l l e c t e d  dur ing  f i e l d  v i s i t s  
and a d d i t i o n a l  informat ion r e l a t i n g  t o  r e c e n t l y  ha rves ted  sites was encoded 
on maps by t h e  Maryland Fores t  Service.  

PROCEDURES 

This  f o r e s t  cover classification p r o j e c t  was executed i n  l a r g e  p a r t  
us ing t h e  sof tware  package ASTEP-I1 (Algorithm Simulation Tes t  and Evaluation 
Program, ve rs ion  11) on t h e  Univac 1108 computer a t  t h e  Univers i ty  of 
Maryland and a t  Sal isbury S t a t e  College. Most of t h e  p r e p r c c e ~ s i n g  (geo- 
m e t r i c  c o r r e c t i o n )  and post-processing (generat ion of f i n a l  p ~ o d u c t s )  were 
done us ing t h e  I n t e r a c t i v e  D i g i t a l  Image Manipulation System (IDIMS) on t h e  
Hewlett-Packard 3000 computer a t  ERRSAC. A l l  of t h e  e s s e n t i a l  c l a s s i f i c a -  
t i o n  work, however, was c a r r i e d  out  wi th  t h e  ASTEP-I1 sof tware  a t  t h e  
Univers i ty  of Maryland. Thus, t h e  p r o j e c t  demonstrates t h e  use  of an  
e x i s t i n g  in-place d a t a  processing system a v a i l a b l e  t o  Maryland s t a t e  person- 
n e l .  

DATA PREPROCESSING 

The f i r s t  s t e p  i n  preprocess ing t h e  d i g i t a l  d a t a  was t o  subset  t h e  
county s tudy a r e a  from t h e  e n t i r e  scene. 

Geometric c o r r e c t i o n  involved picking s i m i l a r  p a i r s  o f  ground c o n t r o l  
p o i n t s  on both t h e  image and t h e  topographic mays, and thus  r e l a t i n g  image 
p o i n t s  t o  UTM coordinates .  This i s  done by running a s e r i e s  of t h r e e  pro- 
grams a f t e r  p icking a l l  po in t s :  ALLCOORD, which accesdes  t h e  map p o i n t s  
from a GIs f i l e  and l o c a t e s  them on a UTM & r i d  wi th  s p e c i f i e d  c e l l  s i z e  
(50 m. sq.  ) ; TRNSFM, which genera tes  t r ans format ion  equat ions  r e l a t i n g  
map p o i n t s  t o  image po in t s  up t o  a t h i r d  o r d e r ,  and allows manipulatiotr of t h e  
p o i n t s  input  ; and REGISTER, which r e r f  or.ns t h e  a c t u a l  image-to-map r e g i s t r z -  
t i o n  ( rubber  s h e e t  s t r e t c h )  according t o  t h e  t ransformat ion equations. 

Following t h e  r e g i s t r a t i o n  process ,  a t r a n s f e r  t ape  con ta in ing  t h e  
geo-corrected da td  was prepared (IDIMS funct ion TRNSFR) and taken t o  t h e  
Univers i ty  of Maryland Computer Center,  where t h e  bu lk  of process ing was 
done. 

DATA PXOCESSING X ' INTEWRETATION 

Data process ing was t h e  most time-consuming s t a g e  because of t h e  
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*umber o f  s t e p s  involved and t h e  importance o f  developing c o r r e c t  s i g n a t u r e s  
used t o  map i c l a s e i f y )  a l l  land use and cover types .  The !allowing discus-  
s i o n  e x p l a i n s  t h e  c l a s s i f i c a t i o n  p rocer r ,  Including d e t a i l s  of t h e  programs 
used i n  each s t e p .  

S e l e c t  i o n  of I n t e n s i v e  Study AreasfWindowa 

Areas wi th in  t h e  subscene were s e l e c t e d  f o r  i n t e n s i v e  s tudy  and copied 
from t h e  t r a n s f e r  t a p e  a s  d i s k  f i l e s  us ing  DATDEF. A t  t h i s  p o i n t ,  substan- 
t i v e  process ing began. The program FACTOR was run on each window i n  o r d e r  
t o  o b t a i n  histograms of t h e  d a t a  i n  each band. Once t h e  histograms were 
examined and t h e  d a t a  were divided i n t o  an a p p r o p r i a t e  number of c l a s s e s ,  
QUANTZ proved valuable  both f o r  l o c a t i n g  i n t e n s i v e  s tudy  a r e a s  and i n  
developing i n i t i a l  s t a t i s t i c s  f o r  t h e  f o r e s t  type ca tegor ies .  

S igna tu re  Development and Ext rac t ion  

A number of methods were u t i l i z e d  t o  gain  s i g n a t u r e s  f o r  t h e  f i n a l  d a t a  
c l a s s i f i c a t i o n .  The s imples t  method das  by adap t ive  c l u s t e r i n g ,  an unsuper- 
v i s e a  c l a s s i f i c a t i o n  r o u t i n e .  Examples o f  s i g n a t u r e s  developed are urban, 
e x t r a c t i v e  and shallow wate r  though t h e  urban s i g n a t u r e  underwent s i g n i f i -  
cant  refinement.  

A second method used t o  develop s i g n a t u r e s  was by FACTORing t h e  r e s u l t s  
from a QUANTZ run band 5 graysca le  map, which revealed p a t t e r n s  r e l a t i n g  t o  
t h e  con i fe rous ,  deciduous and mixed f o r e s t  types .  This method l e d  t o  a s e t  
of means f o r  t h e  f o r e s t  types.  

The t h i r d  method used i n  e x t r a c t i n g  s i g n a t u r e s  was t h e  polygon sequence 
of programs. This series of r o u t i n e s  a l lows t h e  u s e r  t o  de r ive  t r a i n i n g  
s t a t i s t i c s  from i l k , -  ~t polygons and t o  manipulate t h e  polygons and t h e  
s t a t i s t i c s  which can be saved i n  s e p a r a t e  f i l e s .  This  procedure was w e d  
t o  d e r i v e  s i g n a t u r e s  such as bare  f i e l d s ,  vegeta ted f i e l d s ,  and "ot'.;- ." 
I t  was a l s o  used t o  r e t i n e  some of t h e  s i g n a t u r e s  i n  t h e  c l a s s i f i c a t l u n .  

Qnce t h e  s e t  of r e p r e s e d t a t i v e  s i g n a t u r e s  had been der ived ,  a super- 
v i sed  c l a s s i f i c a t i o n  DCLASS (minimum d i s t a n c e )  was run  f o r  t h e  i n t e n s i v e  
strldy a reas .  These were then evaluated,  field-checked and r e f i n e d  before  
proceeding on t o  a c l a s s i f i c a t i o n  of the  e n t i r e  s tudy  a rea .  

F i e l d  Evaluation - 
The primary day-to-day source  f o r  c o r r e l a t i v e  d.ata was t h e  high a l t i -  

tude,  c o l o r  I R  a i r  photography from Apr i l  11, 1977 o r  approximately one 
year  and two lnonths before  t h e  Landsat image d a t a .  Information der ived  
from f i e l d  v i s i t s  was t h e  o t h e r  main source  of grolind t r u t h  da ta .  The 
Maryland Fores t  Serv ice  county f o r e s t e r  suppl ied a list of 44 t imber s i t e s  
with s p e c i f i c  information on woodlot s i z e ,  ge:,eral composition and when 



( i f )  the sites had been cut over. This inforra t ion  was added i n  the  f i n a l  
s tages of the c l a s s i f i ca t ion  t o  correct  and ref ine  ce r t a in  signetures. 

Overall Classif icat ion 

The c las s i f i ca t ion  scheme includes twelve categories f o r  the  Worcester 
County study area. Three of these d i rec t ly  represent the  fores t  land base 
within the study area. Coniferous fores t  cover is denoted as dark green. 
Deciduous and mixed fores t  covers a re  shown as l i gh t  green and o l ive  r e s p e c  
t ively.  Vegetated f i e l d s  c re  b r w n  while bare f i e l d s  a r e  tan. Urban land 
and "other" a r e  rcd and dark gray i n  color  while nunwooded vetlands show 
as yellow. Three categories of water have been combined i n t o  two, one of 
which is deep water shown a s  dark blue. Light blue represents shal lou and 
medium depth waters. 

RESULTS 

FINAL STATISTICS 

Current published s t a t i s t i c a l  da ta  is  normally used f o r  comparison and 
i n  t h i s  project a recent publication en t i t l ed ,  "The Forest Resources of 
Maryland" 1980 ('JSDA Forest Service, Resource Bulletin-61) provides fo res t  
acreage f lgures by county. Worcester County forested acreage i n  t h i s  pub- 
l i c a t i o n  is  160,600 acres with a plusfminus sampling e r r o r  of four percent. 
The resu l t s  from t h i s  project when to ta l ing  the  three  fo res t  categories i n  
the c l a s s i f i ca t ion  show the fo res t  acreage t o  be 175,000 acres. Several 
poss ib i l i t i e s  ex i s t  f o r  the  approximately 15,000 acre difference. Defini- 
t ions a r e  suspect, a s  well a s  basic sampling methodologies, and the  d i f -  
ference i n  date of samples. No r e l i a t l e  countyv.de data  on the  mounts of 
pine, hardwoods and mixed fores t  types e x i s t ,  but addit ional  ver i f ica t ion  
should give some indication of the accuracy of the  acreage r e s u l t s  obtainrd. 

FINAL PRODUCTS 

- Radiometrically enhanced and geometri:ally corrected f a l s e  
color inages offering a vfew of the e n t i r e  study area p r io r  
t o  and fo r  use i n  the cl_assification work. 

- Thematic maps i n  the  form of mylar overlays fo r  1:24,000 
topographic quad inaps, depicting a l l  land cover and fores t  
types. 

- Tabular data re la t ing  project  s t a t i s t i c s  t o  the  U.S. Forest 
Service f igures on hardwood/so f twood/mixed acreages ~ n d  a lso  
documenting scdtus changes having occurred i n  timber harvest 
areas a s  of the  image data. 



VERIFICATION 

The Maryland Forest  Service w i l l  conduct systematic  f i e l d  evaluat ions 
of c l a s s i f i c a t i o n  accuracy. This  w i l l  e n t a i l  u t i l i z i n g  thematic 
overlay maps a t  t he  topographic quad map s c a l e  of 1:24,000 which depic t  
each o f  t h e  ca tegor ies  i n  t he  c l a s s i f i ca t i on .  This represen ta t ive  sampling 
procedure w i l l  be  ca r r i ed  out  over t he  e n t i r e  study area. Any discrepancies  
here  w i l l  be inves t iga ted  thoroughly t o  improve the c l a s s i f i c a t i o n  f o r  use 
i n  any follow-on projects .  

It is apparent t h e  p ro j ec t  ob jec t ives  have been m e t  and t h e  u t i l i t y  of 
t h e  products w i l l  be most he lp fu l  i n  conducting f o r e s t  resource planning 
and management funct ions a t  t he  county level .  The v a l i d i t y  of t h e  d a t a  
appears t o  be at acceptable  l eve l s ,  but f i n a l  f i e l d  v e r i f i c a t i o n s  must be 
conducted as a proof. 

U t i l i z ing  t h e  r e p e t i t i v e  na ture  of LANDSAT d a t a  and t h e  c l a s s i f i c a t i o n  
system developed i n  t h i s  p ro jec t  study t h e  fu tu re  u t i l i t y  is more than 
promising. Monitoring fores: and land use/land cover changes over  t i m e  a t  
t he  county l e v e l  with r e s u l t i n g  products a s  described above is a high 
p r i o r i t y  need f o r  t he  Mary1:md Forest Service. This cooperative demonstra- 
t i o n  pro jec t  with ERRSXC is a major s t e p  towards t ha t  end. 
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EXTEUDIIG THE UTILITY OF FOREST COVER UAPS 
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ABSTRACT 

A corputer-assisted map analysis system is discussed that 
characterizes timber supply in terms of standing timber; 
accessibility considering various harvesting factors; and 
availabilty as affected by ovnership patterns of timberlands. 
Factors affecting harvesting include proximity to existing roads 
and consideration of terrain characteristics. Availabilty 
consideratio~s include size of ovnership, housing density and 
excluded areas. The model is demonstrated for a seventy square 
mile tract in western Massachusetts, 

The demand for timber stumpage throughout the United States has 
been increasing in recent years. This increased demand has 
stimulated new technologies such a8 vhole tree chipping and 
special chip recovery operations during milling. Significant 
growth in the pulp and particle board industries has occurred and 
the potential use of chips to generate base load electricity may 
cause the demand to accelerate over the next decade. 

The growing demand for rood chips necessitates the development 
of a new methodology for aeessing roundvood supply. In the past, 
wood chip supplies have been dependent upon mill-oriented 
activities or self-sufficient pulping operations on large 
ownerships. Whole-tree chipping on diverse ownerships is the most 
likely source of additional supplies. Under these new demand 
conditions, it is important to identify sources of roundvood 
according to their spatial distribution throughout the supply 
area. One approrch, identified by Berry and Tomlin (19801, 
assesses forest cover, harvesting accessibility and ownership 
characteristics so that timber inventory, harvesting costs, and 
owners' willingness to sell stumpage are integrated into an 
overall supply schedule. This paper describes the structure of a 
computer-nriented model for assessing stumpage availability based 
on this approach. The model spatially characterizes a supply 
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c u r v e  i n  terms o f :  

J n v e n t o r v  of  s t a n d i n g  t i m b e r ;  
4-x c o n s i d e r i n g  v a r i o u s  h a r v e s t i n g  f a c t o r a ;  a n d ,  
p v a i l a b i l i t r  a s  a f f e c t e d  by o w n e r s h i p  o f  t i m b e r  l a n d s .  

The model i s  d e m o n s t r a t e d  f o r  a s e v e n t y  s q u a r e  r i l e  t r a c t  o f  
l a n d  s u r r o u n d i n g  P e t e r s h a m ,  H a s s a c h u s e t t s .  More e x t e n s i v e  
e v a l u a t i o n s  and model r e f i n e m e n t s  a r e  c u r r e n t l y  u n d e r  way. 

FUIDAMENTAL COISIDEMTIOIS 

I n f o r m a t i o n  on  t h e  e x t e n t  and l o c a t i o n  o f  t i m b e r  r e s o u r c e s  
s e r v e s  a s  p r i m a r y  i n p u t .  T h i s  i n f o r m a t i o n  c a n  b e  e x t r a c t e d  f rom 
s e v e r a l  s o a r c e s ,  s u c h  a s  e x i s t i n g  f o r e s t  c o v e r  t y p e  maps, c o l o r -  
i n f r a r e d  a e r i a l  p h o t o g r a p h y  o r  Landsat s a t e l l i t e  imagery .  
I n v e n t o r y  i n f o r m a t i o n  a l o n e ,  however ,  r a y  n o t  y i e l d  a c c u r a t e  
e s t i m a t e s  o f  a c t u a l  s u p p l y  a s  a f f e c t e d  by p h y s i c a l  c o n s i d e r a t i o n s .  
ifany f o r e s t e d  a r e a s ,  f o r  example ,  r a y  b e  t o o  r e m o t e  f rom e x i s t i n g  
a c c e s s  r o u t e s  f o r  e f f e c t i v e  h a r v e s t i n g .  Some a r e a s  may have  
h i g h l y  e r o d i b l e  s o i l s  o r  s t e e p  s l o p e s  t h a t  would l i k e w i s e  r a k e  
c e r t a i n  h a r v e s t i n g  t e c h n i q u e s  i n a p p r o p r i a t e  ( ~ y k s t r a  and R i g g s ,  
1977) .  Such a r e a s  must  be e l i m i n a t e d  f rom c o n s i d e r a t i o n  o r  t h e  
e s t i m a t e d  s u p p l y  w i l l  be  t o o  h i g h .  S o c i a l  f a c t o r s  must  a l s o  b e  
c o n s i d e r e d  b e f o r e  a n  a d e q u a t e  e s t i m a t e  c a n  be  made. Some 
e x t e n s i v e l y  f o r e s t e d  a r e a s ,  s u c h  a s  p a r k  l a n d s ,  may be  l e g a l l y  
e x c l u d e d  f rom h a r v e s t i n g .  Of t h e  r e m a i n i n g  p o t e n t i a l l y  
h a r v e s t a b l e  a r e a s ,  o w n e r s h i p  c h a r a c t e r i s t i c s ,  s u c h  a s  p a r c e l  s i z e  
a n d - h o u s i n g  d e n s i t y ,  c a n  be used t o  d e t e r m i n e  p r o p e n s i t y  o f  owners  
t o  s e l l  s tumpage ( B i n k l e y ,  1979) .  

SPATIAL DATA BASE 

Data  e n c o d i n g ,  a n a l y s i s ,  and d i s p l a y  c a p a b i l i t i e s  f o r  t h i s  
s t u d y  were  p r o v i d e d  t h r o u g h  t h e  u s e  o f  s o f t w a r e  d e v e l o p e d  a t  Y a l e  
U n i v e r s i t y  a s  p a r t  of  t h e  Map A n a l y s i s  Package (Toml in ,  i n  
p r e p a r a t i o n ) .  I n f o r m a t i o n  on t h e  b i o l o g i c a l ,  p h y s i c a l  and 
c u l t u r a l  f e a t u r e s  o f  a  g i v e n  g e o g r a p b i c  a r e a  i s  encoded t o  
c o r r e s p o n d  w i t h  a  g r i d  c e l l  d a t a  s t r u c t u r e .  Each g r i d  c e l l  i s  
a s s i g n e d  a  v a l u e  which r e p r e s e n t s  o n e  member o f  a  s e t  o f  m u t u a l l y  
e x c l u s i v e  c a t e g o r i e s  ( e . g . ,  d r y  l a n d ,  stream, p o n d ,  lake) ( T o m l i n  
and B e r r y ,  1979) .  T h i s  p r o c e s s  r e s c l t s  i n  a  s e r i e s  o f  computer-  
g e n e r a t e d  b a s e  maps, e a c h  d e p i c t i n g  a n  i n d i v i d u a l  c h a r a c t e r i s t i c  
w i t h  v a l u e s  d i s p l a y e d  a s  u n i q u e  symbols .  



Information ured in this study is part of a general purpore 
data bare being developed for the Harvard Foreat vicinity, Each 
map reprerenta 45,312 acres 88 60 columns and 118 rows ( 6 . 4  acres 
per cell). The bare map* for the model include: vegetation cover 
typer, elevation, roads, ownership parcels and existing major 
structures, 

Figure 1 is a flow chart of the supply model. It presents a 
logical sequence of Hap Analysis Paclcage operations represented as 
arrovs which transform raps that are represented as boxes. 

The model consists of three major submodels: inventory, access, 
and availability. The "inventory submodel" for this study 
transforms a vegetation cover map into a map of merchantable 
forested areas. The "access submodel' uses topographic slope and 
proximity to existing roads to develop a map of the areas 
accessible for harvesting. A rap of topographic slope is 
generated from an encoded map of elevation. Areas of steep slope 
are recognized as adversely affecting harvestability. These 
slopes are considered by developing a map of weighted proximity to 
existing roads that treats steeply sloped areas as being "farther 
away. n 

The "availability submodel" considers ownership patterns in 
characterizing the propensity of owners to sell stumpage. The 
size of each parcel is determined from a map of ownershirs and 
then ranked according to their overall acreage. Areas in large 
parcels are ranked as being "likely" to be available for 
harvesting. Similarly, areas with a relatively low housing 
density, as determined from the map of existing map or standards, 
are ranked as having a strong likelihood of being available. The 
submodel also eliminates from consideration any areas which 
prohibit harvesting. 

The maps cf harvesting potential and owners' propensity to sell 
stumpage are then combined with the map of forested areas to 
characterize the forest resource in terms of effective supply. 
Tabular summaries, as well as maps, can be generated to identify 
areal extent of all combinations of relative accessibility and 
availability of the various categories of merchantable forests. 



FIOURE 1. FUMHAHF OP SUPPLY WEL. m cartogz-ap~c a-i of ef fect in  t- supply -8 
maps in tma or t.rmaing access and thc ~ e i l h ~ o d  of avatlabu as st-. 

In thls f lowckrt  encoded and derived nsps are 8hon as boxes ldth fundmental 8p amlysb 
opemtiixm indicated as lines. 
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The t h i r t y - f o u r  v e g e t a t i o n  t y y e r  o c c u r r i a l  i n  t h e  P e t e r r h a m  
a r e a  w e r e  c o l l a p ~ e d  t o  n i n e  c l a r 8 e r  o f  m e r c h a n t a b l e  f o r e r t r  
( F i g u r e  2 ) .  T h e r e  a r e a r  c o r p r i r e  83.6X ( 3 7 , 8 8 2  a c r e r )  o f  t h e  
r t u d y  a r e a .  Bowever,  a  l a r g e  p o r t i o n  o f  t h e a e  a r e a 8  a r e  
i n a c c e r r i b l e  a n d / o r  u n a v a i l a b l e  u n d e r  c u r r e n t  e n g i n e e r i n g  and  
r c o n o r t c  c o n r i d e r a t i o n r  . 

F I m  2. putEs'm AREAS. A nap of 
-oovlbrmasncodadMd 
mlasalfisd Into nbK9 c a t m e s  of 
mhantable  timber. R l b ~  amm 
c~lpriae  a l l  hut 16.4% (7,430 acms) 
of the st- area as mted In the 
sunrrary statistics acmpfmhg 
the m. 

F i g u r e  3 r e p r e r e n t r  t h e  i m p o r t a n t  i n t e r m e d i a t e  map8 a r r o c i a t e d  
v i t h  t h e  r c c e r r  eubmodel .  Note  t h e  a d v e r r e  e f f e c t  o f  r t c e p  r l o p e r  
i n  a r r e s r i n g  w e i g h t e d  p r o x i m i t y  t o  r o a d r .  I n  d e t e r m i n i n g  
e f f e c t i v e  p r o x i m i t y ,  r l o p c r  o f  11-152 w e r e  t r e a t e d  a 8  m o d e r a t e l y  
l i m i t i n g ,  w h i l e  r l o p e r  o f  more  t h a n  16% w e r e  t r e a t e d  a s  r e v e r e l y  
l i m i t i n g  h a r v t r t i n g  a c c e s r i b i l i t y .  T h i s  a n a l y r i r  r e v e a l 8  t h a t  
o n l y  47.3X (21 ,446  a c r e , )  o f  t h e  r t u d y  a r e a  i r  w i t h i n  c a r y  a c c e r r  
of t h e  c x i r t i n g  r o a d  n e t v o r k .  

F i g u r e  4  r h o v s  t h e  map8 of  t h e  a v a i l a b i l i t y  rubmodc l .  
Owner rh ip  p a r c e l 8  o f  more t h a n  480 a c r e 8  c o m p r i s e  37.4% ( 1 6 , 9 4 0  



i i i  llllllllil~lIlIlIIIflllllllll!lllI!llIii1i~i!~l!l!ll!~~l!~l 

r* ACCESS SUBMODEt OVrPVI). Insert (a) 
es the road netmrk witbin the study 

m a .  The effective prpxhlty to the -st 
IPad (c)  for each mep location i s  d e ~ ~  
by c ~ t l n g  a vreighted distance to mads 
based on te- atapneas (b) . T b t  mlative 
pmxindty to existing roads is mclassif'ied in 
tern of effective y m l b g  distances to 
identie easily accessible m s  (d) . 
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a c r e r )  o f  t h e  s t u d y  a r e a .  T h e r e  l a r g e r  p a r c e l s  c a n  be  c o n s i d e r e d  
a s  h a v i n g  a  h i g h  p r o b a b i l i t y  o f  b e i n g  a o l d  f o r  s tumpage .  
S i m i l a r l y  a r e a s  o f  l e r r  t h n q  f i v e  r t r u c t u r e e  p e r  0.2 r q u a r e  mile 
( a p p r o m i x a t e l y  o n e  h o u s e  p e r  25 a c r e s )  a r e  c o n s i d e r e d  a r  being 
l i k e l y  f o r  e a l e .  T h e r e  r e l a t i v e l y  u n p o p u l a t e d  a r e a r  c o m p r i r e  
9 7 . 0 %  ( 4 3 , 9 3 6  acres) of  t h e  s t u d y  a r e a .  Combining t h e s e  two maps 
c r e a t e s  a  map o f  o v e r a l l  a v a i l a b i l i t y .  T h i r  map i d e n t i f i e r  35.2C 
( 1 5 , 9 4 2  a c r e s )  o f  t h e  r t u d y  a r e a  a s  b e i n g  l i k e l y  t o  b e  a v a i l a b l e  
f o r  s tumpage .  However some o f  t h e s e  a r e a s  may a c t u a l l y  b e  
u n a v a i l a b l e  d u e  t o  l e g a l  s t a t u t e  o r  management p o l i c y .  I n  t h i s  
d e m o n s t r a t i o n  a r e a s  t o  b e  e x c l u d e d  from h a r v e r t i n g  i n c l u d e  
i n r t i t u t i o n a l  a r e a s  ( c o g . ,  r c h o o l s  c h u r c h e s ,  e t c , )  a n d  p a r k  l a n d s .  
T h e s e  c o m p r i s e  o n l y  9% (396 a c r e r )  and a r e  s p a t i a l l y  c o i n c i d e n t  
w i t h  p o p u l a t e d  a r e a s  i n  most  i n s t a n c e s .  A s  a  r e s u l t  t h e  
c o n s i d e r a t i o n  o f  e x c l u d e d  o r e a s  o n l y  s l i g h t l y  d e c r e a r e s  t h e  
" l i k e l y  t o  b e  a v a i l a b l e "  a r e a s  t o  35.1% (15 ,916  s c r e r ) .  

The f i n a l  p h a s e  o f  t h e  model  combines  t h e  i n f o r m a t i o n  o n  acc:ess  
and  a v a i l a b i l i t y  f o r  t h e  m e r c h a n t a b l e  f o r e s t e d  a r e a r .  F i g u r e  5 
l o c a t e s  t h e  f o r e s t e d  a r e a s  t h a t  h a v e  good a c c e r s  and  a r e  l i k e l y  t o  
b e  a v a i l a b l e .  Of t h e  37 ,882  a c r e s  of  m e r c h a n t a b l e  f o r e s t s  o n l y  
5 ,145  a c r e s  a r e  i n  t h i s  d e s i r a b l e  c a t e g o r y .  Ia a d d i t i o n ,  with 
t h e  e x c e p t i o n  of  a  few t r a c t u ,  mos t  o f  t .hese  a r e a s  a r e  v e l l  
d i s p e r s e d  and r e l a t i v e l y  s m a l l .  T a b l e  1 summar izes  t h e  
a c c e s s l a v a i l a b i l i t y  i n f o r m a t i o n  f o r  a l l  o f  t h e  f o r e s t e d  a r e a s .  
Maps s i m i l a r  t o  t h e  o n e  i n  F i g u r e  5  c a n  b e  d i s p l a y e d  f o r  a n y  o f  
t h e  v a r i o u s  c o m b i n a t i o n s  o f  a c c e s s i b i l i t y  and  a v a i l a b i l i t y  o f  t h e  
f o r e s t e d  a r e a s .  The t o t a l  amount of f o r e s t e d  a r e a  w t i c h  m e e t s  t h e  
minimum r e q u i r e m e n t s  o f  t h i s  a n a l y s i s  i s  24 ,595  a c r e s .  The p u r e l y  
p h y s i c a l  i n v e n t o r y  of  t i m b e r l a n d s  g r e a t l y  o v e r b t a t e d  t h i s  a c r e a g e  
and  o f f e r e d  no i n f o r m a t i o n  a s  t o  t h e  r e l a t i v e  d e s i r a b i l i t y  a n d  
s p a t i a l  d i s t r i b u t i o n  o f  t h e  r e m a i n i n g  l a n d .  

An a d v a n t a g e  o f  c o m p u t e r - a s s i s t e d  map a n a l y s i s  i s  t h a t  o n c e  a  
model i s  d e v e l o p e d  and  t h e  a p p r o p r i a t e  d a t a  e n c o d e d ,  r e p e a t e d  
s i m u l a t i o n  of t h e  model  u s i n g  d i f f e r e n t  c a l i b r a t i o n  c o e f f i c i e n t s  
y i e l d s  i n s i g h t  i n t o  t h e  u n i q u e  c h a r a c t e r  o f  a n  a r e a .  F o r  e x a m p l e ,  
i f  e f f e c t i v e  s k i d d i n g  d i s t a n c e  i s  e x t e n d e d  f rom 0.5 m i l e r  t o  0.8 
m i l e s  and  p a r c e l  r i t e  r e d u c e d  f rom 480 a c r e s  t o  250 a c r e s ,  t h e  
h i g h l y  d e s i r a b l e  f o r e s t e d  a c r e a g e  i n c r e a s e s  f rom 5 , 1 4 5  t o  8 , 3 2 6  
a c r e s .  T h i s  method o f  s e n s i t i v i t y  a n a l y s i s  c a n  b e  u r e d  t o  
i d e n t i f y  t h e  more i m p o r t a n t  c o n r L d e r a t i o n s  a s  w e l l  as g i v e  a  r a n g e  
of  e x p e c t e d  s u p p l y  u n d e r  v a r i o u s  e n g i n e e r i n g  and  economic  
e n v i r o n m e n t s .  





TABLE 1. FORESTED AREAS BY ACCESSIBILITY 
AND AVAILABILITY CLASSES 

CLASS 1 

C U S S  2 

CUSS 3 

CLASS 4 

CLASS 5 

CLUS G 

CLASS 7 

CLASS 8 

CIASS 9 

- - -- 

0 G 186 

19 134 C 

64 7 0 45 

13 288 115 

5 e 11s 390 

173 595 eoo 
352 1,152 2,403 

429 1,491 947 

96 154 L73 

0 - not acceasltle and/or a\rarlable 
1 - low a~cesoibiii=y or availability 
2 - mderate sccecsi~i:ity or avallab~lity 
3 - high accessibility or ava~lability 

for axmpls.  "1/3" means area6 of low 
acceaeitf lity and high availability 

** C I J . S s  1 - hazdwood~j 41-60 fr . ; 81-iCOZ closure 
CLAS!; 2 - harciwoodai61-.8C ft. t Rl-1MI closure 
CLLSs 3 - ~oft*~mdta; 21-6Cz St. ; 30-bO% clnsure 
C W S  4 - noftwooda;61-80 f r  . i El-;GO* c:osura 
C w s  5 - mixeJw;ode(S/'H~ ili-60 ft.r39-e5% c l o s ~ o  
CUSS 6 - mix.du~od~(S/El;bl-80 ft.;JO-8C1 C ~ O S U ~ O  
CJASS 7 - nixedwood. (H/SI r21-60 ft. i 3 3 8 0 4  clamWe 
CLASS 8 - m i x ~ d w ~ o d ~  (H/S) 161-83 it. I 30-a01 C~GSU?. 

C m S  9 - mixrdwcodta~unevcn-.ga5) 
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CONCLUSION 

The model s e r v e r  a 8  a n  e x c e l l e a t  r t r a t e g i c  p l a n n i n g  t o o l ,  I t  
l o c a t c r  g e n e r a l  a r e a r  o f  l i k e l y  a c c e r r i b l e  and a v a i l a b l e  f o r e s t 8  
and p r o v i d e r  i n r i g h t  i n t o  t h e  s i g n i f i c a n t  f a c t o r 8  a f f e c t i n g  
p o t e n t i a l  s u p p l y ,  The a a a l y e i r ,  b o v e r e r ,  i r  n o t  i n t e n d e d  t o  
p r o v i d e  o u t p u t  u s e f u l  t o  t h e  h a r r e r t i o g  crew. R a t h e r  i t  i s  
i n t e n d e d  t o  b e t t e r  i n d i c a t e  a c t u a l  t i m b e r  s u p p l y  t h a n  c o n v e n t i o n a l  
i n v e n t o r y - d r i v e n  p r o c e d u r a r .  
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celeste Tracy 
Office of Green Acres 

Neu Jersey Department of -tal 
Trentzm, New Jersey 

W i t h  a need f i x  prclvldurg 
. . natural a d  ailtural mscuxe infoamatim 

of the state, the New J m y  Heri- man survleyed available ma@ng 
infonnaticn m ladamr and -ti= cumunities. Mcst aanaaily used 
sa.uxes, such as local lad use maps and aerial -, wxe seen 
as beirrg useful for individual si-, but e i c M  varied i n  their classi- 
fications ar omld rrot be used over w i v e  areas. 

W e  the Heritage Progrdtl was in its formtive q e s ,  early in 
1979, wz Qcidedthattkprogranarbarkanademmtmtionproject 
using Landsat satell i te infonmtim for the Great Egg Harbar Waterskd. 

The Iarvlsat denonstratian project uas initiated w i t h  the gaals of 
application (providing an inventory of -ti= oxmumiti- and Imd 
use) ; flexibility (providing a rrrethod of mllecting data w h i c h  can be 
updated or Itlodified in the future) ; and efficiency (allawing for an 
accqtable oost level by having staff u d e r t a h  the project and avoid 
m e  costly methods frcm air infx?rpretatian or an-site surveying) . 
SI#Y AREA 

T h e G r e a t E g g ~ ~ W a t e r s h d s w r e ~ a s t h e s t u d y  
area for W reasa?s. First, the New Jersey Wild & Soenic Rivers 
Progran was going ix~ exanine that area for its amsideration in the 
Prograan. The river or sections of the river -1d need to be classified 
as wild, scenic, recreationdl, or develcpd recreational. Tb ch that, 
it needed ladcover infomatian. Secodly, the New Jersey Pinelands 
Planning Camrissim and the Pinelands National Reserve both rapired the 
identificatim of critical natural areas. Even though tkse bm program 
were d u A h g  inventories, it was fel t  t h a t  a danonstratim project 
cmld provide additional infomatian on sane areas, and a t  t h ~ ?  sane 
time, those prograns wuld provide data that a u l d  serve as accuracy 
checks for the datrmsrratim project an other areas. In the long run 
^As double checking proved to  be very useful for a l l  the Frograns. 

The area of the Great Egg &ubr Water&&, inc ldhg  that of the 
Twkahoe, encanpasses appmximately 450 square miles i n  southern New 
Jersey be- Philadelphia and Atlantic City (Figure 1). Located in 
the Atlantic Outer C o a s t a l  Plain Physiographic Province, the tcpqraphy 
is f la t  to gently rolling. Ecologically part of the Pine Barrens, 
vegetative cammities include mostly salt  and freshwater marshes, suarrp 
hardma%, cedar bogs, pine daninant, and oak ckminant forests. Fire 
due to both ratural and man-made causes has greatly influenced the 
vegetation of the area. m u s e  the dcmiimt pitch and short leaf pines 
are very tolerant to fire, they have reined in rrrany forested areas 
which might otP.erwise have been destroyed. 
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Tkc;reat~ggHa&orandTudrahoeRivers,bothQainingintoGreat 
Egg ku%m Bay on the Atlantic Coast are the major surface mter systems. 
I m f h g  at any U.S.G.S. kpgnqhic qu&rangles are notioee a high 
desrpp of in the watershed. 'Lheae t&Aards are primarily 
classed as palustrine because of the dcminmrce of s m p  bnhmds (e.g. , 
tr iht  red maple, black gun), pitch p d ,  a d  to a nuch lesser extent 
Atlantic White Cedar. 

Th2 final classifiotim used vms n e  in all cases what rn first 
mrktdwith. During the axuseof the project, awer types were aMed 
or eliminated depndmg cm the abi l i ty  of the scmrned data tn pick cut 
certain oarers. Despite shim in class definition, any changes nrade 
still reflected a principl need of -tat and surnxndins land use 
delheatim. Farest cover types were classed so that they-wuld be an- 
sisixmt w i t h  tkse used by the P~~ Cannission. 9-e f inal  classi- 
fication assisted of the following amer types: 

1. Agriculture - misting prharily of r a ~  crops, or- 
charcls, and b l . !  faars. The nu6t &amckristic 
feature was the pexeptim of distinct rows. 

2. Fiela/pasture - primrily agriculture for dairy and brse 
f m ,  but also including abadmed fields,  golf awrses 
and large lawns. 

3. Developed- uxbanarid suburbanareas, rnajorrwds, 
railroads, and developed clusters such as for farms or  
public buildings. 

4. &re Soil - included to distinguish sand and gravel pits. 

5. Pitch Phe I ~ ~ l a n d s  - The class was a cat&all for areas 
in which pines £om a dense campy. 

6. Pine-Oak Forests-forests in which pines are daninant with 
sane oaks or noticeable oaks in the understory. The 
P M k  C l a s s  also a w e r s  recently burned areas in which  
pitch pines have mostly remined with lesser regeneration 
of oaks. 

7. Oak-Pine Forests - Mixed oak drminant forest, found w i t h  
theseoakdaninant cammities are pitch pines. 

8. Hardma3 Swap Forest - as indicated by the name, this is 
a lowland forest type, distinguishable by trident red 
maples, sveet gun and blac!: gun. 

9. Wetlands - maforested wtlands, either tidal or fresh 

10. Tidal Marsh - a catch-all c lassif icat im for wet areas 
which are, predaninently tidal. 



W i t h  a are-week training sessim at Goddard, initial clasdficat icn 
m n k w a s s t a r t e d w i t h ~ o n d e ~ g e m r a l g r a p i n g s o f s p e c t r a l  
values. Wewxkedwiththreepotent ia lsoenesfrrm1978boaeei f~  
or m m  was saibble for giving a relatively accurate acrrrer classifica- 
tian. A ~ s l s e r r e d i . d m t p r o d u o e e a s i l ~ d e f i n e d * c ~ " a n d w a s  
not used. An early ?yril m prochrced much ranre clearly defined 
inregesfcuforestsdareas. AmidJmesoeneappeamdsuitablefarsanre 
develqped areas. After *RtJcing w i t h  OSEEt and finding out whi& of 
€hree scems m suitable for our pmposes, we swi- to wing IDPIS 
w i t h  the help of NASA, ~ t r a t i n g  f i r s t  on the April scene, and 
finally to a a m b i n d  data set frrm April & June. 

Besides mrbuung 
. . m data sets, we alm used a anbind sq.emised 

a d  mapewised classificatim. For our totdl twelve cabgtxies e 
relied an 45 separate isoclasses which each exemplified particular 
subgrapings of a category, or were just qxid exaples of what w thuugfit 
vere a c a w .  Far- exarple, for the agriculture catecpy, we selected 
eleven different smple areas which were either archards, or in blue- 
berry, grain, and - farming praktion. mdif  ications to 
our classification map were mde as we encollltered p-lens alang the way 
and were doing sane spot checking of areas whi& e a r e d  t o  be blatant 
errors ar a t  least questionable.> For exarple, we kmw of me large 
blueberry f ield of -tely 600 acres which e had a s s d  to be 
all fief&. i n i t i a l  classification far the area s b d  sene -1- 
cped pixels. Knawing that  there b v e  M problens distinguishing 
between fields and dwelcped areas in other studies, w assuned those 
pixels to be jncarrect and changed them. Hoklwer, o r w ~  ve mt dckJn to 
that area, we found that  the developed classif icat im w s  carrect as 
there w x e  several barns and storage areas within the f ield i t se l f .  We 
then had to go back to the original classification which w a s  axrect in 
the f i r s t  place. 

NASA supplied us  with our final pmducts whi& m i s t e d  of large 
color prints of t k  whole st* area and also a series of three overlays 
of cuver for the im U.S.G.S. 1:24000 quadrangles which anrered the 
Great F q  Harbor Watershed and sunrrundFng areas. Geunetrically aorrected, 
these (=lays proved t o  be very useful for determuung . . - types and 
locatirq cover types in relation to other features noted on a quad. 

Once w! wxe fair ly satisfied w i t h  what had, u? then assessed 
certain areas t o  get a more definitive degree of accuracy besides just 
g e ,  o.k., or bad. We chose six smple areas to cxmmtrate cn, ranging 
in size fran 4 square mile to tm miles. These were U w i t h  the 
help of the Sensing Class of M r .  Ray Mueller a t  Stocktrn S t a t e  
College who perfarmed detailed on-site inspecti- of al l  of them. The 
sites were dx>sen muse they wm? largely representative of ~ r t a i n  
categories, carSsinatians of several categories, or ananalies. One of 
these anarual.\es incl- a forested area Mch had been burned only a 
fw years b e f ~ x e  our 1978 scmes. We were curious to see haJ accurate 
forest statistics were for this area as carpared to healthy stands. 
Besides the Stockton stulentsl surveys w also checked the areas against 
1972 U.S.G.S. -3rangles; The Pinelands Cannissicn Vegetation Maps 
which relied m s t t r  on an interpretation of aerial  plhotcs frun 1979, but 



in sane ca8eta fmn 1963; and 1: 35000 false -lor infrarad phobne frrm 
1977. For the acmracy an#raerrat, t r ~  developed "aonh im nratri.oesu of 

- all six smple areas, and using the gwrd truth a m m x ~ ~ ,  ocnpared enmy 
pixel to the a>rrespanding awer type. Altbugh, this trss an extmmdy 
tedious prwess, the table6 were very useful for shrrwing mt just axm&em 
arerrars, butalsowhxemistakesweremadeformeaavertypeagainst 
emry other ar?, and alaa for showing errors of ammission and anissim. 

The project area of appmxhmtely 525 square mile; s b d  that 61 
peroent of the total ama was forested. Of that, Oak/E'ine Forest was 
the met daninant cover type, k i n g  located in wlarrd areas. In the 

of fire, this forest awer is amsidered to be a climax amer 
type. FWdumd &knps can easily he sigh- along strean midom,  or 
are otherwise f a u d  in areas which have high water tables. 

Of a l l  the develm categories, agriculture is the most -.t 
use ard has rmstly been located either an the tplard or borders of the 
watershed; ar in the nortkm part, closer to the Philadelphia nretro- 
politan area. In mst cases, row q agriculture near lakes WEIS the 
result of cranberry bogs being filled in for blueberry cultivation. 
Agriculture also appears to be a l a n d m  in which fields are largely 
ancentrated mgether with other agricultural M-s. ?here are very few 
vies of tracts scattered through forested areas or located along 
roadways. Field and pasture areas, Wver, follow mads and shm a 
fairly randan distribution throughwt the watershed. Through s i te  
inspections it was found that several fields vmre actually abandaned 
agricultural lands, shlce gram eyer. 

Although & of the study area is lmland, cnly five percent was 
actually identified as being et land areas and almost nine percent 
water. These particular areas m d i s t i d s h e d  f r a r ~  other wt areas, 
st& as the hardwood swaps, by either being marsh areas which are 
partially flooded, bogs, or f locded forest areas which were clear cut or 
burned. Much of the study area included in the water growing was in 
the Great Egg Harbr E ~ t u a r y .  

Analysis of these results provided a mixed bag of oanclusians about 
the accuracy of our classification maps, but on the whole, the xesults 
were positive. 

In meeting our p l  of pmvidinq an inventory of vegetative ammmities 
a d  land use w hxl  -fie p~-cblems which related either to a problem 
of s mver type, the area, or the scene. Misidentificaticn is prcbably 
the first problem noted and w had several, although they related hack 
to the specific areas or the scene. Water is generally identified with 
a qreat deal of a m a c y ,  although for w of cnur areas, the accuracy 
rate was only 52 percent. What appeared to was that in the 
absence of a cloud shadcw class, low spectral values which wuld have 
keen assiqned to shadcw e r e  grouped into the next best thinq, in this 
case bei nq water. 



As I had mtid befare, sonre of our saqle areas far gmurd 
t r u t h i n g ~ ~ ~ u 6 e ~ ~ - e s -    of these included 
the Atlant ic  C i t y  Raoe Tradt and a s u m x d h g  m t .  E x a p t  for t h  
lawnandpondinthe~ofthetradc,themtiretradt,grandstand, 
and stable area vere classed as agriculture. The only reasan e omld 
thinkof astowhythishappemdwasthat tkwhlepatternof lam%mer 
vies that of altesMting rass of light and dark reflectance, similar to 
that of row crap3, bllt an a mrctr larger scale. Our ather ammlous area 
wasthatof akrrnedareaof approximately 1.5acres. Umkhgatazr 
~ ~ , ~ s a w 7 1 1 e ~ y c l e a r l y w b r e t h e r o a d s m f i \ n e s i d e s ~  
as fire breaks, w i t h  forest -s as decidmus (pre&dmntly 
aak-pine), but with the interior area noticeably aoniferous. The Iandsat 
class&htrage, tr lhen~truthedtotheinfrared~showedahigh 
errm rate for all  farest cateqxies. Wkm a mrmdl or aaxrate antingemy 
table waild have a d i ,  line, indicating that the Lardsat classification 
ma- the gmux3 truthed savoes, this table l i w l y  sb& a amfusim 
of pixel anmts being spr~& thm@m& all classes ex* w&lar& and 
water. Major categmies of cwer (forests, develq#d, quatic) m 
grcuped e y ,  but looking at hasthod farests or pin4uak 
forests, the aormcbes was 1Ck3 for this area. The qudlity of the 
stands thaTIselves was vtxy low, reflecting an -tan reaperating 
fran a fire which destrayed mu31 of the vegetaticn. Because of the 
fire, a mmil forest graJth pattern did not &st. Mhat trees remix& 
as cmlcpy wxe largely "he pines, but uver the last f e w  years, - 
and aaks were beginning to  f i l l  i n  the shrub layer in sarrt parts. In 
other parts which wwe burnt but not mdenping a great deal of shrub 
growth, the classes were largely carrect a d  the error was less than 
nine percent. 

The April scene a d d  haw been a major problem hecause of clouds- 
There was a large clod whi& was accomted for, but there were also 
mch srmller clouds in the soene that were not easily i h t i f i ed  in 
the study area. W s  did accamt for sane exrors in classification, 
largely m i x i n g  clods w i t h  agriculture far sac areas, and sh&w w i t h  
water, as I W before. 

The me awer type that we wanted but couldn't get was  Atlantic 
White Cedar Bogs. For using Landsat ta identify critical areas they 
posed as a classic Catch-22 exarple: they are largely diminishing in 
the state and ttrrefore amsidered a critical ratural category. But 
because they are so mal l ,  they could not be safely identified in our 
studyarea. ~ t r e r m l t e d ~ t h a t t h o s e w e k n e w o f w ? r e g r a u p e d i n  
either w i t h  wetlands or pitch pine lawland ca-ries. 

In the lcng run, t k  positive results aukneighed the negative, and 
e\lw tbse had r a n i f i c a a  for better results in the future. For cne 
Wnc, there are new acreage fig- for lardcxnrer in the tatershed. A 
big advantage of having data in a pixel or rectalinear f o m t  is  that is 
i s  easy to tabulate. If we want to use Larrdsat far charqe M a n  in 
the fukue, w i l l  have a nunerical base u, show just how many changes 
occur in the area, assuning the szme level of accuracy for both. 



Use of several scenes during different times of the year eew be 
W i c i a l  dPpervlins upcm the types of h m k ~ ~ ~ -  h i r e d .  In this 
particular case agricultural areas, w h i c h  dmge their m i n  surmer, 
were differentiated fran ~ l ~ t ,  which have d less -. The 
spectral values and the pattern of spectral values are very different in 
spring and surmer for the two. 

A anbined supervised and unsupervised agpmazh was beneficial and 
is recnmended for future Landsat xqping. U s i n g  existing grrrund tnrth 
sanoes aiM in  selecting sarple areas for training in the supervised 
eruach; these saumes also hehelp& in identifying the locaticns of 
particular oover types, given their different spectral values. An 
unsupervised training provled to be useful because classification was 
lMde on the basis of reflectance, cmsquently reducing the possibility 
of making e r m  by either assunhg a wver type ar making a supervised 
classification on the basis of questionable or scant infonnation. 

The pmblam w i t h  not being able to classify celar bgs and burned 
areas actually turned at ta be clods w i t h  silver i-. The very 
fact that ceda~ bogs were so small that thqr au ld  not be identified, 
only strengthened the fact that they axe a critical habitat and in 
danger of being eliminated. With the bumd  area, e at least realized 
that similar areas warrant a special classifi~1.tion because of differenes 
in the textures in the scene due ta regeneration. 

Only by directly working on a dem3nstratian project could v e  have 
realized the potential use of Landsat. W e  feel that we have met the 
goals that we had originally set out to meet and then sane. By mrkinq 
directly on the project we got a product, kt also a working h l e d g e  
of Landsat in realizing what it can and cannot do. When we amt inue  to 
do future work with Landsat, we w i l l  be able to look for classes which 
at?e lrrare reflective of a habitat w i t h  its various vegetative layers. 
Multi-tepral data sets w i l l  be used in the future for distinguishing 
spectral values for covers which shaw a noticeable change in  any a m  
season and t tmse avers  which are penmmnt. Particular attentim paid 
to the red and infrared bands can help mke that distinction. 

Based on the fact that we did Itlake several changes in a m  classifications 
aver a relatively short period of time, we feel that a Landsat-derived 
inventary i s  extranely flexible. Changes IMde in a matter of days or 
weeks w i t h  Landsat would have required mths w i t h  most other conventional 
techniques. We felt that we w t x e  not always lacked into a prescribed 
set of classes - i f  w wanted to add sam, we oaild; if w wanted tx~ 
delete sane, IK mlld;  and if we wanted to switch category labels fmn 
a~ isoclass signature to another, v e  could. 

Certainly al l  these features are mt EW revelatias to nrany. 
Several other projects w i l l  pruve the same thing. Even so, it's inpOrtant 
to reiterate then because it i s  just these features *ch can hpruve 
aur knCkJledge of emirormental characteristics and thereby make better 
decisions on resource consemation. 





ORIGINAL PAQE IS 
OF POOR QUALCrY 

T a b l e  1 

GmAT EGG HARBOR/TUCKAHOE WATERSHED AREA 

Landsa t  Der ived  Landcover 

Landcover 

Hardwood 

Oak P i n e  

P i n e  Oak 

P i t c h  P i n e  Lowland 

A g r i c u l t u r e  

F i e l d / P a s t u r e  

Bare  S o i l  

Developed 

Wetlands  

T i d a l  Marsh 

Water 

Cloud 

P i x e l s  

70,014 

130,783 

58,727 

10,894 

40,141 

38,955 

2,912 

25,197 

8 ,738 

13 ,473  

39,315 

1 ,219 

Acres -- 
43,268 

80,823 

36,293 

6 ,732  

24,807 

24,074 

1 ,799  

15 ,571  

5,400 

8,326 

24,296 

7  53 

TOTAL 440,359 272,142 

TOTAL SQUARE MILES 4  25 
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ABSTRACT 

A lev21 one l a ~ d  cover c lass i f i ca t i o . :  map i s  being produced w i t h  n ine 
categories u t i  1 i z i  ng Landsat information. Acreages f o r  each o f  the nine 
categories w i l l  be tabulated. An accuracy assessment w i l l  be performed 
on the r e s u l t i n g  data. Various uses o f  the Landsat data have been 
inves t i  ated f o r  in f luenc ing regional planning decisions. A cost lbenef i  t 
study w ! 11 be performed upon completion o f  the pro ject .  

INTRODUCTION 

Landsat land cover information i s  being u t i l i z e d  by Piedmont Planning 
D i s t r i c t  Comnission located i n  the State o f  V i rg in ia.  The Comni ssion i s  
a sub-state planning organizat ion serving seven counties and eleven small 
towns. It i s  one o f  twenty-two Planning D i s t r i c t  Comnissions i n  the  state.  
Piedmont Planning D i s t r i c t  i s  bas ica l ly  r u r a l  w i t h  an average population 
density o f  29 people per  square mile. 

Piedmont Planning D l  s t r i c t  Comni ssion i s  presently using the Landsat 
information t o  classify,  i n  nine categories, the land cover o f  the e n t i r e  
D i s t r i c t  f o r  inc lus ion  I n  the D i s t r i c t  Land Use Plan. To accomplish th i s ,  
the cen t ra l l y  located county o f  the D i s t r i c t ,  Prince Edward, w i l l  be 
c l a s s i f i e d  f i r s t .  Because o f  i t s  centra l  l oca t ion  and d i v e r s i f i e d  land 
cover, Prince Edward i s  representative o f  the e n t i r e  D i s t r i c t .  Once the 
land cover mapping o f  t h i s  centra l  county i s  complete, w i th  acreages 
tabulated and an acceptable accuracy level  obtained, the ssne spectral  
signatures w i l l  be used t o  develop land cover naps and acreages f o r  the 
remaining s i x  counties w i th in  the D i s t r i c t .  

This paper presents the p ro jec t  progress t o  date. The n ine categories 
o f  c l a s s i f i c a t i o n  are defined. The computer-conpatible tape select ion i s  
presented. Two unsupervised c lass i  f i ca t i ons  have been done, w! t h  50 and 
70 classes respectively. Twenty-ei ght spectral  classes have been developed 
using the supervised technique, enploying actual ground t r u t h  t r a i n i n g  
s i tes.  

The accuracy o f  the unsupervised c lass i  f i  cat ions are estimated through 
comparison w i th  loca l  county s t a t i s t i c s  and wi th  an actual p i x e l  count of 
Landsat in format i  on compared t o  ground t ru th .  



Various uses o f  the L'andsat information have been explored and l i s ted .  
Many other loca l  and s ta te  agencies were consult,ed on t h i s  matter. 

SELECTION OF CATEGORIES OF CLASS1 FICATION 

I t  was decided tha t  a leve l  one c l a s s i f i c a t i o n  would be s u f f i c i e n t  fo r  
use i n  the D i s t r i c t  Land Use Plan. Therefore the follow!ng nine categories 
o f  1 and cover were selected. 

WATER 

Thi s category includes r ivers,  lakes, farm ponds, creeks and sewage 
lagoons. I n  some cases the water w i l l  be overhung by trees, etc, i n  which 
case the area w i  11 be c l a s s i f i e d  as t h a t  which can be seen from above. 

NONFORESTED WETLAND 

This category includes marshes, swamps and some pasture/grassl arid 
which normally f loods along creeks o r  r i v e r s  during a per iod o f  average 
r a i n f a l l .  

FORESTED WETLAND 

This category includes marshes, swanps and wet areas t h a t  have trees 
o r  small bushes as vegetative cover. 

CON1 FER FORESTS 

This category includes evergreens, most l i k e l y  Jn V i rg in ia  t o  be cedar 
pine. The p!ne includes natural V i rg in ia  pine, black pine and an 

~undance o f  p l  anted lob101 l y  pines. Some white pines occur: htrurever, 
these are mostly ornamental. 

DECIDUOUS FORESTS 

This category includes a w f &  var ie ty  o f  n a t i  ve hardwoods, 
predominantly oaks, hickory, poplar, gun and maple. Also included i n  t h i s  
c l a s s i f i c a t i o n  category are cutover/brush areas where hardwoods have been 
harvested and those areas o f  natura l  regeneration o f  hardwoods. 

M I  XED FORESTS 

This category includes a mixture o f  the con i fe r  and deciduous areas. 
The r a t i o s  of the mix may vary; therefore, any area t h a t  cannot be 
i d e n t i f i e d  homogeneously as coni fer  o r  deciduous w i l l  f a l l  i n t o  the mixed 
category. 



This category includes a va r ie t y  o f  grasses t h a t  remain as grass f o r  
an extended per iod o f  time, i .e. f o r  longer than one growing season. 

CROPLAND1 ROADS 

This category includes ary land which i s  cu l t i va ted  and replanted 
from year t o  year. Roads appear i n  t h i s  category due t o  the t iming o f  
the information. I n  ear ly  spring the cropland i s  j u s t  being plowed o r  
planted w i th  no vegetation appearing. Roads are a mixture o f  the  pavement 
and grasslbare ground t o  the sides; therefom, the  spectral  signatures 
o f  t he  roads and cropland are s imi lar .  

DEVELOPED 

This category includes indus t r i a l ,  comnercial and res iden t ia l  areas. 
should be noted t h a t  t h i s  c l a s s i f i c a t i o n  category i s  the most d i f f i c u l t  
establ ish due t o  the mix o f  things t h a t  w i l l  appear i n  one p i x e l  o f  1.1 

acres. Small towns should be iden t i f i ed ,  but  ind iv idua l  bui ld ings out 
i n  the counties w i l l  be included i n  other categories due t o  t h e i r  small 
size. 

SELECTION OF COMPUTER-COMPATIBLE T A E  

A computer-compatible tape set was ordered from EROS Data Center near 
Sioux Fal ls ,  South Dakota dated A p r i l  28, 1978. This was a r e l a t i v e l y  
c lear  date wi th low cloud cover. Being ea r l y  spring, there was l i t t l e  
fo l i age  on deciduous trees making them more e a s i l y  d is t inguishable from 
coniferous trees. Cropland a t  t h i s  t ime would e i t h e r  be f resh ly  plowed o r  
f resh ly  planted w i th  no v i s i b l e  vegetative cover, w i th  the  exception o f  
w in ter  crops such as wheat. This would, f o r  the most par t ,  make the 
cropland eas i l y  dist inguishable from the pasturelgrassland. 

One other fac to r  g reat ly  in f luencing the use o f  the A p r i l  1978 tapes 
was the level  o f  moisture. This p a r t i c u l a r  date was a high water per iod 
i n  Fiedmont Planning D i s t r i c t ;  therefore, some flooding appears i n  the 
c lass i f i ca t i on .  

UNSUPERVISED CLASSIFICATION 

An unsupervised c l a s s i f i c a t i o n  i s  done by a1 lowing the conputer t o  
select  the classes w i th  no reference t o  actual ground t r u t h .  A 50-category 
c lass i f i ca t i on  was done f o r  Prince Edward County. These 50 categories 
were then grouped, according t o  t h e i r  mean values, i n t o  the nine classss 
selected for  the pro ject .  Those categories w i th  t h :  closest mean values 
were coh ined  i n t o  one class. 



The county boundaries were then d i g i t i z e d  and s t a t i s t i c s  tabu1 ated 
fo r  each class i n  Prince Edward County, 

Table I.  - PRINCE EDWARD COUNTY ACREAGES 

UNSUPERVISED WITH 50 CLASSES 

Water . . . . . . . . . . . . .  1,581 acres 

Nonforested Wetland . . . . . .  1,836 

. . . . . .  Forested Wetland .24,682 

. . . . .  Coniferous Forests .43,971 

. . . . . .  Deciduous Forests .53,531 

Mixed Forests . . . . . . . .  .23,138 

Fasture/Grassl and . . . . . .  .32,514 

Developed . . . . . . . . . . .  558 
- -- 
217,121 acres 

I n  order t o  taks a c loser  look a t  the county c lass i f i ca t i on ,  a blow- 
up o f  the Farmvi'lle area was done. The same unsupervised technique w i t h  
the  50 categories was appl ied t o  the Farmvi l le area. This area was then 
scaled t o  approximate an a e r i a l  photograph o f  the saw area dated March 
1979. A g r i d  was prepared f o r  the Landsat map and the a e r i a l  photo. 
Speci f ic  points were compared on each t o  determine i f  the Landsat mapping 
general ly agreed w i th  the ae r ia l  photograph. Many o f  the points on the 
a e r i a l  photograph were v i s i t e d  t o  be ce r ta in  o f  the ground cover. 

During the comparisons o f  the iandsat mapping and the a e r i a l  
photograph, several problem areas were detected. For example, there 
was too much coniferous fo res t  appearing on the landsat map, an area o f  
f looded pastureland was showing up a; a developed area and some cropland 
was i d e n t i f i e d  as forests. Because o f  these problems, another unsupervised 
c l a s s i f i c a t i o n  was run w i th  70 categories selected by the computer. It 
was hoped tha t  the add i t i sna l  categories would separate some o f  these 
i d e n t i f i e d  problem areas. The spec i f i c  problem area; d i d  not  improve; 
however, the overa l l  c lass i f i ca t i on  acreages d i d  change. The most 
s ign i f i can t  changes from the 50 classes t o  70 classes included a decrease 
i n  water, coniferous forests and an Increase f n  cropland. 



CLASS 

Table 11. - COWARISON OF FAMVILLE AREA 

ACREAGES I N  50 AND 70 CATEGORIES 

Ua t e r  

Nonfores ted  Wet 1 and 

Forested Uetland 

Coniferous Forests 

Deci duous Forests 

Mixed Forests 

Past ure/Gras s 1 and 

Crop1 and/ Roads 

Devel oped 

Total 

50 CATEGORIES 70 CATEGORIES 

522 

1,574 

14,172 

14,056 

1 7,296 

11,459 

13,920 

25,373 

378 

unc lass i f ied  131 

% CHANGE 

SUPERVISED CLASS1 FICATION 

A supervised c l a s s i f i c a t i o n  involves the se lec t ion  o f  t r a i n i n g  s i t e s  , 
c lass i f y ing  them and " t ra in ing"  the computer t o  f i n d  a l l  s i m i l a r  areas. 
Using an a e r i a l  ph~tograph o r  a topographical map, t r a i n i n g  s i t e s  are 
mapped from actual ground t ru th .  The t r a i n i n g  s i t e s  should be a t  l eas t  
5 acres. The la rge r  the area the  bet te r .  The most uniform areas are 
preferably selected f o r  t r a i n i  ng s i  tes . 

Once the t r a i n i n g  s i t es  are selected and located i n  the Landsat image, 
s t a t i s t i c a l  analysis i s  then run on each s i te .  Tne spectral  signatures 

f the most uniform t r a i n i n g  s i t e s  are then keyed i n t o  the computer. The 
computer then i d e n t i f i e s  a l l  other areas of the same spectral  s ignature 
o r  those areas w i t h  spectral  signatures w i t h i n  a given c r i t i c a l  distance. 
For exanple, a 10-acre block of deciduous forests i s  i d e n t i f i e d  w i t h  a 
spectral  s ignature i n  the four  Landsat channels of: 



Channel 1 2 3 4 
Signature 20.00 22.58 49.33 51.00 

The computer i s  t o l d  t o  c lassi fy a l l  areas w i th  t h i s  signature o r  w i th in  
a c r i t i c a l  distance o f  X from t h i s  signature as deciduous forests. 

To date, 28 categories have been i den t i f i ed  i n  the Farmvil le area 
wi th ground t ru th .  Approximately 20 percent o f  the area s t i l l  remains 
t o  be c lassi f ied.  

CLASS - 
Water 

Nonforested Wet1 and 

Forested Wetland 

Coniferous Forests 

Deciduous Forests 

Table 111. - FARMVILLE AREA CLASSIFICATION 

SUPERVISED wi th  28 CATEGORIES 

ACREAGES 

32 3 

1,055 

13,319 

2,399 

28,039 

M i  xed Forests 

Pasture/Grassl and 

Developed 

Unclassified 

ACCURACY ASSESSMENT 

Although the c lass i f i ca t ion  o f  Prince Edward County i s  not yet  f i n a l ,  
t h i s  section w i  11 discuss the accuracy o f  the prel iminary mapping and 
tabulations. Two methods o f  assessment are discussed: 1) comparison o f  
acreages wi th  pr inted local  County s ta t i s t i cs ,  and 2) an actual p i xe l  
count from Landcat conpared t o  a ground t r u t h  source. 

The p ixe l  count method i s  presented f o r  the Fannvil le area 
c lass i f i ca t ion  using both the 50 and 70 categories. Note tha t  t h i s  paper 



presents only an exanple o f  t h l s  method wi th a sanple o f  W0  pixels. When 
the f i n a l  c lass i f ica t ion map i s  obtained, a more comprehensive count o f  
p i  x e w l l  be undertaken t o  provide a s t a t i s t i c a l l y  v a l i d  tes t .  

COMPARISON WITH LOCAL STATISTICS FOR PRINCE EWARD COUNTY 

Local county s t a t i s t i c s  were avai lable for  t o t a l  acreage and only 
three separate c lass i f ica t ions i n  Prince Edward County. There i s  some 
discrepancy i n  t o t a l  acreage f o r  the county. This i s  possibly due t o  
d i g i t i z i n g  the county boundary. 

According t o  the Department o f  Highways and Transportation, Prince 
Edward County has 225,977.6 acres. Landsat mapped 217,121 acres which i s  
96.1 percent o f  the actual. 

For indiv idual  c lassi f icat ions,  s t a t i s t i c s  are avai lable f o r  cropland, 
pastureland and forests. According t o  the 1974 Census o f  Agriculture 
there were 39,012 acres of cropland compared t o  35,310 acres i n  the 
pre1im;nary Landsat c lass i f i ca t ion  wi th 50 categories. This i s  a dif ference 
o f  9 percent. Pastureland covered 29,984 acres i n  1974 according t o  the 
Census o f  Agriculture. Prel iminary Landsat f igures indicated there were 
32,514 acres of pasturelgrassl and. This i s  a dif ference o f  8 percent. 

According to  the Div is ion o f  Forestry there were 163,327 acres o f  
forest  land i n  Prince Edward County i n  1976. Preliminary Landsat figures 
show 145,322 acres o f  forest  land. This i s  a difference o f  11 percent. 

COWARI SON WITH LOCAL STAT1 ST1 CS FOR VAUGHAN ' S CREEK AND FISHPOND CREEK 
MATE RSH E DS 

I n  1976, Soi l  Conservation Service estimated land use acreages f o r  the 
watersheds o f  Vaughan's Creek and Fishpond Creek. These figures are t o  
be used i n  an Environmental Impact Statement f o r  the Upper Appomattox 
Watershed appl icat ion. These same boundaries were d i g i t i zed  on the Landsat 
image. Again the t o t a l  acreage d i f f e r s  from county f igures. This could 
be due t o  the d i g i t i z i n g  process o r  an inaccurate estimate by the county. 
The nine c lass i f ica t ions o f  Landsat data were grouped i n t o  4 general 
categories t o  match the SCS classes. When tabu1 ated, Landsat indicated an 
increase i n  cropland/grassl and and a decrease i n  woodl and. 



Table I V ,  - WATERSHED STATISTICS FROM SOIL CONSERVATION 

SERVICE COMPARED TO LANDSAT STATISTICS 

VAUGHAN' S CREEK WATERSHED 

Landsat % o f  SCS County % o f  
CLASS Acrease To ta l  Acreage To ta l  

Crop1 and 2,455 14.8 2,102 12.5 

Grassland 3,940 23.7 3,278 19.5 

Woodl and 9,923 59.7 10,592 63 

Mi sce 1 1 aneous 29 3 1.8 84 1 5 - - - 
16,611 100% 16,813 1 00% 

FISHPOND CREEK WATERSHED 

Landsat X o f  SCS County % o f  
CLASS Acreage To ta l  Acreage To ta l  

Crop1 and 1,283 15 70 7 8 

Grass1 and 1,010 11 480 5 

Wood1 and 6,371 7 2 7,741 85 

M i  sce l  1 aneous 1 38 2 - 1 36 - 2 - 
8,802 100% 9,064 100% 

PIXEL COUNT METHOD 

For purposes o f  demonstrating t h i s  method, a 20 p i x e l  by 20 p i x e l  
area was se lec ted  on t he  Farmv i l l e  Area image from bo th  t he  50 and 70 
category unsupervised c l a s s i f i c a t i o n s .  This sample b lock o f  400 p i x e l s  
contains some o f  a l l  the  n i ne  classes se lected f o r  the  p r o j e c t .  The 
sample b lock  was loca ted  on the a e r i a l  photograph and v i s i t e d  t o  determine 
actua l  land cover. 

The r e s u l t s  o f  count ing the actua l  p i x e l s  mapped c o r r e c t l y  and i n -  
c o r r e c t l y  showed an ove ra l l  mapping accuracy o f  56 percent f o r  the  un- 
supervised c l a s s i f i c a t i o n  w i t h  50 categor ies of  the Farmvi l l e  area. The 
unsupervised c l a s s i f i c a t i o n  w i t h  70 categor ies showed 54 percent accuracy. 



This mthod o f  accuracy assessment takes i n t o  cons1 deration those 
pixels i n  each class tha t  were i den t i f i ed  correct ly, those tha t  were 
omitted f r o m  the correct class and those p ixe ls  that  were conmitted t o  
an incorrect class. This i s  shown i n  the form o f  a Confusion Table. 

USES OF LANBAT LAND COVER INFOMATION I N  REGIONAL PLANNING 

LOCAL PLANNING DOCUMENTS 

The land cover maps w i l l  be used i n  many local  planning documents such 
as the D i s t r i c t  Land Use Plan and County Comprehensive Plans. P r i o r  t o  
the use c f  Landsat mapping, a local  land use map involved a map wi th  
actual structures, i .e. houses, businesses and industr ies located 
throughout the area. These data were obtained through a windshield survey. 
The largest par t  of an area was most o f ten l e f t  blank and labeled 
agr icu l tura l  and forested land. This area i s  where Landsat information i s  
most benefic1 a1 . 
WATERSHED PROJECTS 

Again, the land cover maps are useful i n  watershed projects as the 
Soi l  Conservation Service compiles t h e i r  Environmental Impact Statements. 
One project  i n  part icular ,  Bush River Watershed, had been approved by a l l  
agencies requi red except the Envi ronmental Protection Agency (EPA). EPA 
was holding up approval on the premise that  too many acres o f  wetlands 
would be destroyed by the project.  Landsat f igures could ve r i f y  the 
wetland acreages and over time show the wetland variat ions i n  other water- 
shed projects. 

STUDY OF SILTATION FWBLEMS I N  LAKE CHESDIN 

Lake Chesdin, when o r i g i na l l y  b u i l t  i n  1967, was planned t o  l a s t  f o r  
49 years. A t  the present rate o f  s i l t a t i o n  going on i n  the lake, i t  i s  
now estimated t o  l a s t  only 24 years. Landsat could map the land cover and 
monitor problem areas, such as cutover forest land, wnicn may be contr ibut-  
ing t o  the shortened l i f e  o f  the Lake. 

STUDY OF CROPLAND ACREAGES AND DISEASED CROP AREAS 

Tobacco i s  one o f  the main cash crops i n  the Piedmont Planning D i s t r i c t .  
Several diseases are present i n  the area which affect tobacco such as 
blue mold arrd black root. I n  some cases, special treatment o f  the soi 1 
i s  needed t o  prevent the disease from recurr ing o r  spreading. Landsat 
land cover mapping could monitor the diseased areas over a period o f  years. 
This project  i s  o f  par t icu lar  in terest  t o  the State Extension Service and 
the Southern Piedmont Research Stat ion which studies these diseases. 



LOCATION OF GEOLOGIC FORMATIONS 

The Div is ion  o f  Mineral Resources i s  p a r t i c u l a r l y  in terested i n  the  
land cover mapping since vegetative cover i s  o f ten  a key t o  what 
geologic formations are below the  surface. Geologic mapping i s  very 
l i m i t e d  w i th in  the D i s t r i c t ;  therefore, t h i s  p o s s i b i l i t y  fo r  Landsat would 
be an asset t o  planning i n  the  area. 

USEFUL IN ZONING AND GROWTH CORRIDOR STUDIES 

Prince Edward County i s  studying the p o s s i b i l i t y  o f  zoning the e n t i r e  
county f o r  the f i r s t  time. Prime ag r i cu l tu ra l  zoning i s  being considered. 
Landsat 1 and cover mapping woul d show the county exact ly  where i t s  
ag r i cu l tu ra l  land i s  located. 

A Growth Corr idor  Study i s  now being done i n  the Farmvi 1 l e  Area. Land 
use i s  a major considerat ion which Landsat can provide. Over a per iod o f  
years Landsat could a lso show the d i r e c t i o n  t h a t  actual growth has taken. 

FORESTRY SURVEY 

The forest industry provides a la rge percentage of Piedmont Planning 
D i s t r i c t ' s  base employment. With approximately 70 percent o f  the  D i s t r i c t  
i n  fo res t  land, t h i s  i s  a resource which needs t o  be managed. 

Another Planning D i s t r i c t  i s  in teres ted i n  studying i t s  fo res t  
resources as a possible energy source i n  the future. Landsat land cover 
information could be u t i l i z e d  i n  these e f f o r t s .  

CONCLUDING REMARKS 

Piedmont Planning D i s t r i c t  Commission, i n  the  course o f  i t s  
Demonstration Project,  has consulted many other s ta te  and loca l  agencies i n  
the use o f  the Landsat information. A l l  are i n  agreement about the great 
po tent ia l  f o r  use o f  the Landsat land cover information, especia l ly  the 
comparisons t h a t  can be made over a per iod o f  years. Landsat land cover 
information i s  viewed not as an all-encompassing answer, but as a too l  f o r  
regional p l  anni ng and resource management. 
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Table V I .  - Confusion Table - Farmville Area 

Water 

Unsupervised Classification with 70 Classes 
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LANDSAT APPLICATIONS BY THE ADIRONDACK PARK AGENCY FOR LAND COVER 
ANALYSES AND MIREST COVER CHANGE 

John S. Banta, Di rec to r  of Planning 
Adirondack Park Agency 

Raymond P. Curran, Supervisor ,  Resource Analysis Unit 
Adirondack Park Agency 

ABSTRACT 

The New York S t  . ' a  Adirondack Park Aqency is u s i n g  Landsat imagery t o  
provide c u r r e n t ,  c o n s i s t e n t  parkwide d a t a  o a  f o r e s t  cover,  f o r e s t  change 
and o t h e r  land cover  c h a r a s t e r i s t i c s  f o r  t h e  Adirondack Park, an  a r e a  of 
9,375 sq. miles (24,28C km'). Such d a t a  a r e  not  a v a i l a b l e  from convent ional  
sources .  Land cover c h a ~ a c t e r i s t i c s  w i l l  be  presented i n  both t a b u l a r  and 
v i s u a l  formats  t o  f a c i l i t a t e  Agency ylanning func t ions ;  inc lud ing  b o t h  a 
d e t a i l e d  j o i n t  Government - Ina~ tzy  a n a l y s i s  of I n t e n s i v e  Timber Harvesting 
i n  t h e  Adirondack Park;  and t h e  i n s t a l l a t i o n  of a Geographic Information 
System t o  a s s i s t  i n  economic and n a t u r a l  r esource  informat ion,  s t o r a g e ,  
r e t r i e v a l  and a n a l y s i s  by t h e  Adirondack Park Agency. This  work i s  i n  p rogress  
and prel iminary products a r e  expected i n  t h e  s p r i n g  of 1981. The p r o j e c t  w i l l  
be completed by December 31, 1981. 

I n  October 1979 t h e  Adirondack Park Agency i n i t i a t e d  a s tudy  of i n t e n s i v e  
ha rves t  p r a c t i c e s  i n  o rder  t o  c l a r i f y  i t s  j u r i s d i c t i o n  over " c l e a r c u t t i n g "  i n  
t h e  p r i v a t e  f o r e s t s  of t h e  Adirondacks. The cooperat ion o f  government, 
i n d u s t r y ,  p r o f e s s i o n a l  f o r e s t e r s ,  and o t h e r  i n t e r e s t e d  groups was s o l i c i t e d  
t o  adv i se  and guide t h e  work. The s tudy was prompted by concerns t h a t  i n -  
c r e a s i n g  demands f o r  wood and wood products  could l e a d  t o  h a r v e s t  a c t i v i t i e s  
t h a t  would have an  adverse  e f f e c t  on t h e  long-term economic h e a l t h  and environ- 
mental q u a l i t y  of t h e  region.  Based on t h e  r e s u l t s  of t h e  s tudy,  t h e  Adiron- 
dack Park Agency expec t s  t o  r e v i s e  i t s  r u l e s  and r e g u l a t i o n s  regard ing  t h e  
use of c l e a r c u t t i n g  and s i m i l a r  f o r e s t  p r a c t i c e s  i n  t h e  Park. The involvement 
of t h e  NYS Department of Environmental Conservation and o t h e r  pub l ic  and 
p r i v a t e  i n t e r e s t s  concerned wi th  f o r e s t  management i n  the  Park w i l l  a l s a  
c o n t r i b u t e  t o  t h e  Nt* York S t a t e  Forest  Resources Planning Program conducted 
by t h e  Department of Environmental Conservation. 



SURVEY PURPOSES 

A survey of f o r e s t  cover i d e n t i f y i n g  b a s i c  c h a r a c t e r i s t i c s  w i l l  g ive  
a q u a n t i t a t i v e  assessment and geographical ly  r e fe renced  a n a l y s i s  of  e e v e r a l  
p lanning and o p e r a t i o n a l  i s s u e s  b e f o r e  t h e  Adirondack Park Agency including:  

1) D i s t r i b u t i o n  and s c a l e  of  i n t e n s i v e  t imber h a r v e s t i n g  a c t i v i t y ;  

2) D i s t r i b u t i o n  and s c a l e  of s p e c i a l  i n t e r e s t  a r e a s  ( p r i n c i p a l l y  
f o r e s t e d  wetlands and unique h a b i t a t  a r e a s )  ; 

3) Base l ine  informat ion f o r  f u t u r e  r e f e r e n c e  of l a rge - sca le  
i n t e n s i v e  t imber h a r v e s t i n g  wl th in  t h e  Park. 

The survey of  t h e  Park us ing  Landsat d a t a  is  i n  a d d i t i o n  t o  a ground 
survey of randomly s e l e c t e d  ITHIclearcut  s i t e s  w i t h i n  t h e  Park and s t a t i s t i c a l  
a n a l y s i s  of t h e  USFS f o r e s t  survey f o r  t h e  Northern New York region.  

SURVEY TECHNIQUES 

The cho ice  of useable  Landsat d a t a  was l i m i t e d  by c l i m a t i c  conditions 
f o r  success ive  days over  t h e  r e l a t i v e l y  l a r g e  s t u d y  a r e a  s i n c e  t h e  s a t e l l i t e  
does not  cover  t h e  e n t i r e  Park on a s i n g l e  pass .  The Adirondack Park i s  
roughly 9,725 square  mi les  i n  s i z e .  Cloud-free d a t a  were a v a i l a b l e  f o r  
October,  1972 ( a  dormant v e g e t a t i v e  per iod)  and August, 1978. Data were 
provided t o  a c o n s u l t a n t  who h a s  undertaken t h e  t e c h n i c a l  a n a l y s e s  f o r  t h e  
Agency. 

P r i o r  t o  performing an i n i t i a l  c l a s s i f i c a t i o n  of t h e  d a t a ,  boundar ies  
of t h e  s tudy  a r e a  were d i g i t i z e d ,  d a t a  enhanced, and f i n a l l y  t h e  d a t a  were 
geograph ica l ly  r e c t i f i e d .  

Cc-.Adsring t h e  goa l s  of t h e  ITH Study, a c l a s s i f i c a t i o n  system was 
devised which emphasized the  b a s i c  land cover types  of t h e  Park -- hardwoods, 
sp ruce- f ix ,  p ine ,  wet c o n i f e r ,  brushland,  g rass land ,  a g r i c u l t u r a l  a r e a s ,  
exposed e a r t h ,  "urban" a r e a s ,  and water  bodies.  To i n c r e a s e  t h e  l e v e l  of 
informat ion a v a i l a b l e  f o r  comparisorl of success ive  Landsat d a t a  e lements ,  
cover type  c l a s s i f i c a t i o n s  f o r  d i s t u r b e d  f o r e s t  land were a l s o  chosen -- 
c u t  hardwoods, r egenera t ing  hardwoods, and c u t  spruce  f i r .  



Tra in ing  samples f o r  i n i t i a l  c l a s s i f i c a t i o n  of t h e  1978 d a t a  u t i l i z e d  
approximately 36 t r a i n i n g  sample s i t e u  wi th  good ground survey informat ion 
r e l e v a n t  t o  t h e  1978 d a t a  s e t .  

F i e l d  v e r i f i c a t i o n  o f  t h e  1978 c l a s s i f i c a t i o n  h a s  revea led  an accura te  
d i f f e r e n t i a t i o n  of  f o r e s t  t y p e s  wi thi l l  types  and between nonfores ted l fo res ted  
a r e a s .  The 1 : a s s i f i c a t i o n  a c c u r a t e l y  d e t e c t s  f o r e s t  land distu:bances; 
however, i t  ,s not  always d e s c r i p t i v e  o f  the  l e v e l  of d i s tu rbance .  For 
example, t h e  "cut  hardwoods" c l a s s i f i c a t i o n  i n c l u d e s  a r e a s  of low s tock ing  
of hardwoods, i r r e s p e c t i v e  of windthrow, d i s e a s e ,  o r  c u t t i n g ;  t h e  "pasture" 
c l a s s i f i c a t i o n  included i n  a d d i t i o n  t o  pas tured a r e a s ,  a r e a s  of very  heavy 
c u t t i n g ,  and openings i n  f o r e s t l a n d .  

Wet c o n i f e r  and pine a r e a s  were found t o  be very  r e l i a b l e ;  however, 
because of d ry  s o i l s  i n  August 1978, nonfores ted  wet lands  tended t o  be  
c l a s s i f i e d  on t h e  b a s i s  of t h e  emergent v e g e t a t i o n  r a t h e r  than  on wet s o i l .  

Another problem i s  t h e  i d e n t i f i c a t i o n  of "water" c l a s s i f i c a t i o n s  on 
s t e e p  s l o p e s ,  poss ib ly  caused by blowdowns i n  a r e a s  of g rea t  - e l i e f  and/or  
bedrock, o r  shadow. 

These problems a r e  p r e s e n t l y  be ing  r e c t i f i e d  and a  second s e t  of 
t r a i n i n g  samples de f ined  f o r  use  i n  c l a s s i f y i n g  t h e  1972 d a t a .  

APPLICATIONS 

The primary a p p l i c a t i o n  of t h i s  work i n  p rogress  w i l l  be  i n  suppor t  
of t h e  I n t e n s i v e  Timber Harvest  Study desc r ibed  above. The Landsat d a t a  
i n t e r p r e t a t i o n s  a r e  a l s o  expected t o  be  of va lue  f o r :  1 )  a  q u a n t i t a t i v e  
assessment of wet lands  w i t h i n  the  Adirondack Park;  2 )  r e source  a n a l y s i s  i n  
l o c a l  p lanning w i t h i n  the  ?ark;  and,  3) review and e v a l u a t i o n  of the  
Adirondack Park Land Use and Development Plan and Map. For a d d i t i o n a l  
informat ion a s  t h e  s t u d y  p rogresses  c o n t a c t :  Adirondack Park Agency, 
P. 0. Bc-: 99, Ray Brook, New York 12977. 



ERRSAC CONTRIBUTIONS TO THE SEARCH FOR APPALACHIAN HYDROCARBONS 

Herbert W. BloCget 
Eastern Regional Rernote Sensing Applications Center (EP'AC) 

NASAICoddard Spsce F l igh t  Center 
Greenbelt, HD 20771 

ABSTRACT 

An inves t iga t ion  t o  assess t h e  appl ica t ion  of enhanced Landsat imagery f o r  
hydrocarbon explorat ion i n  Appalachia was ca r r i ed  out  j o i n t l y  by ERRSAC, t h e  
Appalachian Regional Conmpission, and geologis t s  from s w e n  Appalachian s t a t e s .  
The primary object ive was t o  determine t h e  u t i l i t y  of lineaments i den t i f i ed  on 
Landsat imagery a s  an  explorat ion t o o l  i n  t h e  search f o r  hydrocarbons within 
th ree  Appalachian test sites. 

The study was conducted in c w ,  stages .  The initial s t age  was designed t:o 
iden t i fy  t h e  optimum Iandsat imagery enhancement technique f o r  displaying 
lineaments. The second s t age  was an ana lys i s  of t he  Landsat lineament da t a  end 
co r r e l a t i on  of t h e  r e s u l t s  with o i l  and gas f i e l d  information f o r  each of t h r ee  
test sites. Good co r r e l a t i ons  were found f o r  severa l  s t a t e s .  Successful tech- 
niques can be incorporated i n t o  a broader explorat ion model. 

INTROCJCTION --- 
In  ea r ly  1977 NASA embarked on a p i l o t  study t o  determine the  a p p l i c a b i l i t y  

of enhanced Landsat imagery f o r  o i l  and gas  expiorat ion i n  Arpalachia. This 
project  was conducted j o i n t l y  by ERRSAC, t h e  Appalachian Regional Conrmission, 
and geologis t s  from th ree  Appalachian states. The immed-iate ob jec t ive  was t o  
determine i f  lineaments i den t i f i ed  on Landsat imagery could be used a s  a t o o l  in  
petrole-,rn exploration. In p a r t i c u l a r ,  it  was sought t o  determine i f  t h e  f rac-  
t u r e  x n e s  wh-lch commonly form re se rvo i r s  f o r  Devonian Shale-gas production a r e  
manifest at ground l e v e l  and v i s i b l e  f ro= Landsat a l t i t u d e s .  

Lineaments, as defined here, a r e  l i n e a r  o r  sub-linear t r a c e s  seen on 
Landsat imagery. Research has shown thiit they frequent ly  r e f l e c t  subsurface 
geological f r ac tu re s ,  t h e  most common of which a r e  j o i n t s  and f a u l t s .  Such 
f a u l t s  may improve r e se rvo i r  c h a r a c ~ e r i s t i c s  and can a l s o  be important i n  t h e  
f oma t ion  of c e r t a i n  c l a s se s  of s t r u c t u r a l  hydrocarbin t r a p s  (Levorsen, 1967, 
p. 267, and Kostura and Ravenscroft, 1977). Promising r e s u l t s  from t h e  p i l o t  
study conducted a t  t he  5-county, Kentucky-Ohio-West Virginia  test s i t e  
(Figure 1) led t o  t he  i n i t i a t i o n  of a more comprehensive study tha t  included 
two addi t iona l  test sites and geologis t s  from four  more s t a t e s .  

METHODOLOGY-RESULTS 

The expanded inves t iga t ion  was accomplished i n  two s tages ;  t he  f i r s t  was 
designed t o  iden t i fy  the  ~ p e c i f i c  h n d s a t  imagery enhancement best  su i ted  fo r  



disp lay ing  l ineaments;  t h e  second cons i s ted  of p l o t t i n g  l ineaments  and making an  
a n a l y s i s  of t h e  lineament t r e n d s  i n  r e s p e c t  t o  both  l o c a l  ~ ) e o l o g i c a l  s t r u c t u r e  
and reg iona l  t e c t o n i c s .  This  included c o r r e l a t i o a  of t h e  lineament d a t a  wi th  o i l  
and g a s  f i e l d  product ion informatjon.  

I n  t h e  f i r s t  phase, each of t h e  s t a t e  teams of g e o l o g i s t s  was provided wi th  
12 images of i ts test s i t e ( s ) .  The s e t  included f o u r  d i f f e r e n t l y  enhanced 
images f o r  each of t h r e e  seasons--spring, summer, and f a l l  (Wescott and Smith, 
1979). Even though t h e r e  were wide d i f f e r e n c e s  i n  t h e  t r a i n i n g  and background of 
t h e  i n t e r p r e t e r s ,  and no c o l l a b o r a t i o n  among teams, t h e r e  was almost unanimous 
agreement i n  t h e  conclus icns .  I n  p a r t i c u l a r ,  it w a s  ind ica ted  t h a t  win te r  o r  
"leavcs-off" imagery provided t h e  bes t  seasonal  da ta .  The sun w a s  a t  its lowest 
ang le  i n  r e s p e c t  t o  t h e  e a r t h ,  snd t h e  increased shadow l e n g t h  improved recog- 
n i t i o n  of topographic l ineaments.  I n  a d d i t i o n ,  it was almost unanimously agreed 
t h a t  a simple d i g i t a l  l i n e a r  s t r e t c h  provided optimum t o n a l  c o n t r a s t  f o r  a l l  
t h r e e  test sites. I n  a r e a s  of h ighly  d i s s e c t r d  topography, as was c h a r a c t e r i s t i c  
i n  t h e  two southern s i t e s ,  edge enhancement f u r t h e r  improved lineament d i s p l a y ,  
and t h e  Laplacian ( 3  x 3 f i l t e r )  a lgor i thm was g e n e r a l l y  p r e f e r r e d .  I n  t h e  
f l a t t e r  t e r r a i n  of Lhe New York-Pennsylvania t e s t  s i t e ,  howe\er, edge enhancement 
tended t c  emphasize f i e l d  boundary l i n e s  and o t h e r  c u l t u r a l  f e a t u r e s  i n  det r iment  
t o  geology-related l jneaments.  P r i n t i n g  on Cibac;~romc f i l m  c o n s i s t e n t l y  produced 
a t o n a l  and t e x t u r a l  sharpness  no t  a t t a i n a b l e  on paper p r i n t s .  The d e t a i l p i  
r e s u l t s  of che image a n a l y s i s  were cornpiled by Smith and M i l l e r  (1980). "Stay- 
dard" enhanced Landsat imagery wlvich incorporated t h e s e  enhancement p r o s d a r e s  
is now a v a i l a b l e  from s e v e r a l  commercial vendors. 

During t h e  second phase of t h e  s tudy,  l ineaments were p l o t t e d  on Landsat 
over lays  a t  1-250,000 s c a l e  f o r  each of t h e  t e s t  s i t e s .  These d a t a  were c a r r e -  
l a t e d  wi th  published geologic maps, and cllecked in  t h e  f i e l d  wt.ere s i g n i f i c a n t  
new informatjon appeared t o  be ind ica ted .  A thorough rev ie t  of Devonian Shale- 
g a s  product icn d a t a  f o r  t h e  t h r e e  t e s t  sites revealed t h a t  t h e r e  is p r e s e n t l y  
i n s u f f i c i e n t  subsurf a c e  w e l l  information a v a i l a b l e  upon which t o  base conclus ive  
r e s u l t s .  Many of t h e  long-lived,  low volume Shale-gas w e l l s  were d r i l l e d  i n  tllc 
f i r s t  t h i r d  of t h e  cen tury ,  p r i o r  t o  thc advent of down-hole logginb procedures.  
While d r i l l e r s '  logs may have been recorded,  very f e w  appear t o  have been pre- 
served; even p r e c i s e  we l l  l o c a t i o n  d a t a  a r e  sca rce .  Analysis of t h e  l imi ted  
d a t a  suggests  some i n t e r e s t i n g  geol-ogic r e l a t i o n s h i p s ,  and f u r t h e r  s tudy is  
warranted when more information from r e c e n t l y  dr i l l e d  w e l l s  becomes a v a i l 3 b l e .  

Although t h i s  one major o b j e c t i v e  of t h e  s tudy  was not  f u l l y  met, t h e  com- 
par ison of l ineaments wi th  hydrocarbon production showed some i n t e r e s t i n g  c o r r c -  
l a t i o n s .  I n  New York, Ohio, and Vi rg in ia ,  f o r  examplc, i t  was found t h a t  sane 
Iandsat  1 ineaments coincided wi th  por t  ions  of t h e  r e s e r v o i r  markins of c e r t a i n  
o i l  an? gas  f i e l d s  t h a t  produce from sandstone formations.  These c o r r e l a t i o n s  
could be s i g n i f i c a n t  in  explor ing f o r  hydrocarbons, e s p e c i a l l y  i f  i t  can be 
shown t h a t  thesc  l ineaments r e f l e c t  t h e  f a u l t s  forming t h e  r e s e r v o i r  t r a p .  A 
schematic of t h i s  r e l a t i o n s h i p  is shown in Figure 2. 

I n  Allcgdny County, New . i ~ r k  (Figure  3 ) .  f o r  example, Landsat l ineaments 
p l o t t e d  by A. Van Tyne and T. Wickerham of t h e  New York Geological  Sarvey appear 
t o  t runca tv  t h e  hydrocarlon production on a t  least one margin of 13 o i l  or  qas  



f i e l d s .  Theae lineaments have been broadened i n  Figure 3 f o r  emphasis. Nine of 
these s ign i f i can t  lineaments trend i n  a nor theas te r ly  d i r e c t  ion, suggesting a 
genet ic  r e l a t i onsh ip  m n g  these  lineaments, reg iona l  geologic s t r u c t u r e  and t h e  
associated reservoi rs .  In pa r t i cu l a r ,  t h i s  trend p a r a l l e l s  t h e  folded Appala- 
chian Mountains t o  t h e  southeast.  In  t h e  saae county, 13 add i t i ona l  s imi l a r lv  
t r e n d h g  lineaments have been iden t i f i ed  which a r e  not  associated with known 
petroleum accumulation. For d i sp lay  purposes, these  l ineaments a r e  shown as 
broad dashes. Because of t he  apparent s fgn i f  icance of t h i s  lineament d i r e c t i o n a l  
trend, t h e  undr i l l ed  a r e a s  around these  13  lineaments are considered highly 
a t t r a c t i v e  petroleum prospects.  These a r e a s  should now be examined i? d e t a i l  
using t r a d i t i o n a l  geophysical explo ts t ion  techniques i n  order  t o  ob ta in  a 
detai led d e f i n i t i o n  of t h e  subsurface geology. Thus, while t he re  is genera l ly  
i n su f f i c i en t  de t a i l ed  geological  information on Landsat imagery t o  pinpoint 
hydrocarbon accumulations, development of a b e t t e r  understanding of t h e  regional  
geology permits optimum u t i l i z a t i o n  of more expensive geophysical techniques. 

CONCLUSIONS - 
Speci f ic  d i g i t a l  and o p t i c a l  image enhancement techniques can be appl ied t o  

winter (low sun angle) Landsat datz  t o  s ign i f i can t ly  f a c i l i t a t e  lineament d i s -  
crimination in th ree  Appalachian test sites. The linear s t r e t c h  was found t o  
provide t h e  best t ona l  con t r a s t ,  while edge enhancements should only be appl ied 
when the  t e s t  site exh ib i t s  s t rong r e l i e f .  Pr in t ing  on a Cibachrome-like base 
provides added tona l  "sharpness" and cont ras t .  

I n su f f i c i en t  subsurface geological da t a  were a v a i l a b l e  from Devonian Shale- 
gas w e l l s  t o  confirm any d e f i n i t e  r e l a t i onsh ip  between Lar:dsat lineaments and gas  
production. Further small-area s tud i e s  a r e  varranted when log  da ta  from recent ly  
d r i l l e d  wel l s  become ava i lab le .  

The c lo se  r e l a t i onsh ip  between lineaments i den t i f i ed  on Landsat imagery and 
known o i l  and gas  r e se rvo i r s  i n  th ree  widely separated, geological ly  d ive r se  
Appalachian test sites strongly suggests that lineaments can be r e l a t e d  t o  t h e  
styuc t u r a l  con t ro l  of o i l  and gas r e se rvo i r s  throughout Appalachia . These 
r e l a t i onsh ips  should be exploi ted in  developing a l l  reconnaissance explorat ion 
programs. Geologic i n t e rp re t a t i on  of Landsat h a g e r y  is e s s e n t i a l  t o  developing 
the  most complete understz~nding of regional  geology and must be used a s  one of 
t h e  guides f o r  t he  appl ica t ion  of more cos t l y ,  d e f i n i t i v e  geophysical 
techniques. 
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ABSTRACT 

One of the many potential applications of the Thematic Mapper (TM) is 
surface mine monitoring. To assess this potential, data acquired by an aircraft 
mu1 t ispectral scanner over Pennsylvania surf ace mines were preprocessed to 
simulate the aqticipated spectral, spatial, and radiometric characteristics of TM 
data. False color imager] and thematic maps were derived from the simulated data 
and compared to imagery and maps derived from Landsat Multispectral Scanner 
Subsystems (MSS) data. On the basis of this comparison, TM data will increase 
the detail and accuracy of remotely acquired surface mine information and may 
enable the remote deterininat ion of compl iance with reclamation regulations. 
Further research wi 1 i investigate effective TM data analysis techniques and 
evaluate the relative utility of the TM spectral bands for surface mine 
monitoring, 

INTRODUCT 1 ON 

One of the many possible applications of the Thematic Mapper (TM) 
multispectral scanner planned for the Landsat-0 satellite series is the 
inventory, inspection, and monitoring of coal surface mines. The ability to 
identify and inventory surf ace mines using data from the Mu1 t ispect?al Scanner 
Subsystems (MSS) of the first three Landsai satellites has been demonstrated in 
several investigations, but investigators have been unable to consistently 
extract from MSS data the detailed information required to determine compliance 
with mining regulations. The TM will offer advantages over the MSS with respect 
to spectral, spatial, and radiometric characteristics. These improvements wi 1 1  
potentially lead to enhanced capabi 1 it ies for remote surface mine inspection. 

To assess the potential benefits accruing f r o m  TM improvements, simulated Tfii 
data were acquired by an aircraft multispectral scanner over heavily mined areas 
in central Pennsylvania. The data were used to image, identify, map, and 
mensurate the area covered by detailed surface mine categories. Results derived 
from the simulated TM data were compared to similar information extracted from 
Landsat MSS data. 

BACKGROUND 

The increased demand and use of coal has created a conf 1 ict over the need 
for energy and the desire to maintain environmental quality. At present, about 

*Presently with the Forest Service, U. S. Department of Agricul ture 
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60% of national coal product ion comes from surface mines and this extraction 
method has disturbed mi 1 1  ions of acres across the United States. Insufficient 
mine reclamat ion has left unsightly landscape, ruined previously productive land, 
increased susceptibi 1 i ty to flooding, and caused air and water pol lution. 

Recent federal energy pol icies emphasi ze increased ut i 1 izat ion and mining of 
coal with stricter control of environmental, health, and safety costs. The Federal 
Surface Mine Control and Reclamation Act (Pub1 ic Law 95-87) estatl ishes uniform 
national standards for surface coal mine reclamation in order to change mining 
practices which generate severe environmental degradation. The federal act 
recognizes mining regulation as primarily the responsibi 1 i ty of stat(: government, 
but requires federal approval of state reclamation programs. In ad~ition, the 
surface mine act establishes a fund for the reclamation of abandci~ed mines. 

More than 30 states have enacted laws regiilating silrf ace mining and 
reclamation. The Office of Surface Mining with the Department of the Interior 
reviews a1 1 state reclamation programs to determine acceptabi 1 i ty under the 
federal surface mine act. The scope of existing and proposed laws varies among 
states according to mining conditions, avai labi 1 i ty of coal, economics, and 
pressure from environmental i sts. 

Both federal and state laws require surface mine inventory and inspection to 
determine compliance with regulations. Inventories involve the identification, 
mapping, and mensuration of areas disturbed by mining. Mine inspection requires 
a closer look within the mines to assess activities such as grading, topsoil 
rep1 acement , and revegetat ion. 

The use of Landsat MSS data to reduce the expense, time, and inaccuracies 
associated with mine inventories and inspections has been extensively investigatet. 
Accurate inventories have been produced using both the manual interpretation of 
MSS imagery (references 1 and 2) and the computer-aided analysis of digital MSS 
data (references 3, 4, and 5). MSS data, however, have not proven to be as useful 
for mine inspection. The level of detail and spatial resolution of MSS-derived 
information was often found inadequate for ascertaining compl iance with surface 
mine operat ion and reclamation regulations (references 6 and 7). 

The improvements offered by the TM wi 1 1  potentiajly enhance the utility of 
remotely sensed data acquired at satellite altitudes. The Ty*l will provide a 
finer spati a1 resolution, additional spectral bands, and more data quantization 
levels than the MSS. The TM spectral bands were carefully chosen ts increase the 
information content of the data with respect io vegetation and geologic 
parameters. The characteristics of the TM and the MSS are compared in more 
detail within Tab?e I. The study reported here addressed the impact of the TM 
improvements on remote surface mine inspection, 

DATA ACQUISITION - 
STUDY AREAS 

The data for this study were acquired for three areas located in Cambria, 
Centre, and Clarion Counties, Pennsylvania. All the areas are within the Main 
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Bituminous Coal Field of the Appalachian Plateau Physiographic Province. The 
areas are heavily forested and are characterized by roll ing topography with 
moderate re1 ief. Geological ly, the areas are under1 ain by horizontal to gently 
dipping sedimentary strata of the Allegheny Group formed during the Pennsylvanian 
geologic period. Extensive portions of the areas have been disturbed by contour, 
hilltop-removal, and area surface co3l mining which prr~vided an excellent cross section 
of active, reclaimed, and abandoned mines for the investigation. 

Twenty 1,iine sites within the study areas were selected for intensive study; 
ten sites were located within Clarion Co. atid five sites were within each of the 
other two study areas. Each mine site coverSed a square area of 150 hectares. 
Measurements of the area? extent of detailed land cover categories within the 
mine sites formed the basis for the evaluation of the simulated TM data. 

GROUND REFERENCE DATA 

The ground reference data consisted of photointerpreted, low-a1 ti tude aerial 
photography. Color and color-infrared photographs were acquired over the study 
areas on Septer,iber 29, 1978 with a Zeiss R M K A  15/23 camera with a 152 mi. lens. 
The photographs were provided at a scale of 1:12,000 and photointerpretation 
resulted in a series of transparent acetate overlays showifig slope classes, soil 
surface colors, vegetative species and percent cover, and land cover categories 
within each of the 20 intensively studied mine sites. The area covered by each 
land cover category was measured with a planimeter, and these measurements served 
as ground "truth" for the quantitative accuracy gssessrnent of thematic maps 
derived from the simulated TM data. 

D I G I T A L  IMAGE DATA 

The Landsat-3 MSS and the NSOOl aircraft multispectral scanner acquired the 
digital image data analyzed in this study. The MSS data were: acquired on 
September 29 and 30, 1978 and each st.udy area corresponded to a 5 0 0  pixels-by-500 
scan lines subset of a Landsat scene. The NSOOl scanner was flown over the study 
areas aboard a C-130 aircraft on June 14, 1979. The &SO01 (ref. 8) has beer dubbed the 
"Thematic Mapper Simulator" because it obtains data for spectral bands identical 
to those planned for the TM. Unfortunately, the data channels corresponding to 
TM bands six (2.08-2.35 pm)  and the thermal band (TI4 hand seven, 10.4-12.5 pm) 
were not operating during the flights over the study areas. The at.nosphere above 
the areas was clear during 311 the data acquisition dates, Additio1.1~1 
information pertaining to th2 digital image data is presented in Table 11. 

DATA ANALYSES AND RESULTS 

CLASSIFICATION SCHEME 

A critical aspect of the analyses was the specification of a useful land 
cover classification scheme. A hierarchical scheme based on the Anderson 
classification system (refereme 9) was devised, and surf ace mines were elevated 
to a Level I category (Table 111). The more detailed Level I 1  and I 1 1  categories 
under surface mines were chosen to emphasize land cover types which seemed both 
useful for surface mine inspection and amenable to recognition via the digital 
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analyses of the multispectral data. This scheme was applied to the 
interpretat ion of the aeri a1 photography and the generat ion of thematic maps. 

DIGITAL ANALYSIS SYSTEM 

Most of the digital analyses were performed using General Electric Company's 
IMAGE-100 interactive image analysis system. The system enables quick color 
display of multispectral image data on a cathode ray tube and provides image 
enhancement and classification capabi 1 it ies in both interactive and batch modes. 
Sederal preprocessing tasks were conducted using software of the SMIPS/VICAR 
Image Processing System. 

PREPROCESSING 

Geometric rectification was performed on both the aircraft scanner data and 
the Landsat MSS data. The aircraft scanner data were resampled to the 30 m. 
resolution expected from TM data and were corrected for the fgreshortening (scan 
angle) effect caused by the instrument's wide scan angle (+50 ). A bilinear 
transformation rnanped the pixel locations of the original data to the appropriate 
locations within the corrected image, and the gray levels of the corrected image 
were computed by bi 1 inear interpol at ion. The Landsat EISS data were geometrical ly 
corrected for a skew caused by the Earth's rotatior: under the satellite. 

FALSE ?OLOR IMAGES 

False color images were derived from both the Landsat MSS data and the 
simulated TM data. The MSS images were generated using MSS bands four, f rve, and 
seven (blue, green, and red), and the simulated TM images were derived fram the 
data channels corresponding to TM bands three, four and five (blue, red, and 
green). A1 1 of these data were 1 inearly contrast stretched to enhance the 
imagery. The images were displayed at a scale of 1 :75,000. 

A visual comparison of the imagery revealed potential benefits of TM data. 
Surface mines were evident in the MSS imagery, but the mine boundaries were more 
distinct in simulated TM imagery. Discriminat ion between bare agricultural 
fields and surface mines was easier in the simulated TM images due to a better 
definition of field shapes. Overall, the simulated TM images presented more 
detail and were easier to interpret than the MSS images. 

THEMATIC MAPS 

Thenlatic maps were also derived f ron~ both the MSS data and the simulated TM 
data. The maps were generated via supervised training of category statistics 
followed by the use of a parallelepiped classifier. Due to limitations of the 
image analysis system, only four of the simulated TM data channels (TM bands two, 
three, four, and five) were applied to the thematic mapping. 

The surface mine categories of the classification scheme proved difficult to 
map. Surf ace mines appeared spectral ly heterogeneous and spatial ly complex 
within both the MSS digital images and the simulated TI4 digital data. In the 
analyses of hgth data types, several spectral classes were associated with each 
surface mine category in order to account for the spectral heterogeneity. 



The d e t a i l e d  Level I11 mine categories could n o t  be r e l i a b l y  i d e n t i f i e d  
v i a  the analys is  o f  the MSS data. Locat ing su i tab le  t r a i n i n g  areas f o r  these 
categories was d i f f i c u l t  a t  the 80 m. MSS reso lu t ion .  Also, the low r e s o l u t i o n  
o f  the data combined w i t h  the s p a t i a l  complexity o f  the mined surfaces l i m i t e d  
the number o f  pure p i x e l s  f o r  the de ta i l ed  categories, This r e s u i t  i s  consis tent  
w i t h  past inves t iga t ions  i n  which MSS data were found inadequate fo r  mine 
inspect ion. 

The Level I I1 surface mine categories were accurately i d e n t i f i e d  and mapped 
v i a  the analysis o f  the simulated TM data, Tra in ing  areas could be l o c l t e d  
w i t h i n  the 30 m. reso lu t i on  data and the categories were spec t ra l l y  sephrable. 
The p i x e l s  c l a s s i f i e d  i n t o  each category were counted w i t h i n  the 70 i n tens i ve l y  
s tudied mine s i tes .  The p i x e l  sunmations were then converted t o  u n i i s  of area 
(hectares) and compared t o  the ground reference data. As shown i n  Table I V ,  the 
area l  extent  of  each de ta i l ed  surface mine category was accurately mensurated. 

CONCLUSIONS 

Surf ace mines present complex ta rge ts  f o r  remote sensing instruments. The 
composition, co lor ,  and tex tu re  o f  the mine s p o i l  var ied  widely  among ana w i t h i n  
the mines o f  the Pennsylvania study areas. The s p o i l  was d i s t r i b u t e d  on slopes 
ranging from near l eve l  t o  30 degrees a t  a l l  aspects. The percent ground covcr 
on revegetated areas var ied from near zero t o  100 percent, and the cover 
consisted o f  a v a r i e t y  o f  grass, forb, legume, and t r e e  species. Surface mines 
are topographical l y  i r regu lar ,  spat i  a1 l y  complex, and spect.ra1 l y  heterogeneous. 

Despite these fac to rs  the po ten t i a l  u t i l i t y  o f  TM data f o r  surface mine 
inspect ion was demonstrated. Thernat i c  informat ion which re1   ably characta* ized 
mine complexit ies could no t  be extracted from Landsat MSS data, but  de ta i led  
land cover categories w i t h i n  mines were i den t i f i ed ,  mappsd, and nccufatcly 
nlensurated v i a  the d i g i t a l  analys is  o f  simulated TM data. In format ion of t h i s  
s o r t  w i l l  enable mine inspectors t o  evaluate reclamation a c t i v i t i e s  and 
ascer ta in compliance w i t h  regulat ions.  Thus, the launch o f  the Thematic Mapper 
should enhance our present capabi 1 i t i e s  fo r  surface mine inspection. 

FURTHER RESEARCH 

Many questions remain regarding the pa ten t i a l  u t i l  i t y  o f  TM data. Needed 
research includes mor? r igorous  evaluat ions o f  r e s u l t s  der ived from TM sirnulator 
data, i d e n t i f i c a t i o n  o r  development of analysis techniques which take f u l l  
advantage of T?! data ialprovenients, and detern~ ina l ion  o f  wtt I L I I  Tbi d t i t a  
c h a r a c t e i - i s t i c s - s p a t i a l  , spectra l ,  o r  radiometric-are most responsible f o r  
increases i n  ext racted information. Such research w i l l  cantinu? w i t h  the TM 
simulator data used i n  t h i s  study. 

Addi t isna l  preprocessing w i  11 be perfor~ried on the TM s imulator  data. E f f o r t s  
are underway t o  compensate f o r  radiometr ic d i s t o r t i o n s  r e s u l t i n g  from t,he NSOOl 
scanner's wide scan angle. The data w i l l  a lso be reg is te red t o  the Universal 
Transverse Mercator cartographic p ro jec t  ion. Fol lowing preprocessing, 
evaluat ions w i l l  determine how c lose l y  the data correspond t o  the a ~ t i c i p a t e d  
cha rdc te r i s t i cs  o f  TM data. 



More sophist icated analys is  techniques w i  11 be appl i e d  t o  the  TM simulator 
data. The use o f  unsupervised t ra in ing ,  maximum l i k e l i h o o d  c l a s s i f i e r s ,  and 
s p a t i a l  in format ion w i l l  be invest igated. The app l i ca t i on  o f  TM data 
transformations such as band r a t i o s  and p r i nc ipa l  components t o  surface mine 
inspect ion w i l l  be studied. D i g i t i z e d  ground reference data w i l l  be reg is te red 
t o  the  TM simulator data tfi a l low the assessmeot o f  r e s u l t s  w i t h  respect t o  the 
propor t ion  o f  p i x e l s  c o r r e c t l y  c l a s s i f i e d  as we1 1 as area mensuration. 

E f f o r t s  w i l l  a lso  be made t o  i s o l a t e  the e f fec ts  of the i nd i v idua l  TM 
improvelnents: f i n e r  s p a t i a l  resolut ion,  add i t iona l  spectra l  bands, and 
greater  quant izat ion levels .  Separate data sets w i l l  be generated by 
resampl i c g  the TM s;rsulator data t o  an 80 m. resolut ion,  by degrading the e ight-  
b i t  :ata t o  s i x  b i t s ,  and by e l im ina t i ng  the data corresponding t o  the TM's 
middle i n f r a r e d  spectra l  band. The accuracy o f  thematic maps derived from 
each of the altereel data sets w i l l  be compared t o  the dccuracy o f  thematic 
maps derived from the unaltered TM simulator data. 

The launch o f  the Thematic Mapper aboard Landsat-0 presents e x c i t i n g  
poss ib i  1 i t i e s  f o r  the  remote sensing community. Research has ind ica ted  t h a t  
an enhancement o f  remote sensing capabi 1 i t i e s  w i  11 r e s u l t  . Further research 
w i t h  simulated TM data i s  requi red t o  prepare the user conununity f o r  the 
analys is  and f u l l  u t i l i z a t i o n  o f  the  actual  data. 
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Table 11. MSS and TH Simulator Data Acquisition Information 

Landsat-3 hltispectral Thematic Mapper 
Scanner Subsysten (MSS) Simulator (NSOOl ) 

Acquisition Date 

A1 t i tude (Km) 

RFOV (m) 

Quantization levels 

Scan Angle 

level I 

September 2P and 30, 1978 June 14, 1979 

919 6.1 

82 15 (at nadir) 

6 b i t  8 bit 

+5.78O - - +so0 

Table 1 i I .  Classification Scheme 

Level 11 

1. Urban 

2. Agriculture 

2.1 Row Crops 
2.2 Bare Soi; 
2.3 Pasture 

3. Forest 

4. Water 

5. Wet 1 and 

6. Surface Mines 

3.1 Deciduous 
3.2 Coniferous 
3.3 Mixed 

6.1 Barren 

6.2 Revegetated 

Level 111 

6.11 Graded 
6.12 Ungraded 

6.21 Grass 
6.22 Trees 
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MONITORING UWD CONVERSIONS FROM FORES1,hZTLAND TO AGRICULTURE 

Mary T?.uise Dudding 
Land Hanagement Information Center 

Xinnesota S t a t e  P1ac;;ing Agency 

This  p ro j ec t  inves t iga ted  t h e  u t i l i t y  of Landsat da t a  i n  monitoring large- 
scale land c learance  and drainage a c t i v i t i e s  i n  a forest /wet land rnvironment i n  
northern Minnesota. Landsat t apes  from i973, 1978 and 1980 were used i n  a multi- 
temporal unsupervised land cover c l a s s i f i c a t i o n  o f  t h e  9 x 1 5  m i l e  site. R e s u l t s  
showed q u i t e  c l e a r l y  and in a cos t -e f fec t ive  manner where t h e  g r e a t e s t  a c t i v i t y  
had occurred. It was a l s o  poss ib le  t o  i n t e g r a t e  t h e  Landsst da t a  wi th  o the r  d a t a  
a v a i l a b l e  through the  Land Hanageaeat Information Center 's  (LMIC) geographic 
information system. 

BACKGROUND 

Natfonwide, there  is se r ious  concern t h a t  t h e  United S t a t e s  is lo s ing  
s i g n i f i c a n t  amounts of  a g r i c u l t u r a l  land. I n  the  a r ea  described i n  t h i s  case 
study, t h e  reverse  is occurring-new a g r i c u l t u r a l  land is being c rea ted  ou t  of 
f o r e s t  and peat  bogs--but t h i s  process, too, is causing ~ a n c e r n  t o  state and 
f ede ra l  agencies. 

The s i te  under exa-ination is  i n  t i i tk in  County i n  t h e  nor theas te rn  p a r t  of 
Minnesota, an a r e a  of i,828 square m i l e s  and 11,169,920 ac re s  (Figure 1) .  The 
land cover is  predominantly f o r e s t ,  both upland and lowland, and wetlan&/bogs 
in te rspersed  with lakes.  The a r ea  is  sparse ly  populated. The c l imate ,  with i ts  
s h o r t  growing Leason, is a cons t r a in t  on many kinds of commercial a g r i c u l t u r e ,  
and p a r t s  of t he  county a r e  laced with unused drainage d i t ches  b u i l t  dur ing t h e  
e a r l y  p a r t  of t he  century i n  a la rge ly  unsuccessful attempt t o  b r ing  a g r i c u l t u r a l  
a c t i v i t y  t o  t h i s  p a r t  of t h e  s t a t e .  The a r ea  does support some a g r i c u l t u r a l  
en t e rp r i s e s  i n  f ~ r a g e  crops and sinall g ra ins  with some recent  developments i n  
man-made wild rice paddies. 

I n to  t h i s  s e t t i n g  s eve ra l  years  ago came a land developer who bought up land 
i n  t h e  county u n t i l  he had amassed mre than 50,000 acres ,  o r  about 10% of t h e  
p r iva t e ly  held land. Eventually, it became known t h a t  he intended t o  c l e a r  and 
d r a ~ n  about 25,000 ac re s  t o  be reso ld  f o r  various a g r i c u l t u r a l  purposes. The 
remainder would be l e f t  i n  i ts  na tu ra l  condition t o  be  sold as r e c r e a t i o n a l  land. 
By late 1980, i t  was estimated t h a t  he had already cleared and drained between 
7-10,000 acres ,  reopened some abandoned drainage d i t ches  and dug many new ones. 

The Ai tk in  County Commissioners have en thus i a s t i ca l l y   upp ported t h i s  
drainage pro jec t  which is, however, i n  v i o l a t i a n  of s eve ra l  s t a t e  and f e a e r a l  
laws. In  Minnesota, i t  is  i l l e g a l  t o  d ra in  a w e t l a ~ d  over 10 ac re s  i n  s i z e  
witbout obtainiag a p e r e i t  from the Minnesota Department of Natural Resources 
(DNR) and agreeing t o  put an equal  number of ac re s  ~ a c k  i n t o  publ ic  wetlands. 
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To date. the developer has ignored requests from the DNR to  go throueh the per- 
m i t  t ing process. 

The U.S. Army Carps of Engineers says tha t  the developer is i n  viola t ion of 
Section 301 of the Clean Water A c t  fo r  discharge of dredged material i n t o  several  
area lakes and r ivers.  Upon completion of an emriromental assessment the Corps 
issued several  cease and des i s t  orders which the  developer has ignored. I n  
addition, complaints have been m d e  by several  of the  area 's  wild r i c e  f a r w r s  
tha t  the new drainage has lowered the vater table su f f i c ien t ly  so  that the 
paddies no longer hold the required water. 

In  l a t e  1980, the Mmeso ta  Environmental Quality Board and the Environmental 
Review Section of the Hinaesota Department of Natural Resources contacted the  
Land Management Information Center (LXIC) to explore possible wavs of monitoring 
these changes. Shortly thereafter ,  the Soi l  Conservation Service agent i n  
Aitkin County a l so  contacted IWIC, c i t ing  h i s  concerns over the  extensive changes 
i n  h i s  area. LMIC offered t o  demonstrate the capabil i ty of Landsat t o  monitor 
t h i s  type cf change i n  Aitkin County. 

METHODOLOGY 

UIIC u t i l i z e s  a Prime 550 mini-camputer u i t h  a 1024kb mawry. Landsat 
c l ass i f i ca t ions  a r e  done a t  a DeAnza IPS524 image processing s t a t i o n  which in- 
cludes an image array processor u i t h  756kb refresh m m r y  and a 512 x 512 
high-resolution color monitor. 

SOFTWARE 

LMIC has developed its own Landsat c l ass i f i ca t ion  software cal led EPP.CLASS. 
It can be i a t e g r a ~ e d  with the standard Minnesota Land Management Information 
System (MIHIS) Environmental Planning Programing Language (EPPL) software fo r  a 
var ie ty  of analyses and graphic displays. For t h i s  project ,  an unsupervised 
c lass i f i ca t ion  was used. The EPP.CLASS technique develops training s e t s  based 
on searching for areas of homogeneity of a t  l e a s t  f i v e  pixeis  i n  size. Between 
30 and 50 individual cover types a r e  ordinari ly ident i f ied  by t h i s  process and 
these training sets form the bas i s  f o r  the c lass i f ica t ion scheae. A maximum 
likelihood c l a s s i f i e r  w a s  used fo r  t h i s  project.  

LMIC software is a l so  used t o  transform the Landsat data in to  a standard 
URI grid c e l l  format. This s tep  becomes the bas is  for  integrat ing Landsat 
data with other data i n  the system such as land use, s o i l  type o r  fo res t  cover 
type* 



LANDSAT DATA 

Landsat tapes were acquired f o r  th ree  dates: Hay 1973, Hay 1978 and 
Ju ly  1980. The s i z e  of t h e  p i l o t  a rea  w a s  determined by concentrat ion of drainage 
a c t i v i t y  and by a reas  of cloud cover i n  t h e  1980 scene. The 1980 tape  was in  
the EDIPS forea t .  

CLASSLFICATION PROCESS 

The inage w a s  f i r s t  windowed t o  avoid the  cloud-covered areas. The p i l o t  
area w a s  approximately 9 x 15 miles with the  Mississ ippi  River running from 
nor theas t  t o  southwest diagonally through the  site. 

To cor rec t  the  images geometrically and t o  r e g i s t e r  them t o  one another,  
20 ground cont ro l  po in ts  were d ig i t i zed  from f i v e  USGS 7.5-minute topographic 
maps. Af te r  severa l  a t tempts  a t  r e g i s t r a t i o n  and the  addi t ion  of s eve ra l  more 
ground cont ro l  points ,  t h e  scenes were resampled t o  a 50-meter UTM gr id  using the  
neares t  neighbor technique. 

The f i r s t  unsupervised c l a s s i f i c a t i o n  u t i l i z e d  EPP.CLASS t o  do a 3 p ixe l  by 
3 pixe l  ''moving window" ana lys is  t o  l o c a t e  a reas  of homogeneity. F i f t een  cover 
c lasses  resul ted.  It w a s  f e l t  t h a t  b e t t e r  separat ion of s p e c t r a l  c l a s s e s  would 
imqrove the  r e s u l t s  s o  the  scenes were r ec l a s s i f i ed  i n t o  29-31 categories .  

RESULTS 

For each scene. the  29-31 s p e c t r a l  c l a s se s  were aggregated i n t o  seven cover 
types: (1) lakes  xnd open water, (2) r i c e  paddies with s tanding water, (3) o ther  
r i c e  paddies and bogs, (4) open land, pasture,  forage crops and grassy sloughs, 
( 5 )  low t r e e s  and scrub vegetation, (6) f o r e s t ,  and (7) ba re  ground. 

Ground t ru th  used included USCS topographic quads (1973) and 1:24,000 blue- 
l i n e  p r i n t s  made from 1:90,000 black and white a i r  photos (1977). Persons 
knowledgeable about the  area were queried but  e shortage of t i m e  did not permit 
a c t u a l  f i e l d  checking of cover types. 

It was not p r a c t i c a l  t o  reproduce the  f u l l  color  c l a s s i f i c a t i o n s  i n  t h i s  
paper. Figures 2, 3 and 4 show a black-and-white sununary of t he  unsupervised 
c l a s s i f i ca t ions .  Water, wild r i c e  paddies and the  major a r eas  of land clearance 
and drainage a r e  shown i n  gray tones. The remainder of t he  c l a s se s  have been 
suppressed t o  present more c l ea r ly  the  s ign i f i can t  cover types. 

In  1973, (Figure 2) the loca t ians  of a few wild r i c e  paddies a r e  c l e a r l y  
shown. By 1978, (Figure 3) some of these paddies have been expanded but no 
major clearance o r  drainage pro jec ts  a r e  evident.  Figure 4 ,  however, shows a 
s ign i f i can t  amoullt of land converston. The l a rge  dark gray block i n  the upper 
right-hand corner represents  an area of about 5,000 acres  which has been converted 
i n t o  po ten t i a l  a g r i c u l t u r a l  land. Moreover, severa l  of t he  r i c e  paddies which 
had been c loses t  to t h i s  drained area no longer appear i n  the  1980 scene. This 
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disappearance might lend support t o  the content ion t h a t  t he  lowering of t h e  water 
t a b l e  had adversely a f fec ted  some wild rice growers. 

Landsat da t a  were a l s o  in tegra ted  with s eve ra l  sets of d a t a  from t h e  MLMIS 
Geographic Information System. The s i t e  was over la id  with township l i n e s ,  s ec t i on  
l i n e s  and 40-acre parce l  boundaries. A d i g i t a l  t e r r a i n  tape  f o r  t h i s  area from 
t h e  National Cartographic Information Center was a l s o  processed and in tegra ted  
with the  Landsat data.  It expressed the  topography of t h e  a r ea  i n  one-foot 
contours. Land use/cover da t a  from 1967 air photos, o r ig ina l ly  coded by 40-acre 
parce ls ,  were resampled t o  a 50-meter UTM c e l l  s o  t h a t  i t  could be more e a s i l y  
compared with t h e  Landsat c l a s s i f i ca t i on .  

CONCLUSIONS 

The unsupervised c l a s s i f i c a t i o n s  used here  s a t i s f a c t o r i l y  show a reas  of 
iarge-scale  c learance and drainage fo r  ag r i cu l tu re  purposes. This  kind of 
monitoring could be done annually by t r a i n i n g  on la rge  a r ea s  of bare  g r a n d .  

No attempt has  ye t  been made t o  quant i fy  ove ra l l  accuracy f o r  each land 
cover type. The c l a s s i f i c a t i o n s  presented here  must be considered a s  preliminary 
s ince  no f i e l d  v e r i f i c a t i o n  was attempted, and the re  is  no doubt t h a t  f u r t h e r  
ground t r u t h  would r e s u l t  i n  improved accuracy. 

Even with the  l imited amount of ground t r u t h  ava i l ab l e  and the  r e l a t i v e l y  
sho r t  amount of time speni  on t h i s  p ro jec t ,  i t  appears t h a t  Landsat technology 
does represent  a s a t i s f a c t o r y  method of regular ly  monitoring large-scale changes 
i n  forest /wet land a reas  which a r e  being converted t o  agr icu l ture .  Perhaps more 
s i g n i f i c a n ~ ,  t h i s  technology allows fo r  t he  easy i n t eg ra t i on  of monitoring da ta  
with o ther  da t a  such a s  s o i l  type, f o r e s t  cover o r  watershed boundaries ava i l ab l e  
i n  an ongoing geographic information system. 
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ABSTRACT 

This  s t u d y  evaluated t h e  accuracy of mapping and esta.mating t h e  a r e a  of 
f o r e s t l a n d s  i n  southwestern Michigan from win te r  and f a l l  Landsat images. A l l  
omission and c o m i s s i o n  c r r n r s  i n  t h e  Landsat f o r e s t  maps were i d e n t i f i e d  and 
mapped through comparison with an e x i s t i n g  d e t a i l e d  f o r e s t  cover type map. A< 
c u r a c i e s  ranged from 74.0 t o  98.5 percent  and were higher  f o r  t h e  win te r  imagely. 
Most e r r o r s  (85%) occurred along t h e  per imeter  of f o r e s t l a n d s  and were l e s s  than 
4 h e c t a r e s  (10 a c r e s )  i n  s i z e .  Other f a c t o r s  a f f e c t i n g  i n t e r p r e t a t i o n  a r e  re- 
por ted a s  w e l l  a s  time and image a v a i l a b i l i t y  cons idera t ions .  

INTRODUCTION 

The Fores t  Management Divis ion of t h e  Michigan Department of Natural  Re- 
sources  (MDNR) needs a simple,  inexpensive and r e l i a b l e  method f o r  providing 
up-to-date county-level  f o r e s t  resourcee  information.  P r e s e n t l y ,  f o r e s t  d a t a  
a r e  gathered p e r i o d i c a l l y  through t h e  cooperat ive  e f f o r t s  of t h e  MDNR, t h e  U.S. 
Fores t  Serv ice  and t h e  f o r e s t  indus t ry  i n  Michigan. The major f o r e s t  inventory 
of t h e  e n t i r e  s t a t e  is  t h e  Michigan Fores t  Survey. However, t h e  survey is con- 
ducted on ly  every 10 t o  1 5  years ,  i t  is not  s i t e - s p e c i f i c  and i t  is stat ist i-  
c a l l y  r e l i a b l e  only  on a multi-county b a s i s .  The Fores t  Management Divis ion 
is i n t e r e s t e d  i n  whether a c c u r a t e  f o r e s t  informat ion on a county b a s i s  can be 
der ived c o s t  e f f e c t i v e l y  from Landsat da ta .  

S tud ies  have been conducted t o  i n v e s t i g a t e ,  e v a l u a t e  and demonstrate t h e  
use  of Landsat d a t a  i n  mapping f o r e s t  r esources  ( r e f s .  1 ,2 ,3 ,4 ,5 ,6 ) .  This  
paper summarizes t h e  r e s u l t s  of a one-year s tudy t h a t  a ssessed  t h e  accuracy of 
mapping and es t imat ing  t h e  a r e a  of s c a t t e r e d  f o r e s t l a n d s  i n  southwestern Michi- 
gan from Landsat imagery ( r e f .  7 ) .  Sca t t e red  smal l  f o r e s t l a n d s  were of i n t e r e s t  
because the  r a t i o  of t h e i r  per imeter  l eng th  t o  a r e a l  e x t e n t  i s  higher  than 
t h c s e  of ex tens ive  contiguous f o r e s t s .  In  term? of image i n t e r p r e t a t i o n  and 
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mapping, an i n t e r p r e t e r  has t o  i den t i fy  and de l inea t e  many more f o r e r t  u n i t s  
and boundaries which increases  the  probabi l i ty  of comnitting i d e n t i f i c a t i o n  and 
boundary e r r o r r .  

The objec t ives  of t h i s  8tudy were: 1 )  t o  map f o r e s t s  using d i f f e r e n t  Land- 
s a t  image products from two eeasone; 2) i d e n t i f y  and map a l l  e r r o r s  by comparing 
the Landsat-derived fo re s t  maps with a de ta i led  f o r e s t  cover type map; 3) a s ses s  
the accuracy of i n t e rp re t a t ion ;  4) analyze the  f a c t o r s  contr ibut ing t o  e r r o r ;  
and 5)  eva lua te  t i m e ,  cos t  and image a v a i l a b i l i t y  considerations.  

STUDY AREA 

Barry County i n  southwestern Michigan was se lec ted  a s  t he  study area  be- 
cause a de ta i led  fo re s t  cover type map and r eces t  a e r i a l  photography were 
avai lable .  Thia county contains  many sca t te red  forested a reas  of var ious s i z e s  
and shapes within i ts  land area  of 144,780 hec tares  (357,751 acres) .  Over 26 
percent of the county is covered by f c ~ r e a t s  which cons ie t  of many of the  f c r e s t  
cover types found i n  Michigan, Of these forest lands,  99.2 percent a r e  capable 
of producing commercial timber and two-thirds of them a r e  i n  p r iva t e  ownership. 

Agriculture is the major land use (55%) i n  the  county and includes farming, 
l ivestock,  da i ry  and poul try production. Pr inc ipa l  crops a r e  corn, wheat, oa t s ,  
soybeans and dry beans. 

Terrain va r i e s  from l eve l  i n  the eas t e rn  townships t o  gent ly  r o l l i n g  i n  
the west. There a r e  numerous wetlands although well  drained s o i l s  (loams and 
sandy loamsj predominate throughout the county. 

DATA SOURCES - 
I t  was decided t h a t  t he  optimal Landsat Image may be a cloudless  winter 

scene with snow cover on the  ground but not on the f rees .  Under t h i s  condition, 
the tonal  con t r a s t  between forested a reas  and o the r  land cover types is  very 
high. For comparative purposes, an addi t iona l  Landsat scene taken during the  
growing season would be used. 

A Landsat scene from February 26, 1979 (E-30358-15475) and one from Sep- 
tember 12, 1979 (E-30556-15460) were se lec ted  from avai lab le  scenes produce4 on 
the EDIPS (EROS Digi tal  Image Processing Svstem) equipment. EDIPS imagery tias 
preferred because the system has improved Landsat image qua l i t y  by employing 
processing rout ines  f o r  radiometric and geometric cor rec t ions ,  haze removal and 
edge enhancement. 

Two image products of each Landsat scene were selected f o r  i n t e rp re t a t ion :  
a Band 5 pos i t i ve  and a false-color  composite of the winter scene, and a fa l se-  
color  composite and a diazo-enhanced co lor  composite of the f a l l  scene. A l l  of 
the images were 185m x 1 8 h  (7.3 in.  x 7.3 in .  ) transparencies.  

The diazo color  composite was produced t o  enhance (cont ras t  s t r e t c h )  
forested a reas  using a density-specified process ( re fs .  8,9).  Film exposure f o r  
each band was determined through densitometric ana lys i s  of f o r e s t  areae c l e a r l y  



depicted on all black-and-white band positives and use of characteristic denaity 
(sensitometric) curve? for each diazo film. The false-color corpoaite coa8istad 
of one yellw diazo copy of Band 4, three magenta copias of Band 5 and one cyan 
copy of Band 7. 

The primary source of reference (ground truth) data was a recently cum- 
pleted foreat cover type map of the county (ref. 10). The rap was prepared from 
photointerpretation of 1:30,680 scale color infrared (CIR) photography taken in 
1974. In cases where discrepancies between the Landsat forest maps and this map 
were found, available 1:24,000 scale CIR photography acquired in 1978 was used 
to resolve differences. 

Separate forest maps end area estirates for the county were derived from 
visual interpretation of the four Landsat Images. Forest areas as -11 as one 
hectare (2.5 acres) were delineated from these images onto 1:50,OO!l scale county 
base maps using a precision rear projection cystem. 

The interpretation entailed the identification and delineation of the 
boundaries of all forest areas without considering forest type or condition, and 
a s  performed by one interpreter. Prior to interpretation, the interpreter 
trained himself to recognize the appearances of forest?ands on each image 
through analysis of a test area. To minimize bias in interpretation decisions 
due to experience gained from a previous interpretation, the sequence of inter- 
pretation alternated between winter and fall scenes with a one-week break be- 
tween scenes. An interpretation overlay showing the boundaries of forestlands 
wiis prepared from each Landsat image. 

The existence of the forest cover type rap of the countv permitted a coe- 
plete assessment of the accuracy of interpretation. All errors in each Landsat 
forest map were Lientifie4 and delineated onto separate overlays (fig. 1) 
th--3ugh cornparing each map superil~posed on top of the forest cover type rap. 
Registration was done on an individual forest tract basis since the geometric 
projections of the Lhndsat imagery (Hotine Oblique Mercator? and the reference 
map (polyconic) wele different. 

Omlssion errors were classified into forest type, stand size and density 
clasises and commission errors were divided into seven land cover/use categories 
(table I). The omission and commission errors were further separated into 
boundary or identification errors. Boundary errors are areal differences in 
:he perimeter (size ez5 shape) of individual forestlands between the Landsat 
maps an<! reference map. Errors due to misinterpreting an entire forest tract 
or identifying a non-forest cover area as forest were considered identjfication 
errors. Identification errcrs are the w s t  eerious because individual parcels 
of land of a certain class are a'b~olutel~ lost by assigning them to another 
class. 

t~lother category was identified but not included in the accuracy assess- 
ment because it did not represent Landsat classification error. This category 
consisted of individual foresclazzds that were correctly interpreted on the 



Landsat images but  were not  shown on the  f o r e s t  type map. These lands,  v e r i f i e d  
on recent  aerial photography, were considered "overlooked fores t s"  on t h e  re f -  
erence aaps. Forested areas which had been harvested s i n c e  t he  compilation of 
t he  f o r e s t  cover type map were a l s o  included i n  t h i s  category. 

The frequency and areal ex ten t  of each type of e r r o r  w a s  deternined f o r  
each Landsat map. Areas were estimated using a c e l l  g r id  having a 0.25 hec t a r e  
(0.625 acre)  ce l l  s ize .  A l l  values  were rounded o f f  t o  one decimal place.  

RESULTS AND DISCUSSION 

Three types of agreement o r  accuracy were calculated:  i n t e r p r e t a t i o n ,  
c l a s s i f i c a t i o n  and mapping. In t e rp re t a t i on  agreement expresses  t he  r e l a t i v e  
proportion of  t he  t o t a l  f o r e s t  a rea  mapped from Landsat t o  the  t o t a l  reference 
(ac tua l )  f o r e s t  a r ea  of t he  county without considering e r r o r s  of omissio2 o r  
commission. This type of  accuracy is non-site s p e c i f i c  and, therefore ,  is use- 
t u l  only i f  t o t a l  a rea  es t imates  are needed. C la s s i f i ca t i on  agreement expresses  
the  r e l a t i v e  proportion of the a c t u a l  f o r e s t  area t h a t  was co r r ec t l y  mapped as 
f o r e s t  from Landsat taking i n t o  account only the  omission e r ro r s .  As such, i t  
i nd i ca t e s  how accura te ly  indivtdual  f o r e s t  t r a c t s  were i d e n t i f i e d  without con- 
s ide r ing  the  mis in te rpre ta t ion  of noc-forested a r ea s  as f o r e s t s  (i .e. ,  cornpiis- 
s ion  e r ro r s ) .  Fiapping agreement provides a measure of t he  l oca t iona l  o r  posi- 
t i o n a l  accuracy of t he  i n t e r p r e t a t i o n  maps ( r e f .  11). It expresses the  r e l a t i v e  
proportion of t h e  a c t u a l  f o r e s t  a r e a  t h a t  w a s  co r r ec t l y  mapped as f o r e s t ,  taking 
i n t o  account bcth e r r o r s  of m i s s i o n  and commission. 

The accuracies  achieved with each type of Landsat image a r e  given i n  t a b l e  
11. Overall ,  t he  accuracies  ranged from 74.0 t o  98.5 percent and were higher 
fo r  the winter scene thzn the  f a l l  scene. Mapping accuracy (which has  t he  
g rea t e s t  v a l i d i t y )  .*as the  highest  f o r  t h e  winter fa lse-color  composite (88.3 
percent),  whereas the diazo enhancement of t he  f a l l  scene improved the  mapping 
accuracy over t he  i a l l  fa lse-color  composite. Considering a l l  types of accuracy, 
the winter fa lse-cclor  composite image provided the  most accura te  f o r e s t  map cf 
the  county, although a diazo-enhanced image of the  winter scene may even fu r the r  
improve accuracy. 

An inves t iga t ion  was made of t h e  w j o r  f a c t o r s  a f f ec t i ng  i n t e r p r e t a t i o n  
e r ro r s .  A sumnary of t he  various i n t e rp re t a t i on  e r r o r s  by type of Landsat 
image is presented i n  t ab l e  111. Over 83 percent of a l l .  commission and omission 
e r r o r s  were boundary e r rors .  The accuracy of iden t i fy ing  ind iv idua l  f o r e s t  
t r a c t s  from Landsat imagery (not considering t h e i r  a rea)  would, therefore ,  be 
subs t an t i a l l y  higher than those presented i n  t a b l e  11. 

An ana lysfs  of t he  s i z e  of the  e r r o r  u n i t s  showed t h a t  most a r ea s  were less 
than 4 hec ta res  (10 ac re s )  i n  s i ze .  Thus, i f  one is in t e r e s t ed  only i n  map;>ing 
fores t lands  l a rge r  than 4 h e c t ~ r e s ,  t h e  accuracy aehieva5ie nay be improved. 

Evaluation of the commission e r r o r s  indicated t h a t  a g r i c u l t u r a l  land was 
the major component of s r r o r ,  followed by treed bogs, brashland and urban t r ee s .  
This was expected because of t he  high percent of  boundary e r r o r  aad a g r i c u l t u r e  



being t h e  major land use i n  t h e  county. However, a:curacy may be taproved i f  
treed bogs and brushlands  a r e  considered f o r e s t e d  areas. 

*-'he frequency and area of mis in te rp re ted  f o r e s t  cover type c a t e g o r i e s  
(omission e r r o r s )  were p ropor t iona l  to t h e i r  occurrence i n  t h e  county. Both 
s t o c k i n g  l e v e l  (dens i ty )  and s tand  s i z e  a f f e c t e d  t h e  i n t e r p r e t a b i l i t y  of a l l  
f o r e s t  cover types.  Fores i  s t a n d s  of lower s tock ing  l e v e l  and small s tand  s i z e  
were m r e  o f t e n  rni::interpreted; however, s t o c k i ~ l f  l e v e l  con t r ibu ted  more t o  
omission e r r o r  than s t -  4 s i z e .  

The amount of time spen t  on i n t e r p r e t i n g  each Landsat image, inc lud ing  
r e g i s t r a t i o n ,  t r a in i r lg  and i n t e r p r e t a t i o n .  was recorded. The t o t a l  time rc- 
qui red  t o  map t h e  fo; - rs ts  o f  t h e  county ranged from about 13 hours f o r  t h e  
win te r  c o l o r  composite t o  21 hours  f o r  t h e  f a l l  c o l o r  composite. 

Another f a c t o r  considered was t h e  svai1abi l i :y  of Landeat images f o r  s 
given season. A l l  a v a i l a b l e  Landsat images of t h e  countv taken between 1972 and 
1980 were c l a s s i f i e d  according t o  frequencv and percent  cloud cover. A t o t a l  of 
186 Lsndsat images have been taken s ince  1972 and, o f  these ,  on ly  1 3  images ( 7  
pe rcen t )  have no cloud ccver .  Over 64 percent  of a l l  images and over 93 percent  
of t h e  win te r  scenes  h m e  a cloud c b i e r  of marc than 40 percent.  The availa- 
b i l i t y  of cloud-free winter  i m p e s  is d e f i n i t e l y  much iower than c l e a r  f a l l  
images. 

This s tudy found t h s t  a c c u r a t e  acreage e s t i m a t e s  of f o r e s t l a n d s  can be do- 
r ived from Landsat imagerv. The t o t a l  f o r e s t e d  a r e a  i n  Bal-ry County was es- 
t imated t o  be wi th in  3 petcent  of re fe rence  d a t a ,  al though s i t e - s p e c i f i c  
a c c u r a c i e s  of t h e  Landsnt images ranged from 74-92 ttc. SS.3Z. Tine fa l se -co lo r  
composite of t h e  b i n t e r  'Landsst scene (with snow cover) provided the  most ac- 
c u r a t e  f o r e s t  map and diazo enhancement improvivl t!ie accuracy achievable  frem 
t h e  f a l l  Lsndsat scene.  

I n  l i g h t  of t h e  accL*;acy l e v e l s  achieved,  and c o n s i d e r i ~ ~ p  t h e  r e l a t i v e  
e f f i c i e n c y  and a v a i l a b i l i t y  of t h e  technologv, t h e  Fores t  Wnagement Divis ion,  
Xishipan Department of Natural  Resources. he1ievt.s t h n t  landsat-der ived f o r e s t  
s t a t i s t i c s  can provide 3 valuable  supplement to cur ren t  f o r e s t  r esources  d a t a .  
I t  i s  a l s o  l i k e l y  t h a t  Landsat can provide t h e  f i r s t  l e v e l  i e r e s t  a r e a  s t a t i s -  
t i c s  i n  t h e  !?eriodic f o r e s t  surveVs and h e  used t o  ~ i p d a t c  s c ~ m e  o f  thosc  
s t a t i s t  i,-s. 
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Table I1 
Classification, Interpretation and Mapping Agreement by Type of Landsat Image 
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Table I11 
Erzors of Interpretation Performdnce by Type of Landsat lrnagel 

for Barry County, Michigan 
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0 Forests Correctly Identifled Overlooked Forests 

Commission Errors Omission Errors 

Figure 1 .  Forest Interpretation Map from the Col.or Fall Image of Food- 
land Township, Barry County, Shaving Cowission and Omission Errors. 
See Table I for explanation of codes. 
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APPLICATION Of REMOTE SENSING TO 
LAND AND WAmR RESOURCE PLANNING: 
THE WCOMOKE RIVER BASIN, MRR- 

Stan E. Wildesen, Planning Engineer, Soi l  Conservation Service 
Salisbury, Maryland 

Edward P. Ph i l l ips ,  Chairman, Pocomoke River Advisory 
Camit tee ,  Berlin, Maryland 

The Pocomoke River Advisory Comaittee (PRAC) i n  conjunction 
with the Soi l  Conservation Service (SCS), United S ta tes  Department of 
Agriculture, conducted a study of the  Pocamoke River Basin, Maryland 
t o  develop a canprehensive resource management plan tha t  provides for  
t h e  management and protection of the  natural  resources of the  r iver .  

Because of the  s i z e  of the  r ive r  basin, the  inaccess ib i l i ty  of 
cer ta in  areas and study t i m e  constraints ,  several remote sensing 
techniques were used t o  co l l ec t  base information. This inionnation 
provided an adequate understanding of the environment and its re- 
sources, thus enabling ef fec t ive  management options t o  be designed. 

The remote sensing techniques used fo r  assessment included manual 
analysis  of high a l t i t u d e  color-infrared ( I R )  photography, computer- 
ass is ted  analysis (ORSER) of Landsat-I1 imagery, and the  application 
of Airborne Oceanographic L i d a r  (AOL) for  topographic mapping. 

Results show t h a t  each technique was valuable i n  providing the  
needed base data necessary fo r  resogrce p l a n q i ~ g .  

The Pocomoke River Advia9ry Ccnrunittee requested a special  r i v e r  
basin study t o  be i n i t i a t e d  by the  Soi l  Conservation Service, USCA. 
This study focused on the  upper portion of the  r i v e r  between Snow H i l l ,  
Maryland and the  Delaware Sta te  Line. Historical ly,  t h i s  section of 
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t i e  river has been maintained by dredging. I n  recent years the  dredged 
c a n e l  has become ineff ic ient  bocause of sedimentation, windfall8 and 
debr~o .  This ha8 caused severe drainage problaars especial ly during 
period? of high ra infa l l .  Thim atudy concentrated on the  management 
and balance of agr icul tura l  drainage damando with envirorunental and rec- 
reat ional  concerns. The l a t t e r  group is concerned with the  preserva- 
t ion  of natural  f lo ra  and fauna indigenour, t o  the  swamp ecosystem 
flanking both s ides  of the river. The solutions involved a considerable 
amount of data a c q u i ~ i t i o n  f o r  a multitude of parameters. Perhaps t h e  
most important of these inputs necessary t o  predict  potent ia l  impacts 
of any action w a s  the hydraulic and hydrologic conditions of these eco- 
systems. Through the use of remote sensing base data  were obtained t o  
analyze these conditions. 

Major examination centered on the r ive r  corridor,  a 23.2 km. 
(14.4 mi . )  channel and a 1.2 km. (0.75 m i l e )  wooded floodplain. This 
corridor still contains the old  r ive r  bed, its oxbows, the  dredged 
channel of 24.3 m. (80 feet) top width and 1.5 m. (5 fee t )  high spo i l  
p i les .  During t h e  channel construction i n  the  1940's continuous spo i l  
p i l e s  were placed on both s ides  of the  r ive r  result ing i n  individual 
vegetational patterns. 

High a l t i t u d e  color infrared ( I R )  photography w a s  used t o  high- 
l i g h t  unique areas i n  the  corridor and throughout the  basin. It was 
the  purpose of Landsat-11 MSS analysis  t o  document these present 
pat terns,  canpare with color IR r e s u l t s  and use a s  follow-up f o r  future 
assessment after the  implementation of several management schunes. 

Airborne Oceanographic Lidar (AOL) application fo r  topographic 
mepping was used w-h available ground survey data t o  document the  
available floodwater storage and model the hydrologic conditions t h a t  
can occur. 

HIGH ALTITUDE P H W R A P H Y  - 
IMAGERY SELECTION 

High a l t i t u d e  18240 m. (60,000 f t . )  color infrared ( I R )  photogra- 
phy, NASA mission 74-039, dated March 13, 1974, was chosen fo r  analysis.  
This f l i g h t  represented the most promising for  wetland interpretat ion 
because of high water and defoliated condition. This condition revealed 
def in i t ive  boundary l i n e s  t h a t  allowed separation of wetland forest .  

Color infrared 91 cm. X 91 cm. (36 in. X 36 in.) paper photos were 
chosen because of the inexpensive cost .  A t  a cost  of $250,00, f ive  (5) 



framer provided more than complete coverage of t h e  basin. The under- 
f l i g h t  photography was chosen fo r  wetland ident i f ica t ion  and a8  the  
primary source f o r  data col lect ion.  

This mmthod has proven eucceasful i n  other  etudiee. This sca le ,  
approximately 1:29,000, needed t o  show enough d e t a i l  f o r  m a l l  we t -  
land un i t s  but e t i l l  provide enough information fo r  t o t a l  environmental 
and agr icul tura l  considerations. 

CLASSIFICATION AND IDENTIFICATION 

  he f ive  frames, 91 cm. X 91 an. (36 in. X 36 in.) paper photos, 
were covered with .0127 cm. (0.005 in.) frosted mylar draf t ing  f i l m  
overlay. The frames were then quartered t o  enable a convenient use 
fo r  f i e l d  checking. Suspected areas of wet fo res t  were delineated on 
the  mylar with No. 2 pencil.  

Field invest igat ion performed t o  identify areas by wetland vege- 
t a t ion  types was based on the United Sta tes  Department of In te r io r ,  
Fish and Wildlife Service, Circular  39. 

IMAGERY INTERPRETATION AND DELINEATION 

Interprotat ions of infrared photography showed two major loca- 
t ions  of the  wetlands. There were (1) depressions found on upland 
f l a t s  t h a t  were dispersed and i so la ted ,  and (2) systematic wetlands 
located along the  r iver ine  systems. In  the upland the  photography 
helped locate the  sites and l ike ly  access routes. It a l so  determined 
khe general shape and geometry of the  areas. A t  r iver ine  systems, the  
alignment, shape, location and dimensions were provided. On-site in-  
spection of the  sample areas perfected in terpre ta t ion  of these photos. 
W i t h  knowledge of on-site conditions and the color ,  tex ture  and posit ion 
on the  photos, f i e l d  review site p r i o r i t i e s  were made. 

Visml analysis  of the color infrared ( I R )  photographs ascertained 
wetlands a s  small as  6 m. (20 f t . )  i n  diameter and showed a l i n e a r  
alignment of drainage di tches down t o  1.2 m (4  f t  . width. 

Detai l  and accuracy were grea ter  than the  use of conventional 
nethods. Approximately 90 percent of the  wetland mapping was accom- 
plished by use of these photos. Only 10 percent of the  conventional 
f i e l d  time was needed fo r  I R  photo verif icat ion.  Total f i e l d  and 
o f f i ce  time required 60 days, approximately 1/10 the  time of conven- 
t iona l  method. 



IMAGERY SELECTION 

A four-band Landsat-XI scene, scanned on April 9, 1978 was 
cbtained on canputor-compatible tape. Selection of this scene was 
based on a defoliated forest condition, bars cropland condition, and 
a high water condition in the floodplain. The sing!.e selection of 
&is scene was proposed to demonstrate (1) the ability of Landsat 
analysis to perform similarly to the high-altitude color infrared 
photography for identification of wetland and forest patterns, and 
(2) examine the potential ability of Landaat analysis to delineate 
wet and dry cropland soils. 

WETLAND AND FORESTLAND ANALYSIS 

Classification and Identification 

The Landsat scene was analyzed using the ORSER System (soft- 
ware package of the Off ice of Remote ,Sensing of Earth's Resources, 
The Pennsylvania State University) . * Using the Landsat scene, the 
spectral signatures of a 40,000-acre test area were evaluated in 
hopes of detecting and classifying characteristic plan expressions. 
The vegetative areas had unique patterns associated with them. These 
patterns were indicators of the vegetation, wetness, and biological 
condition. Though land use and cover types are normally associated 
with ground condition, aspect, and vegetation, aspect was not a 
major consideration. 

The topography of the area is relatively flat with less than 
1 percent slope except in floodplain-upland breaks. The mean sea 
level elevations are less than 7.6 m. (25 ft.) causing negligible 
aspects. 

An initial map was generated to verify general location and orien- 
tation. These maps were then compared with SCS aerial photo., USGS 
7+ minute quadrangles and SCS soil surveys for the surrounding 
counties. Training sites were selected from these data bases. 

- 
*Irish, Richard R.; Luce, Frederick C., 1980, Identification of 
Ecological Response Units by Computer Classification of Landsat 
MSS Data (Unpublished). 



Variow ORSER progrum ware i terated t o  r e f h e  the land clasr- 
i f icat ion map.. Tln rerulting miqnaturer and location* wrm can- 
pared t o  a color infrared high-altitude photo mimaion number 73-197, 
dated Docember 1, 1973. Ground truthlng war not wed. After ruc- 
cerrive use of there ORSER program a f ina l  c larr i f icat ion map war 
produced and canpared t o  the high-altitude photor. 

Verification 

Transectr were taken on the f inal  computer-generated claruif i -  
cation map and coatparod t o  tranrects on the high al t i tude color 
infrared photographs dated March 13, 1974. The floodplain uampling 
area was 606 ha. (1500 ac.). Tranaects were ma& every 760 m. 
(2500 f t . ) .  Sampling points on the transect were taken every 304 m. 
(1000 f t . )  giving approximately four sampl.ing points for  every trans- 
act. 

The wetland type a t  each of the sampling points war .xamined 
within each population. The individual examination of each point 
was referenced a s  an event. I f  the wetland type a t  a point was the 
same for both the delineated overlay and the ground point, a value 
of 1 was assigned t o  that  evont. I f  the forest  types were not the 
s aw a value of 0 was assigned t o  that  event. * 

The number of correctly identified sampling points, stated as 
a percentage, were camputea using the following equation. 

Percentage of points = Total value of events 
identified correctly Total numbar of events 

The percentage of correctly identified sampling points was an estimate 
of the accuracy of the Landsat classification. 

Upon completion of the program reiterations,  a t o t a l  of 22 
specific signatures were identified. Comparison of the f inal  coonputor 
map with aerial  photos revealed eight general categories of the 22 
signatures. Four categories were analyzed for wetland analysis. 

*deSteiguer, J .  E .  , Forest Type Mapping of the Atchafalaya River 
Basin from Satel l i te  and Aircraft Imagery. 



Therr categorier were rigniflcurtly r i m i l u  t o  the proviou8ly 
m e n t i a d  manual urclyrir  of umtlandm on color infrared photograpiut 

(1) Water (I) 51 ha. (127 ac.) 

(2) Wetland vegetatir! ( . I  162 ha. (400 ac.) 

3 )  mciduous forestland (X I  1366 ha. (3381 ac.) 

(4) Unknown forertland (+) 2036 ha. (5039 ac.) 

The f i r s t  category war repreuentative of open canopy area8 of 
W river or exiating milldarac. In one area a dying and inundated 
mamp war represantul. Wetland condition8 of t h i s  category and other8 
varied with upland drainage or channel overflcrv. 

Category No. 2 and Category No. 3 represented a type 7 *amp. 
These areas paralleled the main dredged channel and reflected the 
overflow from the main channel and entrapment of upland drainage. 
The boundary w i t h  the next classification showed the extent of high 
water encroachment. 

The location of Category No. 4 along the periphery of t y p e  7 
confixmed by ground truthing t o  be a type 1 situation, These areas 
were different by wstness, distance from channel overflow, and gen- 
e r a l  elevation increase. 

Though the classifications ware formulated without ground 
truthing the colnputer generated classification map provided an 87 
percent accuracy. Ground truthing is always necessary t o  assess the 
plant species canposition but t h i s  demonstration showed that  use of 
Landsat remote sensing data can camplamant, improve or  reduce f ie ld  
work. This process maximized the use of d ig i ta l  data a~ 5 minimized 
f ie ld  work. 

Results indicate that  if manual analysis of high-altitude I R  
pilot08 reduce conventional methods by 90 percent, Landsat imagery an- 
a lysis  using computer assistance may further reduce t h e  work load and 
t ime .  Landsat may be used ei ther  as  a preliminary analysis synoptic 
coverage of tke entire basin or  fo r  selection of specific areas for a 
more detailed analysis. 

IDENTIFICATION OF WET CROPLAND 

Introduction 

Inadequate surface and subsurface drainage f ; ;  agricultural crops 



and pasture land can be a s m r e  problem to the agricultursl economy. 
This drainage problem is caused by seasonally high water tables and 
a lack of crCeqwte drainage outlets. A particular visual measure as 
to the effectiveness of surface drainage is soil moisture retention 
and wet field ~undLtions. 

Attempts -re made to identify cropland areas of varying wetness 
(relative surface soil moisture content) th.rou@xxtt the test area to 
assess the effectiveness and need for agricultu-a1 drainage channels. 

This test qite in the ~~ke River Basin was selected to assess 
the utility of Landsat MSS data for mapping and monitoring cropland 
soil wetness for assessnrent, planning, and management of major agricul- 
tural drainage construction projects. Using the ORSER computer pro- 
a r m  package, an April 9th, 1978 Landsat scene was anllyzed. The up- 
land segment of the Pocomoke was identified and tested. 

Classification and identification 

The romposite brightness and unifcrmity ma2 was generated first 
to v-rify the study location and provide easier selection and identi- 
fication of s.mple areas. These areas were of known relative wetness. 

Initially one band 7 was analyzed to displcy the water reflective 
ability. Successive use of various ORSER subprograws revealed unique 
aeas of spring planting and/or winter crops but classification was 
difficult to coaplete . 

Llalysis with four (4! bands did not significantly improve 
slassiflcation results. The camparison of the classiffzation maps 
with the high-altitude color infrared photographs showed partial rec- 
ognition of same unique cropland patterns but general discernible 
accuracy did not exist. No uniformity in wet and dry soil areas 
seemed to exist. 

Results 

Identif~cation of unique spectral signatures for wet and dry 
cropland was difficult to ascertain. %e final classification map 
revealed minim1 idertZication of the sample areas. Further review 
suggeste soil moisture for the particular Landsat scene was not at a 
desired optimum. Winter cover crop complicated tne analysis due to 
the spectral rtspor.~; of the vegetation. Cursory analysis negated 
further investigation of &her programs for refinement. 



The A i r b o r n e  Ocsanoqraphic Lidar (ML) is a state-of-the-art 
pulsed laser system designed primarily for f i e l d  demmstratiaa and 
tachnology t r ans fe r  experiments for user agencies that need naw tech- 
nology in the areas of (1) airborne bathyswtry and (2) laser in- 
duced fluorescencd. Since tl?e AOL systm must perform as a high-pre- 
c is ion lzs-r altimeter for thsse two areas ,  it allaved use for topo- 
graphic mapping. 

The AOL can a l s o  be u t i l i zed  foz the determination of tree 
heights. In  the bathylnetry mode a shor t  l a s e r  pulse is transmitted 
t o  the ground. The pulse is p a r t i a l l y  ref lec ted  back by the tree 
canopy t o  the a i r c r a f t  receiver while the  other part of t h e  pulse 
penetrates the canopy t o  the ground surface and returns also. The 
separation i n  the two returns provides a measurement of tree heights, 
ar.d the sum of the i n i t i a l  range and the  tree 5eight  y ie lds  an 
accuyate measurement t o  ground level.  

ACL was applied i n  the prc f i l ing  mode over the  r i v e r  floodplain. 
Typical f l i g h t  l ines  were 1 t o  3 km, i n  length. B e g i ~ i n g  and ending 
Llight l i n e s  were marked with tethered red and/or white balloons. 
Altitudes w e r e  between 165 and 300 m. (500 ar3 1000 f t . ) ,  The a i r -  
c r a f t  speed was 75 t o  100 metersisecond (150 t o  200 knots). The 
f l i g h t l i n e  was covered wieh  s tolerance of 30 meters cross-tract  a t  
the  heginning and ending of the l ine .  

GROUND SUPPORT 

The ground survey team correlated t h e i r  a c t i v i t i e s  with the  a i r -  
c r a f t  information. Field data were collected and ident i f ied  with 
photographic records of the Elight l ines.  Survey l i n e s  were cut and 
mean sea level  elevations were ver i f ied  a t  necessary test poizts.  
Elevations were determined f o r  a t  least three ident i f iable  points  of 
photographic records t o  canpare and corra la to  U.S.G.S. Coast and Geo- 
deti;  Survey markjrs with l i d a r  application data. 

The grc*? m acquired permission t o  es tabl ish  navigation 
guides and mo s on pr ivate  lands and access fo r  addit ional  survey. 



Presently posit iolul  data a s  w e l l  as al t i tude data @itch, r o l l  
and heading) can be deterained for a i rc ra f t .  Hawever these data are 
usable for a short term due to gyro d r i f t s .  The use of ver t ical  
accelerolpeter mves  vert ical  a i rc ra f t  motion for  the data. Though 
d r i f t s  occur, errors  are  rem~ved by knowing three easi ly  accessible 
survey points i n  the f l igh t  line. 

Additional positioning was made available t o  the proximity with 
WSA Wallops Island Flight Center. During f l igh ts  precision tracking 
C-band radars wem used. 

HAPPING CAPABILITIES 

In the profil ing mode data were provided every 20 an. of length 
a t  434 km. (270 mi.fir.1. Precision has been shown i n  previous dem- 
onstrations t o  be 2 cm. on a s t a t i c  target and 6 cm. over smooth 
ground. 

RESULTS 

Laser transects have several advantages over present survey tech- 
niques used for planning. They are: 

a. The AOL system can col lect  data within 30 seconds 
campared t o  several days for  a ground survey team. 

b. Many more data points a re  supplied along the line 
by laser  than conventional methods. 

c. The AOL system demonstrated potential for rapid 
and detailed mapping for  logis t ical  d i f f i cu l t  pro- 
f i l e  lines. 

d. Laser raw data are  collected in  d ig i ta l  form, 
allowing for  inmediate computcr processing. 

e. The AOL system demonstrated the ab i l i ty  t o  measure 
tree heights and also measure t o  ground level i n  
foliage covered terra in  - a task d i f f i cu l t  t o  im- 
possible for photogranmetry. 



The we of remote sensing techniques 2or the Pocomoke Fti\=r 
Basin Study acquired needed data. 

The use of high altitude color infrared photogxaphy f o r  wet -  
land ident i f ica t ion was f a s t s r  and less espensiw than the conven- 
t iona l  methods. Analysis of Lan&at MSS da ta  showed 87 percent 
accuracy in identifying wetland and fores t  pat terns.  Because of 
this accuracy present pat terns are d-ted and available f o r  
F~ture assessmnt when management options are appltd. AOL appli-  
cat ion f a r  topographic mapping provides information f o r  p l a n i n g  
purposes. 

Results show that each technique i s  i n  the state of the art. 
U s e  of these techniques can be used i n  land a.d water resourcc 
planning. 
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Surface mining for coal has becane an increasingly important wponse  to 
the nationls demand for doetestic eLergy supplies. East-central OhLo (F'ig. 1) 
today is amng the country's largest suppliers of coal. The  area has been 2:s- 
rupted by coal mining since the early 1800s. Belmont County (Fiq. 2 )  has be- 
came almost synonymous with s t r i p  miuing. A major part of the county has been 
churned over since the introduction of s t r i p  mining to  the county i n  191 8. 

Fklmont Csunty has several layers of coal throughout its area. Some of 
the seams are extracted though deep mining but most of the coal is  surface 
mined. Surface mining, for tne most part ,  is classified as ei ther  contour or 
area sir12 aining. Generally speakhg, area s t r i p  mining (F'ig. 3) is practiced 
on f l a t  terrain. This process consists of the renoval of vegetation cover, the 
cutting of a trench t o  expose the coal seam, the removal of the coal and repe- 
t i t ion  of the  operation. 

In tbe contour method, (Fig. 4) a bench is cut into a coal seam that crops 
out aloilg a valley. Earth removal continues into and around the h i J . 1  un t i l  the 
anount of ove.rburden makes further mining economically impractical. Th9 spoi l  
stripped from above $he seam is dmped 180' from .the cut, tending to f i l l  the 
adjacent valley. Tha spoil  may thus occur i n  mds. Most of the s t r i p  mining 
operations i n  Belmont County use the contour method. 

After the coal mining procedures are tersinated, the area is characterized 
by a steep uncut face, the highwall, a mlatively f l a t  bench that follows the 
conteur of the h i l l ,  and an adjacent spoi l  p i l e  consisting of previ~us ly  re- 
moved overburden. Lakes or  pond3 form freauently on the bench between the 
spoi l  and the highwall. The scene l e f t  bshind is  a t  best undesirable. 











ORKilNAL PAGE IS 
OF POOR QUALITY 

9M accurate i n  delineating surface mines over 30 acrea in size.  Anderson 
et al., (19'75) suggest t h a t  such a multi-level sampling approach (with correla- 
t i v e  air photo data) is  "an effective, rapid, and accurate means of monitoring 
the surface mining cyclen w i t h  Immediate cost benefits. 

In I1Remote Sewing of Surface Mnes : A Cunparative Study of Sensor Sys- 
temel1 (Irons, et al .  , 1980), the authors compared Landsat MSS, an airborne NSS, 
the  airborne Thematic Mapper Simulator (W), and high al t i tude color and aolor 
infrared photography. Data were collected for study areas I n  sprlng and autumn 
within three counties of the bitminous coal mining region of Pennsylvania. 
Most of the d i g i t a l  pmceesing, including s u c c e s s f ~ l  application of band ratio- 
ing ( 5 / 6  again), w e s  executed w i n g  General E lec t r ic t s  Digital Image Analyeis 
Laboratory (DIAL). The authors* main conclusions were that  "hndsat  data (are) . . . most suitable for  a synoptic inventory of mines on a regional beeis,* 
while nhigh al t i tude aer ia l  photography ( I s )  . . . the best source of the des 
tailec: information required for reclamation monitoring1' (Irons, et al .  , 1 980). 

Spisz an8 Dooley conducted a similar study ent i t led "Assessment of Satel- 
l i te  and Aircraft Multispectral Scanner Data for  S t r ip  Mine Moritoringn i n  1980. 
The authors compared Landsat MSS, a i rc ra f t  11-band MSS, and infrared air photos 
with ground survey information obtained for a surface mine t e s t  site i n  eastern 
KentucQ. The Landsat data were from several dates over a five-year period, 
and were used t o  produce classified maps of the study area showing changes i n  
the extent of the  strip-mining zone. Band 5 /6  ratioed data provided a qualita- 
t ive  (level I) separation of categories, but a highly supervised approach w a s  
recommended f a r  greater discrimination within mine and reclamation areas. 

Thus the l i t e ra ture  is  i n  agreement on the fact  that  Landsat data can be 
wed t o  map strip-mined areas with a high degree of success, but also that  a 
greater degree of de t a i l  is  needed to  break dawn the progressive stages of 
mining and reclamation efforts.  This study explores both neu and t radi t ional  
techniques wi th  such a goal i n  mind. 

TRADITIONAL APPROACHES USED FOR SURFACE MINE ANALYSIS 

Lar  :sat imagery has been used by a number of researchers t o  ident i fy  and 
merlrrurs .xi  areal  extent of surface mlnes. In multi-spectral sensor (MSS) bmd 
5 :;he l ight  gray tones associated with mines stand ~ u t  against the  darker for- 
est tones. Mine identification is best i n  the  summer months because of the high 
cant.,-at between barren mire areas and fully vegetated forest  cover. Mfnes con- 
taining standing water and exposed carbonaceous deposits are  best identified by 
MSS 7 because they are very absorptive i n  the near-infrared region. 'Phis chan- 
nel  has also been used t o  identify older reclaimed surface nines because their  
less dense vegetation can be d i s t ing~ished  from the surrouuding vegetation 
(Sweet e t  a l . ,  1973). While Landsat imagery can be used to map the location of 
larqsr surface mines, most studies have concluded that  the resolution of the  
imagery alone is inadequate for identifying submine fe~~.:~ures. Therefore t h e  
manual interpretation of Landsat imagery is  not recommended for monitoring con- 
pllance wizh mine operation and reclamation rsgulatiors (Russell, 1977; 
F~sh, 1 9 7 7 ) .  



ORIGINAL PAGE IS 
OF POOR QUALlTy 

Altbough d l&ta l  analysis is  more muplex than the manual interpretation 
of Landsat imagery, it haa the advantages of increased spectral  and spa t ia l  ree- 
olution, automated data handling, and the ab i l i ty  to readily calculate acreages 
for  any given category in a classification. A vide variety of c lass i f iers  and 
d ig i t a l  techniques have been used t o  identify surface mines. While minimun dis- 
tance and parallelepiped classification algorithms have been used i n  several 
studies, the maximum-llkelibod is apparently the most popular clesdifier .  Both 
supervised and unsupervised class1 flcation t echniquee have been successPully 
used i n  surface mine studies. Other approaches wed in surface mine analysis in- 
clude density ellcine,  band ratioing, and canonical analysis. 

Cluster analysis groups spectrally similar pixels in to  clusters,  each of 
whlch hae a characterist ic spectral  response. Most stizdies have found cluster  
analysis t o  be appmpriate only for sites where there is limlted knowledge about 
the  area. One study suggests that  cluster analysis has been successfully used 
i n  large spectrally uulfom areas but is l e s s  accurate in complex s i t e s  with 
varied surface features. Spectrally complex s i t e s  produce border clusters,  am- 
p e e d  of mixed pixels, which h q  introduce confusion into the f i na l  classiflca- 
t ion (Spisz and Dooley, 1980). Conversely, a Pennsylvania State  University 
study found that  c luster  analysis provided good definit ion of stripped areas as 
well as backfills, trenched areas, and areas cleared for  f'uture str ipping opera- 
tions (Alexander e t  al. , 1 973). Cluster a n a l p i s  has also been used i n  areas 
where mines were so narrow and serpentine i n  shape tha t  supervised t ra ining 
polygons could not be d r m  without including unwanted surface cover (Middleton 
and B l y ,  1 979; Schall, personal communication, 1 980). 

In supervised analysis certain user defined traitiing areas are specified 
t o  the computer as containing a specific surface cover. The computer is then 
instructed t o  analyze the magnitude and varlance of the spectral  responses from 
each training s i t e  and then i d e n t i Q  a l l  pixels i n  the rest of i;he Image w i t h  
similar characteristics. The selection of training sites can be hampered by 
several factors. Submine features may be narmw and complex i n  shape, making 
training site selection d i f f icu l t .  T h i s  is particularly t rue of reclaimed 
areas wbich may be mattered throughout the mine site and may contain varying 
percentages of vegetative cover. Many investigators have observed a vide vari- 
ation i n  the spectral responees recorded within and between mines. The influ- 
ence of slope and aspect are responsible for much of this variation. Slope a t  
some sites may range from near 1-01 t o  i n  excess of 30 degrees, and vary great- 
ly  i n  aspect. I n  some mining areas the composition, color, and texture of sur- 
face s o i l  can vary greatly. A l l  these spbctral varlationa m u s t  be accounted 
for,  requiring individual oignatures for  each situation. Because of this spec- 
t r a l  var iabi l i ty  several training a x a s  are  usually selected for  each cl.ass. In 
some cases where minee have been s*;tremely small, investigators have chosen to  
select  training areas outside of the general study area (Spisz and Dooley, 1980). 
Stcdies using d ig i t a l  metbods have typically been able t o  classifSI mlne s i t ee  
into  active, inactive, graded, and rechimed categories. Several investigators 
have encountered d l f f lcu l ty  i n  developing signatures for  several levels of re- 
claimed vegetation. Imns e t  a l ,  , (1 980) had di f f icu l ty  i n  identifying re- 
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claimed area6 i n  Pennsylvania when the reclaimed s i t e  had more than 60 percent 
vegetation cover. Anderson end Schubert (1 976) had pmbld~38 i n  distingul shlng 
mature grass from recently seeded areae. 

Most studies have encountered d i f f icu l ty  i n  e x t d n g  signatures beyond 
the immediate mlne s i te .  In  an EPA s t d y  separate signatures were developed for  
each mine (EPA, 1975). Denaity e l ic ing of band-rstzoed data has been shown to  
be a succeeahil technique for reducing temporal and geographical differences. 
The MSS 5/6 ration has been found to  minimize topographical re l ie f  effects (Bol- 
ben and Justice, 1979). Using this r a t io  Anderson was able t o  extend signaturea 
between adjacent scenes and t o  other dates. However, the extension of mine sig- 
natures produced confusion with urban and built-up areas (Anderson et al . ,  1975; 
Iron8 e t  81. , 1 980). The ra t io  of these two channels also enhances the contrast 
between barren o r  par t ia l ly  revegetated surface mlne spoi l  and the surrounding 
vegetation (Anderson e t  al . ,  1977; Irons et a l . ,  1980). The seune t of boun- T darg pixel/p&ially revegetated pixel confueion, as existed i n  the -band clas- 
sif ication,  was also expertenced with the ratioed data (Anderson e t  : a ? .  . 1979). 

Middleton and Bly (1980) merged a MSS 5/6 ratioed band with the four Landsat 
bands, These data were then c la s s i f i ed  using a hybrid signature f i l e  developed 
using supervised and unsupervised clustering techniques. These signatures were 
successfully extended over a 2500 square mile region i n  Virginia, but the same 
urban/mine misclassification experienced i n  previous studies w a s  encountered. 

SUPERVISEXI VS. UNSUPERVISED APPROACIIEF, USED FOR SURFACE MINE ANALYSIS 

Several approaches have been applied to ascertain land cover types and 
extent of surface mlning/reclmation by d ig i ta l  image pmcessing (Irohs e t  al .  , 
1 980; Spisz and Dooley , 1 980; and Rogers et ol. , 1 974 ) . In  a hybrid-type clas- 
s i f icat ion approach Tanner (1 979) found favorable results  i n  applying a sequen- 
t i a l  clustering algorithm to  a i rcraf t  multi-spectral manner data for  i n i t i a l  
detelmination of spectral  groupings of surface minec' areas. C! weifled image 
results were used t o  f ac i l i t a t e  identification of a ~ e c t r a l l y  u k ~ f o m  regions to  
select  training s i t e s  for additional classification qproaches. He also deter- 
mined four-band channel selection by canonical a n a l y ~ i s  f r o m  an 11 -channel data 
set .  I n  another study on surface mining and reclams.tion, Imns e t  a l . ,  (1980) 
employed a supervised classification procedure. 3ata from three multi-spectral 
scanner sensor systems were evaluated, including the four Landsat MSS bands. 
With the use of l lnear discriminant analysis they were able t o  reduce the diman- 
aionality of the s i rc ra f t  scanner data and optimize category separability for 
application on the Digltal Image Analysis Laboratory (DIAL) sys tm by General 
Electric. 

Given the availabiU t y  of ~ u c h  a variety of procedural approaches, the 
question arises concernim - s t  how to  select  the beet method for analysis. 
Spisz and Dooley (1980) f o m ~  that a comparison of classifi.cation results  by 
both supervised and unsupeWi$ed computer analysis procedures provided overall 
excellent agreement of classification categories. The successful appllcation 
of supenrissd classification approaches are, however, generally de~endent on 
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the sldlls of the analyet, capability and versa t i l i ty  of the available computer 
hardware/eoftware system, end the oamputer time available for analyatls wage. 
Conversely, unsupervised techniqwe an, generally data d e m e n t  rather then 
analyst dependent for land cover categories (Spisa and Dooley, 1980). 

TEEE NON-TRADITIONAL UNSUPERVISED CLASSIFICATION PUZEDURE - 
An unsupervised clae6ification pmcedure, u t i  l is ing the cluster algoritbn 

and maximum likelihood classif ier  of Electromagnetic Systems Laboratoryte 
(E.S. L. ) Interactive Digltal Imago Manipulation System (IDIMS) (See ESL Techni- 
cal  Manual 1978) and a NASA nodification of the Offlce of Remote Sensing of En- 
vironmental Resources (ORSER) systemf s canonical analysis algori th (Turner, 
1 m8) w a s  implemer,ted on the HP 3000 b p u t e r  System a t  NASA/ERRSAC, Goddard 
Space Flight Center in  Greenbelt, Maryland. This :+rovided the basis for compari- 
son of a traditional c l u a t e r i n g h ~ u m  likelihood aigorithm sequence with a non- 
traditional algorithm sequence (Flow Chart I). The non-traditional sequence re- 

FLOW CHART 1 PROCEDURE 
Algorithm Flow C h a r t  :i 

NASA/GSPC/ERRSAC; IDIN 
Procedural Appll~a5ion 

Algorithm Sequt$il-~ 

CCT Subset Data + 

G- O~-TCC- Color 
Optronics 

RAW CCT -KLTRANS 
Subset Data 4 

> HISTOG 
4 

>MAP Axes 1 & 2 

L Gunn Polaroid or ->UNITE 
Optroni cs / 

>ISOCLS - >(PIXCOUNT) + 
Ground Cmtroi - TCC C ~ l o r  
Informtition 4 Gunn Polaroid or 

Optronics 



sulted i n  cluster generated catecpriee vbich vere camnically trrzrsr'arred t o  
x u u b h e  tmmg-category separabillty and to reduce tbs dlmmionality of the 
data for the classification pmcedure (Hembeck et al. , 1 m). The c-nical 
analysis algoritbr translates, lptates and reecales tha data W e d  cm the uithln- 
category and the among-categories -up variability, which bierarchicallg dimin- 
ishee along with each additional transforred axis, thus raxlxlaing among-categories 
separability (bmbeck, 1977, Lacbarski rmd Borden, 1973). Tbe trclnsfolred WS 
data sets w e r e  then preeented es enhanced iragee for visual image interpretation. 
They were also subjected to a cluster -is of tbs Pirst two axe6 to dwelop 
n w   it- categoxy signaturea for the transfomed images. 

The traditional pmcedure coiiists of: 
1. Clustering of the sub-set data into 30 camrleg. 
2. The 30 cluster categoxy m e a n s  and covariance matrices are input to 

the m a x i m u  Ue,libood classifier. 
3. Flnally, the categoFie6 fmm the maximu likelihood classifiers are 

gmuped on the basis of ground control infomation. 

The non-traditional procedure is as follows: 
1. Clustering of the subset data iato 30 categories. 
2. Input the 30 cluster category Beans and covariance matrices into 

canonical analysis to develcp trans formation matrix. 
3. The canonical transforaafion matrix is multiplied by the origlnal data 

subset. 
4. The canonically trrnsfowed data sub-set is c lus t~ red  into 30 cate- 

gories. 
5 .  Finally, clusters am gmup3d on the  basis of ground control infoma- 

tion. 

The two classification sequence8 were then ampared using Landsat MSS data 
sub-sets fmm cornputer cainpatible tapes (CCTs) for September 1973, August 1976, 
and September 1 9 9  for the study area near Piedmant Lake i n  Belmont County, Ohic. 
!See Figure 2.) The above dates were selected because they coindde with mall- 
able g n > d  truth information From the Ohio Department of Natural Resources and 
the United States Geological Survey. The unifow time interval was also part 
of the above consideration. The la te  summer scenes were selected since they 
provide m a x i m u n  information regarding vegetated and barren areas which is of 
particular interest i n  the monitoring of l a d  reclamation progress. 

CCLIPUTER ANALYSIS 

h t h  the traditional and mn-traditional supexvised classification algor- 
ith sequence6 were based on the i n i t i a l  clustering a l g o r i t h  as2i;ed to the 
orlglnal image data sub-sets for which thir ty clusters were developed. No at- 
tempt was made a t  that point to  identiFg categorg separability or  relevance to 
land cover categories. A l l  stipulated parameters controlling the cluster al- 
g o r i t h  were held constant t h u g h u t  their  applicatioc i n  developing spectral 
groupings i n  the various i m a g e  data sub-sets. In the traditional approach the 
s ta t i s t ics  file containing the mean and mvariance ~ a t r i c e s  for each of the 
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data sets which w a s  then input to a m a d r u  likelihood clsssifler a l l p r l t h  to 
develop classification categoriee. Each categorg waa interactively identifled 
acoonbg to probable land cover type through interpretation of m d i u  al t i tude 
black-and-white panchmmatic aer ia l  pbotograpbs. The non-trakltianal appmach 
input the same cluster generated statistics f l lee  into tbe rodif led caaonical 
a l g o r i t h  to generate the tsaneforraticm matrix uMch use tben applied to t.-2 

original data sub-sets for  each year. 

The paranetem (see ESL Techmica1 Manual, 1978) controlling the cluster al- 
g o r i t h s  were held constant for both the origlnal data application and the first 
two canonically transfomed ams. These axe6 aontsined appmrirately 98% of t b  
among-category variabi l i ty  for  each data set .  Each category was i n t e d i v e l y  
identified to debmine  the laid caver type it represented. 

DISCUSSLON AND RESULTS 

The l i terature  m i e n  substantiated that  Landsat data can affective* be 
utilized to help monitor surface mining areas and subeequent ?-eclrration pmg- 
ress. This study does not duplicate the obvious, but rather s h  that  the data 
manipulation procedure can enhance a great deal of subtle information within the 
data i l lustrated ' ~ y  linear contrast stretching of the data sets (Pigures 5, 6 
and 7). The subtleties w i l l  sknt not only the difference between mined and un- 
mined areas, o r  -reclaimed versus unreclaimed land, but Mhexmore detenafne the 
difference between variow stages of reclamation progress. 

Through the previously described procedures, the canonically trans formed 
data se ts  were presented as enhanced images. Three differsnt color caaposites, 
consisting of the f i r s t  two o r  three transfoxmed axes, were geaerated. One am- 
posite w a s  presented as red, green, and blue for  axes 1 , 2, and 3. Tke second 
was presented as red, green, and blue for  axes 1 ,  2 and (4=0) (Figures 8, 9 and 
lo) ,  while the third was presented as red, green, and blu3 for  axes 2, 1 and 3 
(Figures 11, 12 and 13). Camnical enhanceaent of Landsat imegery was inter- 
preted with the aid of transparent overlays for spa t ia l  variations and mupings 
of color tones (Figures 14, 15 and 16) and compared with NASA U-2 color IR 
phi- a t  a scale of 1 :125,000 (Figures 17 and 18). Stages of reclamation were 
delineated for active mining/ungraded, graded barren, recently revegetated , 
more mature vegetated, and poorly reclaimed are-, as well as small bodies of 
water aad inherent sediment patterns i n  Lake Piedmont. The peripherg of the 
surface mined area w a s  napped along with road surfaces, a l l  of which was dis- 
tingdshable through mhaacement procedures. The above procedures appear to 
pmvlde a petdo-unsupervised c l a s s i f i c a t i ~ n  of the IsS data. T h i s  application 
appears to be particularly adaptable to  heterogeneous W3 Image data. 

TRADITIONAL UMSUPERVISED CLASSIFICATION COMPARED TO NON-TRADITIONAL APPROACH 

This p o r t i o ~  canpares the traditional ~Pasterhaximun likelihood als3ritbn 
sequence with the non-traditional cluster/canonical transfowation/cluster al- 
gcrithn sequence (clustered cleesification, Figures 19; 20 and 21 ; m w d m u n  like- 















Uhood classification, Figures 22, 23 and 24; non-traditional classiflcation,  
Figure 25, 26 and 27). It serves t o  determine the reliability and repeatabil i ty 
of results  for multi-temporal data se t s  t o  dietinguleh subtle differences i n  non- 
homogeneous data as a result of land cover variabil i ty.  A8 can be eeen i n  Table 
I ,  pixel count groupings based on i n i t i a l  categories demonstrate that  the trans- 
fonued classified data sets include separable water categories not evident i n  
e i ther  the direct  cluster or the application of the  m a x i m u n  Ilkell- c lass i f ie r  
algorithm. 

The  classiflcation involving the canonically tramfomed data clearly de- 
picts the shallow/sediment laden water and s h u s  i ts spa t ia l  distr ibution through- 
out the three images. Most of the impoundments are  associated with mlning/recla- 
mation act ivi t ies  as verified by U-2 color IR photography. 

ENHANCEMENT RESULTS 

Outlining tonal variations i n  the canonically enhanced Imagery se t s  the pat- 
tern of land cover categories which Mere then merged with ancillary information 
and reference data to  pmduce land use categories for the f inal  classification re- 
sults .  Some land cover categories developed from the enhanced imagery were com- 
bined i n  terms of land use information. An examp15 of th i s  i s  i l lus t ra ted by 
the contour earth backfil l  patterns i n  active mining or  inactive mining i n  re- 
claimed land use categories as seen i n  the 1973 enhanced Imagery (see Figures 
8 and 11). 

For this study, the red and black color c a b b a t i o n  i n  the f inal  classiflca- 
t ion was maintained separately t o  highlight thcse land use categories for visual 
interpretation (see Figures 14, 15 and 16). The spa t ia l  extent of the mining/ 
reclamation areas, ottllned by the categories i n  Table I and i l lus t ra ted i n  Fig- 
ures 11, 1 2  and 13 were fo-imd t o  fit very well. Further caparison shows the 
classified transformed data to have less of a salt-and-pepper appearance than 
the tradit ional classification. A comparison of the above wi th  appropriate 
aerial  photographs shows t e t t e r  agreement wi th  land cover classes than the tra- 
dit ional classifications. A more detalled classification of the categories w a s  
not attempted a t  the time of interactive computer analysis. This was due t o  
lack of appropriate gmmd truth a t  the time. 

CONCLUSION - 
The analysis of the data clearly establishes that the non-traditional un- 

supervised classification approach accompllshe,~ the goal s e t  forth i n  this study. 
Increased separability of land cover categories i s  achieved along with reduction 
of the dimensionality of the data. The  applicatilon of the non-traditional clas- 
sif ication procedure i s  well suited for nearly automated d ig i ta l  data pmceasing. 

The application of the non-traditional classiflcation procedure requires 
minimal interaction wi th  the computer processing unt i l  the f i na l  phase, when 
the categories m e  related t o  land cover classes. Otherwise, the non-tradition- 







a1  approach is a ful ly  automated one. It accomplishes a l l  the above without the 
heavy depecdance on a highly skll lad analyet tha t  is inherent i n  the supervieed 
classification procedure. 

F u ~ t h e r  research ie currently under way to  i l l w t r a t e  f iner  land cover cate- 
gories through image analyeis and claesification with additional ground truth. 
Application of thia non-traditional procedure to  Thematic Mapper Simulated Data 
t o  reduce the dimensionality of the data s e t  while maintaining clessiflcation 
accuracy 1s anticipated. 
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ABSTRACT 

Landsat data from July 1973 and June 1978 for the Patuxent River Watershed 
of Maryland were processed in an effort to devise an economical method of mon- 
itoring the reclamation of sand and gravel pits. ASTEP-I1 and IDINS software 
were utilized to derive signatureis for sand and gravel pits and other land 
use/land cover types. Both unsupervised and supervised classifications of the 
two data sets were produced. Resultant statistics and color output products 
were compared in order to determine the extent of reclamation and expansion of 
sand and gravel pits over the five-year time span and to check the locations of 
more recent sand and gravel pits. Preliminary results indicate that, for a 
selected northern sub-acre, signatures derived for sand and gravel pits were 
nearly 90 percent accurate. 

INTRODUCTION 

The Maryland Surface Mines Project was initiated in November of 1979 as a 
cooperative demonstration project between ERRSAC (Eastern Regional Remote 
Sensing Applications Center) and the State of Maryland Department of Natural 
Resources, Water Resources Administration, Surface Mining Division as part of 
the state technology transfer program sponsored by the Maryland Department of 
State Planning. The aim of the project was to map sand and gravel pits within 
the Patuxent River Watershed in order to monitor the reclamation of sand and 
gravel pits. Two Landsat digital data sets for July 1973 and June 1978 and 
aerial photographs from similar dates were utilized for the analysis. The 
satellite data were pre-processed using the Interactive Digital Image Manipu- 
lation System (IDLYS) at ERRSAC. Further processing was done by means of 
ASTEP-I1 software on the University of Maryland's Univac 1108 computer system. 
Starting with small portions and then extrapolating to the overall study area, 
spectral signatures for various land uselland cover types were developed. Both 
unsupervised and supervised classifications were executed in order to categorize 
the data as one of the following: gravel pits, grass, forest, urban, or water. 
This process was accomplished for both image dates and compared with ground 
truth information - inciuding air photos, topographic maps, and field observa- 
tions. Using further field data gathered by the Water Resources Administration, 
an accuracy assessment was undertaken. Final products such as color thematic 
maps and a change detection map depicting mine, urban, and vegetational changes 



will be generated. A cost-benefit study demonstrating the advantages of using 
satellite data in such an investigation is also to be conducted. 

PURPOSE OF STUDY 

Satellite remote sensink is being used for a wide variety of land use and 
land cover mapping tasks. One application has been the inventory of surface 
mining operations, such as coal strip mines and gravel pits, to map the extevt 
of mining activities within a county or region. Reclamation efforts, natural 
revegetation, and mine expansion can be monitored by comparison of classified 
Landsat data derived from different dates. 

The Surface Mining Division of the Water Resources Administration became a 
part of the project in an effort to find an economical method of monitoring the 
reclamation of non-fuel surface mines. The Surface Mining Division is respon- 
sible for the regulation of non-fuel surface mines and accordingly is respon- 
sible to insure reclamation of surface mines. Surface mine operators, as part 
of their permit requirements, are required to reclaim areas disturbed by mining 
and its associated activities. In addition, the Water Resources Administration 
itself will be reclaiming abandoned surface mine areas. Rather than make 
repeated follow-up inspections to determine the success of reclamation, which 
would be time consuming and costly, the Water Resources Administration decided 
to examine the feasibility of utilizing Landsat data to monitor reclcuaation. 

In order to monitor the surface mine reclamation it is necessary to have 
image data available on an as-needed basis. Image data are available from other 
sour~cs but not with the frev~ency of Lmdsat. Imagery other than Landsat is 
most often flown during the winter months when foliage is at a minimum, but 
imagery is needed shoving the successful revegeta~ion of reclaimed sites. In 
addition, the ASTEP-I1 software will perform all necessary area calculations 
saving many men-hours of time needed to planimeter air photos, the usual alter- 
native to Landsat. 

In conducting the project it was necessary to choose a representative area. 
The Patuxent River Watershed contains a large number of sand and gravel pits. 
These pits are active and abandoned, reclaimed and unreclaimed. The watershed 
also contains a good mix of land cover/land use types. It was decided not to 
include stone quarries in the study since by their very nature they are much 
slower in their progression toward mining completion, and will generally be 
reclaimed by allowing them to fill with water, rather than be revegetated to any 
great extent. 



PROJECT DbSCRIPTIBN 

The main o b j e c t i v e e  of t h e  p r o j e c t  were t o  map s u r f a c e  mining o p e r a t i o n s  
wf th in  t h e  s tudy area f o r  two d i f f e r e n t  d a t e s ,  and to  v i s u a l l y  compare t h e  
changes i n  these  e x t r a c t i v e  sites t h a t  occurred over  t h e  5-year ti= span, 
F i n a l  products  por t ray  both  t h e  l o c a t i o n s  and t h e  t o t a l  e x t e n t  o f  t h e  mining 
o p e r a t i o n s  f o r  t h e  two d a t e s .  Also, a genera l  (Level 1) land use!land cover 
c l a s ~ i f i c a t i o n  was developed f o r  t h e  e n t i r e  s tudy area. This  inventory was 
conducted i n  o r d e r  t o  f a c i l i t a t e  c u r r e n t  mine reclamat ion e f f o r t s  end t o  provide 
a method t o  monitor reclsmrrtlon of p i t s .  

STUDY AREAS 

The s tudy a r e a  as d e p i c t e d  i n  t h e  chosen Landsat images was t h e  Patuxent 
River Watershed. The Patuxent River is one of n i n e  desigtmted Wild and Scenic 
Rivers i n  t h e  s t a t e  and is contained wi th in  t h e  Coas ta l  P l a i n  and Piedmont 
provinces.  The watershed has  a drainage a r e a  of 930 square  m i l e s  and inc ludes  
seven coun t ies :  Mnntgornerv, Howard, Pr ince  George's, Anne Arundel, Ca lver t ,  
Charles.  and S t .  Mary's. The watershed wi th in  Montgoraery, Howard, and p a r t  of 
Pr ince  George's Counties f e a t u r e s  t h e  r o l l i n g  topography end predominaht a g r i -  
c u l t u r a l  land use c h a r a c t e r i s t i c  of the  Piedmont Province. The remaining 
coun t ies  a r e  wi th in  t h e  Coas ta l  B la in  Province.  The Coasta l  P l a i n  province i n  
t h e  Patwrent River Watershed of Pr ince  George's and Anne Arundel Counties is 
predominatrly fo res ted  wi th  lo#-a1 high r e s i d e n t i a l  d e n s i t i e s  i n t e r s p e r s e d  wi th  
a g r i c u l t u r e  and s u r f a c e  mining. The watt:rshed i n  Ca lver t ,  C h a r l . ~ ,  and S t .  
W r y ' s  Counties f e a t u r e s  low r e s i d e n t i a l  d e n s i t i e s  wi th  r i v e r  margin f o r e s t s  a r d  
somewhat less ~ x t e t ~ s i v e  a g r i c u l t u r a l  land use  than i n  t h e  upper por t ion  of t h e  
watershed. 

A s  de i ined  f o r  t h e  p r o j e c t ,  t h e  proposed s tudy a r e a  was t h e  por t ion  of t h e  
watershed extending from the  town of Laurel  i n  t h e  n o r t h  t o  t h e  town of Eagle 
Harhvr i n  t h e  south. To t h e  weat l i e s  t h e  dra inage system of  t h e  Patoarac and 
Anacostta Rivers;  t o  t h e  east t h a t  of t h e  Chesapeake Bay. I n i t i a l l y ,  i t  was 
planned t o  d i v i d e  t h i s  p o r t t o n  of t h e  watershed i n t o  two s tudy a r e a s .  The t v o  
s tudy a r e a s .  one i n  t h e  nor thern s e c t i o n  of t h e  scene,  t h e  o t h e r  i n  t h e  southern 
s e c t l n n ,  both con ta in  a l a r g e  number of sand and g r a v e l  opera t ions .  However, 
time c o n s t r a i n t s  r e s t r i c t e d  the pro jec t  t o  stand and g rave l  o p e r a t i o n s  i n  t h e  
nortllern aec t  Lon. I t  should he noted t h a t  t h e  nor the rn  s e c t i o n  con ta ins  high 
d e n s i t y  rcs ide: . r t ia l /comrc. ie l  land use aa w e l l  as f o r e s t  and Rrass land,  
thus  providing a v a r l e t v  of land use/ land cover types  t o  d i f f e r e n t i a t e  from t h e  
sand and gravel  p i t s .  



M A  SOURCES 

Various sources of da ta  and information were used f o r  t he  pro jec t .  These 
sources are: 

Landsat d i g i t a l  da t a  computer-compatible tapes  (CCT's) f o r  8 J u l y  1973 
and 30 June 1978; 

O High-altitude co lor  I R  a e r i a l  photography f o r  12 Apri l  1977 with a 
s c a l e  of 1:130,000; 

O Low-altitude black and white a e r i a l  photography f o r  Apr i l  1972 and May 
1978 with a sca l e  of 1:400; 

O High-altitude black and white photography f o r  12 Apri l  1977 with a 
s ca l e  of 1:200,000; 

0 Topographic maps a t  t he  following sca l e s :  

1:24,000 shee t s  f o r  Laurel,  Be l t sv i l l e ,  Anacostia, Bowie, 
B r i s t o l ,  Upper Marlboro, Lower Marlboro, Brandywine, and 
Piscataway quadrangles; 

1:62,500 shee t s  f o r  Anne Arundel and Prince George's count ies ;  

0 Ground t r u t h  information came from d i r e c t  observations i n  the  f i e l d ,  
with supplementary information provided by Water Resources Adminis- 
t r a t i o n  personnel. 

PROCEDURE 

The ana lys i s  of surface mine reclamation w a s  performed by a dual-temporal 
d i g i t a l  c l a s s i f i c a t i o n  of the  Landsat da te .  Following i s  a de t a i l ed  discussion 
of t he  two separa te  c l a s s i f i c a t i o n s .  

DATA PROCESSING 

Once the Landsat computer-compatible tapes (CCT's) were ava i l ab l e ,  t h e  
study area (Laurel t o  Eagle Harbor) w a s  subset from each of the  two scenes and 
a rough geocorrection of each was performed by means of the IDIMS funct ions 
"Control" and "Register," The subse ts  f o r  the two da tes  were prec ise ly  matched 
by loca t ing  s i m i l a r  ground coordinates.  Transfer tapes were than prepared i n  a 
format t h a t  is compatible with ex i s t i ng  software a t  the University of Maryland. 
The da ta  were then processed on the Univac 1108 corr.)uter t he re ,  using the  ASTEP- 
I1 (Algorithm Simulation Test and Evaluation Program, vers ion 11) software 



package. This software had been installed at the University of Maryland as part 
of the overall ERRSAC technology transfer program for the State. 

DATA ANALYSIS STEPS 

0 Study sub-areas were selected for in-depth analysis and signature 
extraction by means of the ASTEP-I1 DATDEF (data definintion) function. 
They were as follows: a small but intensively mined section along I- 
95 southwest of Laurel; a larger window including Laurel in the north 
of the study area; and two similar windows in the southern portion of 
the study area. Each of these would be used in the process of devel- 
oping signatures. 

O The following ASTEP-I1 programs were run: FACTOR to acquire histo- 
grams, QUANTZ to perform density slices, and IMAGES to produce gray- 
scale maps in all four bands for the small 1-95 window. 

O ITRCLU (iterative clustering), an unsupervised classification was run 
on the intensely mined 1-95 window. Typical mine signatures were then 
identified and saved in a file. 

O ISOCLS (an IDIMS function), an unsupervised classification, was exe- 
cuted on the larger northern (Laurel) wjndow for both dates to produce 
land usellend cover signatures for other categcries such as residen- 
tial/commercial, forest, grass and water. 

O After extensi~' iesting with both groups of signatures, the best mine 
signatures from ITRCLU and other land use/cover type signatures from 
ISOCLS were combined in MAXLIK (maximum likelihood) and DCLASS (min- 
imum distance) supervised classifications of the larger northern 
window. 

0 Resulting classification maps were field checked for accuracy, using 
air photos and on-sight inspection. Signatures producing the best 
results were retained. 

O Preliminary final products for the Laurel area were generated using 
MINDSTG and the IDIMS (MINDSTG is the IDIMS function equivalent to 
DCLASS in ASTEP-11) 

O The ADPCLU (adaptive clustering) unsupervised classification was run 
for the southern windows to develop mine and agricultural signatures 
unique to the rara: setting. 



' These signatures were input into a DCLASS (minimum distance) classi- 
fication for the southern windows, and the accuracy of this mslpping 
was checked. 

O The ADPCLU signatures will be combined with the preselected ITRCLU and 
ISOCLS signatures in a DCLASS (minimum distance) supervised classi- 
fication of the entire study area. Both ADPCLU and DCLASS were 
adopted in the later stages of the project because they were approxi- 
mately one-fifth as costly to run as ITRCLU and MAXLIK, while pro- 
ducing very similar results. 

' Extensive field checking was then performed to verify the results of 
the DCLASS classification maps of the study area, including use of 
aerial photos and topographic maps. 

Portions of the study area that were grossly misclassified were 
corrected by reclassification. 

O Acreage statistics (# pixels x 1.1) were obtained for all classifica- 
tion categories from the IDIMS system. 

All of the previous steps executed for the June 1978 image data are 
being repeated for the earlier (July 1973) data set. 

O Final hardcopy output products will be generated for both dates, and a 
change detection (DIFIMG) map produced. 

O Cost/benefit analysis is also to be undertaken by the Water Resources 
Administration personnel. 

VALIDATION 

Validation of classified data was accomplished by comparing the resultant 
DCLASS images with the previously mentioned data sources: 1:24,000 quad maps, 
1:62,500 county maps, aerial photography, and direct field observations. 
Additional information was supplied by topographic drawings submitted by surface 
mine operators to the Water Resources Administration as a requirement to obtain 
a surface mining permit. These drawings provided especially accurate acreage 
figures for active sand and gravel pits in the Laurel vicinity. The 1978 scene 
corresponds closely to the time period that surface mine operators were obtain- 
ing the permits. 

RESULTS 

The following categories were distinguished as part of the classification: 



O Sand and g r a v e l  p i t s  

0 Grass - inc ludes  open f i e l d s ,  a g r i c u l t u r e ,  and go l f  coursea 

0 Fores t  - i n c l u d e s  deciduous,  con i fe rous ,  and marsh 

R e s i d e n t i a l  

' R e s i d e n t i a l / C o m e r c i a l  1 Urban (combined a s )  

O Connnercial 

O Water 

L i s t e d  i n  Table 1 a r e  t h e  ISOCLS s i g n a t u r e s  de r ived  from IDIMS and t h e  
ITRCLU s i g n a t u r e s  de r ived  from ASTEP-I1 f o r  1978 f c r  t h e  Laure l  v i c i n i t y :  Th i s  
t a b l e  a l s o  l ists t h e  ISOCLS s i g n a t u r e s  de r ived  from IDIMS f o r  1973. Due t o  
c o n s t r a i n t s  i n  t h e  ASTEP-I1 sof tware  i t  is pose ib le  t o  d e r i v e  and c l a s s i f y  wi th  
a maximum of only twenty s i g n a t u r e s ,  whereas t h e  IDIMS has  t h e  c a p a b i l i t y  t o  
produce more than 50 s i g n a t u r e s .  A l l  s i g n a t u r e s  a r e  de r ived  from MSS channels  
4 ,  5, 6,  and 7. 

Analys is  of t h e  images praduccd from t h e  ISOCLS and ITRCLU f u n c t i o n s  
revealed t h a t  n e i t h e r  was r h e  b e s t  process  t o  u t i l i z e  f o r  t h e  Laurel  a r e a .  
Since the  ITRCLU func t ion  r e s u l t e d  i n  ou t s t and ing  sand and g r a v e l  p i t  s igna- 
t u r e s  and t h e  ISOCLS provided b e t t e r  s i g n a t u r e s  f o r  t h e  o t h e r  land use l l and  
cover types ,  these  s i g n a t u r e s  were combined i n t o  one f i l e .  This  combination 
produced an image whereby i t  was p o s s i b l e  t o  d e t e c t  t h e  l o c a t i o n  of sand and 
g r a v e l  p i t s  wi th  n e a r l y  90 percent  accuracy.  Accuracy f o r  p i t  s i z e  was ap- 
proximately 80 percent .  

The accuracy of p i t  l o c a t i o n  a s  dep ic ted  by t h e  image product was checked 
by comparison wi th  maps and a i r  photos and f i e l d  work. Act ively  mined s i t e s  
were p a r t i c u l a r l y  n o t i c e a b l e  a s  a n t i c i p a t e d .  But i t  was no t  expected t h a t  
sites j u s t  a  few a c r e s  i n  s i z e  and no longer  a c t i v e  would be dep ic ted  wi th  t h e  
frequency shown i n  t h e  image. 

P i t  s i z e  was l e s s  a c c u r a t e  due t o  s e v e r a l  reasons .  Typ ica l ly ,  t h e  p i t s  I n  
t h e  Laurel  a r e a  a r e  near  urban zones where the  s i g n a t u r e s  of t h e  two land uses  
may be confused. Those p i t s  t h a t  a r e  not  near  urban zones a r e  surrounded by 
f o r e s t ,  which can reduce t h e  p i t  s i re  In an image. They a l s o  may c o n t a i n  
shal low ponds, r e f u s e  dumped i n  t h e  p i t  a r e a ,  o r  sc rub  vege ta t ion .  A l l  of 
these  c o n t r i b u t e  t o  confusion i n  t h e  Landsat d a t a .  
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I n i t i a l  attempts t o  analyze sand and gravel  p i t s  i n  t he  southern sec t ion  
of the  Landeat image did not  provide the  same s*Jccess a s  t h a t  of the  Laurel 
area.  DCLASS images f o r  t he  southern sec t ion  f a i l e d  t o  depict  severa l  l a rge  
sand and gravel p i t s .  The exact reason f o r  t h i s  is unknown but it is probably 
a r e s u l t  of geology. Sand and gravel  p i t s  i n  t he  Laurel a r ea  a r e  found i n  the  
Potomac Group, a Lower Cretaceous formation of a white,  buff ,  o r  red-brown 
color ,  The p i t s  i n  the  southern sec t ion  a r e  found i n  the  Upland Deposits and 
a r e  tan,  orange, o r  reddish brown i n  color .  

An attempt was made t o  analyze 1973 da t a  f o r  t he  Laurel a r ea  i n  order  t o  
de tec t  temporal changes i n  the  sand and gravel  p i t s .  The i n i t i a l  r e s u l t s  of 
t h i s  ana lys is  vere not a s  successful  as with the 1978 image. The number of 
p ixe l s  c l a s s i f i e d  a s  p i t s  f o r  1973 was grea te r  than tha t  of 1978, which was not 
t o  be expected. Instead, there  should have been a grea te r  number of p ixe l s  
c l a s s i f i e d  a s  p i t s  i n  1978 f o r  severa l  reasons: 1 )  there was l i t t l e  reclama- 
t i on  of sand and gravel  p i t s  during the  five-year span; 2) there  w a s  expansion 
of some ex i s t i ng  p i t s ;  and 3) there were new p i t s  opened during the years 
following 1973. The main reason f o r  t h i s  discrepancy is the expansion of the  
urban and connnercial areas .  The DCLASS and MINDSTG (an IDIMS function) image 
products show t h a t  there a r e  p ixe l s  within o r  immediately adjacent t o  urban and 
commercial areas  which a r e  c l a s s i f i e d  a s  sand and gravel  p i t s .  By checking the  
a i r  photos and topographic maps i t  was possible  t o  determine t h a t  these p ixe l s  
designate bare s o i l  where construct ion s i t e s  were located. Once these "con- 
s t ruc t ion"  p ixe ls  a r e  eliminated from the sand and gravel  c l a s s i f i c a t i o n  the 
number of p ixe ls  f o r  p i t  s igna tures  is  more meaningful. 

CONCLUSIONS 

It has been shown t h a t  it is poasible t o  use Landsat imagery to  monitor 
sand and gravel p i t s .  Combining the 1978 ITRCLU p i t  s igna tures  and ISOCLS 
signatures  fo r  grass ,  f o r e s t ,  urban, connnercial, and water i n  the Laurel 
v i c i n i t y  produced sa t i s f ac to ry  r e s u l t s .  Results were not a s  s a t i s f ac to ry  i n  
th12 southern sec t ion  but t h i s  i s  probably due t o  the geology of the area. With 
s ~ m e  fur ther  refinement i t  i s  l i k e l y  t h a t  r e s u l t s  approximating the  accuracy of 
those derjved i n  the Laurel v i c i n i t y  w i l l  be achieved. Attempts t o  measure 
temporal changes i n  t he  Laurel v i c i n i t y  were not highly accurate but t h i s  is 
due t o  the la rge  amount of construct ion a c t i v i t y  being detected a s  sand and 
gravel.  Another reason may be t h a t  t he  1973 da ta  were imaged by Landsat 1 while 
the  1978 da ta  were imaged by Landsat 2 ,  causing radiometric d i f fe rences  i n  t he  
s ignatures  produced. This would not be a problem once the cor rec t  s i g n ~ t u r e s  
a r e  obtained and entered i n t o  a f i l e .  The purpose of using Landsat i n  not the 
detect ion of new p i t s  but t o  monitor the reclamation of ex i s t i ng  p i t s ,  The 
ASTEP-I1 change detect ion map (DIFIMG) w i l l  serve t h i s  function. It is expected 
tha t  once proper s igva tures  a r e  derived, sand and g-avel p i t s  throughout the  
e n t i r e  Coastal Plain can be monitored for  reclamation. 



Table I 

IDIMS 1973 IDIMS 1978 
(Laurel  window ISOCLS s i g s . )  

MSS 
Band 4 5 6 7 4 5 6 7 

Sand 6 
Gravel 64.83 80.26 84.55 71.57 44.87 70 37 79.88 66.63 

47.94 49.94 66.82 63.39 32.21 42.63 64.32 62.05 
56.29 64.60 73.22 64.85 39.71 57.15 67.18 58.12 
56.16 56.79 62.82 54.81 

No. 
P i x e l s  

Grass 34.88 23.69 62.64 71.13 
36.37 26.97 58.69 64.05 
34.57 24.75 5C.60 54.33 

No. 
P i x e l s  3613 

Forest 31.20 20.08 48.72 55.08 
31.27 20.00 51.34 58.83 
31.37 20.27 45.53 49.13 
30.92 19.45 52.87 62.96 
31.54 20.73 4 1 0 5  41.75 
33.66 22.88 53.96 60.27 
32.41 20.96 56.82 66.09 

No. 
P i x e l s  16970 

ITRCLU 1978 
(1-95 window) 



Table I (cont.) 

IDIMS 1973 IDIMS 1978 
(Laurel window ISOCLS sigs . ) 

MSS 
Rand 4 5 6 7 4 5 6 7 4 5 6 7 

ResJCom 39.56 33.41 56.28 57.56 
42.07 38.16 61.64 62.00 
36.67 87.58 53.93 57.61 
39.55 32.70 46.10 43.48 
36.15 27.16 47.76 48.86 
39.63 32.67 51.79 51.99 
48.56 46.96 52.63 45.81 
43.58 38.26 41.59 33.69 
44.86 43.67 58.09 54.55 
43.61 38.67 50.92 47.48 

N No. 
0 o Pixe2 s 6820 

Water 34.04 22.92 27.06 21.61 18.94 12.73 17.10 15.37 
No. 
Pixels 108 63 
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ABSTRACT 

The ORSER system is a c o n t i n u a l l y  e w l v i n g  remote s e n s i n g  d a t a  
a n a l y s i s  package. During the  la8 t iw years ,  major add i  t i o n r  have been 
made to  the  Preproceas ing and Data h r l y r r i e  sub-syeteras and minor changes 
t o  the  Display sub-system. Ongoing developments a r e  a l s o  descr ibed.  

The ORSER system has  changed s i g n i f i c a n t l y  i n  t h e  pas t  f e u  years .  The 
d i r e c t i o n s  of change have been motivated by a number o i  f a c t o r s ,  inc lud ing  
the rapid  change i n  technology and the  needs of  u s e r s  i n  il wide spectrum of 
areas .  By no meana is every  new enhancement of  t h e  QRSER system desc r ibed  
i n  t h i s  paper, but  an e f f o r t  has  been made t o  s t r e s s  t h e  s i g n i f i c a n t  improve- 
ments. 

The ORSER system is f u l l y  documented i n  t h e  "llser h d a l "  (ref. 1) .  A 
new vers ion  of  the  User Manual should  be  a v a i l a h l e  by June 1981. E a r l i e r  
ve r s ions  of the  system have been desc r ibed  by Borden ( r e f .  2) and McMurtry 
e t  al .  ( r e f .  3) .  An e x c e l l e n t  i n t r o d u c t i o n  t o  the  system h a s  been prepared 
by ERRSAC ( r e f .  4) .  S ince  many ORSER users have gained t h e i r  f a m i l i a r i t y  
wi th  t h e  system througir ERRSAC t r a i n i n g  s e s s i o n s ,  we have used t h e  ve r s ion  
of  ORSER used by ERRSAC i n  a s s o c i a t i o n  wi th  t h e i r  OCCULT front-end system 
a s  a base f o r  t h i s  d i scuss ion  s f  r ecen t  developments. 

THE ORSER SYSTEM PHILOSOPHY 

The ORSER package now c o n s i a t s  of about 35 individ:tal programs t h a t  can 
be grouped i n t o  t h r e e  genera l  types.  These types a r c  a s  follaws: 

1. Preprocess ing aub-sy~tem--The main func t lon  of these  programs is t o  
read d a t a  t h a t  a r e  i n  one of a l a r g e  var i ( r ty  of formats and conver t  
t h a t  d a t a  i n t o  the  'ORSER raw d a t a '  format. This data set can then 
be reed and processed by the  Data Analys is  programs. Also included 
i n  t h i s  group are proflrams t h a t  al low merging (over lay ing)  of  d a t a ,  
windowing, spanning adjacont  d a t a ,  data  t ransfornmtions ,  boundin8 
of I r r e g u l a r  a r e a s  and ~ e o m e t r t c  a r r e c t i o n .  (See f i g u r e  1.) 



Data ana lys i s  sub-eystem-Once the  da t a  a r e  i n  the 'ORSER raw data '  
format, any one of t he  ana lys is  program m y  be  run on t h i s  data  
set. (See f i gu re  2.) Most of  these program produce a charac te r  
map which can be s tored  on d isk  i n  the  'ORSER c q r e s s e d  map' 
format f o r  l a t e r  display,  o r  printet? on a l i n e  p r in t e r .  A rider 
of supervised and unsupervised c l a s s i f i e r s  a r e  avai lable .  Host of  
these programs have de fau l t  values f o r  the parameters t h a t  allow a 
f i r s t  look a t  the  da t a  with very little nceded input  from the  user. 
A de ta i l ed  explanation of each program, t h e  algorithm used and the  
de fau l t  values are given i n  t he  ORSER User Manual ( r e f .  1). 

3. Display sub-system-Data i n  the 'ORSER compressed map' format can 
be displayed on a number of  d i f f e r e n t  devices. A cor rec t ion  program 
is avai lab le  t h a t  allows the  map t o  be corrected f o r  d i f fe rences  i n  
the output  device i t s e l f  as we11 as s c a l e  changes and geometric 
correct ion.  Line p r i n t e r  maps are generated by eat-% da ta  ana lys i s  
program and are therefore  used extensively f o r  a d  st intermediate 
work. (See f igure  3.) 

EXTENSIONS TO THE ORSER SOF1WARE SYSTM- 

PREPROCESSING SUB-SYSTEM 

Additional Data Formats 

One of the  real s t r eng ths  of the ORSER system is its a b i l i t y  t o  handle a 
number of d i f f e r e n t  da ta  types from d i f f e r s n t  scanners on d i f f e r e n t  platforms 
i n  ever-changing formats. To keep t h i s  s t r eng th  and t o  accormrodate the need 
t o  o w r l a y  d i f f e r en t  da t a  types,  the  following programs were developed (or  
modified). A b r i e f  descr ip t ion  of the function of each p r o g r a  is l i s t e d :  

SUBAIR t r a n s l a t e s  da ta  from a i r c r a f t  scanners i n t o  the  'ORSER raw data '  
format. 

REFORMAT reads da t a  i n  a number of 'band sequent ia l '  formats including 
VICAR and IDIMS. 

RMDTT reformats 'DIGITAL TERRAIN DATA' from t h e  NCIC i n t o  ORSER format. 

SUBSET has been expanded to  include the new formats f o r  LANDSAT data 
generated a f  t e r  February 1979. 

A program is cur ren t ly  underway t o  read the HCMM da ta  tapes. 

Data Management Programs 

Programs t h a t  allow data  to he  overlayed fo r  the purpose of temporal 
ana lys i s  o r  improved c lass i f ica t iof i  were seen a s  a necessi ty .  Also needed 



was a method of  looking a t  an i r r egu la r  area such as a county o r  watershed. 
The following progranm were developed t o  answer these needs. 

HER= merges reg is te red  Landsat o r  o the r  da t a  from tuo overpasses of the  
same area.  Data a r e  usually geometrically corrected and ro ta ted  
using SUBCN before being reg is te red .  

SPAN spans da ta  from two adjacent panels of t he  same Landsat scene, o r  
concatenates d a t a  from two consecutive Landsat scenes of t h e  same 
pass. 

SUBOUND subse ts  an i r r e g u l a r l y  bounded a r ea  from an ORSER o r  Landsat 
tape i n t o  ORSER format. It is otherwise the  seme as t he  SUBSET 
program, which opera tes  only on rectangular  a r ea s  c a l l e d  blocks. 

Data Transformation P r o g r e  

Programs t h a t  read 'raw da ta '  aud transform i t  have been found t o  be  
useful  by users i n  d i f f e r e n t  d i s c ip l i ne s .  The transformed d a t a  can then be 
used by any o f  t h e  ORSER da ta  ana lys i s  programs. There a r e  f i v e  programs 
t h a t  provide the means fo r  doing a number of transformations,  inclur'.ing 
pr inc ipa l  components and canonical  ana lys i s .  The f i r s t  t h r ee  programs (CANAL, 
RSCOR, and ROTATE) provide t h e  means t o  ac tua l ly  transform t h e  data .  

CANAL uses t h e  techniques of  cancnical ana lys i s  t o  der ive  a set of  
orthogonal, l i n e a r  t ransf  o m  ~ t i o n s  t ha t  naximize category separa- 
b i l i t y  on as few axes a s  poscible.  The ana lys i s  is based on t h e  
mean vectors  (or  s i p a t u r e s )  . ~ ? d  t h e i r  corrzsponding variance- 
covariance matrices fo r  input  categories .  The r e s u l t i n g  trans- 
formation matrix can be input t o  o ther  programs to  transform t h e  
da ta  and category s igna tures .  

RSCOR computes p a r t i a l  and mult iple  co r r e l a t i ons  from a variance- 
covariance matrix. 

ROTATE, given the  variance-covariance matr ix  of a population, f i nds  the 
p r inc ipa l  components axes of  the  population and r o t a t e s  se lec ted  
axes t o  have equal var iance over o the r  s e l ec t ed  axes. Equal 
variance r o t a t i o n  is sometimes usefu l  f o r  da ta  display on f i lm 
recorders.  

Geometric Ccrrec t ion Programs 

Geometric cor rec t ion  of d a t a  is necessary fo r  th ree  main reasons. F i r s t ,  
i f  two data  sets a r e  t o  be merged, they must be reg is te red  before  being 
merged. This can be a d i f f i c u l t  iob ,  espec ia l ly  i f  t he  da t a  types vary g rea t ly .  
Second, o f t en  a researcher  has  t he  need f o r  a map t h a t  w i l l  phys ica l ly  overlay 
another map f o r  ground-truthing. Third, o f t en  a display device w i l l  not have 
t ,~e  same p ixe l  dimensions as t he  data  and t h i s  must be corrected o r  the  da t a  
w i l t  be s t r e t ched  i n  one d i r e c t i o n  o r  the o ther .  The ORSER system provides 
f o r  r-oi+ection of  e i t h e r  'raw da ta '  o r  a l ready c l a s s i f i e d  da ta .  I t  a l so  



provides f o r  cor rec t ions  of  known parameters (e.g., scale, p i x e l  shape) and 
'rubber shee t  s t re tch ing .  ' The latter is a method of co r r ec t i on  where 
ground con t ro l  po in ts  a r e  used t o  def ine  a transformation from an image 
reference system t o  a map reference system. The following th ree  programs 
provide t h e  above f ea tu re s  . 

EZLS reads i n  a set of ground con t ro l  po in t s  and produces regression 
output of  t he  funct ions needed by SUBGX o r  DISPGM t o  do t h e  a c t u a l  
s t r e t ch .  This program is needed only f o r  t he  'rubber shee t  
s t r e t c h '  option. 

SUBGM can e i t h e r  co r r ec t  the  da ta  w i n g  c e r t a i n  known parameters such 
a s  t he  s c a l e  o r  p i x e l  configurat ion desired,  o r  can perform the  
a c t u a l  s t r e t c h  given the  funct ions from EZLS. This program works 
on 'raw da ta '  only. 

DISPGM does what SUBGH does bu t  only on d a t a  t h a t  have already been 
c l a s s  i f  i ed  . 

DATA ANALYSIS SUB-SYSTEM 

Enhancements t o  da ta  ana lys i s  techniques include a m a x i m  l ike l ihood  
c l a s s i f i e r  (MAXCLASS) and a new vers ion  of the  STATS program (USTATS) which 
makes de l inea t ion  of t r a i n i n g  a reas  e a s i e r  and allows f o r  de tec t ion  of 
' o u t l i e r '  points.  Another new program, STCLASS was wr i t t en  f o r  use with the  
CLUS program. A b r i e f  de sc r ip t i on  of each of these programs follows. 

MAXCLASS c l a s s i f i e s  da ta  by the  maximum l ike l ihood  method given the  
mean vec tors  and variance-covariance matr ices  produced by the  
STATS o r  USTATS programs. 

USTATS is a vers ion of STATS t h a t  computes s t a t i s t i c s  f o r  elements wi th in  
a t r a in ing  a r ea  t h a t  exh ib i t  a c e r t a i n  l e v e l  of l o c a l  s p e c t r a l  
uniformity. The appropriate  l e v e l  of uniformity is determined 
from UMAP output.  The motivations f o r  developing USTATS were t o  
s implify the procedure f o r  de l inea t ing  t r a i n i n g  a r ea s  and t o  reduce 
the  numbdr of o u t l i e r  elements included i n  the  computations. 

STCLASS produces a c l a s s i f i c a t i o n  map based on the  algorithm used i n  
t h e  CLASS program, and simultaneously generates s t a t i s t i c s  f o r  
s e l ec t ed  input  s ignatures .  The sample f o r  each s igna ture  c o n s i s t s  
of the  p ixe l s  c l a s s i f i e d  i n  the  category defined by t h a t  s igna ture .  
The s t a t i s t i c s  a r e  t he  same a s  those generated by t h e  STATS program. 
STCLASS was wr i t t en  pr imari ly  t o  cb t a in  s t a t i s t i c s  f o r  s igna tures  
output  from the  CLUS program, s ince  CLUS only generates s p e c t r a l  
s igna tures  f o r  each category. 

CHANGE DETECTION TECHNIQUES 

Two d i f t e r e n t  ways of looking a t  change a r e  cur ren t ly  ava i l ab l e  and a 
t h i rd  i s  being developed. Change can be detected i n  two d i f f e r e n t  c l a s s i f i e d  



amps by using the MAPCOElP program described below. Al te rna t ive ly ,  raw da ta  
can be merged using the  HERGE program and the  r e su l t i ng  d a t a  set used with 
any of t he  da t a  ana lys i s  progranm. 

HAPCOMP compares two charac te r  maps, element by element, and outputs  a 
comparison map and associated sumnary tables .  Comparison ca tegor ies  
a r e  defiried by specifying the input  maps' symbol p a i r  and a cor- 
responding output map symbol. 

MERGE merges reg is te red  Landsat o r  o ther  d a t a  from two overpasses of 
the same area. Data a r e  usual ly geometrically corrected and 
ro ta ted  using SUBQI before being regis tered.  

DISPLAY SUB-Sl STPI 

The LMAP program which formerly was used t o  produce liw boundary and 
shaded c l a s s i f i c a t i o n  maps on a Calcomp p l o t t e r  has been adapted t o  p l o t  on 
a l a r i e t y  of devices including Tektronix's 4010 CRT terminal and 4662 p l o t t e r .  

UNDER DEVELOPMENT 

Listed b r i e f l y  below a r e  pro jec ts  t h a t  a r e  cur ren t ly  underway. 

Expansion of t he  system t o  handle l a r g e r  da t a  s e t s .  The maximum 
l i n e  length of a da t a  l i n e  i n  the  ORSER format is being expanded 
from 3696 bytes t o  18410 bytes. This w i l l  allow ' ful l -scene '  
capab i l i t y  on a 5-channel data  set. It w i l l  a l so  make the system 
-re f l e x i b l e  i n  handling merged da ta  s e t s .  This version of the  
programs w i l l  be ava i lab le  i n  June 1981. 

I n  an e f f o r t  t o  make the  program e a s i e r  t o  i n s t a l l  on a wider 
va r i e ty  of computers, an all-FORTRAN version of the  QRSER system 
w i l l  a l so  be ava i lab le  i n  June 1981. 

m A system of program t h a t  w i l l  handle polygon da ta  is cur ren t ly  
being developed. They w i l l  perform such operations as: polygon t o  
g r id  format conversion, ed i t i ng  of d i g i t i z e r  data ,  overlaying of 
polygon da ta  onto g r id  data  f o r  display purposes, and ca l cu la t ion  
of  a rea  s t a t i s t i c s .  

A method to v i sua l ly  evaluate  a p a r t i c u l a r  s e t  of geometric correc- 
t i on  functions before the  transformation is ac tua l ly  done is  being 
developed to  enhance our correct ion process. 

A front-end system s imi l a r  t o  ERRSAC'S OCCULT is being developed 
using Penn S t a t e ' s  I n t e r a c t  e d i t i n g  system t o  s e t  up the  JCL program 
s t e m .  This front-end is user-oriented and el iminates  many of the  
job cont ro l  e r r o r s  with which RJE users had t o  contend. The cu r r r en t  
version is s e t  up f o r  about ha l f  of the ORSER program. It is hoped 
tha t  by the end of t h i s  year ,  the e n t i r e  system w i l l  be b u i l t  i n t o  
t h i s  framework. 



a MSK, a program t h a t  w i l l  allw the overlay of raw data  with a 
c l a s s i f i ed  map t o  e l l a i n a t e  ce r t a in  categories, 19 being v r i t t en .  
This program is being developed to impleaeat an algorithm t h a t  
w i l l  be used by NASA/CSFC and the Pennsylvania Bureau of Forestry 
Division of Forest Pest Hanagelrat t o  c l a s s i fy  levels of gypsy 
moth defol ia t ion  i n  fores ts  0%-r the e n t i r e  state of Pennsylvania. 

A ZONAL system is being written. A w w n  deficiency of rost s y s t e m  
fo r  processing Landsat da ta  is lack of provision f o r  incorporating 
c la s s i f i ca t ion  r e s u l t s  with i n f o r m a t i o ~  derived from other  sources. 
The ZONAL system w i l l  provide the a b i l i t y  t o  aggregate c lass i f ica-  
t ion  resu l t s  over external ly defined geogrdphic referencing un i t s  
such as gr id  c e l l s  o r  polygons. Output w i l l  be a l i s t i n g  ( f i l e )  of 
aggregated data by geounit. Such a f i l e  can be readily formatted f o r  
d i rec t  entry a s  an addit ional  layer  i n  a host  information system 
where non-remote sensing information resides. 

CONCLUDING RF2QRKS 

The ORSER system is highly dynamic. In the past we have i-elied on 
in fonnd  conmunication and such opportunities as t h i s  t o  kee? users infor~led  
on the  l a r e s t  developments. With the  la rge  number of versions now Seing 
used, t h i s  is no longer possible. F u r t h e m r e ,  users a r e  beginning t o  sdapt 
the system t o  t h e i r  own needs. Although we generally hear of th i s ,  such 
information of ten  doesn't get  to  other  users who may w e l l  benefi t  f r o m  it. 

To ac t  as a medium f o r  t h i s  kind of exchange, some users have recently 
suggested the formation of an ORS= Users' Group, a thought tha t  we have had 
f o r  some time. ORSER is  wi l l ing  t o  sponsor th i s ,  with shared f inancial  re- 
sponsib i l i ty  by users. Our imnediate goal would be to  es tabl i sh  a (quarterly?) 
newsletter with material so l i c i t ed  and compiled by an  ORSER s t a f f  member. 
Hopefully, t h i s  w i l l  provide an avenue for  suggestions as t o  what else the 
'Users Group ' might do. 
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ABSTRACT 

The use of Landsat f o r  water resources appl ica t ions  i n  U.S. s t a t e  demonstration 
p ro j ec t s  is reviewed. The s o s t  common single appl ica t ion  undertaken between 197 6 
and 1981 was found t o  be water condi t ion a r se smen t .  The majori ty  of p ro j ec t s ,  
however, f e l l  i n t o  t h e  general  category of watershed hydrology. Some of t h e  
s t a t e s  4- !  ERRSAC'S 19-state region a r e  attempting t o  use Iandsat da ta  i n  an  
operatic . mode f o r  water q u a l i t y  aseesement. Two of these  s t a t e  p ro j ec t s  from 
Vermont an- Wisconsin a r e  descrfbed i n  b r i e f .  The basic  information requirements 
of Section 314 of t h e  U.S. Pol lu t ion  Control Act are given with t h e  type of input 
Landsat d a t a  could po t en t i a l l y  provide t w a r d  tho re  requirements. Surveys were 
performed by ERRSAC t o  d e t e r m h e  (a) how its s t a t e s  were responding in 1980-1981 
t o  t h e  f ede ra l  and s t a t e  water qua l i t y  laws; and (b) t h e  s t a t u s  of Landsat 
ana lys i s  c a p a b i l i t i e s  of each s t a t e .  

INTRODUCTION 

I n  recent  years ,  h n d s a t  has been u t i l i z e d  f o r  input t o  an imptessive v a r i e t y  of 
p ro jec t s  f o r  water resources appl icat ions.  As d ive r se  a e  they appear, they can 
f o r  t he  sake of s impl ic i ty ,  be placed i n  two general  categories--watershed 
hydrology and water body condition s t u d i e s  a s  shown in Figure 1. For t he  former, 
maps loca t ing  t h e  aurface extent  of snow cover, land cover types,  and sur face  
water a r e  produced £ran Landsot da ta  i n  conjunction with supporting ground t ru th .  
Acreages f o r  these  cover types a r e  input,  along with other  resource da ta ,  i n t o  
t h e  appropriate  hydroloqic model f o r  p red ic t ing  o r  es t imat ing water supply, 
erosion po ten t i a l ,  or water qua l i t y  ( i n  rermr of t u rb id i ty )  r e l a t e d  t o  erosion. 
For water condi t ion assessment, maps of t h e  d i s t r i b u t i o n  pa t t e rns  of water 
parameters, espec ia l ly  those r e l a t ed  t o  t u rb id i ty ,  can be produced from high 
qua l i t y  Landsat data.  The estimated values  of t he re  parameterr a r e  used a s  
inyut ,  with supporting sur face  t r u t h  da ta ,  t o  models which e e t i a u t e  or  p r ed i c t  
t h e  general water qua l i t y  of a water body. 

THE USE OF LANDSAT BY THE STATES FOR WATER RESOURCES 

According t o  information ava i l ab l e  through t h e  NASA Regional Applications Program 
and t h e  1978 "ISETAF"' document prepared by t h e  Intergovernmental Science, Engi- 
neering, and Technical Advisory Panel f o r  t h e  Execut i~te  Off i c e  of t h e  President  of 
t h e  Unittd S t a t e s ,  t h e  majori ty  of t h e  s t a t e  Landeat demonstration p ro j ec t s  in 
water resources have been i n  t h e  general  category of wrterrhed appl ica t ions .  
However, t he  s i n g l e  appl ica t ion  with t he  grea tee t  i n t e r e s t  a s  evidenced by num- 
bers  of p ro j ec t s  was water body condi t ion asaeswnent. Went j-nine p ro j ec t s  f o r  



t h i s  applicat ion were reported out of the  approximcrtely 120 l r n d u t  water 
resource projects  involving 39 r t a t a r  in the U . 8 .  up thrmgh the  1980 ca lmdar  
year. The next most cormpan applicat ion war land covar mapping f o r  erorion poten- 
t i a l  aeseeoment (19), followed by mr face  water invcrutorirr (15). flood pla in  
mapping (13), and general plannine and mnageamt  (11). Other lerr common appli- 
cat ions included b a e h  studies, i r r iga t ion  management, shoreline delineation, 
onowcover mapping, and rarervoir  volume eat iaut ion,  a8 ohom 13 Table I. The 
proportional representation of each application area i e  prenented i n  the  pie- 
char t  i n  Figure 2. 

Figure 1. A schematic representation Figure 2. The percentage break-out 
of the  use of Landsat data of s t a t e  Landsat water 
f o r  water resource resources projects ,  
applicat ions 1976- 1981 

An in teres t ing  trend in the  adoption of operational uses of Landsat data based on 
the  r e s u l t s  of demonotration projec ts  emerged from the  abwe  information and is 
repreoented i n  hietogram form i n  Figure 3. While e ta tee  part icipated in  from one 
t o  eight water resource projects  each ( i n  most caees, in addition t o  other appli- 
cat ions such a s  agriculture,  fores t ry ,  end geology), thore s t a t e s  with three  o r  
more water resource8 projec ts  were more l ike ly  than others  t o  designate a t  l e a s t  
one of theee projects  an operational application within tha t  r t r t e .  Furthermore, 
while few s t a t e s  partic:ipated in more khan f ive  d i f fe ren t  water resources 
projects ,  those that did reported a l l  of theee t o  represent operational appli- 
cat ions in t h e i r  resource management programs. Apparently, demonotrated success 
within a s t s t e  requizeta several successes i n  mter resources applicat ions before 
any applicat ion i s  adopted ae  operational, but these successes increaee conf i- 
dence in Landeat and f a c i l i t a t e  the  adoption of related applications. The 
exceptiot~ is where a s ingle  project in a s t a t e  leads t o  i t e  operational s t a tue  
almost immediately a s  w a ~  t he  case with watershed applications in four s t a t e s .  
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data  u u l y o i r  procedurar vorked out  f o r  Vermont by EFSSAC t o  accomplirh their 
goale ur ing  t h e  ORSER ryot.sr is r h c ~  in FQure  4. 

The Wioconein DNR' r goa ls  t o  accomplirh l ake  c l aee i f  i c a t  ion according tc t rophic  
a t a t e  a r e  very d i f f e r en t .  ilare t h e  a a p h r i r  ir  on dc t emin ing  aver.8. water con- 
d i t i o n s  within a lake, espec ia l ly  thore  r e l a t ed  t o  t u rb id i ty ,  in order  t o  
evaluate  t rophic  atatua.  F ie ld  uarp1.0 taken tho  orr~r day a0 t h e  h n d n t  wer- 
pros a r e  obtained a e  of ten  a0 po r r ib l a  and input t o  a modal developed by t h e  hi- 
v e r s i t j  of W i e c o n s i n ~ d i a o n .  The method. t o  accoaplimh t h i o  r a t  of raquirmmenta 
with Lurdsvt da t a  a r e  oummr izd  i n  Figure 5. 

t m t  w r m  r V U W  CO(I 
-10 uu. 

Figvre 4.  The Vermont b n d u t  da t a  Figure 5. The Wirconain Ianorat  da ta  
ana lye i r  methode fo r  t h e  a n a l y r i r  methoda f o r  t he  
s t a t e  Lake Study, an out- s ta tewide lake C l a ~ s i f  i- 
urowth of t he  Lake Champlain ca t ion  Study 
study 

MOTIVATING FACTORS FOR STATE WATER QUALITY MONITORING PRXIUHS 

In order  t o  provide technical  guidance t o  ot:t s t a t e r  a e  raqueated, ERRSAC became 
involved in t h e  evaluation of b n d m t  data a8 a t r an r f e r ab l e  technoloey f o r  water 
qua l i ty  s tudies .  The emphasie of t h io  evaluat ion has been t o  (a) determine the  
user requ:rmento f o r  water qua l i t y  aeeermaent; (b) i den t i fy  t he  landoat a n a l y r i s  
techniques in ure;  (c) compare methodologies of theoe technjquea; (d) compare 
the i n f o ~ t i o n  derived uoing theoe techniqueo; and (a) i den t i fy  techniques fo r  
fur ther  study andlor development. 



Although the  pa r t i cu l a r  vo ter  qua l i t y  infonnation needs of a a t a t e  may vary, they 
o r ig ina t e  from a c-n source. Resource ma~gemen t ' r  concern f o r  m i n t a i n i n g  
water qua l i t y  standards and f o r  unde re t and iq  t h e  impact of c u l t u r a l  a c t i v i t i e s  
on water qua l i t y  have provided a comroa d r ive r  in a l l  the rtates f o r  acquir ing 
a t e r  qua l i t y  information. More importantly, t h g h ,  a t a t e  .ad f ede ra l  l eg is -  
l a t  ion mandates t he  acquis i t ion  and report ing of c e r t a i n  types of water qua l i t y  
in£ ormat ion. These r e e m r c e  =nagemoat needs and l e g b h t  i v e  requirement e can in 
p a r t  be supplied by Iandsat  da ta ,  espec ia l ly  i n  thore state6 which mppor t  a geo- 
based da t a  base f o r  na tu ra l  reeources. 

The most important l e g i s l a t i o n  addressing water qua l i t y  is t h e  Federal Water 
Pol lut ion Control Act of 1972 (Public t e w  92-50')), commonly r e fe r r ed  t o  as t h e  
Clean Water Act, which is regulated by the  U.S. Envircnmental Protect ion Agency 
(EPA). The port ion of t h i s  l a w  which c rea t e s  t h e  most h rdensoae  demands m 
s t a t e s  is Section 314 which r equ i r e s  t h a t  EPA assist t h e  s t a t e e  i n  controlling 
sources of po l lu t ion  which a f f e c t  t h e  qua l i ty  of fresh-ter lakes  and assist in 
the  r e s to ra t ion  of lakes  which have been degraded. A primary goal Ident i f ied  f o r  
t he  program f o r  t h e  1980-1985 time period is t o  ensure t h a t  at least one water 
body within 25 miles of every major Standard Metropolitan S t a t i s t i c a l  Area (SWSA 
as defined by t h e  U.S. Bureau of t h e  Census) is s u i t a b l e  f o r  contact  recreat ion.  
This is t o  be accomplished by e i t h e r  protect ing an ex is t fng  l ake  with acceptable  
water qua l i t y  o r  by res tor ing  a degraded l ake  t o  a n  acceptable  condition. EPA 
has a l s o  establ ished f i v e  spec i f i c  ob jec t ives  f o r  t h i s  time period: (1) t o  
s e l e c t  p ro jec ts  which maxim3ze public benefi ts ;  (2) t o  i n t eg ra t e  The Clean Lakes 
Program (as it --s deiined by EPA p r i o r  t o  1980) with o ther  environmental and 
water qua l i t y  program; (3) t o  emphasize watershed map.agement; (4) t o  develop 
a c t i v e  s t a t e  involvement and maintain f e d e r a l i s t a t e  par tnerships;  and (5) t o  
conduct coat lnuous programs and pro j e c t  evaluations.  

Section 314 is composed of t h ree  major par t s ,  each of which has its own spec i f i c  
requi rments .  These a re :  

1. The Iake C las s i f i ca t ion  Survey, which requi res  each s t a t e  t o  i den t i fy  
and c l a s s i f y  a l l  publicly owned freshwater lakes  in the  s t a t e  according t o  
eutrophic conditions; 

2. The Phase 1 Sttdy, which involves der iv ing  procedures, processes, and 
methods (including land use  requirements) t o  cont ro l  source8 of pol lut ion of 
these  lakes;  and 

3.  The Phase 2 Study, which includes developing methods and procedures i n  
col~junct ion with appropriate  federa l ,  s t a t e  and l o c a l  agencies,  t o  r e s t o r e  t h e  
qua l i ty  of these water bodies. 

Each year, beginning 1198, t h e  states w i l l  prepare and mibrait a repor t  t o  EPA 
containing inf o m a t  ion r equked  in these  three  sectione. 

It was the  comprehenrive rec,uirements of t h i s  l e g i s l a t i o n  which encouraged s t a t e s  
l i k e  Wisconsin and Vermont t o  examine Landsat a s  a means of acquir ing information 



that C O U ~ ~  not otherwiee be obtained pract ical ly.  Tbe basic inforaation 
reqairments of t h i s  act aad t he  type of input k n d u t  da ta  could potent ia l ly  
provide toward those requirements a r e  l i s t e d  in Table 11. 
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.ble  11. C r i t i c a l  Elements of the  Table 111. Results of the  Telephone 
Clean Water Act, Section 314 Survey +o Determine How 

ERRS ' s Sta tes  are 
Kespond ing t o  Legislat ive 
Requirements f o r  Water 
Quali ty 

ERRSAC'S STATES 

. . 

--- 
-0. - -1. I c y  

The s t a t e s  in  ERRSAC'S region have been act ively involved i n  water qual i ty  moni- 
toring and assessment programs. This was borne out by a telephone survey per- 
formed by ERRSAC of the  water resource ageaciee in its states, which found 
tha t  11 of the  19 s t a t e s  were c ~ r r e n t l y  involved in uater  qual i ty  programs (see 
Table 111). EPA requirements provided ixcpetus f o r  most of the  s t a t e  programs 
although a l l  but one of these s t a t e s  a l so  had s t a t e  water quali ty laws similar  t o  
the  federal  requirements governing maintenance of standards. Host of these 
s t a t e s  were in the  midst of approved Phase I and I1 projects ,  and the  majority 
had already acquired e i t h e r  lake c la s s i f i ca t ion  dnta comparable t o  Phase I 
requirements or  had already completed t h e i r  lake c la s s i f i ca t ion  survey f o r  1982. 
Half of the  s t a t e s  contacted by phone have used Landsat i n  some way f o r  water 
qual i ty  surveys. Every s t a t e  contacted would use L a d s a t  data in water qual i ty  
monitoring if the  data c m l d  be ob tabed  on a r e l i a b l e  basis.  Also, ass is tance  
with t h i s  technology would be welcomed. A complete state-by-state survey 
revealed tha t  nine s t a t e s  in  ERRSAC'S region (see Table IV) have pa r t i c i -  
pated L? a water qual i ty  monitoring program using landsat d i g i t a l  data. 
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In order for  a s t a t e  t o  use Landsat da ta  i n  an aperational mode f o r  water 
quali ty monitoring and assessment, it must have access t o  a Iandsat analys is  
capabil i ty.  This it especial ly important i n  the  ear ly  phases of incotporation 
of Landsat data in to  a s t a t e  program when the  agency attempting t o  use new tech- 
nology must unders t ad  how t o  t a i l o r  the  dnta fo r  t h e i r  par t icular  needs. 
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ORIGINAL PAGE iS 
OF POOR QUALITV 

c~nt rac t ' f ig  ou t  is f e a e i b l e  at an advanced e taue  of t he  procer r  when t h e  b e n e f i t s  
and l imi t a t i ons  of t h e  da t a  are w e l l  understood and t h e  prefer red  methodologies 
are well establ ished.  To a s c e r t a i n  t h e  s t a t u s  of state Landsat c a p a b i l i t i e e  in 
ERRSAC'e region a s  an ind ica tor  of t h e  readiness  of s t a t e s  t o  d i r e c t l y  engage i n  
t h e  examination of t h i s  technology, t h e  information ava i l ab l e  from t h e  state tech- 
nology t r a n s f e r  programs i n i t i a t e d  and managed through F W A C  war pooled. The 
reg iona l  p r o f i l e  which emerged is presented in Table IV.  Thie rurvey ehows t h a t  
17 s t a t e s  have a d i g i t a l  ana lys i s  capabi l i ty .  This c a p a b i l i t y  t y p i c a l l y  r e s i d e s  
with a state un ive r s i t y  but may be state-agency based or  developed cooperat ively 
between t h e  s t a t e  agency and t h e  un ivers i ty .  However, only four  states a r e  
present ly  considered opera t iona l  o r  near   pa rational in Landrrrt technology. 

Table I V .  The S t a tu s  of S t a t e  Landsst Capab i l i t i e s  i n  ERRSAC's Region 

CONCLUSIONS 

From t h i s  br ief  review of s t a t e  needs f o r  meeting requirements i n  water qua l i t y ,  
it is apparent t h a t  Landsat da ta  can be a valuable  addi t ion  t o  t r a d i t i o n a l  means 
of da ta  acquis i t ion .  The s t a t eo ,  a t  l e a s t  i n  ERR SAC'^ region,  have t h e  tech- 
nological  expe r t i s e  t o  use  Landsat d ~ t a .  In  f a c t ,  Landeat d a t a  a r e  being used 
successful ly  by some s t a t e s  t o  meet EPA Section 314 requirements. Other s t a t e s  
and organizat ions a r e  in te res ted  i n  using landsat  f o r  water condi t ion assessment. 
But t h e  appropr ia te  methodologje6 f o r  using these  da t a  f o r  water qua l i t y  work 
must be more f i rmly defined. This is because t he  technology is cu r r en t ly  l i m i -  
t ed  t o  e t a t e s  with acknowledged exper t i se .  Development of endorsed methodolo- 
g i e s  w i l l  s implify t h e  process f o r  new users ,  thereby increasing i ts  appeal and 
t r a n s f e r a b i l i t y .  To t h a t  end, NASA and EPA a r e  both i n  t h e  process of evalu- 
a t i n g  t h e  state-of-the-art  remote sensing lake  c l a s s i f i c a t i o n  iechnology. 
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ABSTRACT 

A cooperative program between the Wisconsin Department o f  Natural Resources 
(DNR) and the University o f  Wisconsin-t-ladison (UW-MSM) has resulted i n  the 
assessment o f  the trophic condit ion o f  approximately 3,000 s ign i f i can t  in1 and 
lakes i n  Wisconsin. The pro jec t  has investigated the f e a s i b i l i t y  of  using 
both photographic and d i g i t a l  representations o f  Landsat mu1 t ispect ra l  scanner 
(MSS) data f o r  lake c lass i f ica t ion.  The resu l t  o f  the pro jec t  has been the 
developtent o f  a nearly automated system which, wi th minimal human 
interact ion, locates and extracts the lake data, then corrects the data f o r  
atmospheric effects, and f i n a l l y  c lass i f i es  a l l  the s ign i f i can t  lakes i n  the 
state as to  trophic condition. 

INTRODUCTION 

Wisconsin i s  r i c h  i n  lakes. There are about 15,000 lakes i n  the state 
t o t a l l i n g  almost 1,000,000 acres. I n  addition, the port ions o f  Lake Michigan 
and Lake Superior l y i n g  w i th in  Wisconsin boundaries t o t a l  6,439,700 acres. As 
a resul t ,  lakes are a very important natural resource t o  Wisconsin wi th 
recreational use o f  the lakes forming a s igni f icant  pa r t  o f  the state 's 
economy. As the trend continues towards ever increasing recreational use o f  
Wisconsin's inland lakes, so has the rate o f  eutrophication. A t  the same 
time, though, Wisconsin has increased i t s  awareness o f  the importance o f  
protect ing lakes as a resource. Ef for ts  have been directed toward lake 
trophic c lass i f i ca t ion  as we1 1 as lake management, protection, and 
rehab5 1 i tat ion.  Both Federal 1 e i s l  a t ion (PL-92-500 o f  the Federal Water 
Po l lu t ion Control Act Amendments 3 and state leg is la t ion  (Mi sconsi n 's  Lake 
Protection and Rehabi l i tat ion Law) require the Department o f  Watural Resources 
(DNR) t o  monitor and c lass i f y  a l l  the s ign i f icant  lakes i n  the state. 



BACKGROUND 

I n i t i a l  e f f o r t s  by the DNR t o  respond t o  PL 92-500 were t o  c l a s s i f y  by 
conventional f i e l d  methods about 1100 lakes over 100 acres i n  s ize . A Lake 
Condition Index (LC1 ) based on Secchi d i  sk depth, hypo1 imnet ic  d isso l  ved 
oxygen, and winter  f i s h  k i l l  was used t o  c l a s s i f y  lakes. Because t h i  s method 
proved t o  be very cos t l y  i n  terms o f  c o l l e c t i n g  the lake  data, the Wisconsin 
DNP i n  1974 i n i t i a t e d  a p r o j e c t  t o  inves t iga te  the f e a s i b i l i t y  o f  us ing 
Landsat s a t e l l i t e  imagery t o  monitor in land lake  water +a1 Sty. The DNR 
contracted w i t h  the I n s t i t u t e  f o r  Environmental Studies (IES) a t  the 
Univers i ty  of Wisconsin - Madison t o  conduct the rescarch pro ject .  The goal 
o f  the research was t o  develop a nearly automatec! system which, w i t h  minimal 
human interact ion,  would locate, ext ract ,  and co r rec t  the s a t e l l i t e  data and 
then would c l a s s i f y  each lake i n  the s ta te  a t  a minimal cost. 

INITIAL INVESTIGATIONS 

The analysi  s program was designed around an i n t e r a c t i v e  graphics terminal 
and The Madison Academic Computing Center's UNIVAC 111 0 computer. Landsat MSS 
brightness values f o r  p a r t i c u l a r  lakes were obtained from images o f  Landsat 
d i g i t a l  data displayed on cathode ray tube (CRT) screens. Using d i g i t a l  data 
derived from 37 lakes, lakes were c l a s s i f i e d  using the re la t i onsh ip  between 
Band 5 scene br ightness and Secchi d isk depth. (Figure 1).  h c h  o f  the 
sca t te r  around the regression 1 i n e  can be explained by the i n t e r v a l  between 
the f i e l d  sampling date and the Landsat overpass date. 

Since Secchi d isk depth i s  a somewhat a r b i t r a r y  water qua1 i t y  parameter, 
t u r b i d i t y  was a lso measured i n  27 lakes. Landsat Band 5 data were cor re la ted  
w i t h  the t u r b i d i t y  measurements. The co r re la t i on  between measured t u r b i d i t y  
( f i e l d  data) and predicted t u r b i d i t y  from the s a t e l l i t e  was qu i te  good 
(Figure 2). 

Since determining the t rophic s ta te  of a water body should be more than j u s t  
looking a t  Secchi d isk depth o r  t u r b i d i t y  a t  one po in t  i n  time, a mu1 t i - da te  
analys is  was conducted. S a t e l l i t e  data va r ia t i on  over an e n t i r e  season from 
spr ing t o  f a l l  was evaluated. The cond i t ion  o f  lakes invest igated ranged from 
o l igo t roph ic  t o  eutrophic. For almost a l l  lakes, as the a lga l  t u r b i d i t y  
l e v e l s  increased dur ing the sumner months, the br ightness values i n  Band 5 
increased. Figure 3 i l l u s t r a t e s  the d i f fe rence i n  Band 5 ref lectance on 
August 3, 1975 and September 26, 1975. It became apparent from t h i s  t h a t  j u s t  
one date o f  Landsat MSS data would be inadequate t o  monitor something as 
dynamic as a water body. 

Also, i t  was found, a f t e r  care fu l  examination o f  s a t e l l i t e  imagery, t h a t  
1 i g h t  atmospheric haze s i g n i f i c a n t l y  increased r e f 1  ectance values. Figure 4 
shows the d i f fe rence i n  lake ref lectance from one day t o  the next due 
p r imar i l y  t o  atmospheric e f fec ts .  The need f o r  atmospheric cor rec t ion  was 
apparent. 



As a r e s u l t  o f  i n i t i a l  inves t iga t ions  i t  was concluded that :  (1 ) the 
Landsat mu1 ti spectral  scanner was capable o f  moni tor ing 1 ake t roph ic  
condit ions; ( 2 )  mu1 ti -temporal data were necessary, and ( 3 )  correct ions fo: 
atmospheric e f f e c t s  on data needed t o  be made. 

PRESENT METHODOLOGY 

SEMI-AUTOMATIC TECHNIQUES 

A f t e r  the i n i t i a l  inves t iga t ions  i n  1974-75, the DNR and the Univers i ty  o f  
Wisconsin - t,ladison embarked on a j o i n t  p r o j e c t  t o  c l a s s i f y  lakes u t i l i z i n g  
1976 Landsat mu1 ti spectral  scanner data. EPA and NASA supplied the funding 
f o r  t h i s  pro ject .  A l l  lakes greater than 20 acres i n  s ize and deeper than 
8 f e e t  were included i n  the study. It was decided by DNR l imno log is ts  t h a t  a 
minimum o f  three dates o f  Landsat data w u l d  be necessary f o r  c lass i f i ca t i on .  
This necessitated the development o f  a h igh ly  sophist icated and ve rsa t i  l e  
computer program package f o r  the navigat ion and ex t rac t i on  o f  d i g i t a l  
sate1 1 i t e  data. Detai 1 s o f  these programs are documented e l  sewhere 
(References 1, 2, and 3). Only a shor t  descr ip t ion  o f  the data ex t rac t i on  
procedures w i  11 be re1 ated here. 

Each lake  i s  located on a USGS topographic map and the coordinates o f  i t s  
bounding polygon are d i g i t i z e d  and stored on a computer f i l e  (Figure 5 ) .  I n  
acldi t ion ,  contro l  points  corresponding t o  eas i l y  recognized po in ts  on 
sate1 1 i t e  imagery are d ig i t i zed ,  and t h e i r  1 a t i  tude/l ongi tude coordinates are 
placed on computer f i l e s .  Figure 6 shows a t yp i ca l  cont ro l  p o i n t  character 
map f o r  Pewaukee Lake i n  Waukesha County. 

Each Landsat computer-compati b l e  tape (CCT) i s navigated by an a f f i n e  
transformation program using the d i g i t i z e d  contro l  points.  Each lake  i s  then 
located i n  the scene and the lake p i xe l s  w i t h i n  the polygons are extracted. 
From these extracted p ixe ls ,  the l ake ' s  spectral  values f o r  Bands 4, 5, and 6 
and the means and variances o f  those band values are stored f o r  
c lass i f i ca t i on .  Usually the only i n t e r p r e t i v e  assistance necessary i n  t h i s  
process i s  i n  the sate1 1 i t e  navigat ion procedure and i n  the inspect ion o f  the 
extracted output t o  conf irm t h a t  the navigat ion was accurate. 

A f te r  the data are extracted and j u s t  p r i o r  t o  c l a s s i f i c a t i o n ,  an 
atmospheric cor rec t ion  o f  the s a t e l l i t e  data i s  performed. The recorded 
signal from the s a t e l l i t e  i s  corrected f o r  the e f f e c t s  o f  sca t te r ing  and 
absorption i n  the atmosphere. A l l  dates o f  data are normalized t o  the 
s leares t  day. Figure 7 i s  a block diagram showing the procedure f o r  the 
Wisconsin Lake C lass i f i ca t i on  Programs. 

CATEGORIZATION SCHEME 

It was determined tha t  the desired product fo r  t h i s  lake c l a s s i f i c a t i o n  
system would be a numerical designation f o r  each c l a s s i f i e d  lake  i nd i ca t i ng  
the sever i ty  o f  any water q u a l i t y  problem. With t h i s  i n  mind, DNR 
1 imnol ogi s t s  developed a 1 ake categor izat ion scheme (Tahl e 1 ) u t i  1 i z i  ng ground 
sampling data and personal experience t o  c lass i f y  45 1 akes. Organic ni trogen, 
t o t a l  phosphorus, t u r b i d i t y ,  and Secchi d isk depth measurements were used t o  
va l ida te  t h e i r  conclusions about the 1 akes' c l ass i f i ca t i on .  



EXPERIMENTAL RESULTS USING 1 976 LANDSAT DATA 

Lartdsat data values were extracted from 1976 scenes and the data were 
corrected f o r  atmospheric e f fec ts .  A nine-parameter regression equation was 
used t o  cor re la te  the Landsat data w i th  the DNR categor izat ion for  the 45 
sampled lakes. A t roph ic  c lass number was predicted by the regression 
equation and rounded t o  the nearest integer. To check on the model's 
r e l i a b i l i t y  t o  p red ic t  t rophic classes, the observed t rophic c lass numbers 
(compiled by DNR l imno log is ts )  were p lo t ted  against the numbers predicted by 
the regression equations. As Figure 8 shows, the observed values d i f f e r e d  
from predicted values by more than one i n  a number o f  cases. I d e a l l y  the 
predicted t rophic c lass numbers would be w i th in  one o f  the observed t roph ic  
c lass numbers. A ce r ta in  amount o f  sub jec t i v i t y  was involved i n  determining 
the observed t rophic c lass numbers which accounts i n  pa r t  f o r  some of the 
var i  abi 1 i :y between observed and predicted t rophi  c c lass  numbers. Same 
s w j e c t i v i  ty i s  desirable i n  a c l a s s i f i c a t i o n  system because eutrophicston i n  
the pub1 i c ' s  view involves d i f f e r e n t  standards o f  acceptabil i ty.  

Although the model was considered by DNR l imno log is t  t o  be less  thau 
desirable as a pred ic t ive  too l  f o r  ldkc c lass i f i ca t i on ,  the regression model 
was .*;#?d t o  c l a z t i f y  the remainder o f  the lakes throughout the s ta te  t o  
f u l f ,  ' the requirements o f  a grant agreement. l l c  f i n a l  output l-isted each 
lake by county ond c lass i f i ed  them by trophic s ta te  w i t h  the number o f  dates 
used f o r  each c l a s s i f i c a t i o n  also included. Table 3 depicts a t yp i ca l  
representation o f  the lake c l a s s i f i c a t i o n  output fo r  Waukesha County, 
Wisconsin. Reference 4 contains the resu l t s  o f  a demonstration p ro jec t  using 
1976 Landsat data, and reference 5 contains the complete lake c lass i f i ca t i on  
u t i l i z i n g  1976 Landsat data. 

I n  addi t ion t o  c l a s s i f i c a t i o n  as t o  t rophic conditon, lakes \tie ajso 
c l a s s i f i e d  as t o  type. The d i f f e r e n t  type classes included: clear,  humic, 
algae, s i l t ,  o r  macrophyte, depending on the most d i s t i n c t i v e  lake 
charac ter is t i c .  Type classes are not mutually exclusive and thus i t  i s  
d i f f i c u l t  t o  del ineate lakes by type. 

The type c l a s s i f i c a t i o n  procedure, 1 i k e  the ts*ophic c lass i f i ca t i on ,  depends 
on the spectral charac ter is t i cs  o f  Bands 4, 5, and 6. A three-dimensional 
p l o t  i s  made using the signal values o f  each o f  the three bands. I n  
pr fnc ip le ,  the spectral data of lakes o f  d i f f e r e n t  type classes should 
separate i n t o  unique e l l ipses.  Figure 9 shows the d i s t r i b u t i o n  o f  data po in ts  
f o r  a c lear  and algae lake p lo t ted  f o r  two dimensions (Bands 4 and 5).  
However, ONR l imnologists  were not  e n t i r e l y  s a t i s f i e d  w i th  the type 
c l a s s i f i c a t i o n  because o f  overlapping type spectral character is t ics.  This was 
due i n  p a r t  t o  the l i m i t e d  amount o f  f i e l d  data t h a t  were ava i lab le  i n  1976. 

EXPERIMENTAL RESULTS UTILIZING 1979 AND 1980 LANDSAT DATA 

The 1976 demonstration p ro jec t  showed tha t  an operational method for  
statewide lake c l a s s i f i c a t i o n  could be developed using Landsat data. As d 
resu l t ,  i n te res t  from both the State o f  Wisconsin and EPA generated continued 
funds. A grant o f  $1 00,000 was comni t t ed  by EPA i n 1979 t o  continue t h i  s 
pro jec t  u t i l i z i n g  1979 and 1980 Landsat data f o r  lake c lass i f i ca t i on .  



Data were extracted i n  1979 and 1980 from the CCTs i n  the same manner as the 
1976 data (except f o r  s l i g h t  program modi f i ca t ion  f o r  the new Band Sequent'al 
Format). However, because the regression model used i n  the e a r l i e r  lake  
c l a s s i f i c a t i o n  scheme (Table 1 ) was l e s r  re l i ab le ,  i t  was replaced w i t h  
Carlson's t roph ic  s ta te  index ( T S I )  (Reference 6). A numerical scale from 
0-100, was used i n  the Carlson TSI. This i s  i n  d i r e c t  contrast  t o  the lake  
categor izat ion method developed by DNR l imnologi  s t s  t h a t  had a scale from one 
t o  seven. As opposed t o  the mow subject ive lake c l a s s i f i c a t i o n  scheme, the 
Carl son index can be calculated from any of several parameters, l n c l  udi  ng 
Secchi d isk transparency, ch lorophyl l ,  and t o t a l  phospt;ows. Table 4 shows 
the re la t ionsh ip  between the Carlson TSI numbers and as ioc iated parameter 
values based on data from Uisconsin lakes. Each major d i v i s i o n  (10, 20, 30, 
etc.) represents a doubling i n  a lgal  biomass and a halv ing o f  Secchi d isk 
transparency. The lake t roph ic  c l a s s i f i c a t i o n  method01 ogy i s  based on the 
a b i l i t y  o f  Landsat t o  p red i c t  f i e l d  sampled parameters and then t o  incorporate 
these values i n t o  Carlsr, l1s TSI scheme. 

Lake sampling corre:ponding t o  s a t e l l i t e  overpasses was done i n  the sunmer 
o f  1979 and 1980 anu w i  11 cont inue i n  1981 . A number o f  regression analyses 
were performed between various transformations and combinations o f  lake  f i e l d  
parameters (Secchi disk depth, co lor ,  turh? d i  t y  , and ch lorophy l l  -a 
concentrat ion) and s a t e l l  i t e  data values (Reference 7 ) .  These co r re la t i ons  
u t i l i z e d  f i e l d  measurements and extracted Landsat data from 80 lakes. The 
f i e l d  measurements were taken w i t h i n  four days of a corresponding Landsat 
overpass. O f  the regression a n a l y c ~  run, the best re la t i onsh ip  was between 
the r a t i o  o f  Band 4 t o  Band 5 and chlorophyl l -a concentration. Natural 
logarithms were taken o f  both the chlorophyl l  -a data and the r a t i o s  o f  Rands 4 
and 5. Figure 8 shows a p l o t  o f  the natural  logari thms of chlarophyl l -a  
concentrat ion and the r a t i o s  o f  Bands 4 and 5 on a subset o f  data from 26 
southern Wisconsin 1 akes. The fo l low ing equation shows the re1 at ionship o f  
the data p lo t ted  i n  Figure 10. 

Using the chl  orophyl l  -a concentrat ion derived from t h i  s regression equation 
and Carl son's re1 at ionship fo r  incorporat ing chlorophyl l  -a concentrat ion i n t o  
h i s  index schene (Equation 21, a predicted TSI w s calculated f o r  the data set  
on 26 southern l i isconsin lakes. T I 1  ( c h l a l  = 1 0 k  - 0.711 - ,468 Ln ~ h l a )  (21 

Ln L 
Table 5 compares the predicted T S I  w i t h  measured ( o r  f i e l d  calculated)  TSI 
nuabers. The predicted and measured T S I  val ues compared favorably. 

Recause the lakes i n  northern and southern Hisconsin are chemically 
d i f f e ren t ,  regression analyses were run separately for ~ a c h  group o f  lakes. 
Due t o  these morphological d i f ferences i n  1 akcs, several regional p red i c t i ve  
models w i l l  he used t o  c l a s s i f y  lakes ra ther  than having a s ing le  statewide 
model. 

The abi! i t y  o f  Landsat t o  p red i c t  l eve l s  o f  ch lorophyl l  -a i n  lakes makes i t  
easy t o  incorporate i n t o  Carlson's index. As addi t ional  ground t r u t h  data 
become avai lab le,  f nvest igat ions w i l l  continue t o  p red i c t  c o l o r  and l e v e l s  o f  



t u r b i d i t y  fm s a t e l l i t e  data. I f  co lo r  and t u r b i d i t y  can be predic ted from 
s a t e l l i t e  data, then i t  would be possible t o  cor rec t  f o r  the e f f e c t  o f  co lo r  
and t u r b i d i t y  on Secchi disk depth. The corrected Secchi d isk depth would be 
an addi t ional  tao l  t o  determine the l ake ' s  t rophic s ta te  using Carlson's index. 

The current  lake c l a s s i f i c a t i o n  e f f o r t s  are scheduled t o  be completed by 
January 1, 1982. A repor t  w i l l  be submitted t o  EPA d e t a i l i n g  the r e s u l t s  o f  
the c lass i f i ca t i on .  

DISCUSSION AND CONCLXIONS - 
The r e s u l t s  o f  the regression analyses between ce r ta in  Landsat 

parameter values and ground t r u t h  information are very good. Nearly a l l  lakes 
w i t h  good ground cal  i bra t i on  were c lass i f i ed  c o r r e c t l y  w i t h i n  DNR c r i t e r i a .  
Review of the pre l iminary 1979-80 resu l t s  has been favorable from DNR f i e l d  
personnel. 

The computer and personnel costs fo r  executing the lake  c l a s s i f i c a t i o n  
programs are very modest. Considering cost  f o r  computer time and data 
acquis i t ion,  lakes i n  one scene w i th  three 43t l - l~  o f  s a t e l l i t e  data can a lso be 
c l a s s i f i e d  f o r  approximately $1,400 p lus four weeks o f  persome1 time. Ten o r  
eleven Landsat scenes include most o f  the lakes i n  Wisconsin. The estimated 
cost  o f  c l a s s i f y i n g  the lakes i n  the State o f  Wisconsin f o r  1976 was 
approximately $16,000 plus twelve months of personnel time. This p ro jec t  has 
demonstrated t h a t  Landsat d i g i t a l  data i s  a ccs t -e f fec t ive  approach f o r  
assessing lake  water qual i t y  . 

An important aspect o f  t h i s  lake  c l a s s i f i c a t i o n  program i s  i t s  f l e x i b i l i t y .  
D i f f e ren t  regression models can a1 so be developed and used f o r  d i f f e r e n t  
regions based on the water q u a l i t y  o f  t ha t  p a r t i c u l a r  region. This approach 
t o  lake c l a s s i f i c a t i o n  i s  reasonable since publ ic  standards and concepts of 
eutrophicat ion d i  f f c r  between regions w i  t h i  n a state. 

The Landsat s, ' e l l  i t e  mu1 t i spec t ra l  scanper data can be used t o  mor, i t o r  
t rophic changes i n  lakes over time. Shsi.t-range goal s are t o  c l a s s i f j  a l l  
s i g n i f i c a n t  lakes i n  the state by Carlson's t rophic s ta te  index using 1979-80 
Landsat data. The 1976 data w i l l  then be rec lass i f i ed  using r ~ r l s o n ' s  'TSI and 
compared t o  the 1379-80 resul ts .  The changes i n  the lakes over the threc-  t o  
four-year period can then be monitored. The long range goals are t o  
rec lass i f y  lakes i n  Wisconsin over an e igh t -  t o  ten-year period t o  monitor 
t rophic changes over a longer t ime pericd. 

Further research i s  s t i l l  needed to  develop b e t t e r  atmospheric cor rec t ion  
models and to  study fu r the r  the re lat ionships between Landsat spectral  values 
and measured water qual i t y  parameters. The 1 ake c l a s s i f i c a t i o n  program 
u t i l i z i n g  Landsat i s  regarded as a success~ul  operational p ro jec t  i n  
Wisconsin. This success i s  due t o  the close cooperation between DNR and 
Univers i ty  personnel from the incept ion o f  the pro jec t ,  as wel l  as continued 
funding from NASA and EPA. Techniques developed i n  Wisconsin f o r  lake  
c l a s s i f i c a t i o n  could qu i te  feasib ly  be extended t o  other states. 
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TABLE I. LAKE CATEGORIZATION SCHEME 

Class Class # 

Oligotrophic - 0 
(Ln 
Mo 

Mesotropbic - M 
Me 
Gn 

Eutrophic - E 



Table 11. FORTY FIVE CONTROL LAKES WITH OBSERVED AND PREDICTED TROPHIC CLASS NWBERS 

Observed Predicted D i  t terence 
Lake N3me County Trophic Class Trophic Class Observed between 
- Numbers Numbers and Predicted 

Upper Nemahbi n Waukesha 3 2.0 1 .O 
Mason Adams 6 4.3 1.7 
Ocononowoc Waukesha 3 1.8 1.2 
Rock Jefferson 3 3.6 - 0.6 
Ripley Jefferson 4 3.7 0.3 
Nagawicka Waukesha 4 3.2 0.8 
Castle Rock Juneau 6 3.9 2.1 
Monona Dane 5 3.3 1.7 
Beaver Dam Dodge 6 6.5 - 0.5 
Wau besa Dane 5 4.8 0.2 
Fox Dodge 6 7.1 - 1.1 
Kegonsa Dane 5 5.6 - 0.6 
Metonga Forest 2 3.2 - 1.2 
Stevens Forest 6 4.0 2.0 
Roberts Forest 4 3.4 0.6 
Pickerel Forest 6 3.9 2.1 
Enterpri se Langl ade 5 4.0 1 .O 
Greater Bass Langl ade 4 3.0 1 .O 
Rol l  i ngstone Langl ade 6 4.0 2.0 
Crystal L i  ncol n 1 3.1 - 2.1 
Long L i  ncol n 3 3.8 - 0.8 
Archibald Oconto 2 3.3 - 1.3 
Tomahawk Onei da 2 2.8 - 0.8 
Two Sisters Onei da 2 2.7 - 0.7 
North Nokomi s One i da 3 3.3 - 0.3 
Clear One i da 1 2.4 - 1.4 
L i t t l e  Tomahawk Oneida 2 2.8 - b.8 
h s k e l  1 unge Oneida 4 4.8 - 0.8 
Oneida One i da 6 5.0 1 .O 
Katherine Oneida 'I 2.8 - 1.8 
Bearskin One i da 4 4.6 - 0.6 
M i  noc qua Oneida 3 3.3 - 0.; 
Pel i can Onei da 4 4.2 - 0.2 
George Oneida 5 5.1 - 0.1 
Crescent Oneida 4 3.7 0.3 
Horsehead Oneida 7 7.2 - 0.2 
Big Crooked V i l  as 1 2.5 - 1.5 
Black Oak V i  1 as 1 2.4 - 1.4 
North Twin Vi las 3 3.3 - 0.3 
B i g  Muskel 1 unge Vi las 3 2.4 0.6 
Catfish V i  1 as 4 5.1 - 1.1 
Pickerel V i las 5 5.1 - 0.1 
L i t t l e s t .  Germain Vi las 4 4.6 - 0.6 
a ig  Bass Vi las 4 2.6 1.4 
Muskel lunge V i  1 as 7 5.3 1.7 



TABLE I I I. LAKE CLASSIFICATION OUTPUT FOR UAUKESHA COUNTY, U I  SCONS I N  

Lake No. Lake Name Class TY pe Dates 

Ashippun 
Beaver 
B i g  Muskego 
Cornel 1 
Crooked 
Denoon 
Dutchman 
Eagle Spring 
Forest 
Fowler 
Ccil den 
Hunters 
keesus 
Lac LaBel l e  
L i  t t l e  Fluskego 
Lower Genesee 
Lower Nashotah 
Lower Nemahbin 
Lower Phantom 
Merton Y i  11 pond 
Mid Genesee 
Hcrntcry t l i  1 1 pond 
Moose 
Nagawicka 
North 
Oconomowoc 
Ottawa 
Pewaukce 
Pi ne 
P re t t y  
Ra i nbow Spri  ngs 
School Sec ti on 
S i  1 ver 
Spri ng 
UN S23,14T8R17 
Upper Cenesee 
Upper Nashotah 
Upper Nem hbi n 
tipper Oconomowoc 
Upper Phantom 
Watervi 11 e F l i  11 pond 
wooc; 

A1 gae 
A1 gae 
41 gae 
A1 gse 
bc rophy  t e  
A1 gae 
A1 gae 
A1 gae 
Fhcrophpy t e  
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A i  gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gac 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 
A1 gae 



TABLE I V .  RELATIONSHIP BETNEEN CARLS3N T S I  N W E R S  MD ASSOCIATED WATER 
QUALITY P A R M T E R S  ON WISCONSIN LAKES 

Secchi Disc Surface Phosphorus Surface Chl orop)\yll 
T S I  (meters 1 (rg/ 1) ( rg/  1) 



TABLE V. SOUTHERN WISCONSIN LAKES CLASSIFIED BY CARLSON'S TSI 

- 
t s t f  mated Predf c ted Heasured Measured 

: ake Mame B4IB5 Ln Chl a TSI Ln Chl a TS I 

George 
P i t  
Unnamed (46-023 1 
B m s  
kqy Bel l  
Bark 
Green 
Wal 1 ace 
Lower Phanton 
Upper Phantom 
P r e t t y  
School Sec ti on 
Okauc hee 
A s h i  ppan 
Keesus 
Merton Pond 
Moose 
Upper Nemhahi n 
P i  ne 
S i  1 ver 
S i  n i  ssi ppi 
Leo t a  
Decatur 
Waubesa 
Kegonsa 
5lbany Pond 
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Figure 1 .  Secchi D i s c  Versus Band 5 Exposure. Exponential 
Regression Represented by the Solid Line. 

1 .  : . 
1 2 3 5 5 6 7 8  

PREDICTED TURBIDITY 

Figure 2 .  Plot  of Observed (::rasured) Versus 
Fredicted Turbidity 
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Figure 7. Block Diagram of Lake Classification Program 
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Predicted Trophic Class Numbers 

Figure 8.  Plot of Observed Versus Predicted Trophic Class Numbers. 
The Numbers Indicate the Number of Occurrences with Those Values. 



BAND 4 

Figure 9 .  Scatter Diagram of the E l l ip t i ca l  Class i f ier  
Depicting the Distribution of Data Points for a Clear 
and Algae Lake 

Figure 10. Ln Chlorophyll a Versus Ln Band 41 
Band 5 for 26 Southern Lakes 
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GROUND WATER USE INVENTORY 
I N  MINNESOTA USING LANDSAT DATA 

Dennis R. Beissel 
Minnesota Department of Natural  Resources 

Arlene Kerber 
ERRSAC,/NASA-Goddard SFC 

ABSTRACT 

An i r r i g a t i o n  ground water  use  inventory i n  Sherburne County, Minnesota, was 
a t tempted by i n d i r e c t l y  l o c a t i n g  i r r i g a t i o n  w e l l s  by determininn t h e  l o c a t i o n  
of i r r i g a t e d  lands .  3 i g i t a l  c l a s s i f i c a t i o n  of Landsat MSS imagery was air 
ployed u s i n g  t h e  IDIMS a t  Godderd Space F l i g h t  Cer, ter ,  Single-date c l a s s i f i -  
c a t i o n  proved rroderately s u c c e s s f u l  a f t e r  accura te  ground t r u t h  d a t a  were 
obta ined.  A combination of supervised and unsupervised c l a s s i f i c a t i o n  w a s  
used. Multi temporal  a n a l y s i s  us ing August 10 and May 21, 1 9 7 8  imagery was 
a l s o  attempted.  This  unsupervised c l a s s i f i c a t i o n  proved most s u c c e s s f u l  i n  
i d e n t i f y i n g  crops and i r r i g a t e d  f i e l d s .  

INTRODUCTION 

The Minnesota Department of Natural  Resources, Divis ion of Waters, has  a Water 
resource  management r e s p o n s i b i l i t y  which inc ludes  t h e  mandate to r e g u l a t e  and 
document s t a tewide  water  ilso and t o  i s s u e  water app:ropxiation permits.  To h e l p  
meet t h i s  r e s p o n s i b i l i t y  t h e  Department is  completing an  inventory of h igh 
capac i ty  w e l l s  i n  t h e  s t a t e .  Most of t h e s e  w e l l s  i n  r u r a l  a r e a s  a r e  used f o r  
a g r i c u l t u r a l  i r r i g a t i o n  o r  municipal  water supp l ies .  By s p r i n g  of 1981 t h e r e  
wers about 3,000 permi t t ed  i r r i g a t i o n  w e l l s  i n  &Yinnesota, t h e  major i ty  ~f 
which were d r i l l e d  s i n c e  1976. 

I t  w a s  recognized t h a t  t h e  Department needed a means of l o c a t i n g  non-permitted 
i r r i g a t i o n  w e l l s  and confi-ming t h e  l o c a t i o n  of pe rmi t t ed  wel ls .  F i e l d  check- 
i n g  i s  t h e  most a c c u r a t e  means of w e l l  l oca t ing ,  bu t  ? is very manpower in ten-  
s i v e  and t i m e  consuming. I t  was decided t h a t  t h e  b e s r  approach t o  t h e  problem 
would be t o  l o c a t e  i r r i g a t e d  lands ,  and then c o r r e l a t e  these  w i t h  known w e l l  
l o c a t i o n s .  The presence of irrigated land no t  l o c a t e d  near  a permi t t ed  w e l l  would 
sugges t  t h e  e x i s t e n c e  of an unpennittled w e l l  which should then be  i n v e s t i g a t e d .  
The p r o j e c t  was deslgned t o  t e s t  t h e  use  of Landsat imagery f o r  i r r i g a t e d  land 
i d o n t i f i c a t i o n .  P h o t o i n t e r p r e t a t i o n  of s t andard  Lar.dsat images has  been used 
s u c c e s s f u l l y  t o  l o c a t e  and i n v e n ~ o r y  i r r i g a t e d  lamis  i n  s e v e r a l  a r e a s ,  However, 
d i g i t a l l y  processed Landsat data, u s m g  var ious  c l a s s i f i c a t i o n  or r a t i o i n g  
a lgor i thms has a l s o  been e x p l o i t e d  t o  enhance s e p a r a b i l i t y  of i r r i g a t e d  lands  
from n o n - i r r i g a t e d  lands.  Our prirnary long term i n t e r e s t  i s  t o  develop a c c u r a t e  
e s t i m a t e s  of water  use. 



OBJECTIVES 

The primary purpose of t h e  p r o j e c t  was to provide t h e  necessary in fonna t ion  to  
a i d  t h e  Division of Waters i n  determining t h e  l o c a t i o n  of i r r i g a t i o n  w e l l s  f o r  
which t h e r e  were no records .  The a v a i l a b i l i t y  of such  informat ion would r e s u l t  
i n  a considerable  sav ings  i n  personnel  t i m e  and money. The second o b j e c t i v e  of 
t h i s  s tudy  was t o  o b t a i n  r e g i o n a l  water use d a t a  f o r  wa te r  budget model inpu t .  

SITE DESCRIPTION 

A p o r t i o n  of Sherburne County, l o c a t e d  along t h e  Miss i s s ipp i  River  nor thwest  
of Minneapolis-St. Paul,  was chosen as t h e  demonstration site. 
The r e g l t r ~ a l  s e t t i n g  i s  shown i n  Figure  1. Sherburne County, a l a r g e l y  a g r i -  
c u l t u r a l  r eg ion ,  c o n t a i n s  some of the most heavi ly  i r r i g a t e d  areas i r ~  Minnesota. 
A g r i c u l t u r a l  acreage i n  1974 accounted f o r  56,6d0 h e c t a r e s  (139,870 a c r e s )  
o u t  of a t o t a l  113,400 h e c t a r e s  (280,320 a c r e s )  t h a t  make up t h e  county. The 
average s i z e  ol' t h e  farms, based o~ a 667-farm s t a t i s t i c a l  sample, .a 85 h e c t a r e s  
(210 a c r e s ) .  The major crops are corn,  po ta toes ,  hay, o a t s ,  and wheat. The 
s o i l  type of t h i s  a r e a  is  b a s i c a l l y  a sandy s o i l  t h a t  has  very good drainage.  
Soi 1s of t h i s  type a r e  more severe ly  a f f e c t e d  by drought cond i t ions  than  o t h e r  
s o i l s  wi th  g r e a t e r  water- re tent ion c a p a b i l i t i e s .  As o f  March 1980, t h e r e  were 
197 permi t t ed  i r r i g a t i o n  w e l l s  loca ted  i n  t h e  county. 

CLASSIFICATION PROCEDURE 

SINGLE DATE ANALYSIS 

The August 10, 1978 Landsat scene was chosen f o r  e v a l u a t i o n  because it was 
c r e a t e d  d u r i ~ g  t h e  i r r i g a t i o n  season and had l i t t le  cloud cover. The p r o j e c t  
a r e a  was i n i t i a l l y  c l a s s i f i e d  us in5 t r a i n i n g  f i e l d s  p l o t t e d  on the 1:24,000 
or thophoto maps. This  c l a s s i f i c a t i o n  was then r e f i n e d  using an i t e r a t i v e  
process  of a d d i t i o n ,  combination, and e l imina t ion  of a p p r o p r i a t e  t r a i n i n g  
f i e l d s .  Even when t h e  b e s t  p o s s i b l e  c l a s s i f i c a t i o n  had been achieved,  some 
i r r i g a t e d  f i e l d s  had n o t  y e t  been i d e n t i f i e d  i n  t h e i r  e n t i r e t y ,  whi le  o t h e r s  
had been m i s c l a s s i f  i ed .  

I n  o r d e r  t o  improve t h e  r e s u l t s ,  an uxtsupervised c l a s s i f i c a t i o n  us ing t h e  
IDIMS program ISOCLS was developed. The 25 s p e c t r a l  c l a s s e s  der ived were 
analyzed using t h e  orthophoto maps and ground truth knwledge  provided by 
t h e  s t a t e  p a r t i c i p a n t s ,  and wherever p o s s i b l e ,  t h e  c o r r e c t  land cover type  
of each s p e c t r a l  c l a s s  was i d e n t i f i e d .  Some of t h e  o r i q i n a l  25 spectral 
c l a s s e s  were subsequently e l imina ted  b c a u s e  they represen ted  mixed c l a s s e s  
t h a t  were developed a long t h e  margins of d i f f e r e n t  cover types ,  whi le  o t h e r s  
were removed bec,ruse they were s o  smal l  i n  a r e a l  e x t e n t  that they  were d i f f i -  
c u l t  t o  l o c a t e  wi th  c e r t a i n t y ,  and t h e r e f o r e  impossible to i d e n t i f y  a s  
s p e c i f i c  land cover  c l a s s e s .  



Both the supervised and unsupervised approaches yielded k a s e i f i c a t i o n  re- 
s u l t s  t h a t  were good f o r  c e r t a i n  s p e c i f i c  categories  while not  a s  accura te  
f o r  others.  It wae thus necessary to combine t h e  optimum class sf-gnatures 
developed independently by the  separate  techniques. This was accomplished 
by aggregating the signatures  from both the  unsupervised and supervised 
approaches i n t o  a ~ i n g l e  spec t r a l  s igna ture  se t .  I n  order  t o  fu r the r  inprove 
t h e  c l a s s i f i c a t i c n  accuracy, and i n  pa r t i cu l a r  t o  decrease the  amount of 
land being c l a s s i f i e d  i n m r r e c t l y  a s  i r r i ga t ed ,  thresholding of the data  was 
employed. Se t t i ng  the threshold a t  20 percent genera l ly  yielded the over- 
a l l  bes t  results f:or the per t inent  c l a s se s  i n  the  study area. 

Using this optimum c l a s s i f i c a t i o n ,  it was possible  t o  i den t i fy  i r r i g a t e d  
corn, i r r i g a t e d  potatoes,  and o the r  mixed crops. However, add i t i ona l  
ana lys is  showed that some ava i l ab l e  ground t r u t h  information - crop type, 
land use (plowed vs. undisturbed land) ,  and s o i l  moisture da t a  ( i r r i ga t ed /  
non-irrigated) - was not adequate f o r  optimum t r a in ing  area  se lec t ion .  In 
pa r t i cu l a r ,  an i n s u f f i c i e n t  number of t r a in ing  f i e l d s  had been va l ida ted  
by f i e l d  check, and the re  w a s  a need f o r  b e t t e r  geographical d i s t r i b u t i o n  
of t r a in ing  f i e l d s  within t h e  t e s t  site. Som of the  i n i t i a l  ground t r u t h  
and t r a in ing  f i e l d  information had been derived from repor t s  r a the r  than 
a c t u a l  f i e l d  surveys, and these  i n  some cases,  proved inaccurate  o r  mis- 
leading. To r e c t i f y  t h i s  shortcoming, addi t iona l  ground t r u t h  was co l lec ted  
and i n i t i a l  ground t r u t h  rechecked before any fu r the r  d i g i t a l  processing 
w a s  done. 

The f i n a l  c l a s s i f i c a t i o n  was f a r  superior  t o  i n i t i a l  e f f e c t s  because of 
improved t r a in ing  f i e l d  se lec t ion .  

I r r i g a t e d  corn, i r r i g a t e d  potatoes and mixed i r r i g a t e d  crops could be dis-  
criminated one from t h e  o ther ;  however, some small g ra ins  such a s  wheat were 
not  separable from grasses  (hay, open areas ,  e tc . ) .  As a r e s u l t ,  the 1att.er 
were cambined iirt.0 a s ing le  class designated a s  "other." This a l s o  included 
roads and dis turbed areas .  Rye f i e l d s  were discr iminated with enou*jh acciuacy 
t o  keep eiem a s  a separa te  category. I r r i ga t ed  versus non-irrigated small 
g ra ins  and grasses  could not be separated. 

MULTITEMPORAL ANALYSIS 

Another analysis  conducted during t h e  demonstration process included the 
crea t ion  of a multitemporal Landsat data s e t  f r m  the  August 10 and May 21 ,  
1978 scenes; the  two data  s e t s  were reg is te red  and combined t o  form a s i n g l e  
8-band da ta  s e t  - four  bands from each date.  The I D I M S  c lu s t e r ing  program 
(ISOCLS) was then run on t h i s  two-date da ta  s e t .  This unsupervised c l a s s i f i -  
ca t ion  algorithm developed 16 s p e c t r a l  c lasses .  Using the  ground t r u t h  
co l lec ted  e a r l i e r ,  water c l a s se s  were combined together  as w e l l  as non- 
ag r i cu l tu re  c l a s se s  ( t r e e s ,  brush, e t c .  ); each was assigned a d i s t i n c t i v e  
color and incorporated i n t o  the  c l a s s i f i c a t i o n  map image. These werc of iio 

imaedinte interest .  t o  the  ana lys ts  and served only for  loca t iona l  purposes. 
The remaining unident i f ied  ag r i cu l tu re  spec t r a l  c l a s se s  of i n t e r e s t  were each 



given a dis t inguishing co lor  t o  a i d  i n  the determination of land cover type. 
A f t e r  tJ?e completion of t he  ana lys i s  of a l l  16 mult i tenparal  s p e c t r a l  classes, 
they were grouped i n t o  appropriate  land cover ca tegor ies  and each category was 
assigned a f i n a l  co lor  and incorporated i n t o  a final c l a s s i f i c a t i o n  map. 

The May 21, 1978 da t a  provided t h e  greatest con t r a s t  between pluwed and non- 
plowed f ie lds .  The Ailgust 10, 1978 scene, hawever, exhibi ted soil moisture 
and vegetat ive cover differences best ,  e spec i a l ly  where these di f fe rences  
were associated with irrigatio~l/non-irrigation conditions.  

The ove ra l l  gain i n  c l a s s i f i c a t i o n  accuracy achieved by using the two-date 
da ta  s e t  was acconplished by taking advantage of tunporzl d i f fe rences  i n  re- 
f lec tance  values f o r  se lec ted  i r r i g a t e d  crops. This incorporat ion of infonna- 
t i on  inherent i n  the  loca l  crop calendar g rea t ly  inpmved the vegetat ion class 
sepa rab i l i t y  over what could be obtained using only the single-date data. 

Discrimination amng the d i f f e r e n t  agrS cu l tu re  c l a s se s  w a s  much more complete, 
and most f i e l d s  could be uniformly c l a s s i f i e d  with l i t t l e  o r  no/misclassifica- 
t i o n  occurring within t h e  s p e c i f i c  f i e ld .  I n  addi t ion,  two-date data permitted 
the  i r r i g a t e d  land c l a s se s  t o  be del ineatzd with improved accuracy. This w a s  
probably due t o  the f a c t  t h a t  che addi t iona l  information on land surface con- 
d i t i ons  (plowed o r  implowed) provided by the  May da t a  s e t  contr ibuted t o  a 
b e t t e r  ul.'?rstanding of t h e  a r e a l  d i s t r i b u t i o n  and s t a t e  of t h e  agr icu l tuxa l  
land. Sone i r r i g a t e d  land could not  have been i d e n t i f i e d  from the  August da t a  
,Zone i f  t he  f i e l d s  had not  beer! watered f o r  a week ox so  and d i d  not  exh ib i t  
adeqvate cont ras t  t o  the  contiguous non-irrigated vegetation. 

As of 19?8, t he re  were 195 known i r r i g a t i o n  wel l s  i n  Sherburne County. Visual 
i n t e rp re t a t ion  of t he  two-date c l a s s i f i c a t i o n  revealed about 50 
i r r i g a t e d  f i e l d s  coverina a t o t a l  area of about 10 square miles which could 
not be readi ly  matched w i t h  permitted, high capaci ty w e l l  locat ions.  It is 
l i k e l y  thaL not  a l l  of this i r r i g a t e d  acrease is supplied by a ground water 
source, and t h a t  same of t h e  fie I d s  .nay be misclassif ied.  Hcmever, by using 
t h e  c l a s s i f i e d  imagery a s  a guide, f i e l d  inspect ion of these 50 s ca t t e r ed  
s i t e s  can be accomplished i n  about one-third o r  l e s s  t he  t i n e  than would be 
required f o r  inspect ion cf t he  e n t i r e  county. This is a very s i g n i f i c a n t  
savings i n  both time, personnel and mater ial  resources,  and a t  t he  same time, 
assures  that-  a l l  the major i r r i g a t e d  a reas  have been surveyed. 

(1) M~l t i tempora l  unsupervised c l a s s i f i c a t i o n  based on Landsat de ta  provided 
a r e l i a b l e  del ineat ion of c e r t a i n  s p e c i f i c  crop types and i r r i g a t e d /  
non-irrigated lands i n  Sherburne County. 

( 2 ) A supervised Landsat c l a s s i f i c a t i o n  procedure could have been more 
successful  i f  m r e  around t r u t h  was ava i lab le  and it had been v e r i f i e d  
p r i o r  t o  t r a in ing  area s e l e ~ ~ i o n .  



( 3 )  S i n g l e  d a t e  Landsat image c l a s s i f i c a t i o n  should not be discounted f o r  
use  i n  mapping i r r i g a t e d  f i e l d s  i n  Minnesota. Accurate ground truth 
c o l l e c t e d  a t  sites with adequate areal d i s t r i b u t i o n  w u l d  help a s s u r e  
optimum t r a i n i n g  a r e a  s e l a c t i o n  and more a c c u r a t e  c l a s s i f i c a t i o n .  

ADDITIOXAL STUDY 

The Univers i ty  of M%nnesot.a Remote Sensing Laboratory, which had funds f o r  
small  r esea rch  p r o j e c t s ,  agreed t o  work with t h e  Minnesota Department o f  
Natural  Resources, Divis ion of Waters on  a n  exper imental  p r o j e c t  t o  test 
t h e  use  o f  small scale, smal l  format a r e a l  photography t o  i d e n t i f y  i r r i g a t e d  
f i e l d s  i n  Sherburne County. 

A test  s t r i p  was £1- i n  Ju?.y, 1980 to cornpare color i n f r a r e d  and color 
photography, C o l x  i n f r a r e d  produced t h e  g r e a t e s t  c o n t r a s t  betveer. irri- 
gated and non- i r r igated f i e l d s  so the e n t i r e  county w a s  flown using ~ o l o r -  
IR.  

The photographs w e r e  t aken  w i t h  a 35-mm camera with  a 28-rmn l e n s  mounted i n  
the Oel ly  ho le  of a sma!.l a i r c r d t .  The a r e s  w a s  flown a t  an a l t i t u d e  of 
approximately 12,000 f e e t  above sea leve l .  It took about three hours o f  
f l i g h t  t i m e  t o  produce 16 photo s t r i p s  covering t h e  113,400 h e c t a r e s  '280,320 
ar , : I  i n  Sherburne C m t y .  Twelve r o l l s  of f i l m  were needed t o  produce 300 
p r i n t s .  

S e l e c t i n g  i r r i g a t e d  f i e l d s  by v i s u a l  i n t e r p r e t a t i o n  took an experienced photo- 
a n a l y s t  e i g h t  man-hc~rs  to complete. F i e l d  checking i r r i g a t e d  f i e l d s  i n  t h e  
e n t i r e  county was accomplished by one person i n  three days (30 man-hours). 
The f i e l d  work d i d  n o t  invo lve  l o c a t i r r ~  w e l l s  o r  complete croF i d e n t i f i c a t i o n ,  
both ve ry  man-power i n t e n s i v e  t asks .  The =st of o b t a i n i n g  t h e  photographs,  
.lot i n c l u d i c g  s a i a r y ,  was approximately $350.00. I n t e r p r e t a t i o n  of t h e  new 
photos  is c u r r e n t l y  being done by t h e  Remote Sensing Lakoratory and r e s u l t s  
w i l l  be forthcoming l a t e r  i n  1981. 
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A PROSPECTIVE APPROACH 

TO COASTAL GEOGRAPHY FROM S A T n L I T F  

John C. Munduy Jr. 
Virginia  I n s t i t u t e  of  Marine Science 

College of William and Mary 
Gloucester Point ,  Vi rg in ia  23062 

ABSTRACT 

A forecast ing protocol termed the  Prospective Approach has been used t o  
examine probable fu tures  r e l a t t v e  t o  coas t a l  appl ica t ions  of  s a t e l l i t e  data .  
Significant var iab les  include t h e  energy s i t u a t i o n ,  t h e  na t iona l  econan)., na- 
t i o n a l  e a r t h  s a t e l l i t e  programs, and coas ts1  zone research, colllwrcial a c t i v i t y ,  
and regulatory a c t i v i t y .  Alternat ive scenarios  f o r  t he  p e r i d  u n t i l  1986 a r e  
presented. Possible  responses by s t a t e / l o c a l  remote sensing centers  include 
operat ional  appl ica t ions  f o r  users ,  input t o  geo-base information systems (GIs), 
development of decision--king algorithms using GIs data ,  and long term research 
programs f o r  coas t a l  management using merged s a t e l l i t e  and t r a d i t i o n a l  data.  

Nearly a decade has passed s ince  the  launch of Landsat ?, an  e ra  when Land- 
s a t  was described as "the Complete Geographer" (Falconer, 197:~). Looking back- 
ward, most w i l l  agree t h a t  Landsat appl ica t ions  have reached a remarkable l eve l ,  
a view only s l i g h t l y  muted by reminders t h a t  the  po ten t i a l  was oversold a t  
f i r s t .  Now, i n  looking forward, we seek a "prospective" f o r  fu tu re  use of 
s a t e l l i t e  data ,  including data  from new sensor systems t o  be t e s t ed  dur5:rg the  
coming decade. 

The present  time hqs c e r t a i a l y  developed i n t o  a juncture. For geographers 
and resource managers, geo-base information systems a r e  rap id ly  being iuple-  
mented by federa l  and s t a t e  agencies. Remote sensing has won a po r t  of en t ry  

*Pa r t i a l l y  supported by t he  Department of Taxation, Richmcnd, Virginia.  
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t o  such systems, due i n  l a rge  measure t o  successful  Landsat mapping of  fo re s t s ,  
ag r i cu l tu ra l  resources,  and land cover. Responsibi l i ty  f o r  an  operat ional  land 
s a t e l l i t e  system has been assigned t o  NOAA, and new sensors  a r e  being readied by 
NASA f o r  o r b i t a l  t es t ing .  Contrariwise, t h e  federa l  budget is being severely c u t  
i n  response t o  economic and p o l i t i c a l  changes. Regional planners and resource 
s p e c i a l i s t s  z ~ i g h t  therefore  assess  the  "prospective" f o r  s a t e l l i t e  geography i n  
v i ed  of funding cons t r a in t s  and program rede f in i t i on  a t  t he  federa l  l eve l .  

Several contexts  a r e  appropriate  f o r  developing such a "prospective." The 
context here is  a mission-oriented program of geographic research and appl ica t ions  
f o r  s t a t e  and loca l  government i n  t h e  mid-Atlantic coas t a l  zone. The coas t a l  zone 
is  targeted because of its high population densi ty ,  mul t ip le  con f l i c t i ng  uses,  and 
highly chargzd environmental issues.  Recognizing its uniqueness, Congress i n  1972 
enacted the  Coastal Zone Management Act (Public Law 89-454) t o  provide f inanc ia l  
and administrat ive ass i s tance  t o  coas t a l  s t a t e s  endeavoring t o  plan and manage 
coas t a l  areas.  Nearly ha l f  t he  s t a t e s  have federally-appswed coas t a l  zone man- 
agement programs and a r e  receiving federa l  grants .  Other s t a t e s  have develuped 
coas t a l  programs independently of federa l  support (Higgins, 1979). 

Improved coas ta l  management w i l l  r equi re  ongoing research, Coastal s tud ies ,  
perhaps more than o ther  f i e l d s  of study, imrolve questions t h a t  a r e  both bas ic  
( t o  an understanding of coas t a l  processes, whether physical ,  b io logica l ,  o r  cul-  
t u r a l ) ,  and important t o  pLamers/managers and the  general public.  Questions 
with these two a t t r i b u t e s  should comnand high p r i c r i t y  i n  t he  d i s t r i b u t i o n  of 
federa l  research funds. 

Landsat was viewed e a r l y  a s  having p o t e n t i a l  appl ica t ions  i n  the  coas t a l  
zone (ERTS Conferences, 1973a, b) .  Although some geographers and coas t a l  man- 
agers  disdained its po ten t i a l  because of the  l imited s p a t i a l  reso lu t ion  of the  
mul t i spec t ra l  scanner, Landsat p ro j ec t s  have proven t h a t  many coas t a l  applica- 
t i ons  a r e  cos t  e f f ec t ive  (NCSL, 1977). Also, s a t e l l i t e s  provide uniformity i n  
da ta  formats, measurable accuracy and prec is ion  of da ta  and ana lys is  products, 
and a s y i l ~ p t i c  view from o r b i t  which is unsurpassed. Under the  impact of  budget 
cons t r a in t s  during the 19801s, these f ea tu re s  w i l l  become more a t t r a c t i v e  because 
of data  needs f o r  geographic information systems. 

How then can expanded and more e f f ec t ive  coas t a l  appl ica t ion  of s a t e l l i t e  
da t a  be achieved? There a r e  two  groups who w i l l  have d i f f e r i n g  perspect ives  i n  
answering t h i s  question. The f i r s t  is comprised of federa l  personnel charged 
with budget and nat ionxl  program respons ib i l i ty .  The second group, of i n t e r e s t  
i n  t h i s  paper, includes s a t e l l i t e  data  users  a t  t he  s t a t e  and l o c a l  level .  
Planning for  b e t t e r  s a t e l l i t e  data  i ~ t i l i z a t i o n  by t h i s  group i s  somewhat more 
hazardous, because of the necessi ty  of dealing with uncer ta in t ies  a t  both the  
federa l  s ta te /? r ,ca l  level .  The severe impact of l o s s  of s t a t e  support has 
been i l l u s t r a t e d  kn North Dakota (NCSL, 1979) which l o s t  the  Resources and En- 
vironmental Assessment Program (REAP). 

To ausist:  coas ta l  groups toward more e f f ec t ive  use of s a t e l l i t e  da ta ,  t h i s  
paper explores a l t e r n a t i v e  circumstances which might p reva i l  !-n t h e  mid-198OVs, 
and then de i inea tes  a l t e r n a t i v e  s t r a t e g i e s  fo r  promoting appl ica t ions  given the 



various c i rcmstances .  To explore poss ib le  fu tures  i n  t he  mid-19801s, a forecast-  
ing methodology has been employed ca l l ed  the  "Prospective Approach" (Godet, 1978). 

THE PROSPECTIVE APPROACH 

Perfect  knowledge of t he  fu tu re  would permit devising a per fec t  s t r a t egy  
f o r  maximizing s a t e l l i t e  appl ica t ions  t o  coas t a l  geography. Although pe r f ec t  
preZLction is unat tainable ,  we can p lan  e f f ec t ive ly  with the  help of forecast ing 
techniques. Quanti ta t ive methods of  forecast ing include dynamic systems modeling, 
and probabi l i ty  and cross-impact techniques, while non-quantitative methods in-  
clude the  Delphi technique and scenario analysis .  A l l  forecast ing methods have 
de fec t s  and al l  a r e  based u l t imate ly  upon subjec t ive  opinion; therefore,  it is 
expected t h a t  fo recas t s  may f a i l  i n  major ways from time t o  time. 

The Prospective Approach seeks t o  minimize forecast ing e r r o r s  by use o f  o 
combination of mathematical and non-mathematical methods. I n i t i a l l y ,  one def ines  
e s s e n t i a l  syptem va r i ab l e s  and the  immediate e f f e c t s  (or  cross-impacts) between 
var iab les .  The long-term ind i r ec t  e f f e c t s  flowing from the  cross-impacts a r e  
elucidated using matr ix methods. From the  r e s u l t s ,  s i g n i f i c a n t  hypotheses about 
fu tu re  w e n t s  a r e  formulated. These a r e  assigned individual  and j o i n t  (pairwise) 
p r o b a b i l i t i e s  o f  occurrence. Mathematical methods a r e  then used t o  determsne the  
p r o b a b i l i t i e s  of  d i f f e r e n t  combinations of  poss ib le  fu tu re  events. 

Subsequently, the  desired fu tu re  (wish-fulfil lment) is introduced (hence the 
uniqueness of  t h i s  forecast ing method, and i t s  appel la t ion  "Prospective"): com- 
bina t ions  of probable and desired fu tu re s  a r e  used t o  construct  scenarios  o f  
fu tu re  s t a t e s  and of the  developmental processes leading t o  them, and s t r a t e g i e s  
a r e  developed f o r  ensuring the  occurrence of the  desired future.  I n  ou t l i ne  
form, t he  b o s p e c t i v e  Approach has four phases: probable fu tures ,  desired 
fu ture ,  scenarios,  and s t r a t eg i e s .  

SCOPE 

I n  the  appl ica t ion  of forecast ing methods, it i s  normal t o  use a l a rge  
panel of experts  a t  each stage. This ensures t h a t  appropriate  d i v e r s i t y  of  
opinion i s  incorporated. Here, t.ccause of l imited resources,  only three  s e t s  
of opinions were included. The purposz i n  using a s e t  protocol  of forecast ing 
methods was t o  he lp  c l a r i f y  and sharpen thinking about options. I n  t h i s  t h e  
outcome has been judged s u c c e s ~ f u l .  

The time period under primary considerat ion is  5 years  (1981-1986), and t o  
a l e s se r  extent  the 1980s a s  a whole. Nationally,  major changes i n  budgets end 
programs can occur a f t e r  each P res iden t i a l  e l ec t ion ,  every 4 years. S a t e l l i t e  



planning, construct ion,  and launch requi re  a t  l e a e t  8 years;  thua, t h e  s a t e l l i t e  
options which could be ava i l ab l e  i n  1986, including d o m a t i c  and foreign ratel- 
lites, have alr .  been determined. For periods beyond 8 years ,  technological 
advances c a r  occur which could s ign i f i can t ly  a l t e r  the picture.  The l a t e  1980's 
when mult iple  l i n e a r  a r r ay  sensors  become ava i lab le ,  a r e  j u s t  a t  t he  l fmi t  f o r  
a f f ec t ing  most s t a t e / l o c a l  coas t a l  planning. 

APPLICATION 

Essent ia l  Variables and System St ruc ture  

From t h e  h o l i s t i c  s tandpoint ,  t he  system of concern is t h a t  complex of 
agents,  programs, processes, and events which w i l l  determine the  scope of  oppar- 
t u n i t i e s  f o r  s a t e l l i t e  da t a  users  i n  coas t a l  geography. Essent ia l  va r i ab l e s  of 
t he  system a r e  those necersary components whose states can be  defined a t  d i f f e r -  
en t  times (Ashby, 1963); t h e  va r i ab l e s  need not be quant i f iab le ;  they need not be  
of the  same type. One e s s e n t i a i  v a r i a b l e  w i l l  be  t he  loca l  group inmediately 
concerned with implementing des i r ab l e  s t r a t e g i e s  t o  meet t he  fu ture ;  i n  our case, 
t h e  group is the  Remote Sensing Center (RSC). 

T o  def ine  the  r e s t  of the  "systt?m," it w i l l  b e  he lp fu l  t o  sketch the present 
circumstances. Certainly s t a t e  and l o c a l  var iab les  a r e  important. However, the 
impact of the  na t iona l  economy on the  1980 P res iden t i a l  e l ec t ion  is without 
question, and one consequence is  federa l  budget reductions, which have d i r e c t l y  
caused cance l la t ion  of follow-on Landsats D3 and D4, o r ig ina l ly  due f o r  launch 
i n  1985 and 1986. Thus, na t iona l  a f f a i r s  t n  t>e broad context a f f e c t  ~ o a s t a l  
users.  Likewise, i n t e rna t iona l  events havi. a major impact on coas t a l  a f f a i r s .  
Recertly,  a Coast Guard representa t ive  i n  marine s a f e t y  remarked tha t  OPEC was 
more responsible than any o the r  f a c t o r  i n  reducing o i l  pollution-a 1000-barrel 
s p i l l  now cos ts  $40,000. Coastal t ranspor ta t ion  and recreat ion planning must 
now account f o r  decl ining au to  use due t o  esca la t ing  gasol ine pr ices .  The U.S. 
f l e e t  of oceanographic research vesse ls  has contracted subs t an t i a l l y  because 
of high f u e l  cos ts ,  while offshore d r i l l i n g  has increased. Development of 
geographic information systems may be stimulated s l i g h t l y  by high f u e l  cos t s ,  
v i a  demands f o r  g rea t e r  e f f ic iency  i ~ .  resource management. F ina l ly ,  a major 
uncertaiccy i s  the poss ib i l i t y  of i n t e rna t iona l  con f l i c t  over petroleum re- 
scrurces and monetary imbalance involving petro-dollars;  many public f igures  
havr openly proclaimed tha t  the  period through 1985 i s  one of maximum danger 
in te rna t  ional ly.  

In  Virginia ,  planning d i s t r i c t  commissions a r e  using Landsat da t a  f o r  land 
cover sapping. The s t a t e  is  developing an in tegra ted  data  base of econometric 
and resource data  ca l led  the Comnonweslth Data Base (CDB). Landsat da ta  pro- 
cessing is p a r t i a l l y  supported by CDB. 



From such consideratdons, essential variables for the system were selected 
as listed in Table 1. The number was held to 15 to lmit the effort required in 
subsequent analysis. Studiee of this type sometimes employ up to 100 essential 
variables (Godet , 1978). 

TABLE 1 

cross-Impact Variables 

TRADE 
International Variables 
1 International trade; export/import flows of monetary capital, 

resources, and industrial output. 

PEACE 2 Degree of internattonal peace; level of belligerency between 
mejor powers and blocs. 

ENERGY 3 Energy resource availability and cost; multi-national flows 
of petroleum. 

National Variables 
ECONOMY 4 Economic activity; gross domestic product; inflation rate. 

DEFENSE 5 Defense spending; level of military preparedness. 

SATELLITE 6 Earth satellite applicationr program, especially Landsat. 

Coastal Geography 
RESEARCH 7 Coastal zone research (environmental/economic/industrial/ 

urban) in universities, insti tutes , and government. 

COHMERCIAL 8 Comwrcial sector engineering and economic activity. 

REGULATORY 9 CZM monitoring, and regulatory activity by govermn;p,nt. 

CornDonwealth of Virginia Variables 
BUDGET 10 State economic activity; revenues and budget. 

CDB 11 Comnonwealth Data Base; econumetric model, geobase information 
system (GIs), data collection including remote sensing. 

Regional and County Variables 
PLANNING 12 Level of activity by planning comnissions. 

METHODS 13 Flexibility toward new methods including remote sensing. 

Institutional Variables - 
MISSION 14 Mission of the institute; program allocations among basic 

research, applications, and advisory services. 

CENTER 15 Remote Sensing Center activities; federal, CDB, and internal 
components . 
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The next s tep  was t o  prepare a cross-impact matrix, which presents the  s t a t i c  
s t ruc ture  of the system (Gordon and Hayward, 1968; McLean and Shepherd, 1976). 
The matrix has e s sen t i a l  var iables  as both row and column labels ;  each matrix 
element is f i l l e d  with a one i f  (a zero i f  not) the  row variable has a d i r e c t  in- 
fluence (imnediate e f fec t ;  imnediate impact) on the  column variable.  Diagonal 
elements a r e  s e t  t o  zero. 

To produce a s ingle  f ina l ized  matrix from those produced by the par t ic ipants ,  
the  en t r i e s  fo r  each matrix clement a r e  combined by a majority ru le ,  o r  by a sum- 
mation. The l a t t e r  procedure i n  e f fec t  weights each in terac t ion  on a scale whose 
maximum is  the  nunber of part icipants .  The resul t ing  matrix i n  t h i s  study i s  
shown i n  Table 2. Driver and follower variables i n  a s t a t i c  sense a r e  revealed 
by the  row and column sums. 

TABLE 2 

Cross-Impact Matrix 

Row 
Sum 

Row 
% Influence 

On 

Of 
Trade 
Peace 
Energy 
Economy 
Defense 
S a t e l l i t e  
Research 
Comnercial 
Regulatory 
Budget 
CDB 
Planning 
Methods 
Mission 
Center 

Column Sum 

Column % 

Follower 
Variables 



Dynamic Behavior 

Raising the  matrix t o  successively higher powers is used t o  reveal  long-term 
(indirect)  dynamic interactions. Squaring a matrix containing zeroes and ones 
shows the nrrmber of feedback loopa of two steps;  ra ie ing  t o  the power n s h m  the  
number of loops of length n (including repeated cycles of shorter  lengths). By 
the power n = 6, the  order of  variable6 ranked according t o  the  grea tee t  number 
of feedback loops is stabil ized.  The rank order based on r e s u l t s  from the  diago- 
nal shows the  pivotal  variables fo r  the  system; r e s u l t s  from the  l a s t  column show 
the var iables  with most impact on the  Center. The tw-o s e t s  of r e s u l t s  obtained 
fo r  n = 6 a r e  shown i n  Table 3. 

S i ~ n i f  icant  Hypotheses 

The r e s u l t s  i n  Table 3 indicate t h a t  the  p ivota l  var iables  a r e  Energy, 
Economy, and S a t e l l i t e ,  and the  t r i o  Research, Comnercial, and Regulatory. Sig- 
n i f icant  hypotheses concerning future events should be  fonnulated around these 
variables. Although the  var iable  CDB did not rank higher than eighth, the  p a r t i -  
cipants  decided t o  add CDB a s  a seventh p ivota l  var iable  because of i t s  immediate 
irrportance t o  Center a c t i v i t i e s .  I n  foxmulating hypotheses f o r  subsequent analy- 
sis, i t  is best  t o  l imi t  the  number t o  f ive  o r  six. The c lose  relat ionship among 
the  t r i o  of coas ta l  zone var iables  suggested a merger in to  a s ingle  var iable  
cal led coastal  zone management (CZM). The list of var iables  then mxubered five. 
The hypotheses formulated around these variables a r e  shown i n  Table 4. It 3.8 
eas ier  for  the par t ic ipants  i n  the  next s tep i f  each hypothesis involves not a 

TABLE 3 

Dynamic Rank Order Results 

System pivotal. VarLables 

Research 
Regulatory 
Energy 
Cornnebcia1 
S a t e l l i t e  
Economy 
Mission 
CD B 
Center 
Methods 
Budget 
Trade 
Planning 
Defense 
Peace 

Variables With Impact on the  Center 

Energy 
Economy 
Comerc i a l  
Regulatory 
Research 
Peace 
S a t e l l i t e  
Defense 
Trade 
Budget 
Mission 
CDB 
Methods 
Planning 
Center 



process but an event whore ocbcurrence or lack of occurrence could be  e a r i l y  
judged i n  the  future, such a s  "By 1986, there  wi;l occur a gap i n  Landrat cw- 
erage of a t  l e a s t  12 months." The hypotheses i n  Table 4 a r e  generally more 
pr*ess-oriented than t h i s  exanple. 

TABLE 4 

Scenario Rypotheses for  1986 

Variable Hypothesis 

1 Energy Energy supplies, especial ly petroleum, w i l l  be 
p len t i fu l  a t  reasonable coat. 

2 Economy The national economy w i l l  p e r s i s t  a s  a t  poeaent 
(moderate growth; 10% Lnf la t ion)  ; s t ag f l a t ion  

w i l l  be avoided. 

3 S a t e l l i t e  Civi l ian ear th  s a t e l l i t e  programs (beside meteo- 
rological  s a t e l l i t e s )  w i l l  be very act ive;  the 
Landsat program w i l l  provide data contimtously. 

4 CZM Coastal zone geography, regional planniw, man- 
agement, and research a c t i v i t y  w i l l  be vigorous 
locally. 

5 CDB The s t a t e  GIs program w i l l  be fu l ly  funded and 
s taf fed  as  projected i n  planning documents. 

Probabil i ty of Events 

Part icipants  were then asked t o  assign t o  each event a probabil i ty of oc- 
currence, and t o  each p a i r  of events a jo in t  probabil i ty of occurrence. I t  is 
d i f f i c u l t  t o  assign probabi l i t ies  t o  higher orders of jo in t  occurrence, hence 
the  r e so r t  i n  scenario generation t o  mathematical solutions. It was f i r s t  sug- 
gested i n  the l i t e r a t u r e  tha t  conditional probabi l i t ies  be assigned t o  p a i r s  of 
events (P i / j  5 probabil i t )  of event i i f  w e n t  j occurs), but answers f r m  each 
p a r t i c i p a ~ t  a r e  then found t o  be self- inconsistent  from the viewpoint of clas-  
s i c a l  probabil i ty theory, necessi tat ing adjustment procedures t o  produce E con- 
s i s t e n t  s e t  of probabi l i t ies  (-errin and Godet, 1975; Godet, 1976.). The ensu- 
ing debate has generated several a l te rnat ive  procedures for  generating scenario8 
from probabi l i t ies  (Mitchell and Tydeman, 1976a; Godet, 1976b; Mitchell and Tyde- 
man, 1976b; Kelly, 1976; McLean, 1976; Bloom, 1977; Kaya, Ishikawa, and Mori, 
1979), a s  well a s  a discussion of the misunderstanding involved i n  applying 
~ a y e s '  probabil i ty theorem t o  a causative crosu-impact analysis  (Enter and Alter, 
1978). A t  t h i s  stage i n  the debate the  mathematical problens a r e  e i q l i f i e d  by 
having par t ic ipants  assign not conditional probabi l i t ies  but jo in t  probabi l i t ies  
(Mitchell, Tydeman, and Curnow, 1977), which in e f fec t  requiree par t ic ipants  t o  
judge the kventual outcome of the dynamic interact ions between p a i r s  of variables. 
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The r eeu l t s  f r a a  the pa r t i c ipan t r  are obtained i n  t he  form of an event in-  
t e r ac t ion  matrix. O b t a i ~ i n g  j o i n t  r a the r  than condit ional  p robab i l i t i e s  renders 
t he  matrix eyneactric. Matricee frm the  par t ic ipant8  were combined by averaging 
the  r e s u l t s  f o r  each matrix element. Table 5 shows the  f in i shed  matrix. 

TABLE 5 

hrent  In te rac t ion  Probabi l i ty  Matrix 

Energy 1 57 
Econany 2 44 72 
S a t e l l i t e  3 32 40 47 
CZM 4 40 45 38 60 
C3B 5 37 46 40 47 65 

Scenario Generation and Moat Probable Futures 

For a system with m events,  there  a r e  r = 2m s i t u a t i o n  scenarios (combina- 
t i ons  of events) Ek (k = 1, ..., r). Each scenario has an  unknown probabi l i ty  
Ek. Lct e i  represc:~t: the  is event, with event probabi l i ty  Pi and jo in t  proba- 

b i l i t y  P i j .  Then l e t  

aik = 1 i f  e i  occurs i n  Ek, 
0 i f  o thewise :  

1 i f  ei and e j  occur i n  Ek, 
b i j k  = 0 i f  o t h e w i s e .  

The value of a selected Ilk+ can be found by using t h e  revised simplex l i nea r  
programming method f o r  the  equation s e t  

fo r  i = 1, 2 ,  ..., m; 

Ilk > O  for  a l l  1:; 
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where the  obJec t ive  function is  t o  maximize the choren nk*. The value of Zk* 
obtained is a unique rnaxlmrrm, but because there  a r e  2m va r i ab le s  i n  only 
1- (m+l) /2 equations (ignoring the  non-negativity conditiona) , the  accompanying 
IIk values a r e  not unique. By 2m runs of the !.inear program the  maximum valuec 
f o r  a l l  ilk can be obtaired (Mitchell, Tydeman, and Cvrr\.ow, 1977). The r e r u l t r  
a r e  shown i n  Table 6. Msximieation f o r  each Ilk s tpd ra t e ly  produces P XI k = 3.234. 

The t en  most probable s i t u a t i o n  scenarios comprising 48% of the  t o t a l  
p robabi l i ty  are extracted from Table 6 and shown i n  order i n  Table 7. 

TABLE 6 

Scenario Probabi l i t i eu  and Rankings 

Number (k) el e2 "3 e4 eg " .k 
d 

kank* 

1 0 0 0 0 0 0.09 16 
2 0 0 0 0 1 0.13 6 
3 0 0 0 1 0 0.07 24 
4 0 0 0 1 1 0.123 8 
5 0 9 1 0 0 0.05 3 1 
6 0 0 1 0 1 0.07 20 
7 0 0 1 1 0 0.05 32 
8 0 0 1 1 1 0.07 2 6 
9 0 1 0 0 0 0.15 4 
10 0 1 0 0 1 0.13 5 
11 0 1 0 1 0 0.10 12  
12 0 1 0 1 1 0.115 11 
13 0 1 1 0 J 0.07 2 5 
14 0 1 1 0 1 0.09 19 
15 0 1 1 1 0 0.07 2 1 
16 0 1 1 1 1 0.15 3 
17 1 0 0 0 0 0.09 17 
18 1 0 0 0 1 0.09 18 
19 1 0 0 1 0 0.09 14 
20 1 0 0 1 1 0.12 9 
2 1 1 0 1 0 G 0.056 30 
22 1 0 1 0 1 0.063 29 
2 3 1 0 1 1 0 0.063 28 
2 4 1 0 1 1 1 0.07 2 2 
2 5 1 1 0 0 0 0.17 2 
2 6 1 1 0 0 1 0.093 13 
2 7 1 1 0 1 0 0.13 7 
28 1 1 0 1 1 0.12 IQ 
2 9 1 1 1 0 0 0.07 2 3 
30 1 1 1 P 1 0.09 15 
3 1 1 1 1 1 0 0.07 2 7 
32 1 1 1 1 1 0.32 I- 

* Ties eliminated by d e t a i l s  of the  simplex solut ions.  



Desired Future 
ORIGINAL PA= IS 
OF POOR QUALlW 

The goal restated is t o  achieve expanded and more ef fec t ive  applicat ion of 
s a t e l l i t e  data t o  coastal  zone reaearch and management. Specif ic  object ives 
within tha t  goal may be identif ied a s  the fo l lwiag :  

1. Maintain statewide user  services f o r  Landsat da ta  processing; 

2. Make Landsat services more cost  e f f i c i en t ;  expand capab i l i t i e s  
v i a  additional software and hardware; 

3.  Broaden capab i l i t i e s  fo r  processing and applying other sensor 
and s a t e l l i t e  data (e.g., Thematic Mapper, Seasat SAR, Nimbus-7 
Coastal Zone Color Scanner, Heat Capacity Mapping Mission) ; 

4. Publicize capab i l i t i e s  and potent ia l  applicat ions ; 

5.  Investigate cew applications, test t h e i r  f eas ib i l i ty ,  and estab- 
l i s F  operational cspabi l i ty  fo r  new feas ib le  applications; and 

6. Fac i l i t a t e  the implementation of operational capab i l i t i e s  i n  
user agencies. 

TABLE 7 

F i r s t  10 Scenarios i n  Rank Order 

Rank Scenario % of 
k e l  e2 e3 e4 e5 *k Total 

I 
I I 

I11 
IV 
v 

V I  
VIT 

V I I I  
I X  

X 

Totals ''  NO) 5 / 5  7 /3  2/8 6 / 4  713 1.543 47.6 



These goal8 ioply the  necessfty for  penmnent employees, f a c i l i t i e s ,  and coatinu- 
ous funding. The goals are transformed in to  a statement s imilar  in  ~QXIR t o  the  
e a r l i e r  events el.-  An appropriate s i z e  f o r  the  f a c i l i t y  is indicated (Nunday, 
1980) : 

eg: A regional remote sensing f a c i l i t y  w i l l  be s i tua ted  i n  a coastal uni- 
v e r s i t y  providing research and advisory services; personnel -- tu, permanent 
scientists with strong ties t o  s t a t e / loca l  government, two penuanent a s s i s t a n t s  
including a c a q u t e r  spec ia l i s t ,  trro graduate student ass is tants ,  and a secre- 
tary. 

Scenarios and Str&tegies 

The l a s t  tuo stages of  the  Prospective Approach w i l l  be c d i n e d  i n  t h i s  
analysis.  Scenarios I through X art? linked one a t  a time with q, t o  form mix- 
t u re  scenarios of probable + desired futures. Each scenario is given a i r t e r a r y  
description. Then a response is shown containing appropriate s t r a t e g i e s  fo r  en- 
suring eg thrcrtghout the  desired period ending i n  1986. Four of the  ten  sce- 
narios a r e  shown a s  examples. 

Scenario I + eg: Most l ike ly  scenario: 

Description : "Despite the  economic and budgetary impact of minor fue l  
scarc i ty  and r i s ing  priccs,  the  Landsat program retains strong support from the 
federal  government, due i n  par t  t o  continued a t t en t ion  given t o  coas ta l  emiron- 
mental a f f a i r s  atid t o  the  econmic/industr ial  impact on coastal  resources. A s  
rmll, s t a t e s  continue i n  t h e i r  development of resource data  bases, spurred by 
energy cos ts  t o  make more e f f i c i en t  use of avai lable  data. Landsat is  seen a s  
one s igni f icant  source of date. The continuity of Landsats i n  o rb i t ,  and avs i l -  
a b i l i t y  of both h i s t o r i c a l  and new data,  have had a favorable impact on s t a t e ,  
regional,  and coastal  applications of the data. S ta te  f a c i l i t i e s  for  Landsat 
data processing a r e  expanding a t  a v d e r a t e  r a t e ,  t h e i r  use is steady, and the  
market for  services continues t o  broaden." 

Response: Maximize a t tent ion  on operational applicat ions,  such a s  provi- 
sion of services t o  plannjng d i s t r i c t s ;  emphasize public r e l a t ions  aspects; 
broaden capab i l i t i e s  i n  response t o  the demand for s e r ~ i c e s ;  a s  t i m e  permits, 
conduct research i n t o  potent ia l  applications and use of net- s a t e l l i t e  data 
sources. 

Scenario I1 + e6: 

Description: 'Vhe internat ional  energy s i tua t ion  and the national economy 
a r e  reasonably healthy, with fuel  supplies and pr ices  within workable l imi ts .  
However, the Landsat program is  suf ferinq from federal program catbacks, and 
tirere a r c  long periods of loss  of data continuity because of f a i l u r e  i n  old 
satellites. Other s a t e ' l j t e  programs hsve been delayed indefini teiy.  Ccsstal 
zone a c t i v i t r ~ s  a r e  diminished due t o  de-emphasis on emirommental protection, 
find s t a t -  .rograms a r e  miaJml ly  funded due t a  conservative s t a t e  budgets. 
The marke, ,r TLandsat 3ervices i s  therefore dep-:essed." 



Response: Broaden and divers i fy  research i n  marine and coas ta l  science 
beyond coas ta l  tone cratel l i te  applications; prepare for  future da ta  needs by 
purchases of archived s a t e l l i t e  data; develop research programs i n t o  new appli-  
cat ions of s a t e l l i t e  da ta  t o  resource reanagement; de-emphasize satellite appli-  
cat ions t o  coas ta l  ellvirowental pollution. 

Scenario I11 + e6: 

Descliption: 'gnergy supplies a r e  scarce and fue l  cos t s  are markedly 
higher, Although the  nat ional  economy is not g rea t ly  affected i n  general, par- 
t i c u l a r  c i r c w t a n c e s  with great  dependence on fue l  supplies are adversely af -  
fected. Automobile use is markedly decreased; recr-tional t r ave l  i s  hard h i t ;  
coas ta l  r e s o r t  indus t r ies  are suffering; t r ad i t iona l  and newly-emerging com- 
w ~ i  c a t  ions indust r ies  are boaaaing . Env~ronmental impacts a r e  decreas ing due 
t o  diminished fue l  usage. S a t e l l i t e  programs enjoy st tong support, along with 
ccas ta l  resource management a c t i v i t i e s  and s t a t e  GIs programs, a s  governments 
move t o  implement e f f i c i e n t  mechanisms fo r  resource management i n  the  face of 
a fuel-deficient  future. " 

Response: Fmphasize additions t o  GIs data storage; develop capab i l i t i e s  
fo r  long-line communicacic -1s t rans fe r  of 1 r'nd~at dcta products ; fnprove algo- 
rithms for  resource management using mezged spi te l l i te  and t r ad i t iona l  data; 
develop research programs ;nto new appl i la t ions  of s a t e l l i t e  data t o  resource 
management; de-anphasize s:+-'-?te applicat ions t o  coas ta l  environmental pol- 
lution. 

Scenario V I  + eg: Contrasting scenario: 

Description: "International events have seriously disrupted energy sup- 
p l i e s  and shaken the  national economy. Fuel pr ices  have increased dramatfcally 
a s  the cost  of o i l  has reached $90 per ba r re l  on the spot market. The PGonomy 
is i n  recession and thc  in f l a t ion  r a t e  is  22%. Federal s a t e l l i t e  prcgxms a r e  
stagnant, the  national ccmmitment to an operational Landsat program has been 
delayed u n t i l  1995, and no Landsat has been functional f o r  15 aonths. Due t o  
reduced revenues a t  a l l  levels  of government, coastal  zone a c t i v i t i e s  in  re- 
search, monitoring and consul-ting have decreased. The market for  Landsat ser- 
-?ices is n i l ,  and s t a t e s  have reduced t h e i r  camritment t o  in-s ta te  Landsat data 
,b*xessing capabi l i t ies .  me one bright  spot i s  tha t  t h e  s t a t e  GIs is well- 
: .rded because l eg i s l a to r s  believe t h a t  comprehensive resource planning with 
data bases is imperative under the  adverse economic conditions." 

Response: Emphasize additions t o  GIs data storage; prepare addit ional  
Landsat producta from old Landsat data;  prepare f o r  future data needs by pur- 
chases of archived s a t e l l i t e  data; ccnduct low-budget coastal  research which 
can u l t ima te l j  benefit  GIs applications. 



The use of a forecast ing protocol has c l a r i f i e d  poasible  fu tu re  circua- 
s tances which have high po ten t i a l  f o r  a f f ec t ing  coas t a l  applications o f  satel- 
l i t e  data. Responses to t h e  most probable a l t e r n a t i v e  fu tu re s  have been sug- 
geb'ced f o r  coas t a l  remote sensing centers  senring a t a t e / l oca l  u se r s  o f  s a t e l l i t e  
data. If t he  use r  msrket expands, cen ters  mag -hasire operat ional  applica- 
t ions .  I f  t h e  nat ional  s a t e l l i t e  program ccn t r ac t s  while  s t a t e  CIS progrcrms 
eqaild, cen te r s  m y  emphasize G I s  da ta  i w u t ,  and algorithms f o r  decision-making 
u s i i q  GIs banks of s a t e l l i t e  and t r a d i t f o n a l  data.  I f  both s a t e l l i t e  programs 
and GIs program cont rac t ,  cen ters  may again focw on coastalmanagement using 
merged s a t e l l i t e  a d  t r a d i t i o n a l  da ta ,  5u t  v i t h  ihe  emphasis on long-term ex- 
plora tory  research programs. 
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MONITORING WETLANDS CHANGE USING LANDSAT DATA 

David L. Hardin 
Delaware Department of  Natural  Resources 

and Environmental C m t r o l  

ABSTRACT- 

A wetlands monitoring study has been i n i t i a t e d  a s  p a r t  of Delaware's 
Landsat appl ica t ions  demonstration pro jec t .  C la s s i f i ca t i ons  of d i g i t a l  da ta  
a r e  being conducted i n  an  e f f o r t  t o  determine t h e  l oca t ion  and acreage of 
vzclands l o s s  o r  gain,  spec ies  conversion, and app l i ca t i on  f o r  t he  inventory 
and typing of freshwater wetlands. A multi-seasonal approach is being employed 
t o  compare da ta  from two d i f f e r e n t  years. A t  present ,  unsupervised c l a s s i f i -  
c a t i ons  have been conducted t o  Level I and, t o  some ex ten t ,  Level I1 f o r  two 
of t h e  four  Gates being examined. I n i t i a l  r e s u l t s  i nd i ca t e  t h e  multi-seasonal 
approach w i l l  al low much b e t t e r  separa t ion  of wetland types f o r  both t i d a l  and 
non-t idal  wetlands than w i l l  e i t h e r  season alone. Change de tec t ion  w i l l  be  
poss ib le  but w i l l  general ly  miss t h e  small  acreages now impacted by man. 

INTRODUCTION 

Remote sensing of wetlands has become commonpiace i n  recent  years  wi th  
a e r i a l  p h o ~ ~ g r a p b ,  pr imari ly  na tu ra l  co lor  and color  i n f r a r ed ,  now qonsidered 
the  standard method f o r  wetlands mapping and inventory programs. Tidal  marshes 
a r e  p a r t i c u l a r l y  well-suited f o r  remote sensing techniques a s  they have re la -  
t i v e l y  low spec ies  d i v e r s i t i e s  ye t  high biomass production. This general ly  
r e s u l t s  i n  la rk3  homogeneotls s tands  of vegetat ion t h a t  a r e  easy t o  d i s t i ngu i sh  
v i s u a l l y  from adjacent  uplands and o ther  marsh spec ies .  These c h a r a c t e r i s t i c s  
have a l s o  r e su l t ed  i n  success fu l  d i g i t a l  ana lys i s  of mu l t i spec t r a l  d a t a  from 
both airborne and s a t e l l i t e  sensors.  

Much of t h e  rem;.te sensing work i n  wetlands has r e su i t ed  from a f l u r r y  of 
l e g i s l a t i v e  a c t i v i t y  i n  t h e  l a t e  1960's and c a r l y  1970's on t he  p a r t  of var ious 
s t a t e s  concer ,ed with t h e  dramatic l o s s  of t h e i r  wetlands. The S t a t e  of 
Delaware passed a wetlands a c t  i n  1976, requi r ing  a permit f o r  most po t en t i a l l y  
des t ruc t ive  a c t i v i t i e s  i n  a l l  t i d a l  wetlands and inland wetlands l a r g e r  than 
400 acres .  The law a l s o  required t h a t  t he se  same wetlands be mapped and t h a t  
these  maps, when accepted a f t e r  a publ ic  review process,  w ~ u l d  then l e g a l l y  
designate  those wetlands under s t a t e  j u r i sd i c t i on .  Photomaps showing the  
wetlands boundaries and vegetat ion types were compiled, using 1973 a e r i a l  
photography, and adopted i n  1976. 

In 1979, the Wetlands Section, which adminis ters  t he  ace,  decided t h a t  due 
t o  man-induced a c t i v i t i e s  and na tu ra l  proceases, t he  maps needed t o  be updatr-d. 
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New a e r i a l  photography was obtained and t h e  maps were revised.  Recently 
completed, t h i s  p r o j e c t  i n d i c a t e s  t h a t  r e l a t i v e l y  l a rge-scq le  cha.:ges have 
taken p l a c e  i n  Delaware's wetlands due t o  e ros ion ,  a c c r e t i o n  and s p e c i e s  
replacement. 

During t h i s  p r o j e c t ,  the  state en ta red  i n t o  a coopera t ive  agreement w i t h  
t h e  NASA-Eastem Regional Remote Sensing Appl icat ions  Center (ERRSAC) a t  
Goddard Space F l i g h t  Center,  Greenbelt ,  Maryland t o  conduct a Landsat 
a p p l i c a t i o n s  demonstration p r o j e c t  i n  Delaware. The Wetlands Sec t ion  f e l t  
t h a t  t h i s  same process  would be a good t e s t  of Landsat and, i f  s u c c e s s f u l ,  
would provide a f a s t e r ,  more economical method of  monitoring wetlands change, 
al though not  a t  t h e  r e s o l u t i o n  requ i red  f o r  r e g u l a t o r y  work. Therefore ,  a 
wetlands change d e t e c t i o n  s tudy was proposed and accepted as p a r t  of t h e  
demonstration p r o j e c t .  S p e c i f i c  o b j e c t i v e s  we hope t o  achieve inc lude  l o c a t i n g  
and quan t i fy ing  l o s s e s  and ga ins  i n  t i d a l  wetlands,  mapping t h e  conversion of 
ocher marsh types  t o  reed g r a s s  (Phragmites sommunis) , and i d ~ t i f y i n g  and 
c l a s s i f y i n g  f reshwater  wetlands. 

A body of remote sensing e x p e r t i s e  and exper ience wi th  s a t e l l i t e  imagery 
a l ready  e x i s t s  i n  t h e  s t a t e  a t  t h e  Univers i ty  of Delaware. Facul ty  and 
graduate  s t u d e n t s  have conducted a number of Landsat s t u d i e s ,  some d i r z c t l y  
o r  i n d i r e c t l y  r e l a t e d  t o  wetlands.  Wetlands-related s t u d i e s  have included 
wetlands mapping, spec ies  i d e n t i f i c a t i o n ,  wetlands p r o d u c t i v i t y ,  and water 
q u a l i t y .  S tud ies  on wetlands assessment,  including d e t e c t i o n  of s t r e s s e d  
wetlands, a r e  c u r r e n t l y  underway. 

WETLAND TYPES 

Wetlands i n  Delaware can be grouped by s a l i n i t y ,  degree of t i d a l  i n f l u -  
ence o r  v e g e t ~ t i o n  type.  Most of t h e  t i d a l  wetlands c o n s i s t  of s a l t  marsh 
although t i d a l - f r e s h  o r  near-freshwater marshes and swamps 2 r e  p r e s e n t .  Inland 
o r  non- t idal  wetlands a r e  s t r i c t l y  f reshwater  and inc lude  marshes, wet meadows, 
swamps and open water.  Marshes and w e t  veado~rs c o n t a i n  g rasses  and herbaceous 
vege ta t ion  and swamps c o n t a i n  woody vege ta t ion .  

TIDAL WETLANDS 

Low Marsh -- 
Low marsh is occupied p r imar i ly  by sa l tmarsh  cordgrass  (Spar t ina  a l t e r n i -  

f l o r a ) ,  an emergent, robus t  g r a s s  occur r ing  i n  s e v e r a l  growth forms ranging -- 
from 0.5 t o  2 meters.  Low marsh is flooded twice d a i l y  on each high t i d e  anti 
provides most of t h e  d e t r i t a l  mate r ia l  t h a t  serves a s  the  energy source  LU 
t h e  es tua ry .  



High Marsh 

High marsh is dominated by sal t  hay (Spar t ina  p a t e n s )  and s p i k e  g r a s s  
( D i s t i c h l i s  s p i c a t a ) .  These a r e  narrow, densely  growing g r a s s e s  less than  
one meter  i n  l eng th .  A weakened s e c t i o n  of t h e  stem causes  them t o  f a l l  over  
about mid-summer, g iv ing  t h e  marsh a  swi r l ed  appearance. High marsh is flooded 
only  by s p r i n g  (monthly h igh  t i d e s )  and storm t i d e s .  High marsh depress ions  
a r e  t h e  breeding grounds f o r  t h e  s a l t  marsh mosquito (Aedes s o l l i c i t a n s ) .  

S a l t  Bush 

S a l t  bush is a  c o l l e c t i v c  term f o r  two s p e c i e s  of s a l t - t o l e r a n t  shrubs ,  
marsh e l d e r  (& f  ru tescens )  and groundsel-bush (Baccharis  h a l i m i f o l i a )  . These 
a r e  low-growing shrubs ,  u s u a l l y  less than 2 meters  i n  h e i g h t ,  t h a t  occur  on 
e leva ted  p o r t i o n s  of marsh, such a s  o l d  dredge s p o i l  d i s p o s a l  s i t e s  and nea r  
t h e  upland border .  S a l t  bush u s u a l l y  has  a  dense undergrowth of  s a l t  hay and 
sp ike  g rass .  

T r a n s i t i o n  Marsh 

T r a n s i t i o n  marsh is  a  term f o r  low, b r a c k i s h  marshes con ta in ing  a  mixture  
of s a l t - t o l e r a n t  and f reshwate r  spec ies .  There a r e  no t r u e  dominants, b u t  
commonly occur r ing  s p e c i e s  inc lude  sa l tmarsh  cordgrass ,  b i g  cordgrass  ( S p a r t i n a  
cynosuroides) ,  c a t t a i l s  (Typha spp. ) ,  th reesqdares  (Sci rpus  spp. ) ,  smartweeds 
(Polygon~m spp . ) ,  t idemarsh waterhemp (Acnida cannabina) and o t h e r s .  These 
a r e a s  a r e  va luab le  a s  w i l d l i f e  h a b i t a t ,  e s p e c i a l l y  f o r  waterfowl. 

Reed G r -  

Reed g r a s s  (Phragmites communis) i s  a  t a l l ,  extremely robus t  g r a s s  t h a t  
forms dense s t a c d s  =tnd r a p i d l y  invades d i s tu rbed  a r e a s  of marsh. I t  has  spread 
over l a r g e  a r r a s  of low-sa l in i ty  wet lands ,  r e p l a c i n g  high val.ue w i l d l i f e  food 
p l a n t s .  Most co lon ies  have b e c ~ m e  e s t a b l h h c d  w i t h i n  t h e  l a s t  10-20 yea rs ;  
t h e  domiuance e x h i b i t e d  i n  many a r e a s  by t h e  s p e c i e s  has  apparen t ly  developed 
w i t h i n  t h e  very  recen t  pas t  ( r e f .  1 ) .  

Freshwater Marsh (T ida l )  

Freshwater t i d a l  marsh s p e c i e s  a r e  determined by t h e  e l e v a t i o n  i n  r e l a t i o n  
t o  the  t i d e .  Higher s r e a s  a r e  occupied by c a t  t a i l s ,  th reesquares ,  smartweeds, 
and o t h e r s .  The lower, more ex tens iva ,  t i d a l  f l a t s  a r e  occupied by arrow-arum 
(Pe l t andra  v i r g i n i c a )  and p i c k e r a l  weed (Pontecleri - a  corda ta )  . The lat ter  a r e  
broad-ieaved emergent; t h a t  r a p i d l y  break down and d i sappear  i n  t h e  f a l l .  



Swamp (Tidal)  

T i d a l  swamp occurs  i n  t h e  upper reaches  o f  some of t h e  t i d a l  r i v e r s  and 
creeks .  Deciduous and con i fe rous  types  are presen t ,  dominated by red maple 
(Acer rubrum) and A t l a n t i c  whi te  cedar  (Chamaecyparis thyo ides ) ,  r e s p e c t i v e l y .  

Marsh 

Inland marsh is dominated by many of  t h e  same s p e c i e s  found i n  t i d a l  
f reshwater  marshes. Areas tend t o  be  smaller, but  s p e c i e s  o f t e n  occur i n  
d i s t i n c t  s t ands .  Species  d i v e r s i t y  i s  h igher  than i n  t i d a l  marshes. Inland 
marshes may occur s e p a r a t e l y  i n  lowland depress ions  o r  i n  a s s o c i a t i o n  w i t h  
l akes ,  r i v e r s  and streams. 

Wet Meadow 

Wet meadows normally c o n t a i n  s t and ing  water on ly  i n  t h e  s p r i n g  a l though 
t h e  s o i l  i s  s a t u r a t e d  wi th in  a few inches  o f  t h e  s u r f a c e  throughout most of 
t h e  growing season. C h a r a c t e r i s t i c  vege ta t ion  inc ludes  g r a s s e s  such as red  
top  (Agrost is  spp.) ,  manna g r a s s  (Gyceria spp. ) ,  sedges (Carex spp.) and 
rushes  (Juncus spp. ) . 

Swamp 

Swamps occur ad jacen t  t o  l akes ,  ponds and streams and i n  lowland 
depress ions .  Standing water  is common and t h e  s o i l  is always s a t u r a t e d .  
Common s p e c i e s  inc lude  red maple, blackgum (Nyssa s y l v a t i c a ) ,  sweetgum 
(Liquidambar s t y r a c i f l u a ) ,  water  oak (Quercus n i g r a ) ,  and, i n  t h e  southern 
p a r t  of t h e  s t a t e ,  bald  cypress  (Taxodium distichurn;. 

Open Water - 
This  type c o n s i s t s  of small shal low ponds, usua l ly  less than 3 meters  i n  

depth. A f r i n g e  of emergent vege ta t ion  is genera l ly  p resen t  a long t h e  shore- 
l i n e .  Submerged and f l o a t i n g  a q u a t i c  p l a n t s  such a s  w a t e r l i l l i e s  (Nymphaea 
spp. ) , ponddeeds (Potamogeton spp. ) , spa t t e rdock ,  (Nuphar luteurn), and 
c o o n t a i l  (Ceratophyllum sp.  ) a r e  common. 



STUDY AREA 

Sussex County, t h e  southernmost of Delaware's t h r ee  count iee ,  i s  the  
study area (f ig .  1). It was chosen f o r  two reasons: most of t h e  f i l l i n g  of 
wetlands f o r  development has  occurred the re  i n  a r ea s  adjacent  t o  t h e  small 
bays, and i t  has the  widest range of wetland types i n  t h e  s t a t e .  

Five t r a in ing  s i tes  have been se lec ted :  these  tnclude two sites (1 and 
2) along the  coas t  t h a t  have salt marshes, two inland sites (3 and 4 )  
containing freshwater wetlands, and one si te (5) containing t i d a l  freshwater 
wetlands. 

LANDSAT DATA 

Landsat MSS da ta  f o r  both spr ing ar?d summer from two separate  years  was 
se lec ted ,  Apri l  3 and Ju ly  20, 1974, xc~d March 17 and Ju ly  3, 1979. A multi- 
seasonal  approach was chosen a s  it  h a  been highly success fu l  i n  i den t i fy ing  
freshwater wetlands from a e r i a l  phstography ( re f .  2 ,  3, 4 ) .  The purpose is  
t o  hsve a da te  during high water before leaves come out  and a d a t e  during o r  
just  a f t e r  the  growing season when vegetat ion is well-developed. The spr ing 
da t e  allows r e l a t i v e l y  easy l oca t ion  of a r ea s  with standing water, while the 
summer da t e  allows i d e n t i f i c a t i o n  and separa t ion  of t h e  major vegetat ion types.  
It is therefore  possible  t o  separa te  permanent swamps from bottomland hardwoods 
t h a t  a r e  flooded only b r i e f l y  during per iods of high water,  o r  t o  separate  
marsh from open water. 

RESULTS AND DISCUSSION 

Unsupervised c l a s s i f i c a t i o n s  t o  Level I have been l a rge ly  completed f o r  
April ,  1974 and July,  1979 (Table I). Forest cover has been c l a s s i f i e d  t o  
Level 11 fo r  April ,  1974 and wetlands t o  Level 11 f o r  Ju ly ,  1979. 

Apr i l  data  appear t o  have a high po ten t i a l  f c r  separa t ing  freshwater 
wetlands. Wooded a r ea s  can 3e divided i n t o  s eve ra l  ca tegor tes  by what seems 
t o  be s o i l  moisture d i f fe rences .  Wooded swamps and bottomland hardwoods have 
been t en t a t i ve ly  separated from uplands. Multi-seasonal ana lys i s  should make 
it possible  t o  separa te  these  types and even t c  c l a s s i f y  by dominant spec ies  
assoc ia t ions ,  espec ia l ly  unique a rqas  such as cypress swamps o r  t i d a l  cedar 
swamps. 

However, Apri l  da ta  a r e  l e s s  successful  when cxamined for t i d a l  marshes. 
Two major types,  high marsh and reed grans,  a r e  ind is t inguishable  from upland 
f i e l d s  and croplands. Past  work by the University of Delaware i nd i ca t e s  these 
types should h e  separable  on the  Ju ly  imagery ( r e f .  S ) ,  a td  i n i t i a l  work with 
t he  Ju ly ,  1979 da ta  appears t o  separa te  s a l t  hay from the  ag r i cu l tu re  category 



f a i r l y  wel l .  Much of t h e  marsh t h e  computer c l a s s i f i e d  a s  shal low water f o r  
t h e  A p r i l ,  1974 d a t e  appears  as low marsh on a e r i a l  photography. St rong winds 
from t h e  sou th  on t h i s  d a t e  kep t  much of  t h e  water  from high t i d e  i n  Delaware 
Bay and probably inc reased  t h e  l e v e l  of water  on t h e  marsh. Winter t i d e s  have 
removed much of t h e  dead marsh v e g e t a t i o n  by A p r i l ,  l e a v i n g  l a r g e  amounts of 
exposed mud. Th i s  s e r v e s  t o  lower t h e  r e f l e c t a n c e  va lue  of t h e s e  f looded a r e a s ,  
g iv ing  them a s i g n a t u r e  d i f f e r e n t  from t h e  water  of t h e  Bay and creeks .  This  
appears  t o  be a s i t u a t i o n  unique t o  t h i s  da te .  

J u l y  d a t a  appear  t o  b e  more u s e f u l  i n  s e p a r a t i n g  sal t  marshes from 
a g r i c u l t u r a l  l a n d s  than t h e  A p r i l  da ta .  Known a r e a s  of h igh marsh t h a t  were 
c l a s s i f i e d  a g r i c u l t u r a l  us ing t h e  A p r i l  d a t a  were c o r r e c t l y  included i n  t h e  
s a l t  marsh ca tegory  when J u l y  d a t a  were used. Some of t h e  low marsh a r e a s  
( t i d a l  marsh c l a s s i f i c a t i o n )  have been separa ted from t h e  o t h e r  t i d a l  marsh 
types  by t h e  J u l y  d a t a .  Fur the r  e f f o r t  should r e s u l t  i n  t h e  a b i l i t y  t o  
d i s t i n g u i s h  high marsh and reed g r a s s  types .  

However, J u l y ,  1979 d a t a  a l s o  r e s u l t e d  i n  some a g r i c u l t u r a l  l a n d s  being 
c l a s s i f i e d  a s  s a l t  marsh. While t h i s  a l s o  occurred w i t h  t h e  A p r i l  d a t a ,  much 
more of t h i s  confusion e x i s t e d  wi th  t h e  Ju ly  d a t a .  The summer of 1979 was 
unusual ly  w e t ,  and flooded o r  poor ly  dra ined f i e l d s  having low-growing vege- 
t a t i o n  o r  s t u b b l e  probably had s i g n a t u r e s  s i m i l a r  t o  t h a t  of s a l t  marsh. 

Freshwater wetlands a r e  not  d i s t i n g u i s h a b l e  us ing J u l y  da ta .  Swamps a r e  
no t  s e p a r a b l e  from o t h e r  f o r e s t  cover types  because of l e a f  cover. Freshwater 
marshes and wet meadows a r e  probably c l a s s i f i e d  a s  a g r i c u l t u r a l  cover o r  s a l t  
inarsh. No a t tempt  has  y e t  been made t o  s e p a r a t e  f r eshwate r  wetlands i n t o  
d i f f e r e n t  types.  

Fores ted  cover is a l s o  no t  a s  w e l l  c l a s s i f i e d  by J u l y  d a t a  a s  by A p r i l  
da ta .  Fores ted  cover,  e s p e c i a l l y  deciduous types ,  is confdsed wi th  a g r i c u l t u r a l  
cover when us ing t h e  J u l y  da ta .  Most of  those  a r e a s  t h a t  a r e  c l a s s i f i e d  a s  
f o r e s t  cover a r e  ca tegor ized  a s  con i fe rous  cover ,  inc lud ing  many a r e a s  of 
deciduous cover. Swamps, which a r e  l a r g e l y  deciduous,  a r e  a l s o  c l a s s i f i e d  a s  
con i fe rous  cover o r  a g r i c u l t u r a l  cover. Other s t u d i e s  have used summer Landsat 
d a t a  f o r  f o r e s t  cover c a t e g o r i z a t i o n  and t.ave achieved h igh  a c c u r a c i e s  f o r  
Level TI c l a s s i f i c a t i o n s .  

Coniferous f o r e s t  is d i s t i n g u i s h e d  from deciduous f o r e s t  us ing t h e  A p r i l  
da ta .  However, a  s t r i p i n g  problem e x i s t s  i n  t h e  c a t e g o r i z a t i o n  of t h e s e  two 
cover types  t h a t  could r e s u i t  i n  a l a r g e  number of  p i x e l s  being m i s c l a s s i f i e d .  



CONCLUDING REMARKS 

A t  p resen t ,  it is too  e a r l y  t o  t e l l  how s u c c e s s f u l  Landsat d a t a  w i l l  be i n  
meeting t h e  s t a t e d  ob jec t ives .  Although problems e x i s t ,  we f e e l  many of  t h e s e  
w i l l  d i sappear  w i t h  f u r t h e r  a n a l y s i s .  The p o t e n t i a l  f o r  s e p a r a t i o n  of f resh-  
water  wetlands appears  b e t t e r  than we hoped would be  poss ib le .  One a r e a  o f  
concern is  t h e  smal l  wetlands less than 2.5 h e c t a r e s  which a r e  below t h e  
r e s o l u t i o n  c a p a b i l i t i e s  of t h e  c u r r e n t  s a t e l l i t e s .  The improved r e s o l u t i o n  of 
Landsat-D w i l l  r e s u l t  i n  a s i g n i f i c a n t  Inc rease  i n  t h e  number of t h e s e  small 
a r e a s  t h a t  can be  i d e n t i f i e d  and increased accuracy i n  wetlands c l a s s i f i c a t i o n .  

Although w e  have not  progressed f a r  enough w i t h  t h e  a n a l y s i s  t o  adequately 
test Landsat d a t a  f o r  monitoring wetlands changes, some changes have been 
observed between t h e  two d a t e s  worked wi th  so  f a r ,  Successful  monitoring o f  
t i d a l  wetlands by Landsat would provide a f c s t ,  economical way t o  p e r i o d i c a l l y  
examine t h e s e  wet lands  and t o  determine t h e  most c o s t - e f f e c t i v e  t ime t o  re-f l y  
our a e r i a l  photegraphy and update our  regu la to ry  maps. Also, p a s t  and c u r r e n t  
r esea rch  at t h e  Univers i ty  of Delaware is  providing groadwork t h a t  could 
permit t i d a l  wetlands t o  be c l a s s i f i e d  on t h e  b a s i s  of p r o d u c t i v i t y  o r  o v e r a l l  
condit ion.  Th is  kind of informat ion would be h igh ly  b e n e f i c i a l  dur ing t h e  
permit eva lua t ion  process  on l a r g e  proposed p r o j e c t s .  
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TABLE I. - INITIAL LAND Corn CUSSES ASSIGNED FOR 
U R I L ,  1974 AND JULY, 1979 DATA 

April 1974 classification July 1979 classification 

Sand 
Water 
Mud f lats  
Salt marsh 
Coniferous forest 
Deciduous forest 
Freshwater swamp 
Agriculture 
Urban 

Sand/clouds 
Water 
Mud f lats  
Tidal parsh 
Salt marsh 
Coniferous forest/=app 
Deciduous forest 
Agriculture 
Urban 
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Arulyt ical  procedures c o l p n  to m a t  corputer-otiented geographic 
i n f o r u t i o a  sptm m caqmsed of fmdammtal rap processing operations. 
Tbis paper develops 8 conceptual framemrk f o r  such procedures and describes 
brsic operationo c o l o n  t o  a broad range of applications. brig the major 
classes of p r i r i t i v e  operations ident i f ied  are those assoclated vith: 

rec lass i fy ing map categories a s  a function of  the  i n i t i a l  
c l a s s i f i ca t ion ,  the  shape, the  position, o r  t h e  size of 
the  s p a t i a l  configuration associated v i t h  each categoryt 
overlaying maps on a point-by-point, a categorylride, o r  
a rrap-wide basis; 
measuring distance; 
establishing v isual  o r  optimal path connectivity; and, 
characterizing cartographic neighborhood6 based on t h e  
thematic o r  s p a t i a l  a t t r i b u t e s  of the  da ta  values within 
each neighborhood . 

By organizing such operations i n  a coherent manner, the  bas i s  f o r  a gemeralized 
cartographic madeling structure can be developed vhich a c c o m d a t e s  a var ie ty  
of needs i n  a comon, f l ex ib le  and i n t u i t i v e  manner. None of the  procedures 
ident i f ied  is speci f ic  t o  a par t icular  application. The use of each is limited 
only by the  general t h e m t i c  and s p a t i a l  nature of the  da ta  t o  which i t  is 
applied. Most of the  techniques described have been implemented as par t  of 
the  Map Analysis Package (UAP) developed a t  the  Yale School of Forestry and 
Envirorwcntal Studics. 

I n f o ~ t i o n  re l a t ing  speci f ica l ly  t o  the  s p a t i a l  cha rac te r i s t i c s  of na tu ra l  
resources hse been difZicult  t o  incorporate i n t o  environmental planning. Manual 
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techniques methodologlea have proven t o  be both tediotu and analytically l ir iced.  
Computer-assistad geographic informtion s y s t m ,  oa the other hand, bold p r o d s e  
in pmvidina capabi l i t ies  clearly d a d  for effective planning. This need h a  
caused the developing acience of spa t ia l  information .nalysis  t o  be .orauht pr- 
mmturely cart in to  operational contexts. The reault hr beem 8 grariqj nmber 6 .C 
special purpose rymtem designed fo r  more or  less uriqus applications. Recent 
efforts ,  houever, ha.*. attempted to recognize the  proccssiry s i r i l a r i t i e a  among 
such systems in order t o  demlop -re general capabilities. 

Ibst capater-oriented, gaographic infomution system include proceasing 
capabi l i t ies  that  relate t o  the  encoding, atorage, analysir, and/or display of 
spatla1 data. This paper describes a serfas  of techniques that relate specifl- 
a l l y  t o  the analysis of p p e d  &ta sad t o  the needs of environmental planning 
i n  particular. It ident i f lee  frmdavatal  rap processing operations c o l a r  t o  a 
broad nnge of a p p l i c a t ~ .  M a t  of the ope ratio^ a re  p u t  of one o r  more of 
the ranf geographic i n f o r r t i o n  systems currently in use (Calkins and Marble, 
1980). Ammg the n j o r  c h s e a  of p r i d t i v e  operations identif ied are those 
which: 

reclassify map categories; 
overlay raps on a point-by-point c a t e g o q d d e  o r  
rap-vide basis; 
measure distance; 
establish visual or  op t i ra l  path connectivity; 
and, 
characterize the thcrat ic  o r  spat ia l  a t t r ibu tes  of 
cartographic neighborhoods. 

By organizing primitive operations i n  a logical moaner, r generalized carto- 
graphic lrodeling approach can be developed (Tollin and Berry, 1979). 

This frt7damenta.I approach can be conceptualized a s  a "rap algebra" i n  vhiclr 
en t i re  raps are  treated a s  varlablem. In th i s  context p r i r i t l ve  m p  analysis 
operations car. be seen aa analagous t o  t radi t ional  mathematical operations. The 
sequencing of u p  operations is thus s i r i l a r  to  the algebraic solution of equo- 
t ions t o  find unknowns. In t h i s  case, however, the unknowns represent en t i re  
Mp8. This approach has proven t o  be part icularly effective i n  presenting 
spa t ia l  analysis techniques to  individuals with limited experience i n  geographic 
informat ion processing (Berry and Totlia, 1980). 

The f i r s t ,  and in  many ways the rost fundamental c lass  of analytical  opera- 
t ions involves the reclassif ication of rap  categories. Figure 1 shows the resul t  
of reclassifying a map a s  8 function of its i n i t i a l  thematic values. The 
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themtic a t t r i b u t e s  of a u p  are m i q l y  i t m  legend c a t e ~ r i a m  a x p r e m d  am a 
l i m t  of M-a and/or n d r m .  lor dieplay, 8 unique graphic symbol i m  a s u ~ i -  
a ted  with each t-tic value. III F i y n  1, t h e  COIlgtRCI u p  ham categoflu of 
LAKE, WWDW aad FOREST, Thesa a n  stored am t h m t f c  values of 1, 2 and 3 and 
displayed am the  sydmlm "-", "-", "Ow, respectively. A b i a r r r ~  m p  tht i a o h t w  
t h e  maQu can be created by mirply assigniag t o  the  lake and foreot aream a 
value of a graphic 1-1 " " (blank). 

A mirilar r e c l 8 u i f i c a t i s r r  op8ratim d 8 h t  involrr the  rmnkfns o r  u e i g h t i w  
of qua l i t a t ive  r p  categories t o  8oct.te a neu map with quant i ta t ive  mluam. 
A r p  of soil types f o r  -le, might ba a m m i ~ e d  values t h a t  indicate the  
r e l a t i v e  ~ u i t a b i l i t j  of u c h  .oil type f o r  r ea idcn t i a l  d e v e l o m n t .  W n t i t a -  
tiwe waluea m y  also be raclammffied t o  yield new quant i ta t ive  values, Thia 
d 6 h t  s i g l y  Iaro1.r a specif ied rwrder ing  of w p  catewries am described above 
( e . g . ,  given a map of soil moisture content, generate a map of suitability levels 
f o r  plant  grouth). Or, it could involre  tha appl ica t ion  of a generalized re- 
c h a s i f y i n g  function auch ar wlevel-.licing" which s p l i t s  a continuous range of 
r ap  c a t e e r y  values i n t o  d i sc re te  i n t e m l m  ( e - g . ,  derivation of a contour map 
from a mmp of topographic elevation valucs) . 

Reclassif icat ion operationm can also r e l a t e  t o  " l o c a t i ~ l ,  " a s  opposed t o  
pure:? t h m t i c  a t t r i b u t e s  aaaociated with a rap. One such charac te r i s t i c  is 
pomition, A nap category represented by a s ingle  point location, f o r  --la, 
might be r ec lass i f i ed  according t o  l t m  l a t i t u d e  and longitude, Similarly, a 
l i n e  megrant o r  polygon could be rcrusigacd values indfcat ing i t e  center  of 
gravity o r  orientation. 

Another locat ionally b e d  characterimtic is size. I n  t h e  case of map 
categories asmociated with l inea r  fea tures  o r  point lacationm, overa l l  length 
or  nurber of points  might be usad a s  the  bas is  f o r  reclasmifying those categor- 
iee. Similarly, a u p  category asaoclated with a p l u u r  area might be 
rec lass i f ied  according t o  its t o t a l  acraage o r  the  length of its perimuter. 
For example, a u p  of surface mter d g h t  be reassigned value8 t o  indica te  the  
a rea l  extent of lakes o r  the  length of  mtreaw, The same s o r t  of technique right 
a l s o  ba wed t o  deal  with rol-, Given a u p  of depth t o  bottom f o r  a group of 
lakes fo r  example, each r i g h t  be asrigned a value indicat ing t o t a l  uater mltrc 
baaed on the a r e a l  extent of each depth category, 

In  addition t o  reclassifying u p s  based on thenat ic  value, posi t ion o r  mite 
shape cha rac te r i s t i c r  can a lao  ba wed. Shape charac to r i s t i c s  amsociatad with 
l inea r  forrrr ident i fy  the  pa t terns  formed by mult iple l i n e  segpmts (e.g., den- 
d r i t i c  stream pat teme) .  The p r i u r y  shape charac te r i s t i c s  asmcia ted  wish 
a r e a l  f o r m  Include boundary convexity and topological geniru. Convexity r e l a t e s  
t o  the overa l l  "regularity* of the  perimeter of an area,  v h i l e  topological geniua 
characterires  its "apati.1 integri ty,"  A rap of f o r e r t  s tands f o r  example, r i g h t  
be r ec lass i f i ed  such that each stand is characterized according t o  the  r e l a t i v e  
arount of fores t  edge with respect t o  t o t a l  acreage and the  frequency of i n t e r i o r  
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fo res t  canopy gape. Those n t d s  with a large  proportion of edges and a high 
frequency of gap8 v i l l  garrerally indica te  better wi ld l i f e  habitat.  

Operations f o r  overlayin8 rap8 begin t o  relate t o  the  m i q u d y  m p a t h l ,  an 
w e l l  a s  t o  the  t h e m t i c  nature of cartographic i n f o r u t i o n .  Overlay operation8 
can be characteri ted according t o  whether they combine rap  values on a point-by- 
point o r  on a category-wide banis. The former approach intlolvee creat ion of #v 

raps  such t h a t  the  themtic value assigned t o  every point locat ion $8 computed 
a8  a function of the  values asaociatad vith that locat ion on two o r  -re u p s .  
Figure 2 shorn an example of  t h i s  type of operation. Here, raps of cover type 
and topographic slope a r e  combined t o  create a new u p  i n  vhlch each locat ion is 
c&racterized by a t h a n t i c  value identifying i t8  pa r t i cu la r  cover/slope combin- 
ation. 

I n  th in  e-le, qualitmtive data  (cover type) was combined v i t h  quantita- 
t i v e  data ( t e r r a i a  slope) t o  yield qua l i t a t ive  values identifying cross- 
tabulated uap categories. Consideration of the  type of data of course d i c t a t e s  
the  appropriatenees of the  adding, subtracting, multiplying, div5ding. exponent- 
izing, =ximizing, minirialag, masking, etc. ~n a point-by-point overlay basis. 

Another approach t o  overlaying maps involves category-wide s u m a r i z a t i m  of 
va2uea. Rather than combining inforrst iol? on a location-npecific baeio, t h i s  
group of operations summarizes the s p a t i a l  coincidence of e n t i r e  categories of 
two o r  more reps.  Figure 3 contains an example of a category-wide overlay opera- 
t ion  using t h e  same input raps  (COVER and slope) as those i n  Figure 2.' I n  t h i s  
example, the  categories of the  cover type rap a r e  used t o  define areas over 
which the  values of the  slope maps a r e  averaged. The computed values of average 
slope a r e  then used t o  rec lass i fy  each of the  cover type categories. S-ry 
s t a t i s t i c e  which can be used i n  t h i s  way include the  t o t a l ,  average, raxirm, 
l inimm, median, .ode, o r  minority value; the  standard deviation, variance, o r  
d ive r s i ty  of values; and the  correlat ion,  deviation, o r  uniquenese of pa r t i cu la r  
value combinations. For erarple,  a sap indicat ing the  proportfon of undeveloped 
land within each of several  countiee could be generated by superimposing a map 
of county boundaries on a rap of land use and computing the r a t i o  of undeveloped 
land t o  the  t o t a l  land area f o r  each county. An v i t h  cell-by-cell overlay 
techniques, data types lust be consistent with the  summry s t a t i s t i c  used. 

MEASURING DISTANCE - 

The t h i r d  c l a s s  of analy t ic  operations r e l a t e r  primarily t o  the  locat ional  
nature of cartographic infornation. Operations i n  t h i s  group generally involve 
the  measurement of distance between locat ions on a rap. One of the  simplest of 



t b r o  operation8 involve8 the c rea t ion  of a rap in which the  value a8ripp.d t o  
each loca t ion  ind ica t e r  the rhortest distance "aa the  crov f l i e r "  b e t m o ~  t h a t  
loca t ion  and a spec i f ied  "target" area. I n r e r t  (a) of Figure 4 i r  an  o x a w l e  
of a u p  that ind ica t e s  the  s h o r t a r t  diatanco from a ranch t o  a l l  o the r  loca- 
t i o m .  The r e s u l t  i o  a s e r i e s  of concentr ic ,  equidistant ronor around tho  ranch. 

I n  o t h e r  c o n t e x t s ,  however, t h e  " s h o r t e s t "  m u t e  between two p o i n ~ s  may no t  
a lways  be t h e  s t r a i g h t  l i n e  of t h e  crow. And even i f  i t  is s t r a i g h t ,  t i le  
Euc l idean  l e n g t h  of t h a t  l i n e  mav no t  a lways  r e f l e c t  a  meaningful  measurt of 
d i s t a n c e .  A d i s t a n c e  of  two m i l e s  "as  t h e  crow f l i e s , "  f o r  example, may become 
s i x  m i l e s  "as t h e  h i k e r  walks." Furthermore,  d i f f e r e n c e s  in  t h e  speed of t r a v e l  
between t h e  crow and t h e  h i k e r  may make t r a v e l  t ime a more a p p r o p r i a t e  measure 
of " d i s t a t ~ c e . "  From t h i s  p e r s p e c t i v e ,  d i s t a n c e  mav be  dt tf ined i n  te rms of r e l -  
a t i v e  e a s e  of  mwement and expressed  i n  such u n i t s  a s  t ime ,  c o s t  o r  energy .  
I n s e r t  (b )  of F igure  4 shows a map of  h i k i n g  t i m e  zones around t h e  r anch .  I t  
was genera ted  bv c h a r a c t e r i z i n g  t h e  v a r i o u s  c o v c r / s l o p e  c a t e g o r i e s  of t h e  map 
i n  F igu re  2 as  i n  terms of t h e i r  r e l a t i v e  s u i t a b i l i t v  f o r  h i k i n g .  I n  Lhe 
example, two t y p e s  of  " b a r r i e r s "  a r e  i d e n t i f i e d .  The l a k e  p r e s e n t s  an  a b s o l u t e  
b a r r i e r  which comple te ly  r e s t r i c t s  h i k i n g .  The l,ind ;\reas, un t h e  o t h e r  hand,  
r e p r e s e n t  r e l a t i v e  h a r r i e r s  t o  h i k i r q  which i n d i c a t e  v a r i e d  impedance t o  move- 
ment . 

The use of b a r r i e r s  i n  d i r ec t ing  movement can be used i n  severa l  ways. 
Given a aap of topographic elevat ion,  t he  watershed of any loca t ion  can be 
character ized by t r e a t i n g  a l l  "downhill" a reas  a s  absolu te  ba r r i e r s ,  then deter-  
mining the  simple d i r t ance  t o  a l l  "uplrill" locat iona,  Another example involves 
t he  use of a map of r e l a t i v e  geographic b a r r i e r s  t o  e l l  t e r r a i n  vehicle  t r a v e l  
(e.g., highway speed limits, topographic elope, cover type) t o  generate  a map 
of concentric ti- tonee around a forea t  f i r e  s t a t i on .  

ESTABLISHING CONNECTIVITY 

Another d is tance  r e l a t ed  c l a s s  of operat ions is concerned with t h e  nature 
of conr . tc t ivi tp  amng  loca t ions  on a map. One technique t r aces  t he  s teepes t  
downhill path from a spec i f ied  locat ion over a three-dimensional surface. I f  
the mnp repreeents  a non-porous topographic surface,  t he  path w i l l  i den t i fy  t.ile 
route  of a u r f i c l a l  runoff. For a rur face  represented bv a t r a v e l  time map, t he  
s teepes t  downhill path t r a c e s  t ha  quickeet route. I n r e r t  (a) of F'igure 5 con- 
t a i q r  a u p  of t he  optimal path between the  cabin and t h e  ranch i n  teraol of 
hiking time. Similar lp,  maps i n d i c a t i n ~  the  best  rou t i rg  of a powerline o r  
highway cor r idor  can be generated by consider in^ bore complex accumulated cos t  
sur faces  based on engineer in^ and/or s o c i a l  con r t r a in t s .  

The process of es taLl i sh ing  v isua l  connect ivi ty  can a l s o  be regarded a s  an 
extenelon of d i s tance  measurement. Here however, d i s tance  is ~ e a s u r e d  only over 
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mtraiaht line. o r  rays emanating from a t a r s e t  area. The i n t e m n i n g  topograph- 
ic  r e l i e f  and land cover urn am ttirual barrier8 batwema location8. In88rt (b) 
of Figure 5 rhmm a u p  of tha "viewshed" of the ranch. 

The f i n a l  c l a s s  of analyt ica l  operations involver the  creat ion of new u p s  
i n  which the  valua asaigned t o  each locat ioa  is function of t h e  values of It8 
a u r r o d i n g  lacationa o r  neighborlaod. Among the  rimpleat operations i n  t h i s  
group are tb8e which involve the  calculat ion of 8-ry statistics characterir- 
ing nefghborhooda. Depending on the trpc of map being analyaad, thome s t a t l 8 t i c r  
r i g h t  include the  mximu land value, the  average number of hotu88 per hectare, 
o r  the proportion of softwoods. Inse r t  (a) of Figure 6 8hawr a u p  that charac- 
terize. cover tm diversity. Other neighborhood s r r u r y  operations can be used 
fo r  spatial interpolat ion,  u p  -thing, assessing narrowness, o r  parceling 
catagorfea in to  contiguous groups. 

A second group of neighborhood operatdons involver characterizing three- 
d i rans ioml  surfaces. Slope and aspect aapa can be generated from a rap  of 
topographic elevatioa by a "least squares" f i t  of a plane t o  a neighborhood 
defined by adjoining elevation values. This technique I8 alulogotu t o  the  
f i t t i n g  of a l inea r  regression l i n e  t o  data points, except that a plana is 
f i t t ed .  The slope and orientat ion of the plane determine. the  valuar f o r  raps 
of slope asad aspect. Inser t  (b) of Figure 6 show8 a u p  of aspoct baaed on 8 

map of elevation values. This technique is not l imited t o  land form analysis.  
It n i g h t  a l s o  be used t o  measure r a t e s  of change ( i . e . ,  s lope)  over non- 
topographic s u r f a c e s  such a s  maps of t r a v e l  time o r  accumulated c o s t .  Con- 
s i d e r ,  f o r  example, t h e  genera t ion  of a  new s l o p e  map i r o n  an e x i s t i n g  s lope  
map ( i . e . ,  second d e r i v a t i v e  of a n  e l e v a t i o n  map) t o  i n d i c a t e  topographic 
r o u ~ h n e s s .  

A s  an example of .ore of the  way8 i n  which fundamental map processing 
operations might be combined t o  perform m r e  complex analyseo, consider the  
cartographic m d e l  outlined i n  Picure 7. Given map8 of topographic elevation 
and land rue categories, the  w d e l  a l locates  a m i n i n e c o s t  highway a l i g n m t  
between two predeterrlned t e r r in l .  Relstive cqst  i n  measured i n  t e r u  of 
locational  c r i t e r i a  rather than dollars .  For t h i s  example, these criteria 
include only avoidance of s teep slope8 and r i n i r i z a t i o n  of v isual  exposure t o  
res ident ia l  area#. The model rues operations from each of the fundamental 
c lasses  outlined above. 



ORIGINAL PAGE lg 
OF POOR QUALITY 

Several na tu ra l  resourcam re l a t ed  a e l r  tutn been developad a t  t h e  Yale 
School of Forestry and Environmental Studies  u i n g  t h i r  approach a8  embodied i n  
Map Atulyr i r  Package r o f t m r e  (Torlin,  i n  preparation),  There Include w d e l r  
for:  

a r r e r s i n ~  daer  hab i t a t  qua l i t y  am a funct ion o f  weighted 
proximity t o  na tu ra l  mad anthropogenic fac tor r ;  
mpping outdoor recrea t ion  opportunity ar determined by 
an a rea ' s  r m t e n e r m ,  sire, and phyrical  and r o c i a l  
a t t r i b u t e s ;  
p red ic t ing  a t o m  runoff from m a l l  vaterrhedm by r p a t i a l l y  
evaluat ing the  rtandard SCS model; 
a s se r r ing  the  rpatial ramificat ions of t h e  comprehensive 
plan of a -11 t o m ;  and, 
charac te r iz ing  timberland8 i n  terw of predicted f e l l i n g  
breakage, e f f ec t ive  timber rupply, and optimal t i l i n g  of 
harvesting. 

CONCLUSION - 

A broad range of fundamental mmp ana lye is  operat ions can be iden t i f i ed  and 
grouped according t o  generalized cha rac t e r i s t i c s .  This  organizat ion e s t a b l i r h a r  
a f ramuork  f o r  understanding of the  ana ly t i c  po ten t i a l  of coaputer-arr i r ted u p  
analysis .  By log ica l ly  ordering there  fundamental operationr,  a car tographic 
modeling language can be developed which accomodates a v a r i e t y  of appl ica t ionr  
i n  a c o m n ,  f l e x i b l e  and i n t u i t i v e  manner. 
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FIGURE 1. RBCLASSIFYIIIG HAPS. Reclassification csn be hued on i n i t i d  
thematic value as in t h i s  example. The cover types of LAKE and FOREST 
are renumbered t o  the value zero and displayed ss blanks, The resulting 
nap itsolate8 the MEMOW area. 
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FIGURE 2. CELL-BY-CELL OVERLAY. Cell-by-cell overlays are location 
specific, In this  example each map location ia  assignied 8 unique 
value identifying t h e  cover type m d  slope combination. 
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FIGURE 3. CATECORY-WIDE OVERLAY. Category-wide werlays summarize the 
spatial coincidence of areal features. In this example %ach of the 
three cover types are assigned a value equal to  their average slopes. 
In computing the88 averages the slope values occurring within each 
cover type bounaary i s  averaged separately. 
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PlGURB 4. WEASURIMi DISTAIfCE. Dirtrnce between points can be deter- 
mined - Euclidean length or a# a function o f  ab8olute or relative 
barriers. In thia example, inse?t (6 )  ident i f ies  equidistant zone8 
around the ranch. Insert (b) is a tim-weighted distance map ident- 
icing timezoaes o f  hikl~g fra the ranch. It w6a gener~ted by coa- 
sidering the relative ease of travel through each corer type. 
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FIGURE 5. ESTABLISHING CONIJECTIVITY. Cow.cct : r i ty  operat imr character1 ze 
t h e  nature of t h e  rp8tial linkage8 between pointa. I n r e r t  (a) dalinelrtea 
t h e  shorteat  ( t e e .  quickast) hikin6 m u t e  bet-n t h e  cabin m d  t h e  
ranch. The route  tracer the  a teeper t  d a m h i l l  pmth Jmg a cuni la t ive  
h i k i n g t i m  rurface. In re r t  (b) i d s n t i f l e ~  t h e  dewshed of the  ranch. 
-pbic r e l i e f  md f o r e r t  cover ac t  aa visual b r r r i e r r  when 
ertabl iahin# cunnectirity.  
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PICSURE 7. CARTlElWEIC IUIDBLIE. Cartographic rodcling $8 analogous 
t o  ccmveatioaal algebraic evaluation i n  which primitive mthcrat ical  
operatioaa a m  sequentially ordered t o  solve complex expressions. This 
t-le uses a aeries of rsp operatione (indicated by arrova) to derive 
intermdlate .apr (indicated as boxea) leading to a flaal .ap that 
identif lea the -ti& corridor for  a highway, 



TtlE INTRGRAIION OF A LANDSAT ANALYSIS CAPABILITY 
WITH A GEOGRAPHIC I#PDB1UTION S Y S m  

Ear l  A. Wordstrand 
Land Xanagerent Information Center 

Kimesota S t a t e  Planning Agency 

ABSTRACT 

Geographic information s y s t w  process da ta  r e l a t i v e  t o  location. An 
e f fec t ive  geographic inforra t ion  system wt be able  t o  h t e g r a t e  a l l  types of  
locational information including Landsat. Ti2 two primary problems i n  handling 
Landsat data  are data  r eg i s t r a t ion  and se lec t ion  of appropriate information. 
Himesoca has integrated Landsat da ta  by developing a r lexib le ,  compatible 
analys is  tool  and using an exis t ing  data  base t o  select the  usable d a t a  f r a e  a 
Landsat analysis.  

INTRODUCTION 

Location, though cot  always recorded, is inherent t o  a l l  types of informa- 
tion. I n  most cases, locat ion a f f e c t s  o r  influences the  form of information. 
Geographers use maps t o  understand information and its re la t ionship  t o  location. 
Map in terpre ta t ion  and correlat ion is a d i f f i c u l t  task  i n  n o d  circumstances, 
but a geographic information system s impl i f ies  the  task. The Geographic Informa- 
t i o n  System (GIs) is used t o  in tegra te  a l l  types of information t h a t  can be 
ident i f ied  by location. 

Location is not a simple concept, however, because of d i f f e r ing  accuracy 
needs and the  problem of dealing with spherical  geometry. Survey and coordinate 
systems have been developed to  ident i fy  locat ions of the  Earth, but of ten  these 
systems a r e  too complex and man resor t s  t o  administrative un i t s  o r  descriptors  
t h a t  make exact locat ion impossible. An ef fec t ive  geographic information system 
must have techniques o r  computer processes t o  handle a l l  tyFes of locat ional  
references . Additionally, a geographic information system m c s t  e s t ab l i sh  an 
accessible da ta  base, innovatively use available equipment and most importantly, 
provide the l i n k  between technical capab i l i t i e s  and user  needs; "to tell people 
what w i l l  work." 

Remote sensing is a valuable too l  t o  learn  about geographic information. 
Remote sensing products a r e  a form of map information, although more deta i led  
and including more information than a typica l  thematic map. Landsat, although 
not a t r ad i t iona l  remote sensing methodology, is  a d i g i t a l  form of information 
tha t  can be eas i ly  integrated with a geographic information system. The Landsat 
resolut ion and spect ra l  sens i t iv i ty  a r e  scheduled t o  improve with Landsat D. 
Geographic information systems can in tegra te  Landsat data t o  improve the  data 
base a t  a reasonable cost and the technology e x i s t s  t o  use the da ta  now. 

Minnesota has developed an integrated approach t o  geographic da ta  including 
Landsat and is finding tha t  planners and decision makers welcome t h i s  information 
because it can be quantified and presented i n  an in terpre table  form. Minnesota's 
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approach t o  locat ion,  da t a  base, sys t en  c a p a b i l i t i e s  and in t eg ra t ion  of  Landsat 
data i n t o  a geographic information system may be  usefu l  t o  o the r s  a s  expanded use  
of geographic information system c a p a b i l i t i e s  develops, 

LOCATION 

The loca t ion  of an  item of information can most e a s i l y  be  described by its 
dis tance  i n  two d i r ec t ions  from a h w n  point.  The d i s t ance  can be  measured i n  
any u n i t  and is usual ly r e f e r r ed  tc as x and y. I n  a raster o r  g r i d  s y s t e a ~  the  
d is tance  can be measured i n  raws and columns. I n  a polygonal d a t a  base, informa- 
t i o n  can be  about a point ,  l i n e  o r  polygon which is described by one o r  more 
p a i r s  of x,y coordinates. Grid da t a  cannot normally be as accura te  as polygon 
data ,  thus the  polygon is o f t e n  preferred. An e f f e c t i v e  geographic information 
system has t o  be a b l e  t o  handle any of these loca t ion  descr ip t ions  and be ab le  
t o  use da t a  i n  any of these forms. 

Although these loca t ion  descr ip tors  a r e  t he  bui lding blocks of a geographic 
information system, many complications a r i s e  because of a l t e r n a t i v e  coordinate 
schemes, d i s t o r t i o n  i n  maps and a e r i a l  photos and the va r i e ty  of map pro jec t ions  
t h a t  da t a  can be displayed on o r  captured from. Reasonably accurate  r e s u l t s  
requi re  t h a t  a l l  da t a  be converted t o  a common coordinate  system. In addi t ion,  
GIs should have rout ines  t o  compensate f o r  d i s t o r t i o n s  o r  compute a l t e r n a t i v e  
projections.  Minnesota has decided t o  use t h e  Universal Transverse Mercator 
project ion coordinates a s  the  conrmon element between a l l  da t a  s e t s .  I n  addi t ion ,  
programs t o  do b i l i n e a r  and a f f i n e  trsnsformations a r e  used as w e l l  a s  programs 
to  ca l cu la t e  s t a t e  plane, un iversa l  t ransverse mercator o r  Lambert polyconic 
conformal coordinates from lat i tude-longi tude coordinates.  

Even ii .s system is ab le  t o  handle a l l  kinds of aoordinate systems, a l a rge  
volume of information may be missed. This information is referenced by an 
administrat ive u n i t  which has geographic extent.  Most economic, demographic o r  
s o c i a l  information is col lec ted  i n  t h i s  way as is  information such a s  ownership. 
An important pa r t  of bui lding a geographic information system with wide applica- 
b i l i t y  is t o  include polygonal o r  g r id  c e l l  references f o r  these  administrat ive 
uni ts .  Minnesota has included Public Land Survey u n i t s  t o  t he  quar te r  
sec t ion ,  Census u n i t s  t o  block d e t a i l ,  school d i s t r i c t s ,  and watersheds through 
which o ther  da ta  can be integrated i n t o  the da t a  base. 

Landsat has its own georeferencing system based upon the  o r b i t  of the  s a t e l -  
l i t e  and the  reso lu t ion  of t he  sensors.  In order t o  make Landsat d a t a  compatible 
with other  da ta ,  it  is resampled i n t o  UTM coordinates using e i t h e r  nearest  
neighbor o r  cubic convolution and an a f f i n e  transformation. Once t h i s  resampling 
is accomplished, Landsat looks much l i k e  other  map da ta  and the  re f lec tance  can 
then be compared t o  other  da t a  i n  thc  system. 

DATA BASE 

Landsat da t a  alone a r e  of minimal value t o  many types of environmental 
analyses o r  the appl ica t ions  of a CIS. Landsat a t  bes t  i s  land cover information 



of l imited reso lu t ion  t h a t  needs an ana lys t  ' s in t e rp re t a t ion .  The a v a i l a b i l i t y  
of recurrent  coverage and the  f a c t  t h a t  Landsat is co l l ec t ing  d a t a  even i f  t he  
da t a  have not  %een r e q ~ e s t e d  gives it  u t t i i t y  when a land cover phenomena needs 
evaluation. I f  o the r  information a l r d y  exists in a geographic information 
system, it can be  very important t o  t h e  acceptance of Landsat d a t a  as p a r t  of a 
geographic information system appl icat ion.  

A va r i e ty  of da t a  is n<:cessary t o  enable a GIs t o  address environmental 
problems. Minnesota o r i g i a l l y  co l lec ted  t h e  b e s t  ava i l ab l e  s ta tewide data,  
computerized i t  i n  a public  land survey g r id  and made it ava i l ab l e  f o r  use. The 
d a t a  included s o i l s  associat ions,  land use/cover, f o r e s t  type, water fea tures ,  
roads, public ownership and Census Minor C iv i l  Divisions. These d a t a  are used i n  
many regional  and s tatewide environmental analyses. It i s  not  extremely accura te  
o r  de t a i l ed  but  d9eS provide t h e  overview capab i l i t i e s .  A s  Minnesota has matured 
i n  its use of a GIs, many new and more de t a i l ed  souzces of information have become 
ava i l ab l e  and a r e  being integrated i n t o  the  da t a  base. 

Data uncovered over t he  pas t  two t o  four years  includes some i n  d is i i ta l  form, 
some on published maps and some as s c r i b e  l i n e s  o r  photo in t a rp re t a t ion  ~ i n e s  on 
air photos, These include: 

1 )  Detailed water in£ ormation found in t h e  Environmental Pro tec t  ion 
Agency r i v e r  mile  f i l e s .  These da t a  include a l l  r i ve r s ,  streams and 
lakes a s  d ig i t i zed  l i nes ,  

2) The d i g i t a l  e levat ion model da t a  from the  National Cartographic 
Information Center have provided e leva t ion ,  s lope  and aspect 
in£ ormacion. 

3) The National Wetlands Inventory, although not  funded through .g 

completion, is defining wetlands on a i r  photo overlays down t o  
112 acre  LI s ize .  Minnesota is developing a process t o  d i g i t i z e  
these da ta  as they become ava i lab le .  

4) Forest p l o t s  w i l l  be d ig i t i zed  by the  Minnesota Department of 
Natural Resources a s  p a r t  of a timber management system. 

5) An evaluation of technologies fo r  capturing de t a i l ed  s o i l s  
surveys w i l l  develop a methodology t o  d i g i t i z e  t he  s o i l s  maps. 

6) Landsat processing capab i l i t y  has been added t o  incorporate these  
d i g i t a l  f i l e s  i n t o  :he da ta  base. 

Using advanced geographic information system techniques, these da t a  can be 
s tored  i n  its most de t a i l ed  form and used a t  reso lu t ions  appropriate  f o r  t he  
analyseb. The complication is  t h a t  Landsat needs more in t e rp re t a t ion  t o  become 
u usable product and requires  f l e x i b l e  software s o  t h a t  the  data  can be used 
selectivel; .  Minnesota has developed a software capab i l i t y  t h a t  i s  f l e x i b l e  and 
e f f i c i e n t  f r r  handling Landsat data  i n  conjunction with o ther  information i n  t he  
system. 



The Landsat ana lys i s  capab i l i t y  i n  Minnesota has  been in tegra ted  v i t h  all  
o the r  CIS c a p a b i l i t i e s  by insuring f i l e  compatibi l i ty  snd developing f l e x i b l e  
ana lys i s  rout ines .  Minnesota has  t r a d i t i o n a l l y  processed g r id  c e l l  d a t a  v i t h  a 
software package ca l l ed  t h e  Environmental Planning and Programing Language (EPPL). 
This software has a very sophis t ica ted  set of comnands t o  allow manipulation of 
g r i d  c e l l  da t a  plu-s t h e  f l e x i b i l i t y  t o  allow the user  t o  include FORTRAN s t a t e -  
ments f o r  s p e c i a l  functions. Using t h i s  combination of c a p a b i l i t i e s  t he  user  
can c l a s s i f y  a Landsat image and then se l ec t ive ly  merge the  r e s u l t s  with o ther  
da t a  t h a t  may exist f o r  t he  a r ea  under study. 

In  addi t ion  t o  use of t h e  general purpose software, Landsat processing 
requi res  i n t e rp re t a t ion  by t h e  ana lys t .  This i n t e rp re t a t ion  is bes t  accomplished 
by providing i n t e r a c t i v e  tools such as image processing equipnent t o  a i d  i n  t h e  
process. By allowing the  ana lys t  t o  examine a f u l l  color  image of t h e  a r e a  
being analyzed, t h e  ana lys t  can use judgement i~ acceptance of a c l a s s i f i e d  
r e su l t .  

A f i n a l  necess i ty  t o  the  acceptance of Landsat and GIs d a t a  by decis ion 
makers is  the  a b i l i t y  t o  produce meaningful output. A var ie ty  of p l o t t i n g  capa- 
b i l i t i e s  a r e  necessary t o  allow f l e x i b i l i t y  i n  map composition. Minnesota has  
developed software t h a t  allows shading o r  boundary p l o t t i n g  with spec i a l ly  
designed symbols. This software a l s o  allows up t o  three  overlays and t e x t  t o  be 
added t o  plots .  A t yp ica l  p l o t  may have severa l  gray shades f o r  d i f f e r e n t  land 
cover c l a s se s  with township sec t ion  l i n e s  overlaid (Figure 1). This c r ea t e s  a 
map t h a t  has o r i en t a t ion  references.  This software a l s o  d r ives  a co lor  p l o t t e r  
f o r  cases  where co lor  w i l l  a i d  the  in te rpre ta t ion .  

Flexible  c a p a b i l i t i e s  and in tegra ted  f a c i l i t i e s  allow the  ana lys t  t o  be 
c rea t ive  and develop the most from h i s  data.  Landsat da t a  can be f i l t e r e d  through 
o ther  i n foma t ion  and composited t o  c r ea t e  a usable land uselland caver map. An 
approach used i n  Minnesota t o  the cornpositing of  t h i s  information w i l l  be dis-  
cussed next. 

LANDSAT INTEGRATION 

Landsat includes a tremendcus amount of i n f o r m t i o n  about t he  landscape. 
Depending upon weather condiciocs, i t  is  r e l a t i v e l y  easy t o  obta in  information 
by season fo r  every year s ince  the f i r s t  Landsat w a s  launched. I f  a l l  of t he  
Landsat da ta  were acquired f o r  one locat ion,  the  sheer  voluae of the information 
would overwhelm most environmental planners. Using a GIs capab i l i t y  the ana lys t  
can s e l e c t  the information meaningful to  the  s p e c i f i c  environmental i s sue .  

The i n i t i a l  problems with Landsat da ta  a r e  t o  resolve the  loca t ion  quest ions 
and to  reduce the volume of da ta  t h a t  needs to  be handled. The loca t ion  problems 
a r e  usual ly handled by the aforementioned resampling techniques which transform 
the  Landsat da t a  i n t o  a known map project ion gr id .  After  t h i s  resampling is 
accomplished, the Landsat image can be d i r e c t l y  compared t o  o ther  da t a  



In the  information systepa. Additionally, the vo lme  of data  needs t o  be reduced 
and t h i s  i e  usually accomplished by an unsupervised c lase i f ica t ion.  

An effec t ive  unsupervised classificatj.c?n requires a good technique t o  develop 
the t ra in ing sets o r  areas which are ident i f ied  a s  features tha t  a r e  representa- 
t i v e  of land cover types. The technique used i n  Minnesota searches f o r  areas of 
homogeneity of a t  l e a s t  f ive  pixels  i n  size.  These areas then become foc i  f o r  
the c l a s s i f i e r  t o  f ind other s imilar  areas. The resu l t  of the  process 
iden t i f i e s  f r m  30 t o  50 individual cover types from the  or ig inal  63 possible 
types. 

The next s t e p  is t o  campare these 30 t o  50 categories t o  known infor- 
mation in the data base. Within the Minnesota Land Management Information System, 
information such as s o i l  types, land use, fo res t  cover type o r  elevation could be 
used t o  ref ine  the c lass i f ica t ion.  This is done Ly accepting the  Landsat classi- 
f i ca t ion  only i f  i t  occurs within ce r t a in  categories of these other variables. 
Because of the difference between the 40-acre resolution of the MLMIS data and 
the .625 o r  2.5 acre resolution of resampled Landsat data,  the  Landsat c l ass i f i -  
cation can be used as an inprovement of the resolution of the or ig inal  da ta  base. 

I n  add!-tion t o  the  above technique f o r  refining land cover information, 
Landsat can a lso  be used to  monitor land cover change tha t  i s  e i the r  seasonal- 
o r  occurs over several  years. Abrupt changes i n  cover of two t o  f i v e  acres i n  
s i z e  or  larger a re  re la t ive ly  easy to  ident i fy  with Landsat and should become a 
very important pa r t  of the  monitoring of change i n  our environment. 

CONCLUSION 

Landsat data should become a pa r t  of a GIs but cannot be the backbone. When 
Landsat data are  integrated with other information, i t  can provide valuable in- 
formation t o  the analyst or  decision m d c e r  put i n  a usable f ~ r m .  GIs technology 
w i l l  allow Landsat da ta  t o  be used effect ively.  If Landsat resolution and 
spect ra l  sens i t iv i ty  a re  improved, the users of GIs technology w i l l  surely 
increase t3ei r  dependence on Landsat data. 
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ABSTRACT 

This  paper d e s c r i b e s  t h e  dilemma of t h e  a p p l i c a t i o n  of Geographic Xnforma- 
t i o n  Systems t o  landscape a r c h i t e c t u r e .  The paper covers  t h e  e v o l u t i o n  of 
Geographic Informat ion Systems (GIs) aad how t h e  e m p h s i s  on e i t h e r  d a t a  c a p t u r e  
o r  s p a t i a l  a n a l y s i s  h s  caused problems i n  t h e i r  u l t i m a t e  u s e  i n  r e g i o n a l  land- 
scape assessment.  The f u t u r e  looks  good for new a p p l i c a t i o n s  once systems can 
handle  complex modeling and ttle r o u t i n e  day-to-day a c t i v i t i e s  of landscape a r c h i -  
t e c t u r a l  and planning f i rms .  

INTRODUCTION 

The h i s t o r y  and u s e  of CIS i n  landscape a r c h i t e c t u r e  r e f l e c t s  upon t h e  ac- 
t u a l  evo lu t ion  of CIS. This  e v o l u t i o n  produced a dilemma f o r  landscape a r c h i -  
t e c t s  ar.d p lanners  t h a t  t o  some e x t e n t  ex i s t s  even today. T h i s  dilemma is 
e s p e c i a l l y  troublesome f o r  landscape ~ r c h i t e c t s  p r a c t i c i n g  r e g i o n a l  landscape 
usseesmant. To understand t h i s  dilemma, one must review t h e  e v o l u t i o n  of CIS. 

The purpose of t h i s  paper is t o  b r i e f l y  d i s c u s s  t h e  development of GIS and 
t h e  i n f l r ~ e n c e s  of  landscape a r c h i t e c t u r e  on t h i s  development and t h e  i p f l u e n c e s  
of t h e  systems on landscape a r c h i t e c t u r e .  The evo lu t ion  of t h e  systems can be 
ca tegor ized  i n t o  tho main a r e a s  of development: Those p r o f e s s i o n a l s  i n t e r e s t e d  
i n  (1) c a p t u r i n g ,  s t o r i n g ,  mapping and d i s p l a y i n g  s p a t i a l  d a t a ;  and (2)  m n i p u l a -  
t i n g ,  ana lyz ing ,  modeling and s imula t ing  wi th  s p a t i a l  d a t a .  The one group 
incluued,  ammg many o t h e r s ,  ca r tographers ,  geopraphers,  eng inee rs ,  a r c h i t e c t s ;  
and t h e  second group included planners ,  geograph,trs, f o r e s t e r s ,  e c o l o g i s t s ,  and, 
of course ,  lar,dscape a r c h i t e c t s .  The groups a r e  d iv ided  i n t o  t h e  two extremes 
of a n  a r t i f i c i a l  continuum ( a t  t h e  r e a l  r i s k  of d i s t o r t i n g  t t l e  in fe rences  drawn). 
The f a r  l e f t  s i d e  is r e s i d e n c e  t o  those  i n t e r e s t e d  i n  r e p r e s e n t i n g  t h e  o r i g i n a l  
d a t a  a s  a c c ~ ~ r a t e l y  as p o s s i b l e ,  whi le  t h e  f a r  r i g h t  is occupied by those  most 
i n t e r e s t e d  i n  d u p l i c a t i n g  t h e  t r a d i t i o n a l  methods of d a t a  combination used by 
p lanners  (see F l g a r e  1). This  f i r s t  group spent  t h e i r  t ime t r y i n g  t o  develop 
systems t o  cap tu re  and represen t  s p a t i n l  phenomena a s  a c c u r a t e l y  as a cnrtop- 
rapher  o r  d r a f t s p e r s o n ,  whi le  the  second group was more i n t e r e s t e d  i n  genera l -  
i z i n g  o r  a b o t r a c t i n g  t h e  d a t a  i n  o r d e r  t o  v i s u a l i z e  r e l a t i o n s h i p s  between 
v a r i o u s  d a t a  s e t s  o r ,  probably more important ly ,  mimic e x i s t i n g  s p a t i a l  d a t a  cam- 
b i n a t  ion p r o c d u r e e .  

This i n i t i a l  per iod was one of t y p i c a l  r e sea rch  and development where many 
d i f f e r e n t  i d e a s  and tec tmiqucs  were t r i e d .  P a r t i c u l a r l y  i n  landscape a r c h i t e c -  
Lure t h e r e  wao G R I D  and IMGRID, METLANC and PERMITS being developed by Harvard, 
Univers i ty  of Massachusetts  , and Univers i ty  of k'isconsin, r e s p e c t i v e l y  



( r .  1, 2, 3 ,  4). There syr tanr  were be- t e r t d  and ured by groupr much ar t h e  
Corpr of Bngineerr, Porer t  Service, and Bonnoville P o w  Mminirtrati .on. Figure 2 
r e f l a c t o  the  two re8urch/dovelopmant groupr with each h v i u  a unique i n t e r a r t ,  
e i t h e r  automated mpp- o r  modeling, The in t e r f ace  with t h e  computer and i t r  
awkward peripheral  equipment was elemantary and focured on making the  equipment 
r e p l i c a t e  mxirting procedures. Although there  were some important attempt8 i n  
landocapm a rch i t ec tu re  t o  u t i l i r e  t he  computer '8 graphic and aepecial ly  i t8  
number-crunch- a b i l i t y  through r t a t i r t i c a l  da t a  ana ly r i r ,  most urea were rlmple 
combinationr of nominal and o rd ina l  data.  A few p ro jec t s  ware unique, and they 
included the  c lus t e r ing  procedure ured by Wisconsin ( re f .  5, 6, 7). t h e  impact 
evaluat ion h e a d  upon h ierarch ica l  non-linear combination of data  ( re f .  a), 
weighted composites ( re f .  9, lo ) ,  and v i sua l  ana lys i s  of l a r g e  arms ( ref .  11). 
There is a l e0  a l a r g e r  d iverse  group outsi.de landncape a r c h i t e c t u r e  deal ing 
with aaming, siPlularion, and p r o b a b i l i r t i c  and s tocha r t i c  modeliw ( re f .  12, 13, 
14). Also, cartographer8 and aaographers were involved %n map production and 
reeearch i n t o  the  thwu  a t i c a l  a rpec t s  of represent ing a three-diraenrional pha- 
nomanon with a r p a t i a l  da t a  s t ruc tu re  ( r e f .  15, 16). 

The landscape a r c h i t t c t u r a l  u s e r s  during t h i s  period were a small d ive r se  
group sca t te red  throughout areas of i n t e r e s t ,  and most had l i t t l e  t o  l o r e  by 
t ry ing  the  r e s u l t s  of a research product, espec ia l ly  when i t  was subeidired. 
User groups include s t a t e s  l i k e  New York and Hinnesota; power companies l i k e  
BPA and TVA; towns l i k e  North Logan; ragions such a s  Indiana Heartland; and 
agencies such a s  t he  Corps of Engineers and t h e  Forest Service. Also, t h i s  
period maw l a rge  g ran t s  appear focused around the implementation of these  syrtcms 
t o  p r a c t i c a l  problems. In the  a r ea  of modeling, the  Ford Foundation's Regional 
Environmental Management programs and NSF's RANN prcgrams g rea t ly  contr ibuted t o  
the  research and development ( r e f .  17). In t he  area of mapping and automated 
cartography, groups such a s  USGS, Canadian Geographic Information System, and 
research ac t iv i . t i eo  a t  the k r v a r d  Lab f o r  Computer Graphics and Spa t i a l  Analysis 
l ed  the  way i n  appl ica t ion  and research ( r e f .  18). 

THE DILEMMA 

This development is w h a t  caused the  d i l u m a  i n  landscape a rch i tec ture .  Tke 
problem saemed t o  be one of using a CIS, or p a r h ~ p r  mare accurately s t a t ed  a s  a 
Iand In£ o r w t  ion System. The ava i l ab l e  system had two major c h a r a c t e r i s t i c s  : 
t he  a b i l i t y  t o  capture atid map da ta  a c c u r a ~ e l y  o r  manipulate and model with the  
data .  Thema f r u s t r a t i o n s  were found by the  !rndrcape a r c h i t e c t  during the  
s torage and a n r l y s i s  phase of the modeling a c t i v i t i e r ;  f o r  example, t he  over- 
laying of o r ig ina l  da ta  (pclygon) took incredible  amounts of computer t h e  
( r e f .  19). A major problsm rested i n  the  input procedures. The abr t rac ted  g r id  
c e l l  techniques were labor intensive and coat ly t o  update and e d i t ,  while t he  
polygon films were i n  most cases  double d ig i t i zed ;  many hours were rpent correc- 
ting and ed i t ing  " r l ivers"  ( r e f ,  20). Becauee of these problans many appl i -  
ca t ions  suffered lo s re r .  For example, the LUNR projec t  i n  New York d id  not have 
the equipment or  administrat ive procedures t o  handle the  da ta  a t  t he  r c a l e  
appropriate  t o  t he  types of i r sues  being faced by the  loca l  planning groups. h 
t he  other  hand, t he  Canadian Cecnr=ii~tic ~ n f o m a t i o n  Syrtem (CCIS) t r i e d  t o  u t i -  
l i z e  t he  most rophist icatad equipment f o r  data  capture  but was unable t o  produce 
usable output. !R5cont upgrades of the  CGIS h v e  made it an operat ional  r y s t m . )  



There werc probably even more examplea of computer da t a  bases col1.ected a t  t ho  
wrong ocale and reso lu t ion  mostly in a g r ld  c e l l  format that couldn't  p r w i d e  t h e  
user  enough "detailed" data  f o r  decis ion making. An important concept t h a t  was 
werlooked by many use r  groups, espec ia l ly  landecape a r c h i t e c t s ,  is  t h a t  of 
making land information systems routine. Many f r u r t r a t i o n s  and disappointments 
would have been l e s o  important if t h e  user  and t h e  Ceveloper would have realirced 
that many s i n g l e  purpose o r  l imited systems could not respond t o  t h e  rou t ine  o r  
evelyday a c t i v i t i e s  of t h e  users '  organieatione. One good example i e  t h e  appl i-  
ca t ion  of a land information system t o  predict  l oes  of ag r i cu l tu ra l  land i n  t h e  
Indianapolis  area.  

AN EXAMPLF, CASE STUDY, -- 
This r r o j e c t  was completed a t  t h e  Xolcomb Remearch I n s t i t u t e  in cooperation 

with t h e  Indiana Heart laand Coordlnat ing Commission , t h e  Regional Planning Ageucy 
f o r  Indianapolis/Xnr i an  County and t h e  seven ad jace r t  counties.  The pro j  ect had 
four  s t e p s  which included defining prime farmland, de temining  ex i s t i ng  farmland, 
project ing a new pa t t e rn  of land use, analyzing t h e  l o s s  of prime farmland, and 
evaluating the  impact of project ing prime farmland. The pro jec t  described here 
used Landsat t o  produce an accurate ,  up-to-date inventory of farmland which was 
combined with other  computer da ta  f j l e s  t h a t  had been co l lec ted  by t h e  Indiana 
h a r t l a n d  Coordinating Commission (IHCC) f o r  t h e i r  208  Watcr Quality pro jec t  . 
The da t a  were co l lec ted  on a 500 x 500 meter g r id  ( a p p r o x b n ~ e l y  62 acres) .  The 
da t a  base included p o l i t i c a l  boundaries, water, i n s t i t u t i o n s ,  housing, transpor- 
t a t i on ,  recrea t ion ,  r a i l roads ,  s o i l s ,  commerce, r i v e r s  and agr icu l ture .  This 
information was then augmented by landsa t  data whfch was t ransfer red  t o  t h e  62- 
a c r e  c e l l s  i n  order t o  match the  ex i s t i ng  da ta  base. 

The prime s o i l s  had t o  be iden t i f i ed  through the  use  of t h e  c r i t e r i a  
developed by t h e  USDA. In  general,  t h i s  includes well  drained, f l a t ,  no rocks, 
moderate Ph, and good n u t r i e n t  content.  In  Indiana where nuch of t he  s o i l  is 
prime, it required t h e  computer t o  s o r t  through the  66 s o i l  assoc ia t icns  and 
c'.etermine i ts prime "ranking." Figure 3 shows t h e  general  s o i l  aseoclationrs 
grouped i n t o  four  shades which i l l u s t r a t e  t h a t  t he  lower left-hand corner is  
where the  landscape escaped the  e f f e c t s  of the  l a s t  g l ac i e r ,  and the  s o i l s  a r e  
more diverse,  rocky, and i n  general ,  less s u i t a b l e  f o r  farming. I n  Figure 4 t h e  
dark a reas  show the  c e l l s  that contain over 50 percent prime s o i l .  

Landsat da t a  were used t o  de l inea t e  cur ren t  farmland. The reasons Landsat 
was chosen over o ther  conventional sources include: 

ava i l ab l e  f o r  t h e  da t e s  required 

already in a computer-compatible form 

cheaper than paying a i r  photo in t e rp re t a t ion  (about $200 t o  be processed) 

uniform coverage f o r  2 mi l l ion  acres  

had inf ra red  c a p a b i l i t i e s  t o  a i d  i n  d is t inguish ing  crop type 



appropr ia te  f o r  r e ~ i o n a l  s c a l e  work 

t h e  software and hardware requirad were ava i l ab l e  

The Landsat da t a  were then c l a s s i f i e d  uoina ground t r u t h  and conventional a i r  
photos. Figure 5 showo t h e  cur ren t  prime famland. This map is produced by com- 
bining the  prime s o i l s  map with a map t h a t  contains  bare  and fa l low s o i l ,  corn 
f i e l d o ,  paoture,  and soybeans. The r e s u l t a n t  dark a r ea s  are those t'nat a r e  both 
p r h e  s o i l s  and cu r r en t  farmland. This m y  i r  then used t o  actemisle the  amount 
of prime farmland ava i lab le .  The prime farmland map was ovc:rlayed with t h e  
r e su l t ,  of a land use  a l l oca t ion  model t b a t  a l loca ted  t h e  appropriate  number of 
c e l i s  of new land uses.  The model analyzed the  r e k t i o n s h i p  between ex i s t i ng  
land use  and land eva i l ab l c  f o r  d w e l o p ~ ,  t. The model analyzes t h e  ex i s t i ng  
s p a t i a l  pa t t e rn  and p ro j ec t s  that pa t t e rn  3nd Its c h a r a c t e r i s t i c s  i n t o  t h e  fu ture .  
Figure 6 shows t h e  dark a r ea s  a s  being t h e  new land uses  projected and t h e  gray 
a r ea s  being t h e  ex i s t i ng  land uoe pat terns .  The map of projected land uses  
(Figure 6) was then overlayed with t h e  prime farmland map (Figure 4 )  t o  produce 
Figure 7.  Figure 7 i l l u s t r a t e s  t h e  eetimated l o s s  of prime farmland by t h e  pro- 
jected land use pa t te rns .  The dark areas a r e  those a r e a s  that were p r ine  fanu- 
land and w i l l  be remover! by t h e  projected dwelopment. The gray a rea  i s  t h e  
ex i s t i ng  land use  pa t te rn .  

The next s t e p  was t o  use  t h e  cur ren t  ?rime farmland map (Figure 4 )  a s  a 
cons t r a in t  on t h e  land use  a l l oca t ion  model. This meant t h a t  t h e  model could no t  
a l l o c a t e  on prime farmland; therefore ,  i t  had t o  f i nd  t h e  next-best c e l l s .  The 
r e s u l t a n t  map (Figure 8) shows the  projected pa t t e rn  r e s u l t i n g  from preserving 
prime farmland. The pat t e r n  is much t h e  same as Figure 6 except t h s r e  a r e  many 
changes that meant c e r t a i n  commtlnities would s u f f e r  a l o s s  i n  development, while 
octlsr communities with similar prime arefts f o r  dwelopment, bvt l e s s  prime farm- 
land, would gain i n  land use dwelopment. 

This study was very u se fu l  t o  t h e  agency, but it is d i f f i c u l t  t o  incorporate  
t he  da t a  and software as an important pa r t  of t h e i r  rou t ine  work. The f r u s t r a -  
t i o n  ia a r e s u l t  of t he se  systems not  being ab l e  t o  perzorm day-to-day t a sks  with 
t he  type of da ta  and reao lu t ion  require.d. 

THE FUTURE 

The f u t u r e  of GIs f o r  landscape a r ch i t ec tu re  and planning is d i r e c t l y  re- 
l a t ed  t o  opera t iona l  GIs that can respond t o  both single-purpose s tud i e s  and t h e  
day-to-day rou t ine  taaks.  Today we see  a swell  of a c t i v i t y  i n  p r iva t e  companies 
developing operat ional  CIS. This is a d i r e c t  r e s u l t  of t he  demcnding systems 
t h a t  can handle de ra i l ed  da ta  input f o r  most types of da ta  and provide spec i a l  
modeling c a p a b i l i t i e s  f o r  spec i a l  purpose s tud ies .  This demand has spurred t he  
development of a CIS that can respond t o  t h r ee  major user  groups: inexpensive, 
expensive, and very expensive ( see  Figure 9).  Since most new development of GIs 
technology is going t o  occur i n  t h e  p r i v a t e  sec tor ,  they w i l l  focus on t h e  user  
groups In t.wo ways. The f i r s t ,  wliich is  an  c p t h n  open only t o  t h e  l a r g e r  com- 
panies, is by providing a m a l l  micro-system, a mid-size system, and a f u l l -  
blown clystem. The second approach w i l l  be f o r  smaller companies t o  focus on one 
of t he  markets. For example, ERDAS ( r e f .  21) is  producing small systems t o  



handle r a l a t i v a l y  sm!l da t a  baser with abatracted da ta  captur ing technique6 a11 
f o r  30 t o  50 thouaand dollar., m.2 ERMS complny ?.a a maa l l  company focusing on 
t h e  inexpensive market, Alro, l a r g e r  comp.ni8o such a8  t h e  APPLE oyetem are now 
~ r o d u c i n g  s p a t i a l  ana lye ia  eoftware. 

Another approach by medium-aircod companisr is t o  produce a scaled-down ver- 
eion of t h e i r  l a r g e r  system, such a r  COMARC ( re f .  22). The f i n a l  approach would 
be m e  skmilar t o  Intergreph ( re f .  23). where they pu rme  l a rge r  ueere  who can 
a f fo rd  t h e  t o c a l  system. 

The inherent problem is t h e  important concept of rout ine.  There w i l l  be no 
problem i n  systems f o r  paper companies, o i l  companiee, f ede ra l  agencies,  and 
l a r g e  c i t i e s  due t o  t h e  c a p i t a l  and manpower inherent  in thaee groupe. They w i l l  
be a b l e  t o  purchase t h e  l a r g e  CIS f o r  one-hali mi l l ion  dolLars plus.  But where 
doe8 t h a t  leave t h e  o ther  two groupe? The medium group is s t i l l  i n  p r e t t y  good 
shape. This group would include medium-sized cities, reg iona l  agenciee and land- 
ocape a r c h i t e c t u r a l  consul t ing companiee t h a t  handle project-by-project jobs. 
Tnese groups can use  tha kyatems almort rou t ine ly  given tha t  t h e  da t a  a r e  input  by 
polygon and analyzed i n  conjunction with t he  other  types of data .  Final ly ,  where 
does t h i s  l eave  t h e  small uoerl  My guess is t h a t  f o r  t h e  near f u t u r e  they a r e  
etuck without enough money t o  ge t  what they need. i ~r example, if a vendor can 
redsce t he  c o s t  of t h e  system t o  30 t o  40 thousand d o l l a r s ,  something must be 
s ac r i f i ced .  I n  most cases ,  I t ' s  t he  da ta  input;  t h a t  means going from a polygon 
f i l e  t o  a r a s t e r  a r  gr id .  This causes a major c o n f l i c t ,  again using t h e  idea of 
11 routine." The crnall user  w i l l  probably be a community o r  a consul tant  working 
with small commuilities or small-scale pro jec t s .  The major use of a system f o r  a 
emall t o w  is  the  parcel  o r  ownership boundaries. But most small systems lack  
t + e  reso lu t ion  t o  handle t h e  polygon f i l e .  While some systems handle t h e  polygon 
f i l e ,  t h e  a t t r i b u t e  system is too l imited t o  make it operate on a rou t ine  bas i s .  
The f u t u r e  w i l l  see t h i s  problem become less severe a s  technology develops new 
d i s c  access  systems and more proceseing power becomes cheaper. 

The use of CIS f o r  landscape a r c h i t e c t u r e  r e l a t e s  t o  t h e  cos t  of developing 
iystems t h a t  can handle both small-scale rou t ine  p ro j ec t s  and l a rge r ,  s ingle-  
purpose s tud ies .  One major f ac to r  i n  t he  use of CIS technology i c  t he  po t en t i a l  
a v a i l a b i l i t y  of raw da ta  i n  a computur-compatible form. Let ' s  say t h a t  a c7n- 
eu l t an t  g e t s  a contract  t o  a s sa se  t h e  impacts of t h e  MX miss i l e  system on I l a rge  
a r ea  i n  Nevada and Utah. The f i r s t  s t e p  is t o  ge t  t he  PMA topographic takas ,  
which through simple mathematical transformation give t he  consultn,nt aspzc t ,  
elope, drainage pa t te rns ,  and elevat ion.  The next s t e p  is t o  get  t h e  C~F/l)ime 
F i l e s ,  which provide a l l  t h e  soc i a l  economic parameters required. The t h i r d  s t e p  
is  t o  ob ta in  a c l a s s i f i e d  Landsa: scene which provides t he  land cover da ta ,  and 
fi,nal.ly, tlre consul tant  can obtain from the  SCS the  d ig i t i z ed  s o i l  da ta  f o r  t h e  
region. An3 i f  they a t e  lucky, they w i l l  f ind  a property boundary f f l e  from the  
s t a t e  o r  l oca l  t ax  organizations.  A f i n a l  problem i n  t he  complete u t i l i z a t i o n  of 
GIs foL landscape a r c h i t e c t s  i o  r e l a t ed  t o  t h e  inherent u t i l i t y  of computer eys-  
tems. The research i n  t h e  appl ica t ion  of computer mapping arid s p a t i a l  ana lys i s  
i s  t i ed  d i r e c t l y  t o  t h e  a b i l i t y  of t he  user  t o  understand the  inherent u t i l i t y  of 
t he  computer system. Perhape a s imi la r  s i t u a t i o n  occurred around t h e  1900's with 
t he  t r a c t o r  and farming. "The escape of t he  t r a c t o r  from its iden t i t y  with t he  
horse occurred when i t s  design and uoe were r e l a t ed  t o  t he  inherent u t i l i t y  it 
offered and not t c  replacement o r  subs t i t u t i on  . . ." ( r e f .  24).  
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Figure 1. The d i s t i n c t i o n  between t h e  development groups was 
one of da ta  cap ture  and modeling. Because of the  d i s c i p l i n e ' s  
background, each had its own need f o r  an i n i t i a l  Geographic In- 
formation System. 

F i g ~ r e  2. The two major groups involved i n  t h e  development of 
in forna t ions  systems had two separa te  ob jec t ives ;  one group was 
s t r i v i n s  fo r  per fec t  map production and data  cap ture ,  while t he  
o ther  was nore in te res ted  in  l a rge  v i sua l  r e l a t i onsh ip  between 
s p a t i a l  da ta .  
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Figure 6.  Project ions  of development f o r  low-, medium- a:ld 
high-density housing for  the  year 2000 (dar symbol). Current 
urban development i s  symbolized by a dash. No c o n s t r ~ l n t s  
are  used and some prime farmlands become developed. A t o t a l  
o f  81,890 a c r e s  (1320  c e l l s )  are  projected t o  be developed a t  
the current race o f  development. 
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Figure 7 .  Loss of prime farmlands. By the year 2000, 30,030 
acres of prime farmland w i l l  have been l o s t  t o  urban expansion. 
The average farm s i z e  in  Indiana i s  191 acres,  which is equiv- 
a lent  t o  losing 157 farms. 



Figure 8.  By preventing the projected development upon prime 
farmland, a to ta l  of 81,840 acres are st i l l  al located for new 
de-.relopment, but the development i s  forced t o  occur on areas 
other than the prime farmland. 



REMOTE SENSING AT THE UNntERSITY OF MASSACHUSETTS 

Rabert L. Huguenin 
Remote Sensing Center - Hasbrouck 

University of Massachusetts 
Amherst, MA 01003 

Over thirty faculty are actively engaged in remote sensing projects at the 
University of Massachusetts, and we are now attempting to pool that talent 
through joint courses, cooperative projects, and the development of new common- 
use facilities. Expertise currently spans from Astronomy andthe Planetary 
Sciences, through Geology and Geography, Electrical and Computer Engineering, 
Civi 1 Engineering, Computer Information Sciences, Computer Pzt , ForePtry 
and Wildlife Management, to Landscape Architecture and Regional Planning. 

A n  Image Processing Laboratory has been established. Currently we are 
using the University Computing Center's large CYBER 175 computer with extended 
memory, a large dedicated disc drive, Ramtek 9400 high-resolution 1280 x 1024 
color display with a PDP 1133 interface to the CYBER, a dedicated Gould 5200 
electrostatic printer/plotter, and three major image processing software systems. 
Two of the software systems are interactive and one is batch. INTERSYS 103, 
developed by the Control Data Corporation, allows interactive viewing of data 
(up to 60 bits per pixel), provides display commands including one that 
controls the Ramtek, and it permits interactive creation and debugging of 
new display functions. XPLOR is an image processing applications library 
through which INTERSYS performs its image processing functions (data 
conditioning, image enhancement, image registration, multispectral analysis, 
mosaicking, terrain presentation, digital filtering, and 1/0 utility routines). 
X P W R  is ideal for large images and image mosaicLs and it operates in back- 
ground batch mode, while INTERSYS remains inte-.r.rt..ve. TIPS, developed by our 
Assitant Director for Image Processing while at 'mawaii, is a more interactive 
system for smaller images or image segments. It performs many of the same 
functions as XPLOR, but it is designed to be used interactively on a dedicated 
minicomputer. TIPS also operates in floating point format for detailed 
quantitative analysis (XPLOR operates in integer format). Both XPWR and TIPS 
are being upgraded with new subroutines to e ~ a n d  their versatility. Ultimately 
the user will work with TIPS to interactively develop a processing procedure 
on small (1024 x 1024) segments of a full scene, and then process the full 
scene or scenes with the identical procedure in batch mode using enhanced 
XPLOR. A fourth somewhat less-robust image processing software system has also 
been made operational on the CYBER primarily for instructional and training 
use, by a faculty member within the Department of Forestry and Wildlife 
Management. The Landscape Architecture and Regional Planning Department's 
METLAND Project operates a computerized geobased information system In 
addition the Engineering Computer Station within the Department of Electrical 
and Computer Engineering is developing a special image processing research 
and development program using a VAX-based system. 



The University has strong image processing, graphics, and artificial 
intelligence/pattern recognition expertise within the Computing Center, 
Department of Computer Information Sciences, Department of Electrical and 
Comptcer Engineering, and the Computer Art Program; capabilities are rapidly 
expanding through our efforts to pool that expertise and promote interactions 
within the applications personnel. Future plans call for several additional 
image processing capabilities to be added pending funding, inc1udir.g a 
scanning image digitizerfiardcopy writer unit, additional terminals, and a 
dedicated production photolab. The University also plans to expand its 
current library of Landsat and CZCS tapes, airphotos, and maps, with the 
eventual establishment of an Archival Service to assist users in the rapid 
acquisition and quality evaluation of retrospective data from natiocbl 
archives (EROS, EDIC, etc. ) and private collections. 

Associa' t f l  with this effort, we are attempting to develop a unique real- 
time Automat. >ata Acquisition and Processing System (ADAPSI for direct 
reception and ~~ocessing of satel1it.e image data. This project is being planned 
as a component of the University's Five College Radio Astronomy Observatory. 
The FCRAO is an operationalmode facility that routinely acquires, processes, 
and displays up to 40 Mbit/sec data for the user in seal time. The facility 
operates the largest and most sensitive millimeter wave telescope in the :mrld, 
and its meter wave facility has been used to discover over helf of the 
pulsars recorded to date. The latter facility has been fully automated and 
it can uniquely operate unattended. The FCRAO staff of 62 people represents 
the kind of expertise necessary to develop ADAPS, and through a cooperative 
effort with the Image Processing Lab personnel we are trying to transfer the 
radio astronomy technolow to the problem of timely data acquisition. ADAFS 
software will process the data in floating point as part of an effort to 
introduce new quantitative processing routines from the Astronomy and Planetary 
Science fields to Earth satellite data. 

As part of this technoloqy transfer effort, the University's Planetary 
Chemistry Laboratory within the Department of Physics and Astronomy is 
developing an Applications Spectroscopy Laboratory to transfer Planetary 
Science spectrophotometry and spectral imaqery techniques to earth applications. 
This is a state-of-the-art facility operating a new Perkin Elmer model 330 
microprocessor controlled LV/VIS/NIR (0.185 - 2.5 pm) spectrophotometer with 
reflectance sphere and a Perkin Elmer model 2838 IR (2.5 - 50 pm) spectrophotm- 
eter. These instruments are fully controlled and the data are processed by a 
multi-mainframe computer system, consisting of ? Perkin Elmer model 3500 Data 
Station, a HewleLt Packard mcdel HP 9845C color vector graph:cs minicomputer 
with a .5 Mbyte accessible RAN, an HP 98458 B/W vector graphics minicomputer 
with .2 Mbyte RAM, an HP 3497A Data Acquisition/Control mainframe, HP 3437A 
digital system voltmeter, HP 3456A digital voltmeter, and HP 6002A Proqrammable 
power suppiy. Peripherals include an HP 9895A flexible disc memory, HP 9874A 
high resolution digitizer, and HP 9872A I - c o ~ o ~  plotter. We are currently 
adding a Tektronix 7854 400 MHz digital storage waveform processing 
oscilloscc~e interfaced to the computer system and a new Gamma Scientific 



telespectroradioineter system, which will initially be used with a pulsed 
W scurce. The spectroradiometer will also be used for field measurements, with 
upgrading planned during Summer 1981 to provide field portability and wavelength 
extension from the current .2 - .8 pm range into the infrared. Wozking .in 
conjunction with the spectroscopy equipment are Orion microprocessor-controlled 
model 811 and model 601A pH/Eh meters, which will also be upgraded for field 
geochemistry applications. There is a Perkin Elmer model TSG-2 thermogravi- 
metric system and a Varian Vista 4600 Gas Chromatograph with a VISTA CDS 401 
data station controller. The Laboratory is currently involved in mineral 
and petroleum exploration development applications, based on vegetal stress 
and mineral spectroscopy and tield geochemistry techniques, including 
participation in the NASA/GEOSAT Test Site Program. 

Another technology transfer program that is developing as part of the 
remote sensing effort is the Visual Discrimination Laboratory. The VDL 
is studying problems of visual attention and multidimensional display 
and interpretation techniques, using primarily an HP 9845C color vector 
graphics mir.icomputer equipped with a touch screen digitizer and associated 
peripherals. Problems are being approached by 2 psychologist who has 
specialized in studies of selective attention and attentional deficits. This 
laboratory has plans to establish a special User Training Facility, developing 
highly reinforcing programed learning software packages which are aimed at 
overcoming current barriers to image processing training. A major emphasis 
will be placed on developing new approaches to training potential users who have 
stayed away from what they Eeel to be a 'high-technology skill' that they 
w~uld not be able to learn. Emphasis will also be placed on developing new 
techniques for creating and interpreting more quantitative multidimensional 
data sets for :hose users who have stayed away from what they feel to be a 
nonquantitative 'pretty-picture' approach to remote sensing. 

The Univer3ity is expanding its curriculum in remote sensing technology, 
applications, and interpretation theory, and it is attemptinq to develop 
several state and substate cooperative projects in conjunctiofi with NASA 
Goddard/ERRSW and the New England Innovation Group. We are trying to 
develop and expand cooperative programs with the private sector, primarily 
in the areas of exploratior , data processing, a?& user training software 
+c--elopment , and millimeter wave sensor developnient . 



IMKFXEKTATION OF STATEWIDE LANDSAT RMZ PRdCESSING CAPABILITIES 

Robert F. M i l l s  
New Jersey Department of Enviror~mental Protect ion 

I'd l i k e  t o  t a l k  abaut something t h a t  is s l i g h t l y  d i f f a r e n t  from what's 
described on the agenda ss "a Landsat s ta tewide image processing capabi l i ty -"  
I n s t e a d ,  let 's  c o n s i d e r  t h e  g e n e r a l  p r o c e s s  o f  how you shou ld  g o  abou t  
es tab l i sh ing  such a thing-  Rather than d i scus s  our successes in New Jersey,  
w e ' l l  t a l k  more about our mistakes, a d  how those mistakes might bene f i t  those 
of you who a r e  beginning the  development of a s t a t e  Landsat capab i l i t y -  There 
a r e  enough m i s t a k e  t o  b e  made i n  t h i s  business  t h a t  we a l l  ought t o  economize 
a b i t  on our m i s t a k e  budgets. 

Throughout my remarks I 'll use an analogy which some people have found 
e f fec t ive .  It's one of comparing remote sensing processing systems t o  auto- 
mobiles- There are a l o t  of d i f f e r e n t  ways t o  categorize t h e  universe,  but  i f  
we  break the  automotive industry down i n t o  a trichotomy, i f  t h e r e  is such a 
ward, one way t o  stereot-ype cars is t o  compare t he  Pinto approach with t he  
Mer'cedes approach,  and i n  between i s  what you might c a l l  a pickup t r u c k  
approach. In most cases ,  you don't want the  Pinto approach, because t he  thing 
doesn't cos t  too much, but i t  doesn't go very f a s t  e i t h e r ,  s o  you g e t  h i t  from 
behind and it blows up. On the  other hahd, maybe you can't afford a Mercedes, 
and d e s p i t e  what t h e y  s a y  abou t  European e n g i n e e r i n g  and c r a f t m a a s h i p ,  
the  thing is  so elaborate  t h a t  it's going t o  be  i n  t he  garage most of t h e  
time, s o  you don't want t o  take t h a t  approach. What you probably want is the  
pickup t ruck;  snaething t h a t  w i l l  g e t  the  job done, and is  going t o  b e  versa- 
t i l e  and f lex ib le .  This is t rue  with regard t o  hardware, software,  and t o  a 
lesser extent ,  data.  

In terms of t h e  kind of hardware t h a t  you need fo r  a s t a t e n d e  system, 
the most important f ac to r  is the  one of cos t .  Costs i n  t h i s  f i e l d  a r e  chang- 
ing rad ica l ly ,  and t r i l l  continue t o  change r a d ~ c a l l y  f o r  a while, but t he re  
a r e  some Sroad guide l ines  you ;an use i n  deciding what your ccsts a r e  going t o  
be,  and h a t  kind of cos t  i s  appropriate  f o r  what you a r e  t ry ing  t o  dc. The 
f i r s t  thing t h a t  you must decide is: do you need image processing capab i l i t y ,  
o r  a r e  you r e a l l y  producing maps from image data? It is a very s i g n i f i c a n t  
cost  d i f fe rence  between the  types of hardwara t h a t  you need t o  do those two 
k i n d s  uf t h i n g s .  I f  you a r e  a mass ive  r e g i o n a l  c e n t e r ,  you need p r e t t y  
f l e x i b l e  f u l l  power image processing capabi l i ty :  you need an IDXMS type of 
system t h a t  can crunch a l o t  of information through, because you are deal ing 
with a l o t  oE tapes. Most of u s  don't dea l  with t h a t  kind of da ta  volume, and 
i f  we g e t  a few tapes  a year, it 's a l o t -  What we a r e  general ly  looking at is 
the map r e s u l t  from t h a t ,  t h a t  is our end product. We may use image procesa- 
ing techniques t o  t r y  t o  see  what is going on in  the da ta ,  t:, help us g e t  a 
map out ,  but general ly  a l o t  of rs a r e  i n t e r e s t ea  i n  maps per se, not  imaees. 
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The performance d i f fe renee  of image processing vs. mappiag .is going to  be  
one of number of co lors  t ha t  the hardware can handle. I f  you need t o  handle 
on ly  mapping, you o n l y  need a few c o l o r s .  I f  you need image p r o c e s s i n g  
capab i l i t y ,  you need a lot  more. co lo r s ,  and t h a t  t r a n s l a t e s  i n t o  c e r t a i n  
hardware components (ch ie f ly  meamry) t h a t  a r e  going t o  d r i v e  your c o s t s  way 
UP* 

What a r e  t yp i ca l  c o s t s  on these systems today? I f  you a r e  looking f o r  a 
g e n e r a l  image d i s p l a y  c a p a b i l i t y ,  you a r e  go ing  t o  pay somewhere i n  t h e  
neighborhood of f o r t y  t o  f i f t y  thousand 1981 dol la rs .  That's not  including a 
l o t  of ana lys i s  software along with it, tha t ' s  j u s t  t he  hardware t o  d i sp lay  
general  imagery i n  a f l e x i b l e  way. I f  you are t a lk ing  about s t r i c t l y  display- 
ing mapped information (categorized from the  Imagery), then you a r e  looking a t  
much lower p r i ce  leve ls .  Three years ago, we put i n  a system t h a t  can do most 
of t he  things I've seen here t h i s  week i n  terms of map d isp lay  (not i n  terms 
of ana lys i s ) ,  f o r  seven thousand dol la rs .  Since then, t he  p r i ce s  have come 
down considerably,  and today you can g e t  the  same type of device,  with more 
wh i s t l e s  and b e l l s ,  f o r  about $3,500, adequate t o  do color  mapping. That 
means more t han  an o r d e r  of magnitude c o s t  d i f f e r e n c e  between t h e s e  two 
approaches, imaging versus  mapping. 

Another thing t o  consider is the  trade-off i n  u t i l i t y  of what you a r e  
doing, and tha t ' s  t rans la ted  i n t o  (a) product qua l i t y ,  how good a product 
you're going t o  g e t ,  and is it going t o  be s a t i s f a c t o r y  f o r  your needs; (b) 
how much s t a f f  time you're going t o  put in  t o  ge t  ou t  a useful  product. One 
of those $3,500 u n i t s  might be adequate t o  d i sp lay  your da ta  once, but i f  you 
are located remotely from a cen t r a l  computer t h a t  it  relies on, you may wait  
10 or  15 minutes fo r  the display t o  come up on the screen. That w i l l  repeat- 
edly cos t  you c e r t a i n  amount of s t a f f  and computer time, and mistakes. I f  you 
ge t  something t h a t  has  a l i t t l e  stand-alone capab i l i t y ,  It's going t o  cos t  you 
dramatical ly  l e s s  t o  operate than one of the  r e a l  cheap terminals  I mentioned 
above ( t h e  P i n t o  approach t h a t  r e l i e s  on t h e  mainframe f o r  p r o c e s s i n g ) .  

The f i n a l  point t o  keep i n  mind with regard t o  hardware i s  f l e x i b i l i t y .  
One o f  the key p o l i ~ t s  I warlt to make here  is with reference t o  the  discussion 
of t he  DIDS p ro jec t  a few days ago. That whole pro jec t  was a spin-off from 
image processing technology, and somebody j u s t  deciding t h a t  i t  ought t o  work 
f o r  demographic data ,  a s  well. If  you plan things r i g h t ,  you can end up with 
a capab i l i t y  tha t ' s  going t o  help you a l o t  with remote sensing imagery, but 
i t  w i l i  a l s o ,  and very importantly,  be  of use t o  you i n  o ther  contexts ,  l i k e  
demographic mapping . Ge t t i n g  the a t  t en t ion  of your commissioners and gover- 
nors and l e g i s l a t o r s  t o  t ha t  Wnd of thing could be a key f a c t o r  i n  your 
ove ra l l  successf'ul implementation of t he  image processing system. That Wnd 



of d a t a  can b e  more important to them d i r e c t l y  than Images from Lendsat, bu t  
i t  may a l s o  h e l p  them t o  see t h e  impor tance  of image p r o c e s s i n g  and t h e  
technology t h a t  is  associated with it 

With regard t o  software, we can again make the  a n a l q y  with ca r s ,  eepa- 
c i a l l y  i n  the context of f l e x i b i l i t y .  Everyone seem8 t o  take the approach t h a t  
they need t o  bu i ld  t h e  b r i c k  three-holer outhouse with software. The kind of 
f l e x i b i l i t y  you gec from designing a coeple te  system l i k e  t h a t  is des i rab le ,  
but you must consider the cos t  you are incurr ing,  t he  cos t  of maintaining i t ,  
t h e  length of time it takes t o  develop i t ,  and whether o r  not  anybody i s  
ever  going t o  use a l l  of t he  f l e x i b i l i t y .  I am not arguing f o r  a piecemeal o r  
organic approach, r e s u l t i n g  i n  th ings  s t i ck ing  out of a aystem a l l  cwer the  
p lace  as needed, but  again,  unless  you are a regional  center  t h a t  needs a 
general  f l e x i b l e  capab i l i t y  t o  support anyone who walks i n  t h e  door, t o o  much 
f l e x i b i l i t y  may be a bad thing. You must t rade  t ha t  o f f  with ava i l ab l e  pro- 
gramming s t a f f  and complexity of operat ing the system. I f  your p a r t i c u l a r  
operat ing context doesn't allow you t o  f l ex ib ly  allow f o r  new progranming, 
then perhaps you must g e t  i t  a l l  done up f r o n t *  

The t h i r d  component of any system t o  dea l  with information iF an auto- 
mated form is the da ta  i t s e l f :  t he  information t h a t  you a r e  processing. Here 
a g a i n  you a r c  t a l k i n g  about  two v e r y  d i f f e r e n t  ap2roaches ,  depending on 
whether you consider ismge processing only, o r  geographic informa t i o n  systems. 

With regard t o  Image processing, you r e a l l y  need t o  be geocorrecting and 
archiving raw data. You don't want t o  categorize maps from 13 d i f f e r e n t  t apes  
and then t r y  t o  p u l l  them a l l  together  and use t h a t  i n  GIs. You need t o  
a rch ive  the raw da t a ,  because then you have a much more f l e x i b l e  d a t a  source 
t o  operate  from, f o r  modeling f o r  example. Going hand i n  hand with t h i s  
approach is  t h e  requirement t h a t  yo:, cross-rcference from the  s t a r t  v i t h  the 
o ther  da ta  you w i l l  be using. Don't make the  mistake of c r ea t i ng  a huge data  
base, whether it's rew o r  categorized, and not geo-referencing i t  t o  something 
e l s e .  The e a r l i e r  on yo11 do t h i s ,  the  b e t t e r  off you a re .  If you do it with 
the  raw da t a ,  f o r  example, you can very e a s i l y  compare the raw da t a  with 
ground t ru th .  

With regard t o  na tura l  resource da ta  i n  s geographic information system, 
our analogy v i t h  automobiles breaks down. Spare absolutely no expense t o  make 
s u r e  you have good data  i n  your system, because the  f i r s t  time a mistake 
appears publicly i n  t ha t  da ta ,  your program is going t o  go r fgh t  down the 
tubes.  Since t ha t  kind of approach demands that.  what you a r e  going t o  do is 
going t o  cos t  a l i t t l e  money, I would caut ion y f ~ u  t o  a quest ion a d a t a  assump- 
t i o n  t h a t  a l o t  of u s  make v i t h  r e g a r d  t o  n a t u r a l  r e s o u r c e  i n f o r m a t i o n  



- 
syrtemm. Ilrybe you don't need a bmnty-layer pancaka d a t a  b a w  f o r  your 
e n t i r e  state. You map need it f o r  c e r t a i n  f rpo r t an t  r w i o n r  i n  t he  state, but 
you ahould conrider  (1) uhat  i t  is going t o  coa t  you t o  do it, (2)  uhat r-1 
re tu rns  you a r e  going t o  g e t  fram whatever d a t a  you put i n  t h e  system and (3) 
uha t  it's going t o  c o s t  you 10- term t o  cap ture  and maintain that data.  
Decide uhat you r e a l l y  need t o  g e t  from the  system, and what key th iaga  are 
going t o  make t h a t  system 8uccersfuf,  before  you put d a t a  i n t o  it. That may 
vary a g rea t  dea l  depanding on the sire of your a t a t e ,  and the  kind of ia8ue8 
that you are facing. Our s i t u a t i o n  i n  New Jersey i s  no t  a typ ica l  one; we 
have a very smal l  s t a t e ,  land values  a r e  ex t raord inar i ly  high, population 
dens i ty  is the  higheat i n  the  U.S. We've had t o  conrider  a11 there  f a c t o r s  i n  
deciding vhat  d a t a  t o  acquire  f o r  our geographic information rystem, and what 
kinds of remote sensing da ta  a r e  appropr ia te  t o  our image processing system. 
Thoee kinds of f a c t o r s  a r e  going make a l l  the d i f fe rence  i n  vhat  da t a  you 
c o l l e c t  and how you are going t o  use it. 

F ina l iy ,  the  four th  component of any type of system lib t h i s  is the 
people involved. You must make sure  t h a t  t he  people you a r e  working with have 
an environment conducive t o  productive work. You can't t ake  the  t yp i ca l  
compute: da t a  cen te r  approach of having a b ig  g laes  outhouee to show of f  the 
equipment, then you put i n  the tape l i b r a r y ,  keypuncnes, e t  c e t e r a ,  and then 
oh yeah, here's where we can s t i c k  t he  people working on the  system, behind 
t h i s  p i l e  of cardboard boxes. That's no t  the  way t o  dea l  with people with any 
kind of computerized system. It't. c e r t a i n l y  not appropriate  when what you a r e  
t ry ing  t o  c r ea t e  is a hybrid man-machine in te l l igence ,  composed of s k l l l e d  
people who can i n t e r a c t  with machines t o  help understand our enviromnent. 
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ABSTRACT 

Virginia  i n i t i a t e d  implementation of Landsat technology under the  Connnonwealth 
Data Base on t he  f i r s t  day of Ju ly  1980. H i s t o r i c a l  events which l ed  up t o  
t h i s  implementation w i l l  help t o  expla in  a c t i v i t i e s  t h a t  created the  Common- 
wealth Data B a s e  (CDB) concept. The CDB concep -. has enveloped Landsat tech- 
nology i n t o  an in tegra ted  organizat ion of two components: Virginia  Resource 
Information System and the  Econometric Model of Virginia.  But demonstrations 
of Landsat technology i n  Virginia were ac tua l ly  t h e  ca t a lys t  t ha t  created the  
Comnonwealth Data Base concept. 

INTRODUCTION 

This paper describes a b r i e f  h i s to ry  of events which l ed  t o  the  formal imple- 
mentation of Landsat technology i n  Virginia.  It a l s o  explains the  concept 
of the Commonwealth Data Base as i t  is  perceived by the  users  and the  systems 
development task force. Furthermore, i t  covers t he  CDB organization which has 
been establ ished t o  implement the CDB concept i n  Virginia .  It does not  include 
the technical  aspects  of the systems development f o r  the  CDB. 

HISTORY OF CDB AND LANDSAT IMPLEMENTATION 

Separate series of a c t i v i t i e s  evolved i n  Virginia  before the formal organiza- 
t i o n  w a s  es tab l i shed  f o r  systems development of the  CDB. Those separa te  
s e r i e s  of a c t i v i t i e s  were events t h a t  evolved i n t o  remote sensing appl icat ions 
f o r  na tu ra l  resources,  remote sensing demonstration pro jec ts  i n  Virginia ,  and 
econometric modeling of Virginia.  

F i r s t ,  a recapi tu la t ion  of s i g n i f i c a n t  events t ha t  led t o  f o m a l  organizat ion 
f o r  remote sensing appl icat ions follows. P r i o r  t o  1974 chere were numerous 
s t a t e  agencies and un ive r s i t i e s  t h a t  cooperated with NASA and o ther  f ede ra l  
departmrnts i n  programs which u t i l i z e d  remote sensigg da t a  from Landsat s a t e l -  
lites and a i r c r a f t .  I n  ear ly  1974 the  Division of S t a t e  Planning and Community 
Affa i r s  defined a statewide resources information system, b u t  i n  Ju ly  of 1976 
a reorganization of the s t a t e  government discontinued these e f f o r t s .  Subse- 
quently i n  1976 and u n t i l  1978 numerous meetings were held t o  br ing  remote 
sensing i n t o  Virginia ,  but no s i n g l e  formaJ. organizat ion took place u n t i l  
19'8, In  1978 the  General Assembly created a J o i n t  Subcomnittee t o  study 
development of a Virginia  Resource Information System (VARIS). On May 9,  
1978 the  Secretary of Commerce and Resources and Warren Hypes of NMA organized 
an Executive Branch Task Force on the Virginia  Resorlrces Information System. 



Second, an objec t ives  l i a t i n g  of temote sensing demonntraticm project6 t h a t  
were i n i t i a t e d  t o  t r ans fe r  m o t e  sensing technology t o  the Coamonwealth of 
Virginia  are as follows: 

Thermal Plume Detection and Quantif icat ion - object ive was t o  demonstrate 
remote sensing f o r  rout ine monitoring of the  thermal e t ruc tu re  of a l a rge  
sec t ion  of a r i ve r ;  

Forest C la s s i f i ca t ion  us in^ Lmdsat  - objec t ive  was a Level 11 f o r e s t  
c l a s s i f i c a t i o n  of an e n t i r e  county: 

Coniferous Biomass Assessment - object ive was t o  produce vegetat ive 
c l a s s i f i c a t i o n  inventory espec ia l ly  of coniferous vegetation of a regional  
a r ea  by use of Landsat remotz sensing; 

Watershed Change Detection - objec t ive  is t o  produce v i a  Landsat a Level I - 
land cover map and da t a  f o r  a watershed which is t o  be combined with s o i l s  
and other  descr ip t ive  da ta  f o r  predict ing th rea t s  t o  water qua l i t y ;  

Land UseiLand Cover Class i f ica t ions  - object ives  a r e  a Level I land cover 
map of two counties ,  a Level I1 l a i d  cover map of fo re s t  and agriculture 
c l a s s i f i c a t i o n  f o r  se lec ted  a reas ,  and an accuracy assessment of Landsat 
c l a s s i f i c a t i o n  compared t o  a i r c r a f t  remote sensing c l a s s i f i c a t i o n s ;  

Mined Land - Reclamation Assessment - object ive was t o  produce from Landsat 
da t a  separa te  land cover maps from 1974 and 1978 d a t a  on two study areas ,  
tollowed by a change de tec t ion  map f o r  the two study areas s h w i n g  land 
cover changes ; 

In tegra t ion  of Landsat Data and Geo-Based Information System - object ive 
was t o  demonstrate automated in t eg ra t ion  of Landsat da t a  and o ther  geo- 
based data .  

The t h i r d  s e r i e s  of a c t i v i t i e s  r e l a t i n g  t o  the CDB and spec i f i ca l ly  t o  the  
econometric modeling of Virginia a r e  summarized as follows. On May 2,  1978 
the Commissioner of Taxation submitted a posi t ion paper t o  the  Secretary of 
Administration and Finance proposing t o  bui ld  an Econometric Model of Virginia .  
In  June 1978 the Cabinet recornended t h e  Econometric Model t o  the  Governor. 
On Ju ly  11, 1978 the Governor charged the Secretary of Administration and 
Finance t o  implement the Econometric Model of Virginia.  In Ju ly  1978 a t a sk  
force was formed. I t  completed the study of an econometric model and se l ec t ed  
a vendor t o  bui ld a model i n  November 1979. 

The l a s t  s ign i f i can t  s e r i e s  of events merged the  Econometric Model concept 
and VARIS concept i n t o  a s ing le  pro jec t .  These events took place i n  the  
following chronological sequence. On December 12, 1979 the  Secretary of Ad- 
minis t ra t ion  and Finance suggested t h a t  the Econometric Model had need f o r  
resources information and tha t  a s l n g l e  e f f o r t  of the two concepts be con- 
s idered.  In March 1980 the Generdl Assembly approved funds f o r  the Econo- 
metric Model and the VARIS project  i n  the Department of Taxation Budget f o r  



t he  biennium 1980-1982. In  May 1980 t h e  Secretary of Administration and Finance 
gave t h e  au thor i ty  and r e spons ib i l i t y  t o  t he  Commissioner of Taxation t o  proceed 
with t he  pro jec t .  On June 2, 1980 the  Commonwealth Data Base Task Force w a s  
organized by the  Conmissioner of Taxation and given a cha r t e r  t o  proceed with 
Phase I (Problem Defini t ion)  of systems development f o r  t he  CDB. 

CDB CONCEPT 

There a r e  two d i s t i n c t  CDB concepts. The users  perceive i t  a s  a ready source 
of n a t u r a l  resource,  economic, and demographic information presented v i a  images, 
graphics,  o r  statistics with some da ta  needs. In  con t r a s t ,  tt'e systems develop- 
ment t a s k  force concept is a set of not ions which must be an:,lyzed, designed, 
and implemented cohesively to s a t i s f y  t h e  users '  concept ar.d requirements with 
the  d o l l a r  and t i m e  cons t ra in t s  s e t  by management. 

F i r s t ,  t he  user  concept must be turned i n t o  requirements t o  be m e t  i f  t h e  CDB 
p ro j ec t  is t o  be  successful .  The requirements vary among the  users .  Although 
the  users  a r e  addressed co l l ec t i ve ly  as  a generic  user ,  they must a l s o  be  
recognized as th ree  d i s t i n c t  types. These types include agencies,  planning 
d i s t r i c t  commissions, and l o c a l i t i e s .  Loca l i t i e s  a r e  count ies  and th3se 
c i t i e s  which have a separa te  government from tha t  of t he  county i n  which 
they reside.  

The scope of user  informational requirements has been constrained t o  n a t u r a l  
resources,  economic, and demographics. However, the  form i n  which t h i s  in- 
formation w i l l  be produced va r i e s  from images t o  s t a t i s t i c s ,  which represent  
measurements of some phenomenon usual ly  over t i m e  o r  i n  comparison t o  some 
o ther  recognized phenomenon o r  a r t i f i c i a l  i n t e l l i gence .  Likewise, the  mediums 
on which the informational  requirements a r e  t o  be del ivered t o  t h e  user  include: 
hard copies of s t a t i s t i c s ,  images, graphics ,  maps, cathode ray tube (CRT) on 
l i n e ,  o r  j u s t  a magnetic tape f o r  sabsequent processing o r  modeling. 

An add i t i ona l  user  requirement is da t a  which include s p a t i a l  references such 
as Landsat, o the r  remote sensing da t a ,  d i g i t i z e d  geo-based and geo-pol i t i ca l  
da ta ,  and a l s o  desc r ip t i ve  s t a t i s t i c s .  Sources of da ta  from Landsat o r i g i n  
have been c l ea r ly  defined, but  the  o the r  sources a r e  being determined i n  
Phase 111 (Requirements Defini t ion)  of the  CDB systems development cycle.  

Next, the  systems development concept i n i t i a l l y  cons is t s  of numerous and 
d i s t i n c t  not ions which must be  analyzed and designed i n t o  an order ly  concept 
based on user  requirements, a v a i l a b i l i t y  of systems technology and/or da t a ,  
plus  budgetary and temporal cons t ra in t s .  Each notion w i l l  be d e a l t  with 
separa te ly  and co l l ec t i ve ly  during the  systems development l i f e  cycle.  A 
formal methodology f o r  t h i s  systems development w i l l  be u t i l i z e d .  

This methodology breaks d m  the CDB systems development process i n t o  t en  
d i s t i n c t  phases and within each phase descr ibes  the  tasks  which must be 
completed. A t  the  end of each phase, t he  f a c t s  a r e  compiled, a formal docu- 
ment published of t h e  phase f indings and recommendations, and then d i s t r i b u t e d  
t o  the  user  and S teer ing  Comnittee (SC) f o r  review. Af te r  the  SC is s a t i s f i e d  
with t he  r e s u l t s ,  a s t a f f  copy of the phase document is sen t  t o  the Management 



Review Camnittee f o r  approval/disapproval. In  the  meantime, the  task  force 
plane f o r  and s t a r t e  a subsequent phase, while the  usera and Steering C d t t e e  
review the  published phase docunent. 

Within the above concepts, h is tory ,  and mandate, the Componwealth hes organized 
i t s e l f  (CDB Organization) t o  accommodate carrying out the systems development 
l i f e  cycle of the CDB and t o  implement the use of Landsat technology t o  meet 
the  needs of the user. It must be pointed out here tha t  the concept of the 
ustr is not limited t o  government but  includes the  pr iva te  sector .  

CDB ORGANIZATION 

Organization of a task force and a control  group i n i t i a t e d  the  systems develop- 
ment e f f o r t  of the  CDB which include Landsat technology as an i n t e g r a l  pa r t  
of CDB. I n i t i a l l y ,  members assigned t o  the  task force organized a l l  par t ic i -  
pants f o r  systems developoient and users i n t o  a formal organization. Next a 
control group w a s  created t o  give overa l l  guidance fo r  the projec t ,  user rep- 
resentat ion,  and technical  assistance t o  the task force. 

The control group consists  of a Management R e v i e w  Comnittee (MRC), a Steering 
Committee (SC), and Technical Review Group (TRG). The CDB Task Force provides 
administrative and coordinating support t o  the committees of t h i s  control group. 

The MRC consists  of representatives from two cabinet secre tar ies :  the  Secre- 
ta ry  of Administration and Finance and the Secretary of Connnerce and Resources. 
The chairman of the  MRC is  the Commissioner of the  Department of Taxation. 
Legislat ive representatives from the  House Agriculture, Senate Agriculture, 
and House Appropriations Conunittees serve i n  a l eg i s l a t ive  l iaiqon capacity 
t o  the MRC. 

The chartered mission of the  MRC is t o  provide overa l l  project  control and 
d i rec t io r~s  f o r  the CDB project.  Some of i ts spec i f i c  responsib i l i t ies  are 
approval/disapproval of a l l  systems development phase documents, i n i t i a t i o n s  
of the  Steering Committee and the  Technical Review Group, and a lso  approval/ 
disapproval of contracts with vendors and other s t a t e  agencies. 

The Steering Cammittee (SC) of the control group consists  of user  representa- 
t ives  of a l l  potent ia l  CDB users. Like the MRC, the SC has l eg i s l a t ive  
l i a i son  members assigned from the s t a f f  of the Senate Finance Committee and 
House Appropriations Committee. 

The SC is the primary in ter face  between the task force and users of the CDB. 
An at- large user representative selected by the M C  serves as the SC chairman. 
In addition, the  SC makes recommendations t o  the MRC fo r  member replacements 
as positions are  vacated. Its mission is t o  represent the CDB user canmunity, 
review a l l  systems development phase documents presented by the CDB task force,  
and present the reviewed phase documents to  the MRC f o r  approval. 

The th i rd  unit  of the control group is the Technical Review Group (TRG). It 
is the technical assistance group for  the CDB project  and consists  of technical  
experts. In addition t o  econamic, s c i e n t i f i c ,  and systems exper t i se ,  l ega l  



counsel i e  made available by the  TRG. Their spec i f i c  responsib i l i t ies  include: 
review of a l l  s t a t e  and vendor proposals from a technical  viewpoint, review 
systems development phase documents, review CDB contracts ,  and provide techni- 
c a l  consultation whenever required. 

The CDB Task Force is par t  of the t o t a l  CDB organization and in ter faces  with 
the control group. It is responsible f o r  s t a f f ing  each phase of the CDB 
project.  CDB Task Force control  irnd appointment of the  Task Force members 
resides with the Department of Taxation. The Commonwealth Tax Canmissioner 
appoints members t o  the Task Force depending upon s t a f f i n g  needs of each 
phase, continuity of the project  a s  a whole, and budgetary constraints .  
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ABSTRACT 

This demonstration p ro j ec t  examines t he  u t i l i t y  of Landsat at t he  county and 
l o c a l  government leve l .  More prec ise ly ,  t h i s  p ro j ec t  dea l s  with t h e  updating of 
t he  New York S t a t e  Land Use and Natural Resources (LUNR) maps, valuable  planning 
and development t o o l s  u t i l i z e d  by county governments. Both t h e  f e a s i b i l i t y  of 
producing these  maps and t h e  t r a n s f e r a b i l i t y  of them t o  t h e  cour~ty government 
l e v e l  a r e  evaluated i n  t h i s  in te r im repor t .  The study a r ea  i s  Schoharie County, 
New York. 

INTRODUCTION 

This demonstration p ro j ec t  is designed t o  eva lua te  t h e  u t i l i t y  of operation- 
a l  appl ica t ions  of Landsat t o  county and l o c a l  governments. More s p e c i f i c a l l y ,  
t h i s  p ro j ec t  explores  the  p o t e n t i a l  use of Landsat f o r  updating the New York 
S t a t e  Land Use and Natural Resources maps, valuable  planning and development 
t oo l s  f requent ly  used by county governments. I f  success fu l  r e s u l t s  a r e  obtained, 
the  updated maps m:: pave the  path f o r  regular  use of Landsat technology at the 
county l e v e l  i n  New York S ta te .  The projeci: cen te rs  on Schoharie County which 
i s  s i t u a t e d  i n  the  Ca t sk i l l s .  Work on the  p ro j ec t  i s  being conducted p r inc ipa l ly  
by the  Department of Geography, SUNY College a t  Oneonta. This paper i s  an 
in te r im repor t  on t h i s  p ro jec t  ou t l i n ing  i ts background, progress ,  and po ten t i a l  
success. 

BACKGROUND 

In  1966, the l a t e  Governor Nelson Rockefeller d i rec ted  the  New York S t a t e  
Off ice  of Planning Coordination t o  develop a comprehensive land use and n a t u r a l  
resource inventory of the e n t i r e  s t a t e .  ( re f .  1) This inventory was given the  
acronym, LUNR. Data f o r  t he  LUNR inventory were based on a e r i a l  photography 
taken i n  1967 and 1968 of ups ta te  New York and i n  1969 and 1970 of Long Is land  
and IJew York City.  From these photographs, land uses were mapped on t ransparent  
f i lm  overlays,  using the standard U. S . Geological Survey 7% minute quadrangle as  
the  base. The land use overlay maps were made a t  t he  s c a l e  of 1:24000. 

*Project i s  being supported by a cont rac t  (NAS5-2596?) from NASA Eastern 
Regional Remote Sensing A ~ p l i c a t i o n s  Center. 
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Land use data f o r  the inventory were divided in to  two types: area and 
point data. Two overlay maps, one fo r  area m d  th9 othe? fo r  point data,  were 
made t o  correspond i n  coverage aud sca le  t o  each of the  74 minute USGS map8 
within the state. Area land uee maps delineated dl the  land within the  state 
according t o  51 categories, with boundaries defined by use. Point land we maps 
designated by symbol the spec i f i c  locat ion of 68 d i f fe ren t  types of land rue, 
A t  the county level ,  the area  land use maps have proven t o  be much more ueable 
than the point maps because they have provided information not readily available.  
Point information has been eas i ly  obtainable from other sources. 

From the information on these maps a computerized geo-data base was ccn- 
s t ruc ted  fo r  the s t a t e .  The data  baee was structured on the Universal Transverse 
Mercator (UTM) grid with a c e l l  resolut ion s i z e  of one square kilometer o r  247.1 
acres. Land use data  were recorded e i t h e r  a s  a percentage of the t o t a l  c e l l  area 
o r  as the number of occurrences within a c e l l .  Two computer programs were 
designed t o  analyze and t o  displav information from the  data baee. Thin data  
base has been used primarily a t  tLre state government l eve l  ra ther  than the county 
o r  l o c a l  level .  A t  the loca l  gove,?lment level  the c e l l  s i z e  has been too  l a rge  
fo r  most applications. Also, the a l e  program requires a knowledge of how t o  
formulate sophisticated, quant i ta t ive  models, a subject about which few county 
o f f i c i a l s  have any famil iar i ty.  

In 1972, the Temporary S t a t e  Commission t o  Study the Catski l l s  was eatab- 
l ished by the  s t a t e  legis la ture .  One of the chargee of t h i s  c o d s s i o n  w a s  t o  
analyze land use conditions i n  the seven-county area designated as the Catski l ls .  
Schoharie County w a s  included as par t  of the seven-county area. Based on aerial 
photographs taken i n  1973, updated LUNR maps were made of the region. Thus, the  
C o d s s i o n  w a s  able t o  compare the 1968 arid 1973 maps, a f ive-year in terval .  
The geo-data base was not updated. In  1976, the  Commission w a s  dissolved with 
no plans f o r  updating LUNR maps i n  the future. 

Even though many local  governments have expressed a des i re  t o  have new LUNR 
maps and many s t a t e  agencies have s t a t ed  a strong need f o r  an updated geo-data 
base, the  high costs  of acquiring a e r i a l  imagery fo r  the e n t i r e  s t a t e ,  of 
in terpre t ing  the photography, and of manually draf t ing  the maps and enter ing  
information i n t o  the geo-data base make it  impossible t o  maintain the  LUNR 
system. Consequently, one of the major objectives of t h i s  demonstration project  
is t o  determine the effectiveness of Landsat i n  updating the  LUNR system, i n  
par t icular  the maps because of t h e i r  u t i l i t y  a t  the county government level .  

In  1975 the Schoharie County Planning and Development Agency and the 
Department of Geography a t  SUNY College at Oneonta entered i n t o  a cooperative 
arrangement cal led the Schoharie County Cooperative Program (SCCP) . Under t h i s  
program several  major projects  have been undertaken by the  Department of 
Geography fo r  the county. One major project  w s e  the development of a county- 
wide automated geographic information system. ( r e f .  2) Thia information system 
contains t e r ra in ,  s o i l ,  cu l tura l ,  and land use data  by Un l/16km2 grid ce l l s .  
Land use data  were obtained from the 1973 LUNR maps. This geo-data base is very 
s imi lar  i n  s t ruc tu re  t o  the LUNR data base but it  has a smaller cell si te and 
addit ional  variables. Land use information generated from t h i s  demnst ra t ion  
project  w i J . 1  be used t o  update the Schoharie County geo-data base making it 
possible t o  evaluate Landsat for  such a task. 



PROGRESS 

The f i r e t  s t e p  under t h i s  pro jec t  was t o  s e l e c t  an appropriate  Lurdeot 
scene. Since the LUNR inventories  were conducted i n  1968 and 1973, county o f f i -  
c i a l s  expressed a d e s i r e  t o  maintain the  five-year i n t e r n a l  between inventor ie r  
which made i t  necessary t o  acquire a 1978 scene. Like much of the  Northeast, 
Schoharie County is located i n  a hilly-mount.inoue region where considerable 
cloud cover e x i s t e  throughout most of the  year. This condiLion makes i t  extreme- 
l y  d i f f i c u l t  t o  f ind  a workable scene. A November 2nd scene w s e  se l ec t ed  
i n i t i s . 1 1 ~  because it was the  only cloud-free da t a  s e t  with high qua l i t y  r a t i ngs  
i n  a l l  four  bands. However, at tha t  time of t he  year t he  eun angle w a s  low 
crea t ing  ehadcw conditions on west facing sloperr and high re f lec tance  areae on 
e a s t  facing slopes. A va r i e ty  of r a t i o ing  techniques were employed i n  an attempt 
t o  r e c t i f y  t h i s  s i t u a t i o n  ba t  l i t t l e  success w a s  obtained. In  addi t ion,  t he  time 
of year w a s  not  the bes t  f o r  de tec t ing  a g r i c u l t u r a l  pat terns .  Later,  two o ther  
scenea were acquired, one f o r  August 22 and the o ther  f o r  September 9. The 
August scene had r a t ings  of "8" i n  a l l  four  bands but some small clouds ex is ted  
i n  the  upland areas  of the county. The September scene wae cloud f r e e  but  had 
only average r a t ings  i n  two bands. A t  present ,  work is  concentrated mainly on 
the August scene. The small  clouds a r e  being cosmetically removed a t  the  c l a s s i -  
f i c a t i o n  stage. 

After  a scene has been se lec ted ,  the  processing s t age  is  s t a r t e d .  The 
Department of Geography a t  SUNY College a t  Oneonta has developed i ts  own computer 
system f o r  analyzing mul t i spec t ra l  data.  K n m .  as t h e  Landsat Analysis Package 
(LAP), the system has been developed by combining a var ie ty  of methods employed 
i n  o ther  systems and by c rea t ing  some new techniques. ( re f .  3) The i n i t i a l  s t e p  
under the  LAP system is t o  des t r ip  and reformat a scene. Frequently, spec i a l  
software mst be wr i t t en  t o  remove unusual da ta  i r r e g u l a r i t i e s .  Once the  da t a  
have been r e c t i f i e d  and reorganized, a modified version of the  technique known 
as  SEARCH is used t o  c r ea t e  t r a in ing  f i e ld s .  This technique was o r ig ina l ly  
developed by NASA's Earth Resources Laboratory. ( r e f .  4) SEARCH is  unsupervised 
i n  approach t o  the extent  tha t  t r a in ing  f i e l d s  a r e  automatically se lec ted  but 
the  s t a t i s t i c s  generated a r e  based on the  supervised approach, S t a t i s t i c a l l y  
s imi l a r  t r a in ing  f i e l d s  a r e  merged t o  form s p e c t r a l  c lasses .  The s p e c t r a l  
c lasses  are used i n  conjunction with the maximum l ikel ihood c l a s s i f i c a t i o n  
technique t o  c l a s s i f y  each p ixe l  within the  study area.  Each p ixe l  i s  assigned 
t o  a s p e c t r a l  c l a s s  and each spec t r a l  c l a s s  is r e l a t ed  t o  a land cover c lass .  
Several s p e c t r a l  c l a s se s  may be grouped together  t o  form one land cover c lass .  

With t h i s  pro jec t  the d i f f i c u l t  task has been t o  develop land cover c l a s se s  
which correspond t o  the land use c l a s se s  used under the  LUNR inventories .  The 
LUNR land use def in i t ione  a r e  based mainly on a i r  photo techniques; thus,  the 
same techniques a r e  being u t i l i z e d  t o  ass ign  land cover c l a s se s  t o  specera1 
classes .  Aeriai photographs of se lec ted  areae within the  county are being used 
t o  i den t i fy  land use conditions based on the  LUNR def in i t ions .  These land use 
pa t te rns  a r e  then compared t o  the spec t r a l  c lasses  t o  determine the land cover 
claeees. Surprieingly, the  spec t r a l  c lasses  generated w i t h  t he  August scene 
have produced good land cover c lasses  i n  t e r m  of  corresponding t o  t he  LUNR 



c lmees .  However, soam LUNR c lasses  relate t o  topographic condit ions such ur 
h i l l  farm land versus val ley farm l m d .  Theae c m d i t i o n s  are not  e a s i l y  d i f fe r -  
en t ia ted  using Landsat spec t r a l  data. To overcona t h i s  pmbleoa, terrain d a t a  
from the Schoharie County sea- data  base a r e  being aerged with t h e  s p e c t r a l  d a t a  
t o  form a reven-channel da t a  s e t .  Hopefully, t h i s  new d a t a  set w i l l  p n e r a t e  
more divergent spec t r a l  c lmeas .  Work is present ly being done on developing t h e  
merging techniques. 

Once an acceptable c l a s s i f i ca t ion  has been developed, the  subacme covering 
Schoharie County w i l l  be geowt r i ca l ly  correctad and rettcaled t o  relate t o  the  
74 minute USGS quadrangle maps. Employing a d i g i t a l  p l o t t e r ,  land cover u p s  
w i l l  be plot ted onto a a y l a r  surface. These maps w i l l  be similar t o  the  LUNR 
maps i n  appearance. Mylm, a durable mapping surface,  is a transparent  ' f i lm  
making it possible  t o  overlay the l m d  covet maps on the county's topographic 
and s o i l  maps. This o w r l a y  a b i l i t y  w i l l  a l l a v  county o f f i c i a l s  t o  note  s p a t i a l  
re latfonships between t e r r a in ,  s o i l ,  and land cover. Also, the mylar w i l l  perait 
~ x c e l l e n t  blue p r in t  copies of the land cover maps t o  be made. The blue p r i n t  
copies w i l l  be w e d  as work maps f o r  a var ie ty  of purposes. These land cover 
maps w i l l  be d i f f e r en t  from the LUNR maps i n  two ways. F i r s t ,  due t o  the s i z e  
and shape of the  p ixe ls  the land cover pa t te rns  on the urps w i l l  be block-like 
in  appearance. Second, because point da t a  a r e  impossible t o  de t ec t  v i t h  t h e  
Landsat resolut ion,  only a rea  da ta  a r e  being c l a s s i f i e d  and mapped. Consequent- 
l y ,  one land cover map w i l l  be developed f o r  each 74 minute USGS quad r a t h e r  
than two maps which was the case under the LUNR inventories.  The elimfnation of 
the point data  maps is not perceived as a major problem. A s  previotmly indi- 
cated, the county government o f f i c i a l s  a r e  much more in t e re s t ed  i n  the  a r e a  land 
w e  information than point information. 

POTENTIAL SUCCESS 

A considerable amount of e f f o r t  has been directed towards t r ans fe r r ing  
Landsat technology t o  s t a t e  and multi-state governments. Such e f f o r t  is only 
now beginning L O  appear with respect t o  l o c a l  governments. No question e x i s t s  
about the need fo r  up-to-date land use information by loca l  governments. The 
t e a l  questions are: "Can Landsat f u l f i l l  t h i s  need?" and i f  so ,  "How can t h i s  
technology be t ransferred t o  a l o c a l  government?" The products generated under 
t h i s  project  w i l l  help answer the f i r s :  question. The second question, however, 
w i l l  be harder t o  answer s ince t r ans fe rab i l i t y  w i l l  be determined nore by 
f ' m n c i a l  and human considerations than by technical  r e su l t s .  

Except fo r  urban fr inge areas most la rge  c i t i e s  have up-to-date geo-data 
bases which can be used t o  c rea te  more accurate and b e t t e r  de t a i l ed  land use 
maps than can be produced from ex i s t i ng  Landsat sys t em.  Landsat's g rea t e s t  
po ten t ia l  a t  the loca l  government l eve l  is i n  tk- r u r a l  areaa where la rge  t r acks  
of homogeneous land use e x i s t  and where s p e c t r a l  da t a  t ru ly  r e f l e c t  ac tua l  land 
cover ra ther  than indicate  i t  by inference. Although Landsat has lmch t o  o f f e r  
rural ,  locnl  governments, a couple of major i ssues  must be examined before 
measuring the succebs of the technology t ransfer .  

F i r s t ,  l imited f inanc ia l  and human resources a t  the l o c a l  government l eve l  
make i t  d i f f i c u l t  t o  i n s t a l l  and maintain the needed syscems t o  analyze and 



d i s p l a y  Lurdaat  imagjery. True, t h e  c a s t s  o f  hardware and sof tware  are d e c n a s -  
it;g, and l w - c o s t  computer e y s t e w  designed s p e c i f i c a l l y  f o r  ana lyz ing  Landsat 
d a t a  are being developed. However, a f i v e  o r  t e n  thousand d o l l a r  Investment is  
a t i l l  a la rn  commitment f o r  a r u r a l ,  county government and most low-cost systems 
are btr r l t  ,n t h e  b lack  box concept of a l lowing a u s e r  t o  put  d a t a  i n  and g e t  new 
d a t a  o:rt but. never t o  e x p l a i n  how t h e  d a t a  are analyzed i n  t h e  box. I n  addi t io t .  
t o  acqui t i n g  a s y s  tea t h e  l o c a l  government f a c e s  t h e  problem of  h i r i n g  a remote 
s e n s i n g  s p e c i a l i s t  and of keepivg t h i s  person t r a i n e d  i n  t h i s  r a p i d l y  changing 
f i e l d .  Such casts are n o t  f e a s i b l e  f o r  most l o c a l  governpents. 

Thus, t o  u t i l i z e  Landsat techrtology, most county governnents w i l l  f i n d  it 
neces-aty t o  o b t a i n  o u t s i d e  help.  Such h e l p  can come from s e v e r a l  sources .  One 
source  might be a state agency which has developed t h e  requ i red  remote s e n s i n g  
c a p a b i l i t i e s .  Local and s t a t e  agencies  might work t o g e t h e r  but  f requen t ly  such 
r e l a t i o n s b i p s  a r e  a n t a g o n i s t i c .  Often t h e s e  s t r a i n e d  r e l a t i o n s h i p s  e x i s t  because 
l o c a l  governments are forced :o meet r e g u l a t i o n s  mandated by t h e  state govem- 
xent.  Many times t h e  r e g u l a t i o n s  r e l a t e  t o  t h e  u t i l i z a t i o n  of r u r a l  land.  Also, 
state agencies  g e n e r a l k -  must view i s s u e s  from a l a r g e r  scale than l o c a l  agencies  
r e s u l t i n g  a t  times i n  r e g u l a t i o n s  considered i r r e l e v a n t  a t  a county l eve l .  I n  
f a c t ,  manv r u r a l  l o c a l  gcvernmnts  might n o t  e v e r  c o l l e c t  land use d a t a  i f  such 
d a t a  were not  requ i red  f o r  va r ious  state and f e d e r a l  p rogram.  Another source  
of remote sens ing  a s s i s t a n c e  f o r  l o c a l  governments would be t h e  u n i v e r s i t i e s .  
However, l a r g e  u n i v e r s i t i e s  u s u a l l y  emphasize resea rch  over  p u b l i c  service work 
and smal l  un ivers i  ttes commonly do n o t  possess  t h e  t-esources t o  perform t h e  work. 
F ina l ly ,  a l o c a l  government might pay a p r i v a t e  company t o  do t h e  work. This 
o p t i o n  is of ten t imes  too  expensive f o r  a l o c a l  government. Each of these  sources  
of remote sens ing  h e l p  has  c e r t a i n  b e n e f i t s  and c e r t a i n  l i a b i l i t i e s  from t h e  
l o c a l  governmect's pe r spec t ive .  Each l o c a l  governn-nt needs t o  have t h e  o p t i c n  
of s e l e c t i n g  t h e  hezp i t  wants and no state o r  f e d e r a l  model should bc imposed. 

I n  t h i s  demonstration p r o j e c t  the  county and the  c o l l e g e  have a long and 
good working r e l a t i o n s h i p .  Products  generated through t h i s  r e l a t i o n s h i p  ~ m d e r  
various p r o j e c t s  have heen reviewed by t h r e e  o t h e r  coun t ies  i n  the  region and 
these  coun t ies  a r e  now exp lor ing  ways t o  have s i m i l a r  products  produced f o r  
them. Hopefully,  t h i s  d i f f u s i o n  process  w i l l  involve t h e  land :--e maps c r e a t e d  
tindcr t h i s  p r o j e c t .  Also, Schoharie Countv is co:lsidcring updating i ts land 
use inventory %gain i n  lo83 hased on t h e  success  of Landsat D and D'.  Conse-. 
quent ly ,  the p o t e n t i a l  success  of t r a n s f e r r i n g  t h i s  technology looks good as 
long as success  is measured by t h e  use of Landsat and no t  bv t h e  i n s t a l l a t i o n  
of s o p h i s t i c a t e d  svstems t o  analyze the  d a t a .  

A second i s s u e  r e l a t e d  t o  technology t r ~ n s f e r  d e a l s  wi th  g e t t i n g  l o c a l  
government o f f i c i a l s  and dec i s ion  makers t o  accept  t h e  i d e a  t h a t  mt l l t i spec t ra l  
d a t a  from a s a t e l l i t e  can he used t o  d e t e r n i n e  accura te ly  land cover  cond i t ions .  
1i1 terms of the  t r a d i t i o n a l  a e r i a l  plloto i n t e r p r e t a t  ion methods, manv people 
can look a t  an a e r i a l  photograph and i n h e r e n t l y  grasp how land use informat ion 
might he e x t r a p o l a t e d  from it. Iiowever, suc11 inherent  unders tanditig general '?  
does no t  e x i s t  with s a t e l l i t e  m u l t i s p e c t r a l  d a t a  especiall :? when used i n  con- 
J r ~ n c t i m  with sop t l i s t i ca ted  computer and q u a n t i t a t i v e  techniques .  Pec7ple a r e  
cur ious  and mvstiCied by a l l  the  Buck Rogers tvpe technology but they .Ire no t  
s u r e  i f  thev t r u s t  t h e  r e s u l t s  from i t .  Understanding and a p p r e c i a t i n g  t h i s  



i s sue  is vary irportmt to t h e  success of t r ans fe r r ing  W a a t  technolog~r t o  tlcl 
local g o w r n m n t  level. In  r u r a l  couat iea many of t he  o f f i c i a l s  and deciaioa 
d t e m  are people of the  l a d .  Ihus, they are re luc t an t  about u k i a g  a y  
decialoas coacerning t h e  land baaed m technology which they do no t  f u l l y  uader- 
stand, espec ia l ly  decis ions r e l a t i n g  to  land evaluation, aud thereby, poscrible 
con t ro l  and taxation. Since many of  t h e  dec is ions  which they nrc.t make relate 
t o  state and federa l  regulat ioas ,  they are pa r t i cu l a r ly  skeptic* 1 .bout u t i l i r i o g  
any new, unknown technology. They already v i w  many of t h e  state and federa l  
regula t ions  as bene f i t t i ng  the  urban areas at  the  expense of the rural land. I n  
one respect  they perceive t t i e s ~ e l ~ e ~  i n  an ongoing strumls with the  forces  of  
u r b a n i u t f , ~ ,  and c a p u t e r s  an6 satellites are considered weapons produced by 
the  urban landscape. Thus, one arsr be s e n s i t i v e  t o  these fee l ings  when t r y i a g  
t o  introduce Lmdsat technology i n t o  the  decision-making realm of t he  rural 
enviroaran t . 

I n  terms of t h i s  demonstration pro jec t ,  t he  county planner and personnel 
f r m  h i s  o f f i c e  have been given several one-day courses on how a u l t i s p e c t r d  
d a t a  are analyzed and s a t e l l i t e  im~gery is obtained. The purpose of these  
courses is not  t o  aake remote sensing e p e c i d i s t s  o r  even genexal ana lys t s  art 
of these people but t o  provide ti- with a l e v e l  of understanding s o  t h a t  they 
are comfortable with products generated  sing Landsat technology and are ab le  to 
recognize both the a s a e t s  and l i a b i l i t i e s  of t he  system. These indiv idua ls  w i l l  
becone a huwn in t e r f ace  between t he  s p e c i a l i s t s  a t  the  coi lege and o ther  local 
governnent o f f i c i a l s .  Both the  planner and t h e  a s s i s t a n t  planner have  fan^^ i n  
the  county making them people of the  land. Local a f f i c i a l s  and decis ion rakers 
are maze l i k e l y  t o  use products created by Landsat i f  they sense t h a t  some of 
t h e i r  awn people h a w  some understanding about it. Spec ia l i s t s ,  espec ia l ly  
those f r u a  a univers i ty  environment, w i l l  be viewed frequent ly as outs iders ,  and 
although they would receive due cans idera t ian  by a town zoning board o r  t he  
county board of representa t ives  f o r  t h e i r  e f f o r t  i n  c r ea t ing  land cover maps, 
t h e i r  products may see l i t t l e  ac tua l  use. The approach out l ined  here f o r  in t ro-  
ducing Landsat technology a t  the  county government l e v e l  has worked well  i n  the 
pas t  on o ther  pro jec ts  between the col lege and the  county and appears t o  be 
working successful iy  on t h i s  project .  Only time w i l l  determine haw successful  
t h i s  approach has been. 

Ti;fs inter im report  has described the  background, progress,  and po ten t i a l  
success of t h i s  l o c a l  government denonstrat ion project .  Thia, pro jec t  is a t t eap t -  
iirg, w i t h  a new technology, t o  continue an e x i s t i n g  land inventor j ,  a d i f f i c u l t  
task. The land cover maps and the county geo-data base should be updated by the 
end of the  year. The po ten t i a l  succeas of t h i s  pro jec t  w i l l  be determined by 
how the generated products a r e  accepted and used. Although a t  t h i s  t i e  a high 
probabi l i ty  of a successful  pro jec t  e x i s t s ,  only tine, a s  previously s t a t ed ,  w i l l  
determine rhr overa l l  success of the  project .  
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ORKIiNAL PA@€ IS 
OF POOR Q U W  

THE EVALUATION OF ALTERNATE FlETHODOtOGlES FOR LARD COVER 
CLhSS f F l CAT l OFI 1 N AM URBAN 12 l tJG AREA 

Robert f4. Smekof sk i 
Land !4anagenlunt l nformat ion  Center 

Minnesota S ta te  Planning Agency 

The ;! i nnesota State P l ann i ng P.qency '('!SPA 1 i s in te res ted  i r! t h e  
usefulness o f  Lsndsat i n  c l a s s i f y i n g  land cover and i n  identifying and 
c l a s s i f y  inq  land use change. A p i  l o t  study was undertaken us ing an 
u rban i t i ns  area as t h e  study area. The quest ion o f  what was t he  bes t  
technique f o r  c l a s s i f i c a t i o n  became a pr imary focus o f  t h e  study, The 
study, a cooperat ive e f f o r t  between EROS Data Center, the  V n i v c r s i t y  o f  
P , i i  nnesota, end ?!SPA, eva l uated the  many con~puter-ass I sted techn i ques 
ava i l ab le  t o  anzlyze Landsat data. Techniques o f  s ? a t i s t i c a l  t r a i n i n g  
(polygons f r m  CRT, unsupervised c l us te r i ng ,  polygons from d i g i t i z e r  
and b inary  n:asks) ;:;:ere tes ted  w i t h  minimum distance t o  the nean, 
maximum l i k e l i h o o d  6nd canonical analys is  w i t h  minimum dis tance t o  the  
nean c l a s s i f i e r s .  The twelve output  images were compared t o  photo 
i n t e r ~ r e t e d  samples, ground b e r i f i e d  samples and t he  cu r ren t  land use 
d a t j  Case a t  rlSPA. :?esuIts o f  t h i s  study i nd i ca te  t h a t  f o r  a 
reconnaisssnce inventory, t he  unsupervised t r a i n i n g  w i t h  canonical 
analysis-r,linircun distance c l a s s i f i e r  i s  the  raost e f f i c i e n t .  I f  more 
cistai led  round t r u t h  and ground v e r i f i c a t i o n  i s  avc l i l ~b l t . ,  l-he 
polyqons from the d i g i t i z e r  t r a i n i n g  w i t h  t he  canonical analys is  
n: i n i  mi^,.; d i s t a ~ c e  i s more accurate. 

A ~ a j o r  concerr i n  t e s t i n g  vzr ious techniques o f  c l a s s i f v i n g  land 
cover ~ s i n q  Landsat data was t o  eveluate what importance Landset data 
could have i n  the u ~ d a t i n g  o f  land u;e/cover in format ion i n  t h e  
!.!i ncsota Land Vanageriient 1 nformat ion System (I?:L!,Il S 1. '!L"II S i s  a p a r t  
o f  the !!i nncsota S ta te  P I  anni nq Agency's Land ~lanagement 1 nformat ion 
Center (L!IIC). The system was developed i n  an z t t t m p t  t o  c e n t r s l i z e  
and analyze data on ' l innesota's resources. I t i s  both 6 deposi tory  of 
qcographic2lly-based in format ion and c compu+er ena lys is  system. 

b!L?.iI S data include c u l t u r a l  , resource and pol  i t i c a l  boundary 
information. in format ion i s  s tored on computer f i l e s  by 40-acre parce l  
f o r  every parce l  i n  t he  s ta te .  I t  i s  organized t y  region, county, and 
township and can be accessed f o r  mapping o r  s t a t i s t i c a l  analysis.  

PRECEDING PAGE BLANK NOT W E D  



The FILMIS land use/cover data variable was produced using 
nterpretat  ion o f  high-a1 ti tude photography o f  the s ta te  obtalned I n  
-he spr lng o f  1968 and 1969. For each 40-acre data cel  l a 

determination was made of  the dominant land use wi th in the ce l l .  The 
nlne classes o f  land use were chosen so Interpreters could detennlne 
land use from aer ia l  photos, consulting a minimum of  other data 
sources. 

The updating of these data i s  desirable for a number of reasons. 
Most important i s  the ceed fo r  more current data. Data resolut ion I s  
also a concern. For many studies the 40-acre resolut ion i s  too crude 
and a smaller c e l l  s ize o f  accurate data i s  necessary. This 
consideration, coupled wi th LMIC's recent acquisit ion o f  new hardware 
and software providing polygon data capture capabilities, I s  a strong 
Incentive t o  update these data a t  a resolut ion smaller than 40-acre 
parcel. The costs o f  recording land use/covar data fo r  an en t i r e  s ta te  
using aer ia l  photo interpretat ion I s  proh lb l t lve  and al ternat ives need 
t o  be explored. 

OBJECT I VES 

With the need t o  update the MLMIS, and the aval labi i l t y  o f  Landsat 
computer-compati b le  tape (CCT) data, a study was i n i  t iatod t o  assess 
current methods of t ra in ing  and use of  pattern recognition (c lass i f l -  
cation) algorithms. 

Four methods of t ra ln ing  set selection were used i n  t h i s  study: 

( 1 )  Supervised polygon selection on s CRT 

(2) Unsupervised c luster ing 

( 3 )  Polygons d ig i t i zed  from interpretat ions of  color infrared 
aer i a l photography 

( 4 )  Binary masks developed from MLMIS land use data. 

The resu l ts  of the four t ra in ing  methods were used as input t o  
three c lass! f icat ion techniques: 

(1) Minimum distance t o  the mean 

(2) Maximum Ilkel lhood 

(3)  Minimum distance t o  the mean a f t e r  canonical transformation 

This resulted i n  twelve d i f fe ren t  land covor c lass i f ica t ions which 
are studied i n  t h i s  analysis. 



A study area exh lb l t lng suburban and exurban growth 
character lst lcs was chosen because o f  the State Planning Agency's 
deslre t o  assess methods f o r  monltorlng urban growth. They are 
contained wi th ln four USGS 7.5-mlnute quadrangles--Centerville, Hugo, 
Whlte Bear East, and Whlte Bear West. These quadrangles cover the 
northeast suburban port ion o f  the Twln Clt ies, wi th Whlte Bear Lake 
approximately i n  the center o f  the area. 

Wlthln the study area boundaries there i s  a t rans l t l on  from an 
older hlgh density suburban area t o  ru ra l  farmland. Included i n  t h i s  
spectrum i s  new and expanding suburban and exurban growth on the 
fr lnges o f  the urbanized area o f  the Twln Citles. Especially In  t h i s  
northeastern section o f  the Twln C l t i es  metropolitan area, the distance 
between the various stages of  urban development i s  a t  a mlnlrnum. The 
study area contains numerous lakes, wetlands, and forested areas. The 
var ie ty  o f  land cover I n  t h l s  area offered the cbance t o  assess the 
p rac t t ca l i t y  and/or difficulty of  uslng Landsat d i g i t a l  data t o  
c lass l f y  the various land cover types. 

The subscene representing t h i s  study area was selected from the 
la ies t  avai lable data a t  the time of  the study which was a scene o f  May 
24, 1979. The subscene was destrlped and registered t o  a 50-1netar 
Universal Transverse Mercator (UTM) g r i d  using a cubic convoIut!on 
resampllng technique. 

The t ra in ing  set  select ion and the appl icat ion o f  t he l r  s t a t i s t i c s  
t o  various classification algorithms was done a t  the EROS Data Center 
uslng the lnteract lve D ig i ta l  Image Manipulation Systm ( IDIMS) .  

Tralning set data co l lec t ion was done pr imar i ly  by s t a f f  from the 
Remote Sensing Laboratory a t  the University o f  Minnesota's College o f  
Forestry and MSPA sta f f .  The co l lec t ion o f  t ra in ing  set  information 
and the c lass i f ica t ions were completed ir the autumn o f  1979. 

TRAINING SET SELECTION 

Four methods of statistical t r a f n  lng of  c lass1 f l e rs  were used: 
supervlsed polygon select ion from S T  screen, unsupervised clustering, 
a i r  photo-based supervlsed/cluster trainlng, and t ra ln lng  from the 
ex is t ing MLMlS land cover data base. The coincidence o f  base 
Inforcnstlon and Landsat scene data i s  not ideal. The color  Infrared 
photography used dates from 1977; the MLMlS land use/cover data i s  
based on 1969 aer ia l  photography, and the f l e l d  observations were done 
I n  autumn of 1979. 





This algori thm i s  the  Nsimpiestw o f  t h e  three used i n  terms o f  
complexity and speed o f  processing. The mul t ispectra i  vector of t he  
data i s  tested against t he  mean vector i n  the  t r a i n i n g  s t a t i s t i c s  and 
assigns the  p i xe l  t o  the  c lus te r  which i s  a t  a minimum distance. A 
threshold using a maximum distance parameter i s  employed t o  exclude 
from c l a s s i f i c a t i o n  p l x e l s  which are not  w i th in  a reasonable distance 
of the moan. The same distance threshold was used f o r  t h e  app l ica t ion  
o f  the minimum distance t o  mean c l a s s i f i e r  w i th  each t r a i n i n g  
techn i que. 

The maximum l ike l ihood c l a s s i f i e r  computes a l i ke l ihood value f o r  
each p i xe l  based on the  mean and covariance o f  each c lus te r  and 
assigns the p i xe l  t o  the  c lus te r  which has the  maximum l ike l ihood 
vaiue. A threshold vaiue o f  f i v e  percent was used f o r  the  four 
i n terpre ta t  i ons of the  a I gor i thm. 

w c a l  Trmsl:ormation With C4inlmylD D i s t w e  t o  

This technique uses a l inear  transformation o f  t h e  data t o  make 
the  minimum distance c l a s s i f i e r  more accurate. A canonical analysis 
transformation employs the  technique o f  r o t a t i n g  the  axis(es1 o f  a 
spectral  group(s1 t o  increase the  separab i l i t y  o f  c lus te rs  whi le 
mir imiz ing the  di f ferences occurr ing w i th in  each c lus ter .  Canonical 
anaiysis transformation can al low fo r  c l a s s i f i c a t i o n  w i th  fewer bands, 
bu t  t h i s  was no t  done i n  t h i s  study. 

CLUSTER ASSIGNMENTS 

Following the  c l a s s i f i c a t i o n  by t h e  three algorithms the  r e s u l t i n g  
c lus ters  were grouped t o  approximate as c lose ly  as possible MLMIS land 
use classes. This grouping was done on the  CRT wi th  the  assistance o f  
maps, ae r ia l  photographs and knowledge o f  t he  area. Because the  
Landsat c l a s s i f i c a t i o n  yielded iand cover c l a s s i f i c a t i o n s  and MLMIS 
data are a combination of land use and land cover, these groupings were 
not  i n  d i r e c t  corre lat ion.  Residential areas w i th  a relatively high 
density o f  t rees had t o  be assigned t o  the  forested category t o  avoid 
the  confusion o f  c lass i f y ing  forested areas as res ident ia l .  One o f  t he  
reasons t h i s  problem arose I n  a l l  o f  the  c l a s s l f l c a t i o n s  was the  date 
o f  the  image. By l a t e  May t rees had more leaves than would be 
desi rable fo r  a Landsat land cover c lass i f i ca t i on .  The decision t o  use 
such a l a t e  date was governed by the  problem of procuring a cloud f ree  
image f o r  spr ing o f  t h a t  year. 



The determination o f  accuracy I n  a Landsat classification i s  
always d l f f l c u l t  and care was taken t o  ver i fy  by a number o f  different 
means. These I nc l uded cunpar i son w I t h  MLH l S land use/cover data, 
comparlson with photo-Interpreted reference data, and comparlson wi th 
ground ver i f i ca t ion  points. In  a l l  of these cases the ve r l f l ca t l on  
informatlon was put  i n t o  the same 50-meter UTM reg ls t ra t lon  as the 
image allowlng the use of  autanated contingency tables. 

MLMIS DATA FOR VERIFICATION 

There ex ls ts  i n  MLMIS a land use/land cover variable whlch records 
a dominant land use fo r  every 40-acre parzs! In Minnesota. The primary 
informatlon source was 1:90,000 scale black and white a i r  photos. The 
nine land use/cover classes are: 

Forested 
Cu l ti vated 
Water 
Marsh 
Urba,i Residential 
Extract ive 
Pasture and Open 
urban Non-Residential or  Mixed 3esldentlal 
Transportation 

The Landsat c lass l f l ca t lon  was matched t o  seven o f  the nine 
classes. The excluded classes were transportation and extract ive uses 
because these uses cover such small areas. 

The resu l ts  of the contingency table comparisons wi th the MLMIS 
data and the twelve classifications are shown I n  Table 1 .  The average 
agreement o f  a l  I categor les ranged from approximately 231 t o  305. The 
re l a t i ve l y  low cor re la t ion can p a r t i a l l y  be explained by the comparison 
of 40-acre data t o  50-meter c e l i  informatlon. The correlat ions between 
water and forest  were the hlghest (80%) and the urban category 
correlat ion the lowest (approxlmatel y 10-1 515. The range i n  accuracy 
among the various land cover classes was found t o  be approximately the 
sme no matter whlch c lass i f i ca t ion  scherne was used. 



Table 1 

Accuracy o f  Techniques Compared with MLMIS Data 
( val ues i n  percent agreement) 

Class1 f ica t ion Method 

Minimum Maximum Canonical Analysis 
Dtstanre lhlhuhw- 

Trai n i ng Superv i sed 26.7 23 .O 29.7 
Set 
Se I ect  i on Unsuperv I sed 28.6 27.9 28.0 

Oigl t ized polygons 
from a i r  photos 27.9 26.4 30.4 

Binary Masks from 
MLMIS Data 26.6 26.4 26.4 

To el iminate the problem of  comparing 50-meter c e l l s  t o  40-acre 
data i n  50-meter format, an attempt was made t o  rec lass i fy  the 50-meter 
data t o  an equivalent of  40-acre resolut ion by use of  a smoothing 
operation which uses a most-populous-member technique. A window o f  7 
i lnes by 7 rows was run through the c lass i f l ed  Image and the major i ty  
value found In  the window was assigned t o  the center ce l l .  The 
compar;son of  the smoothed c lass i f i ca t ion  t o  MLMIS data i s  shown i n  
Table 2 and tho improvement i n  correlat ion can be seen. 



Table 2 

Accuracy of Techniques (a f te r  smoothing program) Compared with MLMIS Oata 
(values i n  percent agreement) 

Classlflcatlon Method 

Minimum Maximum Canonical Analysis 
[1 L.ikuba- 

Tra l n i ng Superv i sed 33.4 21.6 34.4 
Set 
Selection Unsupervised 32.6 32.3 31.7 

Digitized polygons 
from air photos 33.6 33.1 34.0 

Binary Masks from 
MLMl S Data 51.4 31 .7 30.1 



A I R  PHOTO DATA FOR VERIFICATION 

Coior in f rared aer ia l  photography was flown f o r  the Twin Ci t ies  
area i n  July and August o f  1977 i n  support o f  wetlands mapping. The 
photos are a t  a scale o f  1:24,000 and s i x  scenes covering approximately 
30% o f  the study area were selected f o r  analysis. These were photo- 
interpreted i n t o  18 land cover classes which were l a t e r  put i n t o  the 
nine land use/cover categories. A minimum mapping u n i t  o f  one acre was 
used i n  the determination o f  classes on the aer ia l  photo polygons. 
Table 3 shows the comparison o f  the c lassi f icat ions to  the aer ia l  photo 
polygons. 

Table 3 

Accuracy o f  Techniques Compared wi th Photo Interpreted Data 
(values i n  percent agreemnt) 

Classlflcation Method 

Minimum Maximum Canonical Analysis 
Distance Likelihood- 

Training Supervised 28.9 25.3 34.1 
Set 
Selection Unsupervised 33 .O 32.3 33.0 

Digit ized polygons 
from a i r  photos 33.6 31.7 37.6 

Binary Masks from 
MLMIS Data 31 .3 31 . I  



OBSERVATIONS ON MXXlRACY VERIFICATld)( 

The use of a vuriety o f  information sources far accuracy 
verif ication produces some differemes ira the resul ts o f  m e  
contingency tables, More important than the differences i n  the 
percentago of agreement between the ver i f icat ion and c lass i f icat ion 
data i s  the similarity i n  the tankings In  each of the tables. 
Conrparison was also bone by using 30 ground polnts rendarly selected 
within the seven classification classes. Accuracy ver i f icat ion using 
these points produced simllar rankings as the other verifications. 

Besides the use of quantitative methods for acc~racy ver i f icat ion 
there was also visual assessment of  the classif ications by W A  staff.  
The advantage of visua! assessment i s  that  certain key features o f  
special concern can be checked t o  see i f  they have been co.-rectly 
classified. Visual assessment was done i n i t i a l l y  using the color CRT 
a t  EROS Data Center, with color and black/white hard copy, and later. on 
a color U?T a t  the LMIC. The ra~k ings  o f  agrement  fro^ contingency 
tables did not d i f f e r  appreciably from the judgements of  visual 
assessment. 

USEFULNESS OF LANOSAT CLASSIFICATIONS 

The usefulness o f  Landsat data for the updating o f  WUIS land 
use/land coa*er data i s  dependent on the land cover types desired from a 
classi f  icatr n. 

Tne primary interest of  the HSPA i n  Landsat cover analysis was the 
classif;cation of low density urban development. This was the category 
judged t o  contain more confusion with other cover types when visual 
asqessment of the classifications was done by MSPA staff. This i s  due 
part ly t o  the date of the image befng used and also t o  the nature o f  
urban development i n  the Twin Ci t ies suburban area. The lor density o f  
the developmerlt makes confusion with pasture/op.~ land cover a problen, 
The late spring date of  the image Rldres it d l f f  icult,  i f  not 
impossibie t o  separate forest areas fran forested residential areas. 
Confusion also occurs between low density development and pasture and 
open land. The pasture land i n  the study area (and i n  much o f  
Minnesota) tends not t o  be homogeneous but a very mixed area o f  brush, 
grasses, bare soil, and trees. This combination appears t o  cause very 
similar spectral responses t o  areas of known low density residential 
development. 

Agricultural lands had t o  be divided i n i t i a l l y  in to bare ground 
( t i l l e d )  and cult ivated (already green) categor!os. When these were 
combined later in to one category, confusion resulted between the bare 
grcund agriculture and lands being cleared for construction. The 
agricultural lands already green tended t o  be confused with land uses 
ass~clated with the urban sett ing - parks, gol f  courses, and 
cemeteries. 



Wf i i z i ng  the WLWIS analysis capabi l i t ies can help i n  
differetntiating cover types In  weus with similar spectral signatures. 
Conversion of the Landsat c lassi f icat ion to MLUlS data f m t  and 
r e s m i i n g  of WLlJlS 40-acre resolution data te SO-neter resolution 
enables the anaiyst t o  compare landsat t lassif ications. An exaaple of  
th i s  process i s  the comparison o f  MLMiS pubilc anership data with a 
land cover classi f icat ion t o  separate mgreenb agricultural lands f r a  
parks. The rwdif ications can be carried out by amputer using a 
l u i t i v w i a t e  conversion process. 

The mount o f  personnel time involved In using the various 
t r a i  n ing set select ion m~thoas vat 1 es great l y. The mount o f  computer 
processing ti- needed for corputation o f  the three classi f icat ion 
algorithms also varies. 

The least personnel time was used i n  the unsupervised training set 
selection process becausa the analyst has only t o  assign the clusters 
t o  the f ina l  land cover categories. The clusters result ing frar; 
~nsupervised training set selection appear t o  be superior t o  most other 
m e W s  because of She lack of overlap and large distances between 
spectrbl clusters. The only drarback appears t o  be that  o f  missing 
unfque ewct ra i  classss which represent certain cover types. This 
probierr  an be al leviated by adding analyst-chosen training sets t o  the 
ciusters selected by unsupervised machine training. The method o f  
using polygons digi t ized from interpreted a i r  photos consued the most 
personnel time. The photo interpretation took 12 hours and the 
d ig i t i z ing  added an equal amunt of  tine. The advantage i n  using t h i s  
llethod was that it produced superior t raining sets. I t  i s  rerolrntnded 
that  the Jnvestsent o f  time be made only i f  the ground ver i f icat icn 
information I s  of  high qual i ty such as the 1:24,000 scale color 
Infrared photography used i n  th i s  study. 

The computer processing time for the three di f ferent algorithms 
varied greatly but was not affected by the training method used. The 
maximum likelihood classif ications took about three times as much 
processing time as the ~iniamnn distance and canonical transformation 
with mininun distance classifving algorithms. 

The best  ina at ion o f  accuracy, personnel time, and computer 
processing rim seamed t o  be reached when the canonical transfornation 
(with nirt;lwn distance algorithm) c lass i f ie r  was used with unsupervised 
training sets. The difference In results and accuracy b e t u r n  the 
unsuperviseA and the a i r  photo training sets rrls not great enough t o  
outweigh the savings i n  hman and computer fac l l ! t y  resources. 
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REMOTE SENSING I N  THE COASTAL ZONE - A PERSPECTIVE 

Peter Cornillon 
University of W e  Island 

This presentation Is an attempt t o  put some of the  problems associated with 
remote sensing of t h e  coas ta l  zone in perspective. The conclusion which I draw 
from these arguments is tha t  a t  least f o r  the  foreseeable fu tu re  remote sensing 
of the  coas ta l  region w i l l  be more appropriately performed with a i r c r a f t  . There 
will be, of course, exceptions t o  t h e  following discuaeions, hence t o  the  conclu- 
sions, cases f o r  which s a t e l l i t e s  a r e  more appropriate. 

The problems alluded t o  above s h a l l  be introduced by rwiewing t h e  dff-  
fereaces between remote s e n s i q  of terrestrial regions and r w t e  sensing of open 
ocean areas. F i r s t  we present b r i e f l y  the  e l e c t r o e a p e t i c  spectrum (f igure 1). 
The important regions t o  consider a r e  the  v i s i b l e  portion .5-. 7 urn, t he  near 
infrared portion .8-1.5 pm, the  thermal infrared portion 9 t o  12 um and the  
microwave portion 1 nun t o  10 m. These are, of course, approximate ranges. 
Figure 2 shows the  v i s i b l e  t o  thermal I R  portion in grea ter  d e t a i l .  

With t h i s  brief  background we s h a l l  now look a t  some sca les  associated with 
phenomena of interest in the  t e r r e s t r i a l  and oceanographic regions. In f igure  3 
several typica l  examples a r e  given of quan t i t i e s  of i n t e r e s t  in t he  two regions 
along with the  associated range of time scales. One immediately observes in t h i s  
f igure  the  r e l a t ive ly  slower r a t e  of change of terrestrial fea tures  a s  compared 
t o  oceanographic ones. In  the  oceans the  time sca les  of i n t e r e s t  range from 
hours t o  hundreds of hours while on land the) range from tens  of hours t o  
thousands of hours. Next consider the  s p a t i a l  sca les  of hterest. From f igure  4 
it is apparent tha t  in general terrestrial sca les  a r e  tmalisr ,  tens  of meters t o  
kilometers, than those of the  ocean,.kilometers t o  ht.ndreds of kilometers. 
Figure 5 compares the  spec t r s l  and radiometric resolut ion of the  tvo re.gions. 
The columns under the  heading of "spectral" list the  wavelength parabsters  of 
in te res t .  The f i r s t  column is f o r  v i s i b l e  l i g h t ,  t he  second, near infrared, the  
th i rd ,  thermal infrared and the  fourth,  microwave. It becomes immediately 
apparent t h a t  in both the  oceans and on land the  v i s i b l e  and the  microwave 
regions a r e  of in te res t .  The difference appears i n  the  near infrared and the  
thermal infrared. The l a t t e r  is of great  importance f o r  the  oceans while tho- 
former is c r i t i c a l  f o r  vegetation on land. The column under the  heading 
"ref l e c t a ~ ~ c e "  applies  t o  the  v i s i b l e  portion of the  spectrum. Reflectance f rcm 
t e r r e s t r i a l  regions is about an order of magnitude larger  than f o r  the  oceans. 
This means tha t  a sensor sens i t ive  t o  the  oceans sa tura te3  wer land while one 
sens i t ive  t o  t e r r e s t r i a l  parartetcrs sees l i t t l e  o r  no v a r i a b i l i t y  in the  oceans. 

Figures 3 t o  5 are sumnarized i n  f igure  6. From t h i s  list i t  becomes 
apparent why the Multispectral Scanner (MSS) of Landsat is designed with 80- 
meter rr-solution as compared t o  the 800-meter resolution of the Coastal Zme 



Color Scanner (CZCS) on Nimbus-'/. It is also c lear  why the CZCS is so much more 
sensit ive than the MSS and why Landsat gives repeat coverage once every 18 days 
as compared t o  the near daily coverage of Nimbus-7. 

Wish thie in mind we now consider the coastal zone. F i r s t  the spat ia l  
ecales of interest a re  in gemera1 closer t o  the t u r e a t r i a l  scales discussed 
above, while the tiwe scales a r e  closer t o  the oceanographic ones (maybe even 
m e v h a t  shorter). The required spectral and radiometric sensi t ivi ty  is also 
much closer t o  tbat  required of the ocean than the land, when considering the vet 
part  of the coastal zone, the re f lec t iv i ty  being ap~roximately that  of the open 
ocean. 

A t  t h i s  t h e  there is no s a t e l l i t e  that  meets these requirements and none is 
planned. Airborne sensors do exis t  and tailor-sade missions can be flown t o  
sat isfy  many or  most of the scele constraints l i s t ed  above. Finally, it must be 
stressed that these ar8upient~ are quite general in nature and therefore certainly 
do not eacompass a l l  possible scenarios. They do, however, apply in most rases, 
and must be kept i n  mind when approaching a problem dealing with remote sensing 
of the coaotal region. 
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Figure 3.  Temporal Comparison 
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Figure 4. Spatial  Comparison 
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Figure 5 .  Spectral/Radiometric Comparison 
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Figure 6 .  Comparison Summary 



LAKE CLASSIFICATION I N  VERMONT 

Virginia  Garrison and Nancy Bryant 
Venwnt Department o f  Water Resources 

ABSTRACT 

Sect ion 314 of the  Federal Clean Water Act requi res  each s t a t e  t o  c l a s s i f y  
a l l  of t h e  publ ic ly  owned freshwater  lakes  i n  the  S t a t e  according t o  t rophic  
s t a t e .  I n  order  t o  comply with t h i s  Act and, i n  s o  doing, develop a procedure to 
pe r iod i ca l ly  update t he  c l a s s i f i c a t i o n ,  t he  S t a t e  of Vermont evaluated t.he ab i l -  
i t y  of Landsat t o  d e t e c t  general  waZer qua l i t y  and s p e c i f i c  water q u a l i t y  param- 
eters i n  Vermont lakes.  Unsupervised and supervised c l a s s i f i c a t l a t ~ s  a s  wel l  a s  
regression analyses were used t o  examine Landsat da ta  from Lake Chzmplein and 
from four small  nearby lakes .  Unsupervised and supervised c l a s s i f i c a t i o n s  were 
found t o  be of somewhat l imited value. Regression analyses revealed 8. good cor- 
r e l a t i o n  between depth-integrated t o t a l  phosphorus concentrat ions and Landsat 
Babd 4 da ta  ( r2  = 0.92) and between Secchi disk t ransparencies  and Lsndsat Band 
4 data  ( r2  - 0.85). No co r r e l a t i on  was found between depth-ineegrated chloro- 
phyll-a samples and Landsat data .  Vermont is now expanding t h i s  Landsat evalua- 
t i o n  t o  include the  remaining lakes i n  the  s t a t e  g rea t e r  than twenty acres  aod 
s t e p s  a r e  being taken t o  incorporate  Landsat i n t o  the  s t a t e ' s  ongoing water 
q u a l i t y  monitoring programs. 

INTRODUCTION 

In  December 1978, the  Vermont Department of Water lan sources received a grant 
from the  U.S. Environmental Pro tec t ion  Agency, i n  p a r t ,  t o  c l a s s i f y  lakes  i n  t he  
s t a t e  g rea t e r  than twenty acres  according t o  t rophic  s t a t e .  A t  t h a t  time, ex is t -  
i n g  manpower and equipment resources were i n su f f jx i en t  t o  allow the  Department t o  
c o l l e c t  water samples from each of the lakes  involved, and the re fo re  a more eco- 
nomically f ea s ib l e  a l t e r n a t i v e  was sought. Preliminary information gathered 
from s t u d i e s  conducted i n  other  s t a t e s  (1.2) t h a t  Landsat could be used 
i n  Vermont's Lake C la s s i f i ca t i on  Program. Lsndsat had thr added advantage of 
providing a means by which t rophic  c l a s ~ i f i c . a t i o n s  could be updated per iod ica l ly  
without requi r ing  massive f i e l d  sampling programs. 

The decis ion was made t o  test the a b i l i t y  of Landsat t o  de tec t  water q u a l i t y  
i n  Vermont lakes  by using the s i n g l e  Landsat scene t h a t  encompasses a l l  of Lake 
Champlain and seve ra l  smaller  l akes  i n  t he  western p a r t  of t he  s t a t e  (scene 
15/29). The water q u a l i t y  of t he  lakes  i n  t h i s  scene is  represen ta t ive  of the  
range of lake water q u a l i t y  found i n  Vermont. A s u i t a b l e  f lyover  of scene 15/29 
was obtained on July 21, 1979, and sur face  t r u t h  (water qua l i t y  da ta )  was col- 
l e c t ed  through Vermont's Volunteer Lay Monitoring Program and o the r  e x i s t i n g  
Department sampling programs. The U.S. Environmental Pro tec t ion  Agency's En- 
vironmental Monitoring Systems Laboratory i n  Las Vegas, Nevada (EMSL-LV) was 



contracted t o  perform three methods of analysis  of the Landset data  - an w.super- 
vised c l a s s i f i ca t ion ;  a supervised c lass i f ica t2on;  and regression analyses of sur- 
face t r u t h  and Landsat data  (Figure 1) .  

UNSUPERVISED CLASSIFICATION 

The Environmental Monitoring Systems Laboratory -ed the  c l a s s i f i e r  SEARCH/ 
HLR431, a c lus t e r ing  and maximum l ikel ihood procedure, t o  i n i t i a l l y  c l a s s i f y  t he  
Landsat scene. The nine water c lasses  tha t  were dis t inguished through t h i s  ap- 
proach could be grouped and re la ted  t o  c lear  water,  tu rb id  water,  and water con- 
t a in ing  de tec t&le  amounts of chlorophyll. The unswervised c l a s s i f i c a t i o n  thus  
provided SOIJS general q u a l i t a t i v e  water qua l i ty  information on t h e  lakes  i n  t h e  
scene w i t h m t  requir ing a la rge  amount of sur face  t ru th  data.  General knowledge 
of t he  water bodies w a s  s u f f i c i e n t  t o  i n t e rp re t  the  c l a s s i f i c a t i o n .  However, no 
quan t i t a t i ve  water qua l i ty  parameter values could be assigned t o  t he  c l a s s e s  due 
t o  t he  general nature of the  c l a s s i f i ca t ton .  No attempt was made t o  determine 
whether some type of Trophic S t a t e  Index would c o r r e l a t e  with the  nine c l a s se s .  

SUPERVISED CL.PSS IFICATION 

The next approach t o  the  da ta  ana lys is  was a supervised c l a s s i f i c a t i o n  using 
the MAXL4 c l a s s i f i e r .  Rrenty-three sampling sites on Lake Champlair? and one site 
c :  each of four s w l l e r  lakes were used a s  t r a in ing  sites f o r  the c l a s s i f i ca t ion .  
The r e su l t i ng  c l a s s i f i e d  image was very helpful  i n  the  Department's evaluat ion 
of monitoring coverage of Lake Champlain and nearby lakes.  However, again no 
quan t i t a t i ve  parameter values could be assigned t o  the water c l a s se s  s ince  the  
c l ~ s s i f i c a t i o n  was based on t r a in ing  s i t e s  character ized by a va r i e ty  3f water 
qua l i t y  parameters and not based on a s ing le  water qua l i t y  parameter. The be- 
p a r t e n t  has used the c l a s s i f i e d  image t o  determine which sampling s i t e s  on the 
lakes a r e  r epe t i t i ve  and therefore can be eliminated, and where new sites a r e  
needea (unc lass i f ied  a reas  on the  image indica te  t h a t  t h e  v a t e r  qua l i t y  i n  those 
arear  is unlike t h a t  found a t  any e x i s t i n g  sqmpling s i t e ) .  I n  addi t ion,  a s  new 
lakes a r e  brought i n t o  sampling programs, the number and loca t ion  of sampitng 
s i t e s  on these lakes a r e  chosen on the  bas is  of informat3.on obtained from t c e  
s t ~ e r v i s e a  c l a s s i f i e d  image. 

REGRESS ION A'JALY SES - - - 
Pi:  t h i s  point i n  the evaluation of the Landsat scene, t h e  S t a t e  of Vermont 

and EMSL-LV requested :he ass i s tance  of the Eastern Regional Remote Sensing Ap- 
p l i ca t ion  Center (EHRSAC) i n  Greenbelt, Maryland, i n  developing a procedure 
whereby Landsat data  could b~ cor-eiated quant i ta t ive ly  with c e r t a i n  water qual- 
i t v  parame?.>-rs sucn as Secchi disk transpareacp , t o t a l  phosphorus concent r a t i on  
and chlorophyll-a con cent ratio^. Twenty-six cC the  sampling s i t e s  ased i n  che 
supervised clasc4f:cacion were used i n  t h i s  procedure. Landrst data  (MSS values 
fo r  Bands 4,  and 6) were extracted from the a rea  around the  sampling sites on 
the tape, converted LO radiance values and compared t o  Gater qua l i t y  da ta  col-  
lected a t  the s i t e s  near the .;me of t h e  f lyover ,  within one week a£ Ju ly  21, 1979 



(Table 1 ) .  ERRSAC then perfcrmed regression analyses t o  determine whether corre- 
l a t i o m  exis ted  between the  Landsat da t a  and the  water qua l i t y  sampling dats .  A 
good logarithmic co r r e l a t ion  was found between Secchi d i sk  t ransparencies  and 
Band 4 radiance values (Figure 2): 

(radiance) = 0.52 - 3.07 In  (Secch3 disk transpareruzy) ; r2 = 0.85. 

A good l i n e a r  co r r e l a t ion  was found between depth-integrated t o t a l  phosphorus 
concentrstions and Band 4 radiance values (Figure 3): 

(radiance ) - 0.31 + 0.008 ( t o t a l  phosphorus) ; r 2  = 0.92. 

N o  co r r e l a t ion  w 3 s  found between Landsat d a t s  and depth-integrated chlorophyil-a 
concentrations,  apparent ly due t o  t h e  f a c t  t h a t  Lac'sdt sensors  can only de t ec t  
near-surface chlorophyll. The chlorophyll-a samples used f o r  ground t r u t h  were 
col lected by m a n s  of  a hose lowered t o  a depth of twice the Secchi d i sk  t rans-  
parency. 

Followiag the  regression analyses,  radiance values were assigned t o  ranges 
i n  t o t a l  phosphorus concentrations,  and Secchi d i s k  t ransparencies  and maps of 
the lakes were developed which depicted these ranges i n  water qua l i t y  data.  
These maps have been helpful  i n  character izing the water qua l i t y  01 Lake  hampl plain 
i n  a reas  where no sampling s l t e s  e x i s t  and the  lnformation obtained from the  maps 
has been used i n  severa l  Department proglraros. 

FUTURE INVESTIGATIONS -- 

Tne resl~lts of Vermont*~ i n i t i a l  t e s t  of lands at*^ a b i l i t y  t o  de tec t  lake 
water qua l i ty  has encouraged the  s t a t e  t o  continue working with Landsat t o  moni- 
t o r  lake water qua l i ty .  EMSL-LV is present ly analyzing Landsat data from two 
scenes taken over Vermopt on July 14, 1980 (scenes 14/29 acd 14/30) i n  order  t o  
determine the water qua l i ty  of t he  remaining lakes i n  the S t a t e  g rea t e r  than 
twenty acres .  I n  addi t ion ,  preliminary s t eps  a r e  now being taken t o  dewlop  a 
process through whtch Landsat information can be used on a frequent bas i s  t o  
m n i t c r  water qua l i t y  i n  Vermont. Water qua l i t y  data  f o r  g r ~ u n d  t r u t h ,  spec i f i ca l ly  
Secchi d i sk  transparency, t o t a l  phosphorus and chlorophyll-a, w i l l  be co l lec ted  
t h r ~ u g h  Vermont's Volunteer Lay Monitoring Program. Attempts t o  co r r e l a t e  
k n d s a t  radiance values with surface chlorophyll-a concentrations w i l l  begin i n  
1981. The major problem now facing Vermont's use of Landsat t o  per iodica l ly  
monitor lake water qua l i t y  is the  s c a r c i t y  of r e l a t i ve ly  cloud-free f lyovers  
over the s t a t e  during the open-water season, April  t o  November. 
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Figure 2 .  Secchi Disk Transcarency Versus Bard G Radtence 
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Table 1 - LAKE CHAMPLAIN SURFACE WATFR QUALITY AND LANDSAT DATA 

J u l y  1 4 ,  1 9 7 9  
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ABSTRACT 

Remote sensing and computer-assisted rap analysis techniques 
hold promise for providing many of the capabilities needed for 
effective oceanographic research and management. The expansive 
spatial nature of most oceanographic issues rakes them 
particularly appropriate for these new techniques. However, 
contemporary methods of analysis of ship survey data rarely 
involve a rigorous consideration of spatial factors other than the 
simple spatial distributions assured by traditional statistical 
techniques. In addition this historical approach severely limits 
the integrated use of remotely sensed data. This paper describes 
a study designed to establish a limited spatial data base for the 
U.S. eastern seaboard vicinity and to demonstrate computer- 
assisted analysis techniques for investigating spatial patterns 
and relationships among ship survey data and remotely sensed sea 
surface temperature. Ship survey variables included 
concentrations of two zooplankton, tvo icthyoplankton, and two 
fish species, in addition to physical data of depth to bottom and 
surface and bottsm water iemperatures. Continuous spatial 
distributions of these data vere created by both weighted nearest 
neighbor and iterative smoothing interpolation techniques. Haps 
of surface water temperature were created by digitizing GOES 
aatellite images. All rapped data were spatially registered by 
conversion of latitude and longitude coordinates to rotated 
Larbert conic conformal rectilinear coordinates and dtored in grid 
format of approximately one hundred square ki! neters per cell. 
The analysis of there data include the generation of statistical 
rumraries and maps describing the joint occurrence among 
variables. 

IITRODUCTIOI 

Advancer in remote sensing techtique6 are providing researchers 
with data on ocea~ographic variables in continuous distributions 
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over large arear. To be moot ureful, there data will have to be 
used in concert with the ship survey rearureaents that have and 
will continue to be taken in oceanographic rtudies. Computer- 
arsiated rap analysir techniques hold promise for linking remotely 
and proximally renred oceanographic data and for extending 
exirting capabilities for analyring the spatial relationships 
among these measurements. 

Prior to analysir, geocoded data must be put in a form that 
allows comparison and m:nipulation at a common scale and 
projection. If a geographic information system is to be used, the 
data must be in a computer-compatible form. The objectives of 
thir study were to establirh a limited spatial data base for the 
eastern seaboard vicinity and to demonstrate the Use of computer- 
assisted map analysis techniques for investigating bpatial 
patterns and relationships among ship survey data and surface 
water temperature data. 

ESTABLISHING THE SPATIAL DATA BASE 

Creation of a spatial data base involves three rteps: encoding 
and editing the data; registering the data by performing scale and 
projection manipulation; and, where necessary, creating continuous 
spatial distributions from point measurements. Data for this 
study were provided by the National Marine Fisheries Service, 
Northeast Fisheries Center. Sbip survey measurements of eleven 
variables were provided on cards and magnctic tape. These 
included surface chlorophyll ioncentration, Calanus abundance, 
Centro~anes abundance, A m m o d ~ t e s  SJ abundance, Yellowtail 
weight, Yellowtail number, Haddock weight, Haddock number, surface 
temperature, bottom temperature, and depth to bottom. A total of 
540 rtations were iqcluded in the data, but not all parameters 
were measured at each station. Latitude and longitude coordinates 
were provided either directly or through a station identifier. 
There data were placed in a common format in an otline disk 
dataset, for further processing. 

Regirtration of the ... ata was performed uring a Lambert conid 
c o n f o r m ~ l  projection. For tbis study, all ship survey data were 
apatially registered by conversion of recorded latitude and 
longitude coordinates to rotated Lambert conic conformal 
rectilinear coordinates and rtored in grid format of approximately 
one hundred square kilometers per cell. Figure 1 rchematically 
identifier the steps in this process. 

Remote menring data of  rea rurface temperature were provided by 
two CORS ratellite imager. A room transfer rcope was used to 



ORlGIN4L PAGE 13 
of PgOR QUALlN 

o p t i c a l l y  r e g i r t e r  t h e  i m a g e r y  t o  a  c o m p u t e r - g e n e r a t e d  p l o t  o f  
c o n v e r t e d  l a t i t u d e  and  l o n g i t u d e  c o o r d i n a t e r  a n d  t o  t r a n r c r i b e  t h e  
t h e r m a l  d e l i n e a t i o n s .  T h e s e  images  were  r e n d e r e d  i n t o  c o m p u t e r -  
c o m p a t i b l e  fo rm u r i n g  a n  e l e c t r o n i c  d i g i t i s i n 6  t a b l e t .  Land a r e a r  
w e r e  encoded  f r o m  a map i n  a  r i m i l a r  f a s h i o n .  

CREATING CONTINWOES SPATIAL DISTRIBUTIONS 

I n  o r d e r  t o  compare  t h e  s p a t i a l  r e l a t i o n s h i p s  w i t h  r e m o t e l y  
s e n s e d  s e a  s u r f a c e  t e m p e r a t u r e  d a t a ,  c o n t i n u o u s  s p a t i a l  
d i s t r i b u t i o n s  d e r i v e d  f rom t h e  s e a  s u r v e y  d a t a  a r e  r e q u i r e d .  
W i t h o u t  s u c h  d i s t r i b u t i o n s ,  n o  f u r t h e r  s p a t i a l  i n s i g h t  i s  g a i n e d  
i n  t h e  a n a l y s i s  t h a n  would  b e  a v a i l a b l e  i f  t h e  d a t a  w e r e  compared  
i n  a s c a l a r  f a s h i o n .  T h e r e  a r e  two a p p r o a c h e s  t o  g e n e r a t i n g  
c o n t i n u o u s  s p a t i a l  d i s t r i b u t i o n s  f rom p o i n t  s t a t i o n s :  map 
i n t e r p o l a t i o n ,  and  map g e n e r a l i z a t i o n .  

I n t e r p o l a t i o n  r e f e r s  t o  a p r o c e s s  s i m i l a r  t o  t h a t  u s e d  i n  
s i m p l e  b i v a r i a t e  s t a t i s t i c s  i n v o l v i n g  t h e  e s t i m a t i o n  o f  v a l u e r  i n  
c o n t i n u o u s  o r  even  s p a c i n g s  f rom u n e v e n l y  s p a c e d  d a t a .  I n  
i n t e r p o l a t i o n ,  no  f u n c t i o n a l  fo rm i s  assumed by t h e  a n a l y s t .  
Examples of  t h i s  p r o c e s s  i n  map a n a l y s i s  a r e  n e a r e s t  n e i g h b o r  
i n t e r p o l a t i o n ,  w e i g h t e d  d i s t a n c e  i n t e r p o l a t i o n ,  and  i t e r a t i v e  
s m o o t h i n g  i n t e r p o l a t i o n .  

I n  c o n t r a s t ,  map g e n e r a l i z a t i o n  r e f e r s  t o  t h e  e x p r e s s i o n  o f  map 
v a l u e s  u s i n g  a  m a t h e m a t i c a l  f u n c t i o n .  I n  t h i s  p r o c e s s  t h e  a n a l y s t  
imposes  a f u n c t i o n a l  fo rm upon t h e  o b s e r v a t i o n s ,  and  t h e  en t : - re  
map i s  e x p r e s s e d  b s s e d  o n  t h i .  m a t h e m a t i c a l  r e l a t i o n s h i p .  
Examples of  map g e ~ e r a l i z a t i o n  a r e  s u r f a c e  f i t t i n g  t e c h n i q u e s  s u c h  
a s  t r e n d  a n a l y s i s  o f  F o u r i e r  s e r i e s  o r  h a r m o n i c  r e g r e s s i o n  ( B a e s e t  
1 9 7 2 ) .  

F i g u r e  2 i l l u s t r a t e s  t h e  c o n c e p t s  o f  i n t e r p o l a t i o n  and  
g e n e r a l i z a t i o n  t e c h n i q u e s  u s e d  i n  t h i s  s t u d y .  I t e r a t i v e  s m o o t h i n g  
i n t e r p o l a t i o n  i n v o l v e s  s c a n n i n g  a  map w i t h  a  " z o v i n g  window," t h a t  
g i v e s  t h e  c e l l  a t  t h e  c e n t e r  o f  t h e  "window11 t b e  a v e r a g e  o f  a l l  
s t a t i o n s  o c c u r r i n g  w i t h i n  t h e  r a d i u s  of  t h e  "window."  I n  t h i s  w a y ,  
t h e  t e c h n i q u e  i s  a n a l o g o u s  t o  a  s p a t i a l  moving a v e r a g e .  By 
p e r f o r m i n g  t h i s  t e c h n i q u e  o v e r  t h e  map s e v e r a l  t i m e r  i n  
r u c c e r r i o n ,  a  smooth  s u r f a c e  i s  g e t i e r a t e d .  N e a r e s t  n e i g h b o r  
i n t e r p o l a t i o n  g i v e r  a n y  p o i n t  on t h e  map t h e  v a l u e  o f  t h e  n e a r e r t  
r t a t i o n  measu remen t .  Weighted  d i s t a n c e  i n t e r p o l a t i o n  i s  s i m i l a r  
t o  t h e  n e a r e s t  n e i g h b o r  t e c h n i q u e ;  h o w e v e r ,  i t  g i v e s  e a c h  p o i n t  o n  
t h e  map a  v a l u e  b a s e d  o n  t h e  d i r t a n c e  w e i g h t e d  a v e r a g e  o f  a  
s p e c i f i e d  number o f  t h e  n e a r e s t  s t a t i o n s  ( D a v i s  1 9 7 3 ) .  



I n  t h e  map g e n e r a l i z a t i o n  t e c h n i q u e  o f  t r e n d  r u r f a c e  a n a l y r i r ,  
p o l y n o m i a l  r u r f a c e r  o f  s p e c i f i e d  d e g r e e 8  a r e  f i t t e d  t o  r p a t i a l  
d a t a  u r i n g  r e g r e r r i o n  t e c h n i q u e r  ( D a v i r  1 9 7 3 ) .  Trend r u r f a c e  
a n a l y r i r  i e  u s e d  t o  r e p a r a t e  r e g i o n a l  " t r e n d r "  embodied i n  t h e  
po lynomia l  r u r f a c e  f i t t e d  t o  t h e  d a t a ,  f o r  l o c a l  a n o m o l i e r .  The 
a n o m o l i e r  a r e  found  a r  a r e a 8  w i t h  h i g h  r e r i d u a l r ,  where  t h e  
o b r e r v a t i o n  d i f f e r r  w i d e l y  from t h e  t r e n d  r u r f a c e  v a l u e  a t  t h a t  
p o i n t .  Trend r u r f a c e  a n a l y r i r  h a s  rome m e t h o d o l o g i c a l  
c o n s i d e r a t i o n s  t o  v h i c h  t h e  u r e r  s h o u l d  be  a l e r t .  F i r s t ,  i t  i r  
n o t  o f t e n  p o s r i b l e  t o  knov what f u n c t i o n a l  form a  mapped v a r i a b l e  
s h o u l d  t a k e .  Thus,  i n  many c a r e s ,  t h e  form impored on t h e  d a t a  i r  
a r b i t r a r y .  A l s o  t h e  d e n s i t y ,  d i r t r i b u t i o n ,  and d e g r e e  of  
c l u s t e r i n g  of  t h e  d a t a  p o i n t 8  have  a  pronounced e f f e c t  on t h e  
r e s u l t s  of  t h e  r e g r e s s i o n .  

RESULTS DISCUSSIOH 

A b  a  means of compar ing t h e  t e c h n i q u e s  o f  map i n t e r p o l a t i o n  and 
r a p  g e n e r a l i z a t i o n ,  f o u r  t e c h n i q u e s  were pe r fo rmed  on t h e  d a t a  f o r  
t h e  Y e l l o w t a i l .  A map o f  t h e  r a v  d a t a  s t a t i o n s  i s  shown i n  F i g u r e  
3a .  F i g u r e  3b i l l u s t r a t e s  t h e  r e s u l t  of  u s i n g  t h e  i t e r a t i v e  
smooth ing  p r o c e s s  on t h e  Y e l l o w t a i l  number d a t a .  A " rmoothe r"  
r u r f a c e  would have  been  o b t a i n e d  w i t h  f u r t h e r  i t e r a t i o n s  o f  t h e  
p r o c e s s .  F i g u r e  3c shows t h e  n e a r e s t  n e i g h b o r  i n t e r p o l a t i o n  o f  
t h e  same p o i n t  d a t a ,  v h i l e  F i g u r e  3d shows t h e  w e i g h t e d  a v e r a g e  
i n t e r p o l a t i o n .  The t r e n d  s u r f a c e  maps i n  F i g u r e  4 i l l u s t r a t e  t h e  
i m p o r i t i o n  of  m a t h e m a t i c a l  r e l a t i o n s h i p s  on t h e  Y e l l o w t a i l  d a t a .  
Both a  f i r s t  o r d e r  ( p l a n e )  and second  o r d e r  s u r f a c e  were  f i t t e d  t o  
t h e  d a t a .  

A 1 1  i n t e r p o l a t i o n 8  a r e  e r t i m a t i o n s  of  t h e  t r u e  r p a t i a l  
d i r t r i b u t i o n  o f  a  v a r i a b l e .  T h e r e f o r e ,  no one  o f  t h e  t e c h n i q u e r  
c a n  b e  r a i d  t o  b e  c o n r i a t e n t l y  more a c c u r a t e  t h a n  any o t h e r s .  
Hovever,  g e n e r a l i r a t i o n r  c a n  be made a b o u t  t h e  r e s u l t i n g  
d i r t r i b a t i o n r  and t h e i r  e f f e c t  o n  r u b r e q u e n t  a n a : l y r e r .  The 
i t e r a t i v e  rmooth ing  t e c h n i q u e  t e n d r  t o  r e s u l t  i n  s y m m e t r i c a l  
r a t t e r n s  r e r u l t i n g  from t h e  r c a n n i n g  "window" o f  c o n r t a n t  r a d i u s .  
r a t  n e a r e r t  n e i g h b o r  t e c h n i q u e  c r e a t e .  " i s l a n d r "  of  c o n r t a n t  v a l u e  
which ma7 b e  i n t u i t i v e l y  t r o u b l i n g  v i t h  v e l l  mixed p a r a m e t e r r  a r  
a r e  found  i n  oceanography .  The w e i g h t e d  d i m t a n c e  method c r e a t e r  
t h e  most i n t u i v e l y  p l e a r i n g  s u r f a c e r .  Because e a c h  c e l l  i s  
d e r i v e d  from t h e  d i r t a n c e  w e i g h t e d  a v e r a g e  o f  r e v e r a l  n e a r b y  
r t a t i o o r ,  i t  r a y  make u r e  of  t h e  s p a t i a l  r e l a t i o n r h i p r  i n  t h e  d a t a  
t o  t h e  g r e a t e r t  d e g r e e .  Bowever, t h e  p r o c ? , r r  d o e s  t e n d  t o  a v e r a g e  
o u t  r m a l l  r c r l e  v a r i a b i l i t y .  
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The plane trend ruzface ir obviourly a arosr overrirplification 
of the data. Reverthelerr, it illurtrater a decrearing trend in 
Yellowtail number to the routh. The recond order trend surface i8 
more rophirticated. However, it ir clearly influenced b y  the 
linear rampling pattern of the data rtationr. Thir ir erpecially 
true at the edger of the map, where extreme trend rurface values 
are found in arear vhere no rampling occurred. There effects are 
documented in the rtructural geology literature where trend 
rurfacr analyrir ha8 been widely ured (Davis 1973). 

For the demonrtrations reported in thir paper, veighted 
distance interpolation vas ured for all mapr. With a complete 
data base a broad range of analytical operations are possible using 
the Hap Analyrir Package (HAP) roftware system recently developed 
at Yale (Tomlin, in preparation). Pour major clarrer of 
fundamental map operationr can be identified. These involve 
reclarrifying map categories, overlaying maps, measuring 
cartographic distances, and characterizing cartographic 
neighborhoods. Each of these clasrer har several primitive 
operations. By logically organizing these primitive operationr, 
the basis for a generalized cartographic modeling structure can be 
formed which accomm~Jates a variety of complex applications (Tomlin 
and Berry 1979). 

SPATIAL RELATIONSHIPS 

As a meane of demonstrating the use of the geocoded data base 
to link proximally sensed data with remotely sensed data, analyses 
were performed on the surface chlorophyll data and the GOES . 
temperature data. First, an overlay process was used to extract 
the GOES temperature value for certain rtations (Figure 5.1. A 
cartographic distance operation was used to find those stations 
vithin the vicinity of Georges Bank. The resulting rap vas then 
used in an overlay procesr to find the GOES temperature value for 
each of these stations. 

Second, a map of joint coincidence of GOES thermal data and 
interpolated surface chiorophyll concentrations was prepared 
(Figure 5b). This map was generated by arrigning a unique 
thematic value to selected combinations of the categorier of both 
mapr. For this example, the combining was derigned ruch that the 
map locates combination8 of lover surface temperatures and higher 
chlorophyll conceatrations. In addition, statistical rummarier of 
the joint occurrence of these rame data can be prepared (Table 1). 
The upper portion of the table contains "cros~-tabw information on 
the simple and weighted frequency of joint coincidence. The lover 
portion report8 the "rprtial overlapw between the two maps. The 
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"100% o v e r l a p "  f o r  t h e  l a n d  c a t e g o r i e r  o f  b o t h  mapr i m p l i e r  
p e r f e c t  r p a t i a l  c o i n c i d e n c e ,  a 8  would b e  e x p e c t e d .  The "27.53% 
o v e r l a p "  (101-200 mg/m3 and  5-9 d e g r e e 6  C e n t i g r a d e )  i n d i c a t e r  o n l y  
a  r a a l l  r p a t i a l  c o i n c i d e n c e ,  

C o m p l i c a t e d  m o d e l i n g  p r o c e d u r e 6  c a n  b e  p e r f o r m e d  on  b o t h  t h e  
p r o x i m a l l y  r e n r e d  and  r e m o t e l y  r e n s e d  d a t a  u r i n g  t h e  c o m p u t e r i z e d  
d a t a  b a r e  c r e a t e d  i n  t h i s  r t u d y .  T h i s  p r o c e r r  war  d e m o n r t r a t e d  by  
c r e a t i n g  a  c a r t o g r a p h i c  model  t o  e a t i r a t e  t h e  r p a t i a l  a r p e c t s  of  
e n e r g y  t r a n s f e r  e f f i c i e n c y  i n  t h e  George8  Bank e c o r y r t e m .  
S i m p l i f y i n g  a s s u m p t i o n s  w e r e  made t h a t  t h e  r t a n d i n g  c r o p  o f  
p r i m a r y  p r o d u c e r r  and h e r b i v o r e s  war e q u i v a l e n t  t o  p r o d u c t i o n .  
Haps o f  s u r f a c e  c a l o r o p h y l l  and  C a l a n u t  a. w e r e  m u l t i p l i e d  by  
t h e i r  r e s p e c t i v e  f a c t o r s  t o  c r e a t e  mapr o f  p r i m a r y  and  s e c o n d a r y  
s t a n d i n g  c a r b o n .  The map8 w e r e  t h e n  o v e r l a i d  t o  d e t e r m i n e  t h e  
h e r b i v o r e  t r a n r f e r  e f f i c i e n c y .  The r e s u l t i n g  map o f  e n e r g y  
t r a n r f e r  e f f i c i e n c y  was compared t o  t h e  r e m o t e l y  s e n s e d  n a p  o f  
s u r f a c e  t e m p e r a t u r e .  c r o r s  t a b u l a t i o n  i n d i c a t e d  t h a t  t h e  more  
e f f i c i e n t  e n e r g y  t r a n s f e r  o c c u r r e d  i n  t h e  5-8 d e g r e e s  C e n t i g r a d e  
r a n g e  ( T a b l e  2 ) .  F u r t h e r  r e f i n c m e n t  o f  b o t h  t h e  d a t a  a n d  t h e  
a n a l y t i c a l  t e c h n i q u e  a r e  r e q u i r e d  t o  u e e  t h i s  r e r u i t  f o r  r e r e a r c h  
p u r p o s e s .  However,  t h e  p r o c e s s  c l e a r l y  d a m o n s t r a t e s  t h e  u t i l i t y  
o f  c o m p u t e r i z e d  s p a t i a l  a n a l y s i s  i n  c o m p l i c a t e d  o c e a n o g r a p h i c  
q u e e t i o n s .  

CONCLUSION 

T h i s  s t u d y  warn d e s i g n e d  t o  d e m o n s t r a t e  t h a  more i m p o r t a n t  
c o n s i d e r a t i o n s  of  e s t a b l i s h i n g  a  s p a t i a l  d a t a  b a s e  and  t h e  
p o t e n t i a l  a n a l y s i s  of t h a t  d a t a .  G e o g r a p h i c  i n f o r m a t i o n  
p r o c e s s i n g  f a c i l i t a t e s  b o t h  mapping and  map a n a l y s i r .  Once i n  a 
c o m p u t e r i z e d  f o r m ,  t h e  s p a t i a l  r e l a t i o n s h i p s  among and  w i t h i n  maps 
c a n  b e  r e a d i l y  a r r e r s e d .  n a p s  t h a t  i d e n t i f y  j o i n t  c o i n c i d e n c e ,  
r e l a t i v e  d i s t a n c e s ,  and  rummary s t a t i s t i c s  can b e  g e n e r a t e d .  
Ex tended  a n a l y s e s  f o r  d e s c r i b i n g  f l o w s  o r  e - c h a n g e s  w i t h i n  
o c e r n o g r a p h i c  s y s t e m s  c a n  b e  a c c o m p l i s h e d  by d e v e l o p i n g  
c a r t o g r a p h i c  m o d e l s .  The c a p a b i l i t i e s  o f  g e o g r a p h i c  i n f o r m a t i o n  
p r o c e r r i n g  a r e  w e l i  s u i t e d  t o  p r o v i d i n g  t h e  l i n k  b e t w e e n  
p r o x i m a l l y  r e n s e d  s h i p  s u r v e y  d a t a  and  r e m o t e l y  r e n s e d  d a t a .  

The s t u d y  i l l u r t r a t e s  t h e  i m p o r t a n t  c o n s i d e r a t i o n s  f o r  s p a t i a l  
a n a l y s i s  of  o c e a n o g r a p h i c  d a t e  and  l i n k i n g  p r o x i m a l l y  and  r e m o t e l y  
r e n r e d  o c e a n  m e a s u r e m e n t r  i n  r p a t i a l  a n a l y r e r .  Wi th  f u r t h e r  
development, t h e r e  t e c h n i q u e s  h o l d  p o t e n t i a l  f o r  e n a b l i n g  more 
e f f e c t i v e  o c e a n o g r a p h i c  r e s e a r c h .  
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CHITTENDEN COUNTY, VERMONT 
LAND COVER PROJECT 

Dennis E. Malloy 
Vermont S t a t e  Planning Off ice 

ABSTRACT 

Vermont needs t h e  kind of d a t a  on its n a t u r a l  resource  base  and development 
t r ends  t h a t  Landsat has  t h e  p o t e n t i a l  t o  provide. Th is  paper d e s c r i b e s  t h e  
t e s t i n g  of Landsat a p p l i c a b i l i t y  t o  urban and a g r i c u l t u r a l  l and  use  a n a l y s i s  
a t  t h e  s u b s t a t e  l e v e l .  It f i n d s  t h a t  t h e  Landsat system h a s  a p l a c e  i n  Vermont 
and p laces  l i k e  it, bu t  t h a t  t h e  p resen t  opera t ion  is inadequate and t h e  need 
f o r  technology t r a n s f e r  and e x c e l l e n t  c o m u n i c a t i o n  between t h e  producers and 
u s e r s  is fundamental t o  t h e  f u t u r e  of t h e  system and f o r  t h e  r e a l i z a t i o n  of 
b e n e f i t  from t h e  investment. 

INTRODUCTION 

This p r o j e c t  was i n i t i a t e d  i n  June 1979 t o  determine whether Landsat 
d a t a  a r e  u s e f u l  i n  d e t e c t i n g  urban and a g r i c u l t u r a l  land use  p a t t e r n s  i n  
Vermont. Fur the r ,  we wished t o  f i n d  ou t  how w e l l  Landsat can a s s i s t  u s  i n  
d e t e c t i n g  change i n  these  c a t e g o r i e s  over time. We focused t h e  s tudy on 
Chittenden County, Vermont f o r  two reasons.  F i r s t ,  i t  c o n t a i n s  t h e  Ci ty  of 
Burlington and i t s  suburbs, which comprise t h e  f a s t e s t  growing, a s  w e l l  a s  
t h e  l a r g e s t  urban a r e a  i n  Vermont. 

Second, t h e  County a l s o  has  g r e a t  d i v e r s i t y .  I t  is on t h e  shore  of Lake 
Champlain, con ta ins  s i g n i f i c a n t  a g r i c u l t u r a l  a c t i v i t y  i n  t h e  lowlands of t h e  
l a k e  bas in ,  ex tens ive  f o r e s t  r esources  i n  t h e  uplands and cons iderab le  
v a r i a t i o n  i n  t e r r a i n  as t h e  county extends from t h e  Lake t o  t h e  main r i d g e  of 
t h e  Green Mountains. We a r e  concerned about t h e  r e t e n t i o n  of our  a g r i c u l t u r a l  
and f o r e s t  resources ,  and about t h e  r a t e  and course  of urban development i n  
Vermont. L n d s a t  i s  a t o o l  t h a t  we wished t o  e v a l u a t e  i n  r e l a t i o n  t o  t h e s e  
concerns, and f e l t  t h a t  we had a t e s t  f o r  i t  t h a t  was t y p i c a l  of no t  only 
Vermont, bu t  much of New England in  terms of d i f f i c u l t y :  smal l ,  d i v e r s e  land 
use p a t t e r n s ,  s t e e p  t e r r a i n  and l o t s  of clouds. 

This p r o j e c t  was undertaken by t h e  Vermont S t a t e  Planning Off ice ,  wi th  t h e  
a s s i s t a n c e  of t h e  Chit tenden County Regional Planning Commission and t h e  
inva luab le  support  of t h e  s t a f f  a t  NASA's Eastern  Regional Remote Sensing 
Appl icat ion Center (ERRSAC) a t  Goddard Space F l i g h t  Center.  The p r o j e c t  i s  n o t  
completed and t h i s  r e p r e s e n t s  a progress  r e p / ~ r t .  



PROJECT SCOPE AND STRATEGY 

This p ro j ec t  was designed j o i n t l y  by the  s t a f f s  of t he  Vermont S t a t e  
Planning Off ice  and ERRSAC. Our s t r a t e g y  was t o  ob ta in  Landsat images of 
Chittenden County with less than 10 percent cloud cover from seve ra l  seasons 
i n  t h e  e a r l y  1970's and s imi l a r  coverage from the  l a t e  1970's. 

We then intended t o  determine which scene i n  each year provided the  
bes t  de l inea t ion  of urban land cover and which the  bes t  de l inea t ion  of 
a g r i c u l t u r a l  land, and compare the  scenes from t h e  ea r ly  1970's with those 
from t h e  late 1970's t o  evaluate  Landsat's u t i l i t y  f o r  de t ec t i ng  land use 
change i n  Vermont. 

We f i r s t  reviewed Lsndsat scenes of Vermont and found t h a t  an October 
1974 scene was the  only usable image f r m  the  e a r l y  1970's. We se lec ted  
Landsat da t a  s e t s  from May 6, August 22, and November 2,  1978 a s  represen ta t ive  
of t he  l a t e  1970's. 

After  s e l ec t i ng  these scenes, we obtained ground t r u t h  f o r  1974 and 1978 
through the Chittenden County Regional Planning Comnission, using 1974 black 
and white photography, l a t e  1977 co lor  in f ra red  imagery and t h e  Regional 
Commission's own thorough knmledge of t he  area.  We co l l ec t ed  t h i s  ground 
t r u t h  f o r  each of t h e  ~ n d e r s o n l  Level I1 land use/land cover c l a s se s  t h a t  
were l i k e l y  t.o be found i n  Vermont. 

METHODOLOGY 

Our f i r s t  processing s t e p  was t o  determine which of t he  t h r ee  1978 Landsat 
da ta  s e t s  would provide t he  bes t  urban and a g r i c u l t u r a l  c l a s s i f i c a t i o n s .  We 
extracted a 512 by 512 p ixe l  subset covering t h e  c i t y  of Burlington and t h e  
surrounding a r e a  f o r  the  May, August and November dates .  We then developed an 
unsupervised c l a s s i f i c a t i o n  of each subset using the  IDIMS program ISOCLS, a t  
Goddard. 

Using t h i s  c lu s t e r ing  prq~ram,  25 s p e c t r a l  c l a s s e s  were derived from the  
August da ta  s e t ,  25 from the  May d a t a  s e t  and 6 from t h e  November da ta  s e t .  
We then analyzed the  s p e c t r a l  c l a s se s  fo r  each d a t e  t o  determine the  proper 
land cover c l a s s i f i c a t i o n  using the  predetenrined ground t r u t h  and high- 
a l t i t u d e  color  in f ra red  photography ( s ca l e  = 1:80,000) over t h e  study a rea ,  
t h a t  we had i n  hand. 



After  we determined the  land cover type f o r  each s p e c t r a l  c lass ,  w e  
color-coded them and displayed the r e s u l t s  on t he  CRT screen. Color polaroids  
were made f o r  each da t e  and these products were enlarged by a f ac to r  of th ree  
f o r  e a s i e r  i n t e rp re t a t ion  by Vermont personnel. The ERRSAC s t a f f  s en t  these  
i n i t i a l  products t o  t he  Vermont S t a t e  Planning Office t o  be used f o r  accuracy 
assessment by Chittenden County Regional Planning Canmission s t a f f  and 
municipal o f f i c i a l s .  

It was r ead i ly  apparent a f t e r  t h i s  ana lys i s  t h a t  t h e  August 1978 Landsat 
da t a  provided t h e  bes t  da t a  set f o r  t h i s  analysis .  The November da t a  set was 
too l a t e  in the  season. Hardwood t r e e s  had i o s t  t h e i r  leaves. Pasture and 
grasslopen land had l o s t  t he  c h a r a c t e r i s t i c a l l y  green co lor  of t he  growing 
season and consisted of dead o r  dying vegetation. Thus the  re f lec tance  
response was not appreciably d i f f e r e n t  f o r  s eve ra l  d i f f e r e n t  land covers and 
rherefore not separable.  The November da t a  a l s o  r e su l t ed  i n  a lower sun angle 
which caused more of a shadow e f f e c t  i n  the mountainous t e r r a i n  of t h i s  region 
and would have presented a problem in  c l a s s i fy ing  these  areas.  

The May scene was taken before vegetat ion was f u l l y  v ibrant  and a f t e r  
many a g r i c u l t u r a l  f i e l d s  had been plowed. This r e su l t ed  i n  i n s u f f i c i e n t  
d i s t i n c t i o n  between some types of a g r i c u l t u r a l  land uses but ,  more important, 
i t  caused mixed rad ian t  c l a s se s  containing plowed f i e l d s ,  some urban land uses  
and areas under construction. With fu r the r  ana lys i s  and more d i s c r e t e  ground 
t r u t h ,  imagery from t h i s  time of year could be q u i t e  u se fu l  i n  monitoring 
a g r i c u l t u r a l  and urban a c t i v i t y .  

The next s t e p  w a s  t o  analyze the  August data  t o  determine misc l a s s i f i ca t ion  
and pinpoint problem c lasses .  The analysie  of the s p e c t r a l  c l a s se s  yielded both 
a predominantly i n d u s t r i a l  category a s  w e l l  as a predominantly commercial 
category. The r e s i d e n t i a l  c lass ,  because of its heterogeneity,  did not break 
out a s  well. Three s p e c t r a l  c l a s se s  were defined a s  r e s i d e n t i a l  but a l s o  
c l a s s i f i e d  other a reas  such a s  the a i rpo r t .  I n i t i a l l y  two of the  r e s i d e n t i a l  
c l a s se s  were defined a s  older  and newer r e s i d e n t i a l  as a r e s u l t  of ground t r u t h  
knowledge of s t a t e  personnel. 

Another problem t h a t  occurred was the  misc l a s s i f i ca t ion  of some a g r i c u l t u r a l  
f i e l d s  along the  r i v e r  a s  forested.  To he lp  improve t h i s  c l a s s i f i c a t i o n  seve ra l  
t r a in ing  f i e l d s  were se lec ted  in these  f i e l d s .  The s igna tures  from these 
f i e l d s  were added t o  the  o r ig ina l  s p e c t r a l  s igna tures  derived from the  
unsupervised approach, and the  da t a  were rec l a s s i f i ed .  The c l a s s i f i c a t i o n  was 
then rechecked f o r  accuracy. Two of the f i v e  t r a in ing  f i e l d s  were eliminated 



a s  unacceptable but th ree  were retained.  These s igna tures  added t o  t he  
accuracy of the  a g r i c u l t u r a l  areas.  

EVALUATION OF CLASSIFICATION ACCURACY 

ERRSAC provided enlarged polaroid products from the  corrected c l a s s i f i c a t i o n  
of the  August da t a  s e t  which the S t a t e  Planning Office s t a f f  evaluated f o r  
c l a s s i f i c a t i o n  accuracy with subs t an t i a l  a s s i s t ance  from the regional  planning 
cammission. To do so, a common g r id  reference system was applied t o  both the 
August Landsat c l a s s i f i c a t i o n  and a mosaic of t he  co lor  in f ra red  photography. 
Grid-cell s i z e  was approximately 25 acres .  The planning comiss ion  then 
randomly se lec ted  30% of t he  gr id-cel ls  f o r  t he  Town of Colchester and compared 
the  ac tua l  land uselland cover with the Landsat c l a s s i f i ca t ion .  The ana lys is  
tha t  they d id  was e s s e n t i a l  i n  prepaying us t o  make f i n a l  correct ions t o  the 
c l a s s i f i ca t ion .  

On returning t o  Goddard, Vermont S t a t e  Planning Office and ERRSAC 
personnel examined the c e l l s  tha t  appeared t o  be misclassif ied.  These c e l l s  
were then located on the  1:80,000 color in f ra red  photography and on the  
Landsat da t a  displayed and enlarged on the CRT screen. After  examining some 
of these misc lass i f ied  c e l l s  i t  was discovered t h a t  most discrepancies  were 
the  r e s u l t  of t yp ica l  problems encountered i n  Landsat c l a s s i f i c a t i o n .  Some 
areas  i n  t he  wetland areas  c l a s s i f  j.ed a s  e i t h e r  agricul ture/open o r  a s  forested.  
The August da t a  were taken during a time of low water and d r i e r  condi t ions 
which resul ted in  t h i s  c l a s s i f i c a t i o n .  Because t h i s  was an urban land cover 
pro jec t ,  the agri.culturelforest1wetland misc lass i f ica t ion  was not of primary 
consideration and was not d e a l t  with. (The May 1978 da ta  s e t  taken a t  a t i m e  
of higher water l e v e l  i n  the  wetlands discriminated the wetland c l a s s  very 
well .)  Landsat geometric d i s to r t i on ,  color  I R  photographic d i s t o r t i o n ,  and 
gr id  reference inaccuracy accounted f o r  many of the differences.  

After ana lys is  of misc lass i f ied  c e l l s ,  a l l  of the  28 spec t r a l  c l a s se s  were 
again reanalyzed and re in te rpre ted  t o  determine the  most accurate  land cover 
c l a s s .  The o r ig ina l  ana lys i s  of the c lasses  was upheld although the  
categorizat ion of the land cover c l a s se s  was a l t e r ed  t o  more c lose ly  
represent  t h e  a c t u a l  cover types the  s a t e l l i t e  was imaging r a t h e r  than more 
a r b i t r a r y  urban c lasses .  For example, previously we had defined c l a s s  18 a s  
o lder  r e s i d e n t i a l  and c l a s s  22 a s  newer r e s iden t i a l .  On fu r the r  examination 
we found t h a t  both c l a s se s  were probably medium densi ty  r e s i d e n t i a l  with the  
difference t h a t  one c l a s s  had fewer t r e e s  and wider spaces than the other  
r e s iden t i a l  c lass .  These c lasses  could have been combined but we f e l t  t ha t  
keeping them separate  could provide usefu l  information f o r  planners s ince  
one of the  c l a s se s  defined c e r t a i n  subdivisions and neighborhoods. 



Tile i n d u s t r i a l  category cons is t ing  of c l a s se s  10 and 25 was changed t o  
industrial/commercial because these c lasses ,  i n  f a c t ,  contained erne commercial 
land uses. Along the  same l ines: ,  t h e  commercial category was more accurately 
defined a s  commercial/residential s ince  some high densi ty  r e r i d e n t i a l  was 
included. 

Because of some of t he  problems i n  the e a r l i e r  c l a s s i f i c a t i o n ,  t he  
a g r i c u l t u r a l  f i e l d s  along the Winooski River were checked very c l o s ~ l y .  In  
general the  c l a s s i f i c a t i o n  was good, although a few small a reas  i n  two of these 
f i e l d s  c l a s s i f i e d  as fo re s t .  The reason f o r  t h i s  has not been determined. 
Perhaps dark o r  wet s o i l  o r  bare spots  i n  these  corn f i e l d s  might have caused 
the  problem. 

PaOGRESS TO DATE 

We a r e  now a t  th9 point of presenting t h i s  corrected and r e c t i f i e d  
c l a s s i f i c a t i o n  t o  regional  planning and municipal o f f i c i a l s  f o r  a f i n a l  
c r i t i que .  This is  but a f l , s t  s tep.  I suspect t h a t  there is  a l i t t l e  room 
f o r  fu r the r  refinement i n  the c l a s s i f i c a t i o n  of urban land cover. There i s  
ce r t a in ly  room f o r  fu r the r  ana lys is  of the ag r i cu l tu ra l  land c lasses .  

Beyond tha t ,  the next s t e p  should be a similar ana lys is  of t he  1974 
image and an attempt a t  change detect ion.  I w i l l  make no predic t ion  of the 
degree of success tha t  t h i s  e f f o r t  w i l l  bring. 

RESULTS AND CONCLUSIONS 

Results a r e  only intermediate a t  present.  We may be typ ica l  of a s t a t e  
t h a t  is making i t s  f i r s t  foray i n t o  Landsat. We have learned much, but i t  has 
taken time. We have r e l i e d  heavily on the s t a f f  of the Eastern Regional 
Remote Sensing Applications Center (ERRSAC) a t  Goddard Space F l ight  Center. 
Without t h e i r  ass i s tance  t h i s  project  would not have happened, a usefu l  
appl ica t ion  of Landsat would have been missed o r  deferred,  and we wou?.d be 
the  poorer f o r  i t .  

The present Landsat system has ser ious shortcomings f o r  s t a t e  or  subs ta te  
appl ica t ions  i n  Vermont and s imi l a r  places. Frequency of coverage with a one- 
s a t e l l i t e  system is t o t a l l y  inadequate, when clotld cover and other  atmospheric 
in te r fe rence  i s  taken i n t o  consideration. 

S t i l l ,  Landsat data  a r e  valuable  t o  us f o ~ .  severa l  appl ica t ions ,  a s  pa r t  
of a cohesive geographic information system t h a t  should emerge here i n  the 
next severa l  years. To see  t h i s  real ized i n  an e f f i c i e n t  manner, we need a 
continuation of the kind of support t ha t  we have received from the  NASA 
regional  appl ica t ions  center .  We need the  technical  support a s  both 
personnel and systems change and we need the continued communication among the  
producers and users  throughout the country. 



TElE UNIVERSITY OF VEWlOLlT RStOTB SENSING CENTER 

Gary S. Smith 
University of Vermont 
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The University of Vemnt ' s  m t e  Sensing Applications Program is a NASA 
funded center that  has been in existence since June 1978. S y s t e ~  capabi l i t ies  
include E g i t a l  image processing and conventional photographic interpretation. 
Its expressed purpose is the identif ication of practical  applications of 
r m t e l y  sensed data and its encouraged use i n  earth resource management. 

BACKGROUND AND OBJECTIVES 

The Remote Sensing Applications Program a t  the University of Verront was 
established i n  June 1978. Its creation was made possible by a grant (NSG 7453) 
from The National Aeronautics and Space Admiaistration'a Office of University 
Affairs. The i n i t i a l  funding covered a period of three years. Subsequent 
funding from NASA has been awarded through Hay 1984. 

The expressed purpose of the Remote Sensing Applications Program is t o  
Investigate and encourage the practical  application of remotely sensed data 
t o  a variety of earth resource prob le~s .  The primary objectives have been: 

1. To test sad evalu-,e the applicability of remote senaing 
technology t o  the svlutioa of specif ic  problems faced by 
resource managers and decision nukere a t  the local ,  town, 
county and s t a t e  levels. 

2. To identify mechanisms and mplerment procedures for  the 
transfer 01 applicable :ethnology to  appropriate user 
groups and for user groups t o  transmit needs t o  indi- 
viduals competent in  remote s,:nsing technology. 

3. To enhance the comprehensive education and rx3earch 
programs of the University of Vermont ~y the presence 
of resident expertise i n  renmte seasing technology 
and the development and acquisition of t h i s  technology. 
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DISCUSSION 

A t  the  inception of the  project ,  remote sensing capab i l i t i e s  at the  School 
were limited t o  t r ad i t iona l  photographic in terpre ta t ion  techniques. With the  
grant from NASA, the  opportunity t o  expand i n t o  d i g i t a l  image p m c ~ s s i a g  was 
realized. I n i t i a l  evaluation of avai lable sof tvare  packages, capable of 
processing d i g i t a l  data, such as Landsat were identif ied.  Ult ioately,  t h e  
ORSER software package developed at the  Pennsylvania S ta te  University was 
selected f o r  i n s t a l l a t i o n  on the  University of Vermont's IBn 3031 computer. 
This decision was based on the  program's compatibility with exis t ing  c a p u t e r  
equipmnt coupled with t5e f ac t  tha t  it could be purchased at a reasonable 
price. 

To assure the  rapid i n s t a l l a t i o n  of the  software package, the  School 
retained the  services of the  principal  programeer f o r  ORSER a t  Penn State.  
This consultant, working with l o c a l  personnel, was able t o  bring up abouc 80 
percent of the  ORSER package i n  four days. The remaining programs were more 
specialized i n  nature, and the decision was made t o  i n c o r p ~ r a t e  them as needed. 

A s  the loca l  user comnunity became famil iar  with the  cap ,b i l i t ies  of the  
ORSER programs, modifications were made i n  the  programs t o  s u i t  l o c a l  needs. 
One par t icular  time-saving addition was the  in ter fac ing of the School's 
d i g i t i z e r  with the "SUBOUND" program. This allows the  user t o  d i r e c t l y  input 
l i n e  and p ixel  elements, defining the  boundary of an i r regular ly  shaped area. 
This has proven t o  be of considerable value i n  the  analysis  of lake and r i v e r  
watersheds. 

Use of Vermont's ORSER i n s t a l l a t i o n  has not been limited t o  individuals 
associated with the  University. The system is currently being accessed 
remotely by the  S ta tz ' s  Department of Forests and Parks and the  Deparrment 
of Water Resources. 

In addition t o  the  development of a d i g i t a l  image processing capabil i ty,  
s teps  have been underta1cen t o  improve the  photographic in terpre ta t ion  capa- 
b i l i t i e s  within the  School. This was considered v i t a l  t o  the  overa l l  success 
of the program, since several  of the projects  undertaken were not appro- 
p r i a t e  for  Landsat data alone. These improved capab i l i t i e s  include the  
addition of two Bausch and Lomb Stereo Zoom Transfer Scopes and two Bausch 
and Lomb Stereo In terpre ta t ion  Systems. 

One major project undertaken by the  program has been the  crea t ion  of a 
remote sensing information system containing descript ive information on a l l  
a e r i a l  imagery recorded over the S ta te  of Vermont. An exhaustive search of 
a l l  possible sources revealed tha t  over 200 separate photo missions have been 
conducted over the s t a t e .  I n i t i a l  plans had ca l led  f o r  the publication of 
these data in  a booklet format. The data w i l l  now be entered in to  the  com- 
puter so tha t  they can be se lec t ive ly  withdrawn t o  meet spec i f i c  user require- 
ments. This format w i l l  a l so  allow the s t a f f  t o  maintain and d i s t r i b u t e  a 
current l i s t i n g  of a l l  avai lable photography a t  a l l  times. Upon receip t  of 
an inquiry, a search w i l l  be made through the  computer f i l e s  t o  ident i fy  a l l  



s u i t a b l e  Luigery. Coverage can be requested by a s p e c i f i c  town, county or  f o r  
t he  e n t i r e  state. Additional cons t ra in ts ,  such as film type, scale or range 
of scales, year and seeson can be placed on t h e  sea- h. For e x a p l e ,  an 
individual  could request  ali of t h e  coverage recorded over Burlington between 
1953 and 1957 u t i l i z i n g  black and v h i t e  panchromatic f i k  at a nominal scale 
of 1:20,000. At t he  c o ~ p l e t ~ n  of t he  search. a l i s t i n g  of  a l l  ava i l ab l e  
photograp\y w i l l  be sen t  t o  t i e  requester.  Included with t h i s  list w i l l  be 
information explainfng haw t o  obta in  copies  of t h e  photography and who cur ren t ly  
holds e.xamples of it i n  t he  s t a t e .  

To c o t i f y  all po ten t i a l  users  o f  t he  ex is tence  of t he  da t a  bank, a b r i ~ f  
pamphlet is being prepared descr ibing t h e  system. Because msny cf t h e  poten- 
t ial  users  have had l i t t l e  v r i e n c e  i n  the  use of remotely sensed data ,  a 
b r i e f  discussion of  remote sensing, photo scale, f 5 h  types and suggested uses  
f o r  t he  imagery is included. This materialvas added with the  i c t e n t  of  
a t t r a c t i n g  new users,  such as town o f f i c i a l s ,  t o  t h e  idea of using reaote ly  
sensed data.  

In  addi t ion t o  facul ty  involvement, the  Remote Sensing Applications 
Program curren t ly  employs two full-t ime s a l a r i e d  personnel, s p e c i f i c a l l y  
t ra ined  i n  remote sensing technfques. Additional hourly employees a r e  added 
a s  pro jec t  needs d ic ta te .  The program has  a l so  a s s i s t e d  seve ra l  graduate s tu-  
dents with t h e i r  research work. To da t e  t he  program has been involved i n  
f i f t e e n  separa te  pro jec ts  addressing such topics  as cover-type mapping. water 
qua l i t y  ana lys is ,  fo re s t  insec t  de fo l i a t i on  and land-use change analysis .  
Data sources have included s a t e l l i t e  imagery, a i r c r a f t  mul t i spec t ra l  scanner 
tapes and conventional a e r i a l  photography. Other da t a  sources expected t o  
see  use i n  the  near fu ture  a r e  d i g i t i z e d  a e r i a l  photos and the  d i g i t a l  RBV data.  

To a i d  i n  technology t r ans fe r  t h e  Remote Sensing Applications Program 
has conducted a s e r i e s  of one-day sho r t  courses designed t o  acquaint s t a t e  
personnel with the  capab i l i t i ee  of co lor  in f ra red  photography and Landsat 
d i g i t a l  da t a  analysis .  I n  addi t ion  t o  numerous tours  and demnscra t ions  
s t a f f  members have been ca l l ed  upon t o  make numerous presenta t ions  both wi t%-  
i n  and outs ide Vermont. 

Future plans of The School of Natural Resources c a l l  f o r  the  c r ea t ion  of 
a t o t a l  information center ,  designed around a geographic information system o r  
5 .  The school is current ly awaiting del ivery of a Dig i t a l  Equipment Cor- 
poration's VAX 111750 minicomputer t h a t  w i l l  house t h i s  system. This  machine 
w i l l  a l so  house an image processing systen. It is the  in t en t  of the  school 
t o  i n t e r f ace  the c a p a b i l i t i e s  of the  CIS with the  fea tures  of t he  image 
processing system. 

CONCLUSION 

During the nearly three-year exis tence of the Remote Sensing Applications 
Program a l l  t h r ee  major objec t ives  have been ac t ive ly  addressed. The succees 



of the program its due to meveral factom. ihe f irat and rost obvioue is the 
wntinucd fund- f r a  NASA. Other contributing factors include the mtroag 
support of the Ur,:mrsity of Vermnt, the iav8lu.ble ueistance of ERRSAC 
personnel and an uce l lent  worklag r e l a t i ~ n s h ~ p  be- the program .ad otate 
government officials.  Ue vould w l c a e  the opportunity to share our experiencce 
*;ith other orgdzations and to learn Era their developments. 



THE EIICHIGAN M T A  NEEDS QUBSTIONNAIBB* 

Richard Bill-Ewley 
Center for Rerote Sensing 
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East Lansing, Michigan 

ABSTRACT 

The Michigan Resource Inventory Act (Public Act 204, 1979) is currently 
being implemented by the Division of Land Resource Programs, Michigan Department 
of -&turd Resources. Provisions of the Act include the establishaent of an In- 
ventory Advisory Corittee, the development of a current use inventory, ~ s s e e  
bling a land resource inventory and establishing a technical assistance program. 
The data needs questionnaire is an element in the project design study for the 
Act and is ahed at gathering information on vhat inventory information is re- 
quired by land use planners throughout the state. Analysis of questionnaire re- 
sponses is still in progress; hwever, some information on current use cate- 
gories has already been tabulated. The respondents selected a broad rame of 
categories at all levels of detail. Those most frequently iadicated were 
urban categories. 

EVOLUTION OF THE MICHIGAN RESOURCE INVENTORY ACT 

Significant environmental and land use legislation was passed in Michigan 
during the 1970's to protect shorelands, farmland, and open spnce, and to 
prevent practices which lead to soil erosion. Attempts to formalize more com- 
prehensive land use legislation failed. It was clear, however, that the need 
for a new and complete inventory of the land resource base in Michigan had been 
recognized by both supporters and opponents of comprehensive land use legisla- 
tion. In January 1979 a bipartisan group of three legislators established a 30- 
member land use task force with representatives from concerned parties to assist 
in drafting a politically acceptable bill incarporating this inventory idea. 
The task force identified the need for: i) comprehensive information on land 
resources and land use activities and ii) better cooperation between state and 
local authorities in land resource management efforts. These suggestions formed 
the basis of the Michigan Resource Inventory Act (Public Act 204) which was 
passed in December 1979, signed by the Governor in January 1980 and assigned to 
the Department of Natural Resources (DNR) for implementat ion. 

The Act has four main components: 

1. An Inventory Advisory Committee ( IAC) was established and given the 
task of assisting the DNR in completing its responsibilities under the Act. The 

*This research was supported by the Division of Land Resource Programs, Michigan 
Department of Natural Resoi~rces and the Department of Resouxce Development, 
Michigan State University. Logistical support was provided bv the Center for 
Remote Sensing, Michigan State University. 



IAC is composed of 20 members from across Hichigan representing local government 
associations, soil conservation districts, land resource based industries, state 
and federal agencies, environmental groups and the universities. The committee 
is involved with major policy decisions, the review of important technical deci- 
sions made by DNR staff and reporting to the Governor and legislature both 
issues and solutions identified during the inventory program. 

2. A Current Use Inventory is to be completed for Michigan every five 
years. This inventory can be conducted by local government or regional agencies 
with up to a 75% cost reimbursement. Some of the inventory work will be com- 
pleted by DNR staff where local agencies are not sufficiently prepared to under- 
take the work. Categories to be delineated will fall into such general groups 
as urban, agriculture, forests, wetlands and mining. Specific category descrip- 
tions have to be finalized and will be addressed later in the paper. 

3. A Land Resource Inventory will also be prepared. This inventory will 
identify lands especially suited for farming, forestry and mineral extraction. 
Much land resource data that are currently available, such as soils and geologic 
information, will be reformatted so that all sets are consistent and, through 
the use of a data managemest system, can be accessed by users to assist them in 
their planning and resource management efforts. 

4. A Technical Assistance Program. The Act requires the DNR to establish 
a thorough. technical assistance program. This will involve publishing and dis- 
tributing inventories to local governments, conducting workshops and seminars, 
the preparation of problem solving manuals and direct professional assistance 
to local governments with unique or difficult problems. With this type of pro- 
gram, PA 204 will provide information and analytical techniques to local agen- 
cies which will allow them to make more informed decisions, rather than drawing 
that authority away and investing it in a state land use committee. This is the 
critical feature because it makes PA 204 politically acceptabLe where previous 
land ~ s e  proposals were not. 

Prior to implementing the provisions of the Act, a project design study to 
define both the specific categories and methods which will be used in the inven- 
tory process and the specifications of the data management system has been 
initiated. 

METHODOLOGY 

Identification of inventory categories that are useful to the widest spec- 
trum of users in the state is important. An integral part of this selection in- 
volves not only category selection but also technical characteristics. The 
right category with poor or inappropriate technical specifications has little 
utility and will cause frustration and disillusiorrment in the user cmunity, 
thus jeopardizing the whole inventory process. In order to obtain direct infor- 
mation on category preference from the user community, it was decided that a de- 
tailed survey of user needs should be a part of the project design study. 

A questionnaire was designed to elicit responses from professional plan- 
ners, resource managers and other interested groups or individuals concerning 



t h e i r  da t a  needs with respect  t o  PA 204. The general  ca tegor ies  l i s t e d  i n  t h e  
Act were recas t  as po ten t i a l  da t a  elememts and divided i n t o  four sec t ions .  

RESOURCE 1:iFORMATION CATEGORIES 

1. Current Use Inventory. The ca tegor ies  l i s t e d  i n  t h e  Act are broad, 
general groups r a t h e r  than s p e c i f i c  working land use categories .  In  f a c t ,  users  
may requi re  land use ca tegor ies  i n  severa l  d i f f e r e n t  forms, broken down i n t o  
spec i f i c  components o r  l e v e l s  of d e t a i l .  This requires  the  use of a comprehen- 
s i v e  land use c l a s s i f i c a t i o n  system so  t h a t  c l e a r l y  defined, mutually exclusive 
categories  can be iden t i f i ed  and understood by producers and use r s  a l i ke .  

The Michigan Land Cover/Use C las s i f i ca t ion  System (1975) was put together  
by a group of concerned professionals  under t h e  sponsorship of t h e  Department of 
Natural Resources. It incorporates  Level I and I1 categories  from the  system 
developed f o r  use i n  t h e  U.S. Geological Survey mapping program (Anderson, 1976). 
Level 111 and Level I V  ca tegor ies  a r e  a l s o  defined i n  t h i s  system with particu- 
l a r  reference t o  the  Michigan environment. The system has been used extensively 
f o r  land use inventory i n  t he  state. 

Levels I, I1 and 111 have been used i n  the  da t a  needs quest ionnaire  a s  t he  
group of categories  from which respondents can choose when defining t h e i r  re- 
quiremexcs f o r  land use information. Level IV informatim has been l e f t  out  
except f o r  s2x categories which fu r the r  spec i fy  "Ut i l i t res"  (1146) and have, i n  
the  past ,  proved t o  be important f o r  regional  planners. A s  a general ru l e ,  
Level IV ca tegor ies  a r e  so s p e c i f i c  and numerous t h a t  they are not included on 
land use maps o r  i n  t h e i r  r e l a t ed  information systems. The land cover/use cate- 
gories  i n  t he  quest ionnaire  a r e  l i s t e d  i n  Table 1. A number of ca tegor ies  from 
Level I11 were omitted o r  ccmbined with o thers  because they were not o f t en  used, 
o r  could e a s i l y  be combined with o ther  categories.  Clear ly it was an t ic ipa ted  
tha t  any individual  respondent would not i den t i fy  a need f o r  a l l  of the  cate-  
gor ies  and the  quest ionnaire  i n s t ruc t ions  i l l u s t r a t e d  a possible  response f o r  
categories  i n  the  "urban" grouping. The general extent  of urban land including 
a l l  sub-categories may be an item of importance, although within the  boundaries 
of t h i s  a rea  the  more s p e c i f i c  ca tegor ies  of Resident ial  and Indus t r i a l  from 
Level I1 and Mobile Home Parks and S t r i p  (commercial) Development from Level 111 
might be indicated. This is a s e l ec t ion  of f i v e  categories out  of a possible  
for ty-f ive t h a t  a r e  considered t o  be needed by the agency. 

2. Special Lands. In  the  language of PA 204 some funct ional ly defined 
lands a r e  included under the  rubr ic  of current  use.  hey r e f e r  s p e c i f i c a l l y  t o  
lands reserved o r  designated u d e r  other  land resource r e l a t ed  Michigan legis-  
l a t  ion. 

Lands enrol led in  the  Farmland and Open Space Preservat ion Act and the  Com- 
mercial Forest Reserves Act a r e  mentioned spec i f i ca l ly .  These groupings d i f f e r  
from the current  use categories  i n  t h a t  they a r e  not necessar i ly  homogeneous and 
of ten  cons is t  of severa l  land cover types. In a mractical sense t h i s  means t h a t  
the methodologies used t o  inventory these types of lands a r e  d i f f e r e n t  f r o s  
those used with current  use and they a r e  o f t en  d i f f i c u l t  t o  f i t  i n t o  a neat 
c l a s s i f i c a t i o n  scheme. There a r e  o ther  categories  of information important i n  a 
comprehensive resource inventory t h a t  a r e  s imi la r  t o  a reas  subject  t o  l eg i s l a -  



t i v e  mandates such as  flood p l a ins  and recrea t ion  areas t h a t ,  together ,  make up 
a group loosely defined a s  spec i a l  lands (Table 2). The list is not  comprehen- 
s i v e  and the  respondent can add o ther  ca tegor ies  t h a t  a r e  considered important, 

3. Land Resource Data. This group of ca tegor ies  r e f e r s  t o  t he  major 
na tu ra l  resources of an a rea  which are important i n  most resource management 
decis ions (Table 3). Again, t h e  list is not comprehensive but i t  does attempt 
t o  make more s p e c i f i c  t h e  general  ca tegor ies  ind ica ted  i n  t h e  land resources 
language of PA 204. Four groups are indicated: geology, s o i l s ,  hydrology and 
climate. 

4 .  Composite Indicators .  Asssssing the  capaci ty of an a rea  f o r  some 
fu tu re  land use o r  t o  evaluate  whether its current  use is bes t ,  given a set of 
c r i t e r i a ,  o f t en  involves t he  considerat ion of severa l  land a t t r i b u t e s  simulta- 
neously. Data management systems with l a rge  geographic da t a  bases allow re- 
source managers t o  overlay and f ac to r  severa l  va r i ab l e s  i n  order  t o  come up with 
l imi t a t ions  f o r  c e r t a i n  types of development and s u i t a b i l i t y  i nd ica to r s  f o r  
o thers  (Table 2) .  A number of s u i t a b i l i t y  i nd ica to r s  were suggested i n  t he  
language of PA 204 and o the r s  have been added t o  t h i s  list. The next l og ica l  
s t e p  would be t o  enquire a s  t o  t he  compo-ient da t a  elements considered important 
i n  making up the  composite ind ica tor ,  but such a complicated t a sk  is beyond the  
scope of the  questionnaire.  

INVENTORY CHARACTERISTICS 

A s  mentioned e a r l i e r ,  category se l ec t ion  is only the  f i r s t  p a r t  of t he  da t a  
needs iden t i f i ca t ion  process. Equally a s  important a r e  a number of decis ions on 
what can broadly be defined a s  the  format of those data .  The quest ionnaire  
i d e n t i f i e s  nine format components which a user should consider on choosing a par- 
t i c u l a r  information category. Several options a r e  indicated f o r  each of the  
nine components and it is only through an evaluation of these  opt ions t h a t  a 
producer can decide how b e s t  t o  c o l l e c t  and present the  inventory information 
selected.  The nine components a re :  coverage, reso lu t ion ,  accuracy, s ca l e ,  
l eve l  of aggregation f o r  tabular  data ,  appl ica t ion  a reas ,  importance, frequency 
of use and .~p-dat ing cycle  (Table 3) .  Each of these components is appl icable  t o  
the four  groGps of categories  but  they a r e  of most c r i t i c a l  importance t o  the 
current  use categories  a s  these  da t a  w i l l  be gathered from primary sources while 
most of the  other  da t a  a r e  assembled from other  documentary sources. With docu- 
mentary sources the  format allows the  provider t o  s e l e c t ,  combine and possibly 
modify o r  r e j e c t  da ta  t h s t  might be used incor rec t ly  t o  support decis ion making. 
Using t h i s  information t o  r 'irect primary data  acqu i s i t i on  allows c r i t i c a l  deci- 
s ions  on da t a  source and me'hodology t o  be made i n  t he  c l e a r e s t  poss ib le  manner. 

THE QUESTIONNAIRE DOCUMENT 

Drafts  of the  quest ionnaire  composed of t he  au thor ' s  i n i t i a l  choices and 
wording f o r  the  Resources Information Categories and Information Charac ter i s t ics  
were prepared f o r  review and comment by s t a f f  within the  Division of Land Re- 
source Programs responsible f o r  implementation of PA 204. C o ~ i e s  of t h i s  docu- 
ment were a l s o  reviewed by s t a f f  of the Center f o r  Remote Sensing and the De- 
partment of Geography a t  Michigan S t a t e  University. Modifications t o  both 



eec t ions  were incorporated i n  a revised document t h a t  was prepared i n  t h e  s i n g l e  
shee t  format chosen fo r  d i s t r i bu t ion .  The quest ionnaire  waa then reviewed a 
second time with p a r t i c u l a r  a t t e n t i o n  being paid t o  layout and the  explanatory 
t e x t  t h a t  had been completely re-written from the  i n i t i a l  d r a f t .  The review 
process a t  t h i s  s t a g e  went through seve ra l  iterations with changes being made 
I n  t h e  quest ionnaire  layout  and i n  t h e  explanatory t e x t .  A f i n a l  d r a f t  was 
eventual ly  agreed upon and type-set f o r  reproduction and t e s t i n g  by ind iv idua l s  
l i k e l y  t o  respond t o  t h e  quest ionnaire  i n  its f i n a l  form. This  pre- tes t  s t age  
had t o  be accomplished quickly because of agency c o n s t r a i n t s  and, ae a conse- 
quence, only two respomes  were gathered. The pre-rest  respcnses confirmed the  
substance of t he  quest ionnaire  but  indicated some mechanical problems i n  t h e  
layout and t ex t  type s i ze s .  These were corrected by graphic h igh l igh t ing ,  re- 
s e t t i n g  some of t he  type and the  preparat ion of a step-by-step i n s t r u c t i o n  shee t  
t o  lead  the  respondent through the  explanatory t ex t .  

The quest ionnaire  was put together  i n  a matr ix  format s imi l a r  t o  t h a t  em- 
ployed i n  a survey of da t a  needs administered t o  Oregon S t a t e  governmnt o f f i -  
c i a l s  (Brooks, 1980). Respondents were asked t o  en t e r  and/or s e l e c t  t h e i r  cate-  
gory choices from the  l is t  on t h e  l e f t  s i de  of matr ix  boxes. I f  o t h e r  choices 
were more appropriate ,  a l t e r n a t i v e  s e l ec t i ons  could be wr i t t en  i n  o r  explained 
i n  a comments sec t ion .  Once the ca tegor ies  were se lec ted ,  the  respondent then 
indicated one of the  opt ions from each of t he  information c h a r a c t e r i s t i c  com- 
ponents. Again, new opt ions i n  t he se  components could be added o r  completely 
new components could be used i f  t h i s  was deemed necessary. 

RESULTS 

Analysis of t he  quest ionnaires  i s  s t i l l  i n  progress,  and consequently t h i s  
s ec t i on  w i l l  only repor t  on t h e  o v e r a l l  response and preliminary r e s u l t s  from 
the cur ren t  use inventory sec t ion .  

Questionnaires were mailed t o  s i x  groups. Emphasis was placed on profes- 
s i ona l  planners,  p a r t i c u l a r l y  those a t  the  county l e v e l .  However, planners i n  
the c i t i e s ,  a t  t h e  township l e v e l  and county commissioners i n  count ies  without 
planning departments were a l s o  included. Table 4 contains  thc f u l l  t abu la t i on  
of responses. Overall  response was 46% of the  t o t a l  quest ionnaires  mailed (86 
r e tu rns  from 186 mailed). A s u b s t a n t i a l l y  b e t t e r  response r a t e  was achieved 
from the  major t a r g e t  groups of reg iona l  and county planners.  Responses were 
obtained from 66% of county planners  and 79X of regional  planners. The d i s t r i -  
bution of these responses within Michigan was a l s o  of i n t e r e s t .  The regional  
agency responses, because o f  t h e i r  l a r g e r  percentage r e tu rn ,  have the  most com- 
prehensive a r e a l  coverage but t he  county agency responses (planners  and commis- 
s ione r s  combined) a r e  a l s o  wel l  d i s t r i b u t e d  throughout the  s t a t e .  This is i m -  
portant because the r e s u l t s  of t abula t ion  from t h i s  group of responses can be  
considered t o  be without subs t an t i a l  regional  b i a s .  

A s  indicated e a r l i e r  i n  t he  paper, two types of information were required 
from the  quest ionnaire .  F i r s t ,  which group of ca tegor ies  would serve t he  
g rea t e s t  number of u se r s  i n  Michigan; second, f o r  t he se  ca tegor ies ,  which tech- 
n i c a l  c h a r a c t e r i s t i c s  a r e  required fo r  e f f e c t i v e  u t i l i z a t i o n  of t h e  information, 



I n i t i a l  t abu la t i ons  show t h a t  a wide range of ca t ego r i e s  a r e  considered t o  
be  important but  t h a t  only f i v e  ca tegor ies  were s e l ec t ed  by over 50% of t h e  
t o t a l  respondents (Table 5). These ca tegor ies  are from Levels I1 and I11 and 
a r e  a l l  Urban types. I f  t he  threshold l e v e l  is reduced t o  ca tegor ies  t h a t  are 
se lec ted  by over 45X of a l l  responients ,  the  number of ca tegor ies  s e l ec t ed  more 
than doubles (13 ca tegor ies ) .  More ca tegor ies  are added i n  Level I1 and Level 
111; a l l  from t h e  Urban group with t he  exception of Streams which can r e a l l y  be 
considered a s  a base map category. Level I ca tegor ies  of Agriculture,  Water and 
Wetland a r e  included a t  t h e  45% threshold, throwing i n t o  even c l e a r e r  perspec- 
t i v e  t he  respondents' o v e r a l l  need f o r  de t a i l ed  urban information and only very 
general information from t h e  o ther  major land use categories .  Dropping the  
threshold l e v e l  t o  40% has l i t t l e  addi t iona l  e f f e c t ;  Forest  is  added i n  Level. I 
and Lakes i n  Level 11, p lus  two o ther  Level I1 urban categozies .  

It is  an t ic ipa ted  t h a t  the  major users  of t h e  inventory information w i l l  be  
t h e  county and regional  planners and PA 204 is very much or ien ted  t o  rhe needs 
of  t h i s  group. Combining t h e  responses of county and reg iona l  planners  wi th  
those of t he  county comis s ione r s  c r ea t e s  a sub-group which is  probably more 
represen ta t ive  of ac tua l  needs than the  f u l l  set of re turns .  The category 
s e l ec t i ons  of t h i s  sub-group a r e  more focused than the  t o t a l  r e tu rns  and a r e  
less oriented t o  Level 111 urban ca tegor ies  a s  might be expected with t h e  re- 
sponses from c i t i e s  excluded (Table 6).  Categories from the  urban grouping do, 
nevertheless ,  dominate those i n  t he  50% o r  above threshold group. Orchards is 
the so l e  Level I1 a g r i c u l t u r a l  category although t h e  four major non-urban cate- 
gor ies  a r e  included i n  t he  Level I group a t  t he  50% threshold.  Moving through 
the  45% threshold adds two a g r i c u l t u r a l  ca tegor ies  t o  Level 11. A t  t h e  40% 
threshold, the Level I1 a g r i c u l t u r a l  group is completed, Level I1 wetlands a r e  
added a s  a r e  the  o the r  Level 11 ca tegor ies  and three  addi t iona l  de t a i l ed  urban 
categories .  This l a s t  group seems t o  be the mix of ca tegor ies  t h a t  can se rve  
a s  a base from which t o  make f i n a l  decis ions on ca tegor ies  t o  be included i n  
the  inventory. It has a good range between l e v e l s  and seems t o  meet a substan- 
t i a l  proportion of user  needs. Further work with t he  response da t a  w i l l  be 
done, however, before  a set of recommended ca tegor ies  is submitted t o  t he  De- 
partment of Natural Resources. 

The second task, t h a t  of t abula t ing  the  technical  c l l a r ac t e r i s t i c s  of t he  
ca tegor ies  se lec ted  by the  respondents, is st i l l  i n  progress. Responses tabu- 
l a t ed  fo r  Level I Urban suggest t ha t  t h i s ,  too, w i l l  be a f a i r l y  complicated 
pat tern.  For t h i s  category the  t o t a l  and sub-total  responses a r e  e s s e n t i a l l y  
s imi l a r ,  varying only by degree. With each c h a r a c t e r i s t i c  the  majori ty  choice 
is usual ly  c l e a r ,  however, secondary choices a r e  a l s o  indicated.  Individual  
township coverage is chosen with a ten-acre  reso lu t ion  and 90% accuracy. A 
s ca l e  of 1:24,000 i s  indicated but  s t rong  represen ta t ion  for  1:10,000 is a l s o  
recorded. Aggregation by township is j u s t  barely t he  majori ty  choice with sec- 
t i o n  aggregation the  only other  choice. The category is considered very im-  
por tant  and would be applied i n  the  general planning and management of urban 
development a reas  on a weekly basis .  An update cycle  of every two years  is 
deemed most appropriate.  I n t e rp re t a t i on  of t h i s  information w i l l  be f a c i l i t a t e d  
by considering groups of ca tegor ies  and making inter-group comparisons. 



CONCLUSION 

Work in the next months will allow recolm~endations on the current use in- 
ventory categories and the other informetion categories to be finalized for pre- 
sentation to the Department of Natural Resources. Final decisions in this area 
will be made by the Inventory Advisory Committee. Inventory work is scheduled 
to commence in October 1981 and the data source to be used will be 1:24,000 
color infrared imagery acquired for all of Michigan in 1978 and 1979. Other 
work is also in progress to define which of the selected categories can be up- 
dated accurately using Landsat and to develop operational procedures for imple- 
menting this strategy. 

A copy of the questionnaire and complete tabulations of the responses are 
available from the author. 
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TABLE 1. CURRENT USE INVENTORY CATEGORIES INCLUDRD IN THE 
MICHIGAN DATA NEEDS QUESTIONNAIRE. 

TABLE 2. RESOURCE INFORMATION CATEGORIES INCLUDED IN THE 
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TABLE 3. 1NM)RMATION CHARACTERISTICS OPTIONS INCLUDED XN THE 
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TABLE 4. RATE OF RESPONSE TO THE MICHIGAN DATA NEEDS QUESTIONNAIRE. 



TABLE 5. CATEGORIES SELECTED BY QUESTIONNAIRE RESPONDENTS: 
THE TOTAL RESPONSE GROUP. 
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TABLE 6. CATECaRIES SELECTED BY QUESTIONNnIRE RESPONDENTS: 
THE PLANNER SUB-GROUP. 
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A LAND COVER (USSIFICATION FOR VEUHCNT 

Boy A. Whitmre, Jr. 
Professor of Foreetry 

Scbool of Natural Resources 
University of Verront 
Burlington, VT 05405 

Rapid changes i n  land use are presently occurring in Verront. These changes 
incl ,de clearing of agr icul tura l  and forest land f o r  urban acd indust r ia l  devel- 
o p ~ e n t  and the  reversion of agr icu l tu ra l  land t o  fores t .  Verront is a small 
state covering some 24,887 square kilometers (9609 square riles). Of t h i s  833 
square kilometers (322 square miles) axe state waters of Lake Champlain and 857 
square kilometers (331 square miles) a r e  inland waters. According t o  t1.e l a s t  
fo res t  survey conducted by the  U.S. Forest Service, 1,792,767 hectares 
(4,430,000 acres) o r  76 percent of the  area is c lass i f i ed  a s  fores t .  Information 
a b u t  t h i s  f c res t  area is needed f o r  the  development of management plans, t o  
monitor and regulate fores t  pract ices and t o  promote and encourage the  develop- 
~ e n t  of f c r e s t  production t o  meet growing wood needs. 

TfIE STUDY 

The current project grew out of e a r l i e r  cooperative e f f o r t s  by the  Vermont 
Departnent of Forests and Parka, the  University of Vermont, and the  Eastern 
Regional Remote Sensing Applications Center t o  detect  and assess the  extent of 
defoliat ion caused by fo res t  t en t  ca te rp i l l a r .  That e f f o r t  was ncot successful 
but did resu l t  in reasonably good fo res t  cover c lass i f i ca t ions  of t h e  test areas. 
Products developed from these e f f o r t s  were shown t o  state and universi ty per- 
sonnel who saw the  usefulness of such data. From these beginnings, the  current 
project developed a s  a cooperative e f f o r t  by the  three agencies. The Univer- 
s i t y ' s  e f fo r t  is being conducted under the  auspices of an applicat ions grant from 
the Office of University Affairs  of t h e  National Aeronautics and Space Admini- 
s t r a t ion  (NASA Grant NSG-7453). 

This project l a s  three objectives: (1) demonstrate the  f e a s i b i l i t y  of using 
Landsat data fo r  resource management; (2) es tabl ish  prc jects and m e e t  s t a t e  n e d s  
f c r  speci f ic  resource information; and (3) essist s t a t e  personnel in obtaining 
technical expertise in the  procsssing and analysis  of Landsat data. 

Tvo projects  were i n i t i a l l y  developed involving land cover c lass i f ica t ion.  
The f i r s t  of these involved statewide fo res t  cover c lass i f i ca t ion  while the 
second involved an inventor) of lakes and ponde with areas  greater  than 20 acres 
and c lass i f  $cat ion of land use within t he i r  respective watersheds. Stibseq~ent 
investigation showed t h a t  the  object ives of both of these projects  coulJ be m e t  
through a e h g l e  ef for t .  



During the d e v e l o ~ t a l  stages of the  project, It a s  decided to carry out 
a l l  data processing on the Interactive D i g i t a l  me bnipula t ion  System (ID=) 
a t  Goddard, A t  t h i s  t i m e  the  OBSBB program package was operational a t  V n r o ~ t  but 
tans not used because of the limited areas tbat  caa be processed a t  a single the.  
A l l  classif ication wnrld be by the *supervisdl' approach in vhich specif ic  types 
of ground cwer  a r e  identif ied and located prior t o  the c lass i f icat ion process, 

A prerequisite t o  the success of t h i s  project was the identif ication and 
acquisition of suits.ble Iatndsat scenes and data tapas. To corpletely cwer  the 
state required the c lass i f fcat ion and merging of portions 3f four Landsat scenes. 
With Verront's chronic cloud caver, the selection of sui table  data tapes was  
di f f  icul t .  The decision tnrs f ina l l y  mde  t o  u t i l i z e  tw scenes recorded on 
Septerber 26, 1978 (#?0205-14555 and 30205-14561) f c r  the  =stern tmlf of the 
state and another tt;o scenes from August 22, 1978 (530170-15011 and 30170-15014) 
for  the western portion of Verraat. All four of these scenes were cloud f r ee  and 
had four gcod bands of data. 

GROUND TRUTH AND TRAINIING FIELDS 

State and University personnel collected ground t ru th  i n f o ~ t i o n  for  a 
series of t e s t  areas across the  s t a t e  within each of the four select& scenes. 
Training field6 within the t e s t  areas had to  meet three c r i t e r ia :  (1) the areas 
theeselves must contain only one cover type; (2) the cover of the  training areas 
had to  be positively ider t i f ied by photointerpretatloris; and (3) the  training 
f i e ld s  had to  represent the variat ion present within a part icular cover type. 

The data f c r  these trainidg f i e ld s  were interpreted frcm 1:80,000 color 
infrared and 1;20,00C black and vhi te  panchrcmatic ae r i a l  photos flown in 1977 
and 1974 respectively. A s  nucny forest  and othar cwer  types a s  possible were 
located with the intention of producing a very detailed cover type pap. This 
task proved to  be a very formidable one. It was compounded by the fact  that  the 
f a l l  color change h9d begun t o  occur a t  the  t i pe  the Septsber  26 scenes were 
recorded. It becamc apparent that  a =re general map uould have t o  be produced 
with a smaller number of cover classif ications.  Training f i e ld  coordinates 
recorded a s  Landsat scan l i ne s  and pixels were selected and registered t o  the 
ground t ru th  training s i t es .  S t a t i s t i c a l  data were computed for  each training 
s i t e .  Histograms of reflectance values from each of the four bands were 
analyzed i a  terms of distr ibution.  Those ap~roaching normal distr ibution were 
accepted. Samples representing each of the major c w e r  types were clustered in  
order t o  deffne subclasses or spectral  classes within the major cover types. 
S t a t i s t i c s  were calculated fo r  each spectral  c lass  and the separability of 
classes was tested. The f i n a l  s t a t i s t i c s  were used to  classify the pixels in 
each major study area. 

Classified map products were produced for  several 500 pixel by 500 pixel 
study areas throughout ::he s ta te .  They were brought back to  Vermont and checked 
against ground t ru th  for  c lass i f icat ion accuracy and correction where necessary. 



This ilork continued through the  m e r  and f a l l  of 1979 and involved some adjus t -  
ment in c lass i f i ca t ion  signatures. 

CLASSIFICATION 

The axteneive checking and subsequent adjustment s produced a f ina l ized  sig- 
nature set f o r  a pa r t i cu la r  type of land cover in each of the  four scenes. These 
signature f i l e s  were u t i l i z e d  by the  computer t o  c l a s s i fy  each of the  p ixels  
=:.thin the  useable portion of eac5 scene. The f i n a l  c l a s s i f i ca t ion  tapec. con- 
tained data coded pixel  by p ixel  in to  eight  land cover c l a s ses  as determined by 
the  signature inputs. Digitized boundary data  were used t o  subset the  four areas  
of the  state from t h e i r  respective Laadsat scenes. The four pieces were merged 
t o  form a composite c l a s s i f i ed  map of Farnuont. Resulting products included a 
d i g i t e l  tape  of the  composite scene and a f i lm recorder negative used t o  produce 
the  photoaraphic product shown in Figure 1. This depic ts  the  cover c l a s s i f  i- 
cation using every other p ixel  within every other scan l ine .  

In  order t o  test t h e  accuracy of the  c l a s s i f i ca t ion ,  a procedure based upon 
a systematic random sampling method was applied t o  the  Landsat data. Percentages 
of land cover were compared by a check of randomly selected areas  t h a t  were 
photointerpreted. Such accuracy checks should accomplish two things: (1) over- 
a l l  c l a s s i f i ca t ion  accuracy and (2) s p a t i a l  accuracy of the  c l a s s i f i ca t ion .  Both 
of these can be a c h i e ~ e d  using the  same ~ h o t o i n t e r p r e t e l  c e l l s .  

Vermont has a stetewide plane coordinate system in both English and metric 
units .  The metric system uses 1,000 meter grids.  A s t a t e  orthophoto mapping 
project uses 4,000 meter g r ids  and has produced orthophoto p r i n t s  of these c e l l s  
a t  a sca le  of 1:5000. Each grid c e l l  contains 1600 hectares (3954 acres) .  The 
orthophoto maps could not be used f o r  accuracy checking because they a r e  only 
available fo r  two-thirds of the  s t a t e  and because they have been developed over 
a 10-year period. However, the  gr id  system could be used. 

A 10 percent random s m p l e  of 167 c e l l s  was drak-n ard t1.e coordinates trans-  
f erred t o  1:63,360 sca le  s t a t e  highway maps. The locat ions of these a r e  shown in  
Figure 2. Land cover within each of these sample c e l l s  was interpreted from 1977 
1:80,000 sca le  color infrared photography and transferred t o  the base maps with a 
Bausch and Iamb Stereo Zoom Transfer Scope. The resul t ing  map  were 2 ig i t ized  t o  
obtain area data by land cover c lass .  

RESULTS 

The r e s u l t s  of t h i s  comparison a r e  shown in Teble 1. Many of the  apparent 
d i f f ~ r e n c e s  found t o  da te  a r e  due t o  inherent differences between the  def in i t ions  
used by an in terpre ter  and the  more r i g i d  assignment of computer c l a s s i f i ca t ion .  
For example, Landsat c l a s s i f i ed  79 percent of the  area a s  fo res t  cover whereas 
75 percent was so c l a s s i f i ed  by photointerpretation. More deta i led  exanination 
of smaller cover fea tures  would cause the  in terpre ter  t o  c a l l  a~,11y Landsat 
c l a s s i f i ed  foree t  arcas as e i the r  urban or  un t i l l ed  ag r i cu l tu ra l  lands. 



Further t e a t r  of accuracy a r e  planned f o r  o ~ l l e r  .rear to be oubset from the  
larger  c l a r r i f  icat ion.  

A m j o r  benefi t  darived from t h i s  demonotration project  was the  "jelling" of 
a general cooperative remote senring e f f o r t  within the  s t a t e .  With image process- 
ing cap.biliti.8 avai lable  within the  a t a t e  and a general understanding of 
Iandsat ' 8 cap8b i l i t i e r  held by many state off icf.1 a,  addit ional  cooperative 
e f f o r t s  have been i n i t h t d  and more a r e  anticipated.  

CONCLUSIONS 

The oynoptic view of t n d a r t  provides an opportunity t o  obtajn r easomt~ ly  
accurate land cover information over la rge  a r m s  such a s  s t a t e s ,  counties o r  
watersheds provided that the  c l ae r i f  icat ion is held t o  level  one. Once large  
areas have been c lass i f i ed  ueing computer processing technique. it i a  possible t o  
produce c las s i f i ca t ions  f o r  wuller:  a reas  b) aubsetting, through use of a digi-  
t i z e r ,  from the larger  c l a r s i f l ed  area.  These capab i l i t i e s  which combine srtel- 
l i t c ,  sensor, and computer moke a l a rge  area land cover c l a s r f f i c a t i o r  system 
posoible. 
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Table 1. Comparison of land cover area estimates by photointerpretation and 
computer claseff ication of Landsat dig i ta l  data in  Vermont. 

Land Cover Photo Derived Tandsat Dif ference  
-----------------Percent------------------ 

Hardwood 36.3 + 2.0 54 +17.7 
Con i f  er 21.1 3 1.1  15 -6.1 
Mixed 17.9 2 1 .0  10 -7.9 

AGRICULTURE 19.5 2 1.0  16 -3.5 

Tilled 2.5 + .4 4 
Untilled 17.0 - T 1.3 12 

URBAN 2.4 2 . 7  1 -1.4 

WATER 2.7 .- + .9  4 -0.1 



Chairper sons : Arlene Kerber , ERRSAC 
Brian Stone, Vermont Department of Forests ,  Parks, 
and Recreation 

The fo re s t ry / ag r i cu l tu re  forum began with two presentat ions:  "Monitoring Forest  
t o  Agricul ture  Land Conversion" by Mary Louise Oudding of t h e  Minnesota S t a t e  
Planning Agency, and "Michigan S m l l  Foreot Woodlot Survey" by W i l l i a m  Enslln of 
Michigan S t a t e  University. Following these presentat ions the re  was much concern 
about t h e  proposed FY82 budget cu t  of t h e  Regional Appliceti  )ns Program. D i s -  
cussion focused on program impacts, t h e  present Administration's policy, and m i s -  
understandings about technology t ransfer .  Everyone m e  encouraged t o  w r i t e  t o  
t h e i r  Congressmen and Senators about two ser ious  i s sues  which would a f f e c t  s t a t e  
needs : 

(1) Loss of appl ica t ion  potential--States need the  low-risk, low-cost 
opportunity t h a t  present ly e x i s t s  t o  apply the  technology and s e e  how it works 
before they a r e  wi l l ing  t o  make an investment. 

(2) Loss of cont inui ty  of data  (due t o  postponement o r  csnce l la t ion  ofanew 
s a t e l l i t e  Launches o r  change i n  operat ional  svstem s t a t u s ,  a da t a  gap could 
occur). 

The next top ic  of discussion was the  use  of Landsat da t a  in the  U.S. Forest  Ser- 
v i c e  Forest Survey. It was emphasized tha t  Landeat can be used a s  a f i r s t - c u t  
s t r a t i f i c a t i o n  f o r  t he  Survey, a s  a cross-check f o r  ex i s t i ng  f o r e s t  s t a t i s t i c s ,  
a s  well  as an inexpensive means t o  update e t a t i s t i c s  between surveys on a 
regular  basis .  In  addi t ion,  Landsat can be uned by planners a s  a gutde t o  
s p a t i a l  d i s t r i b u t i o n  of s t a t i s t i c a l  da t a  of t he  Forest Survey. 

The need f o r  f o r e s t  type maps which Landsat can provide war emghasized. Some 
s t a t e s  f ind  f o r e s t  s t a t i s t i c s  without any map product not very uttaful. Two 
major ~ r o b l e m s  were mentioned--the Survey does not  provide ma~s along with the  
s t a t i s t i c s  so t h e  s t a t i s t i c s  do not  make sense t o  planners. Secondly, some 
s t a t e s  such as Indiana, I l l i n o i s ,  and Ohio may have t o  wait a s  long a s  17-19 
years  between Forest Surveys. 

It w a s  pointed out ,  however, t h a t  t he  Forest Survey's purpose is determining 
timber resource e t a t i s t i c s  t o  answer t h e  nat ional  question of how much wood 
t h e r e  is--it is  not a mapping function. The Forest Service is adding da ta  such 
a s  w i l d l i f e  and biomass which w i l l  be usefu l  t o  t h e  s t a t e s .  I f  states work i n  
conjunction with them, they a r e  more responsive and t h e  Survey w i l l  be more 
successful  within a state. There is a need f o r  nore coramunication. 



Maine, where tLe Forest Service i r  prerently working on the  Survey, ir  attempting 
t o  d i g i t i z e  a11 photo ploto which w i l l  give good naographic locat ion f o r  s t a t i r -  
t i c a l  data. The need fo r  the  s t a t e r  t o  take the  l u d  i n  i n i t i a t i o n  of inputs 
(e.g., d i g i t i t a t i o n ,  rrpecif i c  s t a t e  needs, avai lable  state lnf ormati-) t o  the  
Survey was emphasized. 

The use of Landeat t o  update the  Survey w e  emphsired a s  an important rola.  
There is a real need, a t  leoet  w a r y  5 years, perhaps more often, f o r  a 
r e l a t ive ly  inexpenoive way t o  update f o r e r t  maps and r t a t i s t i c r  between surrey.. 
Landsat data from 1978 were able t o  update 1972 Forest Survey s t a t i s t i c s  f r r  
Vermont by ohowing an increase of about 5 percent in the  t o t a l  forested land over 
t h i s  6-year period. Photointerpretation of a e r i a l  photography over smaller areas  
have varif  ied the  overa l l  re ru l to .  

The accuracv assesanent of the  Vermont Imdeot-derived land cover map showed tha t  
a Level I c lase i f i ca t ion  was very good. The Level I1 c lass i f i ca t ion  was not a s  
accurate due to: bandsat's 1.1-acre resolut ion versus a e r i a l  photortraphy not 
being photointerpreted t o  tha t  f i n e  a level ,  the  subjective nature of photointer- 
pretat ion,  and the  confusion created by the lack of a c l ea r  de f in i t ion  of what is 
considered fo res t  cover and what is mixed foreotland. 

Different ways of using Landsat data with Forest Survey s t a t i s t i c s  were a l so  die- 
cussed. The euggestion was made t o  think in  terms of a s t a t i s t i c a l  surface by 
using Lentsat t o  guide a spatial interpolat ion of s t a t i s t i c a l  data t o  come up 
with an approximation of a map. In North Carolina, another way of using Iandsat 
data and Forest Survey s t a t i ~ i i c s  was t o  include them in to  a land information 
system which r e l a t e s  s t a t i o t i c s  a s  w e l l  as other data t o  a speci f ic  area. 

Another problem expressed during the  fI>rum was landsat 'e d i f f i c u l t y  i n  monitoring 
slow change in fores t ry  applications. While Landrat doer show changes a s  the  
r e su l t  of f i r e ,  fo res t  peoto, e.gr, spruce budworm, and clearcutt ing,  fo res t  
succession is d i f f i c u l t  t o  detect .  It is Important t o  de l ineate  between c learcut  
and stages of fo res t  growth. The northemst s t a t e s ,  par t icular lv  Maine, New 
Hanpshire, and Vermont need a t  least a 5-year in terval  t o  mr~nitor c h e n ~ e  with 
Land oa t . 
The forum concluded with a brief discuorion on wi ld l i f e  applicat ions,  specif i- 
cal ly  the  location of hemlock f o r  the monitoring and inventorying of deer yards. 
The point wao made tha t  the  seasonal time of year is a c r i t i c a l  fac tor  i n  
delineating specif i c  species asoociat ions, especial ly i n  the e a r t  with its mixed 
f oreat. 



SUMURY OF 
LAND COVFR ANALYSIS AND PLANNING FORUM 

Co-chirperronr:  J a n e t t e  Cetvin, ERRSAC 
Dennio h l l o y ,  Vermont S t a t e  P lmnniq  Off ice  

The forum began with a presentat ion by Edward J. P h i l i p s  of t he  Pocomoke River 
Mvisory  Committee of h i s  paper "Applicatian of landeat  Data f o r  Land and Water 
Research Planning, t h c  Pocomoke River Barin, MD." Following t h i s ,  M s .  Gervin 
opened up t h e  discussion by asking t h e  group w h a t  s p e c i f i c  needs planners  wished 
t o  see eddreosed In f u t u r e  Landsat eyetemr. Several  group members mentioned t h e  
r e so lu t ion  neceesary t o  d i f f e r e n t i a t e  low dans i ty  r e s i d e n t i a l  arms. The 
improved r e so lu t ion  of t h e  TM woe a l s o  expected t o  a i d  i n  c a t ~ o r l t a t i o n  of 
wetlands. 

The next top ic  mentioned was t h e  poss ib le  problems associated M A  h t h e  increased 
da t a  volume of t h e  TM data  rate, production, a v a i l a b i l i t y ,  user  handling, and 
compatibi l i ty  with t h e  smaller computers t h a t  many s t a t e  u se r s  tend t o  use. 
Ms. Gervin indicated t h a t  t he se  problems might pe re l a t  i n  t he  sho r t  run s ince  
Landsat-D l i k e  i t s  predecessors wauld be administered by NASA a 8  a research,  not  
an opera t iona l ,  system with improvement an t ic ipa ted  when the  a e r i e s  becanes 
operat ional  . 
Aasuming the  Carter Administration Plan t o  ope ra t i ona l i r e  t h e  Landsat system 
would be a f fec ted  i n  some form, Ms.  Gervin asked t h e  group what i n s t i t u t i o n a l  and 
technical  problems planner- could foresee.  They c i t e d  t he  uncer ta in ty  of plans 
and l ack  of inf o n a t i o n  fsow from NASA-NOAA t o  t h e  s t a t e s ,  making it d i f f i c u l t  
f o r  them t o  even know which computer system t o  Invest in. There was a br ief  
discussion on t h e  a v a i l a b i l i t y  of da t a  and opera t iona l  h i r t o r y  of pas t ,  p resen t ,  
and f u t u r e  Landsat s a t e l l i t e s .  Next, M r .  He1*- asked how s a t i s f a c t o r y  a f r e -  
quency of 1 every 18  day coverage wao f o r  t h e i r  object ives .  While not ing the  
importance of cloud cover, a mem5er pointed out t h a t  t h e  4 pasaes necessary f o r  
water q u a l i t y  work required more than one s a t e l l i t e .  The launch time f a r  
Iandsat-2 was not known. 

The group was then asked its preferred pa t t e rns  of coverage, turnaraund time, and 
r e l i a b i l i t y .  Response was very mixed, depending on the  u se r s  need; some use r s  
required a month turnaround, o the r s  gave mare imp~r t ance  t o  pr ice ,  and some were 
using 3-year-old Landsat Zeta f o r  cur ren t  c l a s s i f  i ca t ions .  

M r .  W l l o y  addressed t h e  grarp  members who had used 'Landut da t a  a s  t o  t h e i r  
i n o t i t u t i o n a l  problemo, and how they would opera te  if budget c u t t i n g  stoppad 
NASA rupport.  The responoes were t h r  some s t a t e r  would simply s top  ueing/or not 
o t a r t  using landeat  da ta ,  that o the r s  would have t o  r e l y  more tm u n i v e r s i t i e s  ard 
experienced e t a t e  and loca l  government orgui iza t ionr .  There wc~s mixed enthusiasm 
f o r  deal ing with t h e  p r i v a i e  sec tor  a19 loca l  governments &re  f requent ly  required 
t o  d e a l  with t h e  lowest bidder,  and frequent ly  a r e n ' t  experienced. 



SUMMARY OF SURFACE MINING A?lD EN- FORUM 

Co-chairpersons: Ron W i t t ,  ERRSAC 
D r .  Hubertur Bloemer, Ohio Univerrity 

The sur face  mining forum began with two very d i f f e r e n t  papers, both of which 
d e a l t  with t he  monitoring of sur face  mines. Tim S c h i d *  of t h e  Maryland Depart- 
ment of Natural Resources Water Resources Adminietretion, discussed h i s  coopera- 
t i v e  pro jec t  with ERRSAC that Involves mapping sand and gravel  p i t s  i n  t h e  
Patuxent River Waterohed. The c l a r s i f i c a t i o n s  were developed from Landsat MSS 
d i g i t a l  da ta  acquired on two d a t e s  over a 5-year time sFan. Hugh Bloemer, 
a s s i s t a n t  professor a t  t h e  Department of Geography, Ohio University, provided a 
de t a i l ed  descr ip t ion  of severa l  processing techniques, and concluded with a d is -  
cussion of h i s  work on multi-temporal monitoring of s t r i p  mines In eas te rn  Ohio. 
The text of theee presentat ions is  Included elsewhere In t h i s  volume. Both 
papers provided an introduct ion and background f o r  t h e  diecursion which followed. 
In  addi t ion ,  several  questions which were iden t i f i ed  in advance provided f u r t h e r  
focus f o r  the  forum: 

- What is  " s t a t e  of t h e  art" i n  remote sensing of sur face  mines? 

- What is the  bes t  time of year from which t o  s e l e c t  the  imagery t o  
de l inea te  surface mines? 

- What new techniques are being applied o r  a r e  an t ic ipa ted?  

- What c a t e g ~ r i e s  of mines a r e  mappable a t  cur ren t  s a t e l l i t e  reso lu t ion  
l eve l s?  

The f i r s t  question was addreseed by Jim Irons '  paper In t he  plenary session and 
discussed in fu r the r  d e t a i l  in  Bloemer's preeentation. In  summary, Landoat i s  
idea l ly  su i ted  f o r  monitoring eurfacearined a reas  on a regional  basis ,  both t o  
determine the  a r e a l  oxtent of mines  ad t o  look a t  sequent ial  change. Detailed 
inspect ion of individual  mines, however, is b e t t e r  l e f t  t o  i n t e rp re t a t ion  of 
low-alti tude a e r i a l  photography. For example, Landeat da t a  have been used t o  
monitor l a rge  strip-mined areas  in Ohio, West Virginia ,  Pennsylvania, Maryland, 
and Kentucky. Furthermore, Maryland and Michigat cu r r en t ly  have programs t o  map 
surface mines on a statewide bas is  and a n t i c i p a t e  using Landsat da t a  t o  accom- 
p l i s h  t h e i r  object ives .  

Because of t he  d i s t  l n c t i v e  cont ras t  i n  r e f l e c t i o n  between healthy vegetat ion and 
barren areas ,  t he  optimal Landsat da t a  f o r  surface mine mapping is imaged during 
the  summer months when the  vegeta t ive  c w e r  l o  most f u l l y  developed. The more 
dcjlse and vigorouo i e  t h e  vegetat ion surrounding mined s i t e s ;  t he  g rea t e r  is t h e  
cont ras t  between the  two. Thus the  extent  of sur face  mining a c t i v i t y  poten- 
t i a l l y  can be mz,pped more accurately l a t e  i n  t he  growing season. 



L i t t l e  was mid i n  
rpa t i a l  resolution 
mapper wnuld ripnif 
o r b i t a l  a l t  itudee. 

regard t o  new tachniquer development, except thmt the  higher 
(30 matare) and more r a l w t i v e  rpect ra l  range of the  tfematic 
' i c m t l y  improve the  ourface alne mapping capabi l i ty  from 

Ir. addition t o  the  discuooion on remote senring of marface miner, m Ohio dele- 
gate outlined a projact  uring h n d s a t  data t o  aelect  potent ia l  and a l t e rna t ive  
ethynol (gaoohol) plant s i t e s  i n  h i r  r t a t a .  



SUMMARY OF DATA PROCESSING FORUM 

Co-chairperoone: Marc Imhoff, ERRSAC 
Brian J. Turner, ORSER, Penncrylvani. S t a t e  Univereity 

The J a t a  processing forum b e ~ a n  with a presentat ion prepared by Dr.  Brian l b rne r ,  
d i r ec to r  of t h e  Office f c r  Remote Sensing of Earth Resources of thz Pennsylvania 
S t a t e  University,  e n t i t l e d  "Recent Developments with t h e  ORSER System." This  
presentat ion d e a l t  with an overview of t h e  c a p a b i l i t i e r  of t h e  Off ice  f o r  Remote 
Sensing of Earth Resources (ORSER) d i g i t a l  image proceorlng system and described 
i n  d e t a i l  most of t he  major a l t e r a t i o n s  and amandmento t o  t h i o  system. A few of 
t he  major changes e i t h e r  recent ly  i n s t a l l e d  o r  in t h e  process of being developed 
a re :  t he  addi t ion  of a user-friendly f r o n t  m d  t o  t he  sof t tmre system designed 
t o  streamline program stem edi t ing ,  expansion of t h e  system t o  handle l a r ~ e r  da t a  
sets, an all-FORTRAN version of t h e  ORSER system t o  make t he  programs eas i e r  t o  
i n s t a l l  on a wider va r i e ty  of computers, a system of programs designed t o  handle 
pclygon da ta  a s  w e l l  a s  ed i t i ng  of d i g i t i z e r  da ta  and ca l cu l a t i on  of a rea  s t a t i s -  
t i c s ,  and a va r i e ty  of da t a  management program improvements. The t e x t  f o r  t h i s  
presentat ion cz~n be found elsewhere in t h i s  volume. With t! e ORSER system 
presentat ion as an introduct ion,  t he  forum discussion a s  a whole tended t o  
revolve around t h e  ORSER system and ORSER urero. 

D r .  Brian Turner proposed t h a t  an ORSER use r s  group be formed and supported i n  
pa r t  bv t he  user  comnunity. Within t h i s  proposal a newslet ter  w i l l  be published 
bv t he  group which could be used t o  keep t h e  user  commrnity up t c  d a t e  on a l t e r -  
a t i ons  and amendments a s  w e l l  a s  provide a means f o r  u s e r s  t o  voice present and 
f u t u r e  requirements and discuss  problens. To da t e  t he re  a r e  25 U.S. and e igh t  
foreign ORSER users .  

Several users  expreesed a d e s i r e  t o  ace some kind of atmospheric cor rec t ion  o r  
haze correct ion Dronram input t o  the  system. It was agreed tha t  such a proqram 
would be u se fu l ,  althougn very few such algorithms a r e  c ~ r r e n t l y  operat ional .  
Cther suggestions focused upon such proposed system addi t ions  a s  t he  inclusion of 
NASA STATS t o  t he  ORSER systhm, and t h e  i n s t a l l a t i o n  of an algorithm within t h e  
STATS program t h a t  would provide a histogram of t h e  d i s tance  of each p ixe l  vector  
from the various c l a s s  means i n  order t o  more accura te ly  determine an or?tlmal 
c r i t i c a l  d i s tance .  

Image Processing Systems o ther  than ORSER were a l s o  discussed a s  thev mioht be 
canpared t o  ORSER. In t e r ac t i ve  systema were dercribed a s  being :onsiderably 
more powerful in  terms of processing time, convenience and d isp lay  capab i l i t y .  
The point was a l s o  made t ha t  i n t e r ac t i ve  oyotemo a r e  much more expensive and 
requi re  a technician educated i n  d i g i t a l  processing. OFSER on the  other  hand is 
very inexoer.sive, and i e  an exce l len t  system with which t o  t r a i n  peo?le i n  d ig i -  
t a l  processing technique0 due t o  i t c  step-by-step batch type mode oi operat ion.  



Diecueoion continud in  c o ~ p . r i u  t!.e virtuem of the ORSER myatom and interactive 
ovstsoc ouch 88 BSL' r IDIS. 

In general, it w e  anreed that the ORSER evetm h a  a wide raw6 of proceseing 
cap.bil i t iee,  but tht some kind of interactive mode of proceroin~ for haat die- 
play, image enhancement, ground control mint selection, rurd training site 
.election v w l d  be helpful. 



C h i r p u  sons  : Betry  H i d d l a t m ,  ERRSAC 
P e t e r  Corni l lon,  U n i v u r i t y  of Rhode I s l a n d  

The mter q u a l i t y / c o a s t a l  zone f o n u  dedicated a l a r g e  p o r t i o n  of t i m e  t o  t h e  
fol lowing four presemtationr:  "Raaote Senring in t h e  Coastal Zone--A Yer8pec- 
t ive"  by Pe te r  Corni l lon of t h e  Univers i ty  of Rhode I s l a n d ,  "Lake C l a s s i f i c a t i o n  
i n  Vermont" by Nancy Bryant of t h e  Vermont Department of Water Re8ources. 
"Therml  I n f r a r e d  Imagery, Cape Cod, H . e u c h s e t t s "  by Barbara Ryan of t h e  U.S. 
D e p a r t m e n t  of t h e  I n t e r i o r ,  and "New J e r r e y  Lcng Shore Protect ion"  by S u m  
Halsey of t h e  New J e r s e y  Geological  Survey. Following t h e s e  p r e s e n t a t i o n s ,  t h e  
forum p a r t i c i p a n t s  were divided i n t o  two d i rcuse ion  groupa, one devoted t o  
c o a s t a l  zone i s s u e s  and t h e  o t h e r  geared s p e c i f i c a l l y  to  water q u a l i t y  top ics .  

I n  t h e  c o a s t a l  zonc group, D r .  Corn i l lon  addressed t h e  ques t ion  of why remote 
semsing has been used s o  l i t t l e  i n  t h e  c o a r t a l  zone reg ions  to d a t c .  Discussions 
t h a t  followed focused on t h e  problems and impediments which had been experienced.  
The need f o r  i n  s i t u  inforrnat i ln  r e l a t i v e  t o  c o l o r  changes in sand, type  of sedi-  
ment load t r a n s p o r t .  e t c .  was emphasizr'd i f  Light Detect ion and Ranging (LIDAR) 
o r  o ther  remote sensing dev ices  are t o  be used. Dr.  Corn i l lo r  cautio-ed t h e  
group no t  t o  be t a o  o p t i m i s t i c  about t h e  degree  of informat ion a v a i l a b l e  from 
remote sensing a lone ,  no t ing  t h a t  i t  .*as ovtrsold t o  tt.a cceanographjc coamunity 
f o r  ohys ica l  oceanographic o f f s h o r e  resea rch  i n  1968. I n  t h e  in te rven ing  10 
y e a r s  u n t i l  1978, when TIROS-N . s a t e l l i t e  was lat.nched, l i t t l e  progress  was made 
leaving oceanographers p e s s i m i s t i c  about t h e  u t i l i z a t i o n  of remote sensing 6s a 
u s e f u l  r e s e a r c h  too l .  

However, t h e  po in t  was made t h a t  satel l i te  d a t a  h ~ v e  beon verv  u s e f u l  i n  Culf 
Stream s t u d i e s ,  both i n  pcbaitioning and d e f i n i n g  t h e  dynamics of r i n g  formation 
and more r e c e n t l y  i n  r e l a t i n g  Gulf Srream wort w a l l  undulat ions  t c  t i d a l  f low 
input .  Attempts a r e  being made t o  u s e  t h i s  technique t o  estimate Stream 
veloc  icy.  

Fur ther  d i scuse ion  emphasazed t h e  b e n e f i t s  of m u l t i s p e c t r a l  sens ing  from high 
a l t i t u d e  a i r c r a f t  in  c o a ~ c a l  zone a s s e s m e n t  s. However, complicat ions  r e l v t  ing 
t o  a i r c r a f t  p o s i t i o n  and motion t h a t  can be p r e d i c t a b l y  computed f o r  s a t e l l i t e s  
must be measured and i n p t  t o  c o r r e c t  a i r c r a f t  da ta .  The suggest ion was made 
t h a t ,  f o r  t h e  p r i c e  of one s a t e l l i t e  laurach, many dedicated e i r c r a f  t suecFs of 
c o a s t a l  r eg ions  could be made and wit!' j o i n t  echeduling of a i r c r a f t  f o r  m u l t i -  
s t a t e  u s e ,  ~ e r h a p o  cost-effective opc~ra t ions  could be obta ined.  I n  ~ e n e r a l ,  it 
rras agreed that a i r c r a f t  photoc probably would be a valuable  a d d i t i o n  t o  Landsat 
da ta .  

The water q u a l i t y  group began t h e i r  d i scuss ion  ~ i n o o i n t  in8 t h e  problems asso-  
c i a t e d  wi th  observing ch lo rophyl l  measurements u s i i q  remote sensing technf tjues. 
I t  uas ~ o i n t c d  ou t  t i a t  a b r i g h t  r e f l e c t i v e  botton* s u r f a c e  f a c i l i t a t e %  t h c  



detection of chlorophyll a b a e .  The point rrrs made tbrt experirantal  data sore 
recent than tha  PurduelURS research a r e  avai lable  regarding bockscattering and 
environmental f ac to r r  control l ing chlorophyll rcnourementr. 

The next topic diecursed was the growing concern on trophic rtatuk. *king a 
trophic a t a t e  aaaecnen t  is d i f f i c u l t  due t o  raaiorul o r o b l u .  There is a need 
t o  take into conaideration public percaptton of vbrt  mter qual.ity standards 
vhould be '-n the  region and wht Individual p r c g r u  needs exist within the  a ta te .  
It was fur ther  expressed th t  a big problem in  wster aua l i tv  asreasment i a  the  
dff f i cu l ty  in acquirSmg adequate qucmtitiee of r e p e t i t i v e  da ta  i n  a timely 
fashion. 



S u m A R Y  OF C I S  FORUM 

Co-Chairpersons : B i l l  Campbell, ERRSAC 
Chuck Killpack, Utah S t a t e  University 

A wide v a r e i t y  of i s sues  r e l a t i n g  t o  development and appl ica t ions  of geographic 
information systems (GIs) were discussed i n  t h i s  forum. Pa r t i c ipa t ion  came from 
a d ive r se  audience whose experience with C I S  ranged from systems development t o  
f i r s t - t ime  exposure. Most of t h e  quest ions focused on what types of systems 
( l e v e l s  of sophis t ica t ion)  t o  invest in ,  and when it would be  appropr ia te  f o r  a 
state agency o r  p r i v a t e  company t o  do so. The forum began wi th  Robert M i l l s  
explaining t h e  development of a New Jersey s ta tewide C I S  and some of t h e  ways 
t h a t  it has been u t i l i z e d .  This introductory t a l k  l ed  t o  a number of quest ions 
and generated a d i scuss ion  based on t h e  followinn i ssues ,  which were highl ighted 
a t  t h e  start of t h e  forum: 

1 a low-cost G I s  

2 G I s  d a t a  sources 

3 app l i ca t i ons  of G1S's 

4 adminis t ra t ion of G I s  

5 t h e  f u t u r e  i n  GIS'S 

Some of t h e  quest ions t h a t  were r a i s ed  a r e  l i s t e d  below a s  a means of summarizing 
t h e  discussion. 

- How does one decide on a m i n i m u m  reso lu t ion  l e v e l  f o r  mapping when d i f -  
f e r en t  data  r e ~ o l u t i o n  levels a r e  involved; and how d e t a i l e d  and r e l i a b l e  
should ~ u c h  d a t a  be? 

- What types  and l e v e l s  P J ~  da ta  a r e  needed and at what point (volume and 
scale)  should one g o  wi th  an  automated G I s  system? How wtny s t a f f  with 
what kinds of backgrounds a r e  necessary t o  ge t  a G I s  system underway? 

- To what ex ten t  a r e  G I s  systems a qua l i t a t i ve ,  new too l ?  

- Whcl sells G I s  systems, and what G I s  systems a r e  a v a i l a b l e  conrmercklly? 

- Chce i n s t a l l e d ,  w i l l  a GIs system make it poss ib le  t o  reduce s t a f f ?  

- How does one go about in tegra t ing  d i g i t a l  t e r r a i n  da ta  wi th  Landsat MSS 
da t a?  



- Wht a r e  the ooos ib i l i t i e r  of decir ion m~km u r i w  a CIS, f o r  site- 
specif i c  evaluations or prediction.? 

P e r h p ~  the sa l i en t  conclurion of the  f m m  f o r  thome who a r e  thinking of s e t t i n g  
up a geographic information e y r t m  was the  advice t o  s t a r t  -11 and learn  by 
mak- your own mistakee, but gear tha solut ion (syrtcn) t o  f i t  your necds. 
m e t  of a l l ,  get  your f e e t  wrt by s t a r t i n g  a t  -me point, because the  s t a t e  of 
the  art i s  constantly changing. The key i r  t o  focus i n f m t i o n  where it is most 
needed. And l a s t l y ,  whenever and ar ear ly  a s  posrible, get  the applicat ions 
people ta lk iag  with the  computer paople t o  insure tha t  aystem develoa~ent  meets 
the  needs of the  user. 



S W R Y  OF 
JOINT FORUM OF USER DEVELOPMENT PROGRAMS AND SUBSTATEILOCAL 

Chairpersons: S c o t t  Cox, ERRSACfGSFC 
Nick Keppel , New Engl-and 'tcnovat ion  Group 
P h i l i p  Cressy, ERRSAC/GSFC 
Robert Ragan, Univer r i ty  of h r  yland 

The s e s s i o n  combined two forum graups o r i g i n a l l y  scheduled separa te ly .  The bulk 
of t h e  f  orurn's time was given t o  its t h r e e  speakers '  p r e s e n t a t i o n s  and t h e  d i s -  
cuss ions  which followed were abbrevia ted.  The t h r e e  p r e s e n t a t i o n s  were: 
"Chittenden County, Vermont Lond Cover Pro jec t "  by Dennis Malloy of t h e  Vermont 
S t a t e  Planning Off ice ,  Montpelier ,  VT; "The Univaroi ty  of Vermont Remote Sensing 
Center" by Gary Smith of t h e  Univerei ty  of Vermont, Bur l ington,  VT; and "The 
Michigan Data Needs Queotionnaire" by Richard Hill-Rowley of Michigan S t a t e  Uni- 
v e r s i t y ,  East Lansing, M I .  

The c h a i r  questioned whether new county u s e  of Iandsat  d a t a  would be s t imula ted  
by t h e  example of o t h e r  c o u n t i e s  who are now u s e r s ,  and would t h e  new budget 
c o n s t r a i n t s  prevent t h i s ?  The consensus was that t h e  d e s i r e  f o r  d a t a  would be 
p r e s e n t ,  but t h a t  l o c a l  governments were c m s t r a i n e d  by t h e i r  own l e g i s l a t i v e  
and budget c y c l e s ,  and i t  was hoped t h a t  u n i v e r s i t i e s  w u l d  be a b l e  t o  g i v e  some 
help.  

Asked i f  any of t h e  audience had been consul ted regarding what bands t o  inc lude  
on Lendsat-D and whether o r  no t  t o  have an  MSS aboard,  one person r e p l i e d  that he 
had been a member of an  advisory board which recommended having an MSS and a 
thermal band on t h e  TM. D r .  Cressy s t a t e d  t h a t  t h e  inc lus ion  of t h e  MSS was a 
response t o  t h e  u s e r ' s  r eques t  f o r  continuous,  r e l i a b l e  d a t a  of a type  wi th  which 
they were f a n i l i a r .  

The c h a i r  asked i f  l o c a l  governments a r e  s u f f i c i e n t l y  i n t e r e s t e d  and w i l l i n g  t o  
use  remote sensing t o  j u s t i f y  con t inua t ion  of t h e  program by t h e  f e d e r a l  govern- 
ment. Answers were mixed and r e f l e c t e d  v a r i o u s  l o c a l  nceds and problems wi th  
paying f o r  t h e  d a t a f s e r v i c e .  The c h a i r  noted t h e  use  of remote sensing is now 
wel l  e s t a 3 l i s h e d  i n  planning models f o r  b a t e r  r esources  and suggested t h a t  
r esea rch  should be appl ied t o  such key uues. The audience noted t h e  need f o r  a 
replacement f m such as u n i v e r s i t i e s ,  i f  i ts program was discont inued.  
It was f e l t  t h a t  t h e  s t a t e s  could pay f o r  t h e s e  s e r v i c e s  i f  t h e  l o c a l  gwernment 
couldn ' t .  Che member commented t h a t  h i s  s t a t e  would pay much more f o r  an o l d e r ,  
proven technology l i k e  a e r i a l  photography. Members commented on t h e i r  d i f f e r e n t  
p r o j e c t s '  time c o n s t r a i n t 8  and expressed concern about USGS'o photo-mapping 
i n a b i l i t y  t o  f i l l  t h e i r  d a t a  gaps. 

The c h a i r  summarized t h e  r o l e s  of a l l  p a r t i e s ,  s t a t e d  t h a t  without ERRSAC 
the re 'd  still be a need f o r  f e d e r a l  p a r t i c i p a t i o n .  



Suggestions were made concerning contacting Congresr to show support for ERFSAC'e 
program. Dr. Creeay finiohed by streets- the importance of the development of 
partnerships among the s tate  and local  ueere in  the event of lack of a federal 
program. 
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