
(r, 

CONTRACT NUMBER NAS5-28781 

National Aeronautics and Space Administration 
THEMATIC MAPPER WORKING GROUP PROGRESS REPORT 1 

bY 
I l l i n o i s  Natural History Survey 

607 E. Peabody 
Champaign, IL 61820 

w i t h  

Oak Ridge National Laboratory 
Environmental Sciences Division 

Oak Ridge, TN 37831 

INTERPRETING FOREST AND GRASSLAND BIOME PRODUCTIVITY 

UTILIZING NESTED SCALES OF IMAGE RESOLUTION AND 

BIOGEOGRAPHICAL ANALYSIS 

PRINCIPAL INVESTIGATOR 

Dr. Louis R. Iverson, Assistant Professional Botanist  
I l l i n o i s  Natural History Survey (INHS) 

607 E. Peabody Drive, Champaign, IL 61820 (217-333-688C) 

CO- I NVESTI GATORS 

Dr. J e r r y  S. Olson 

Dr. Paul G. Risser 

Mr. Colin Treworgy 

Dr. Thomas Frank 

Ms. El izabeth Cook 

Mr. Ying Ke 

Support i ve Sci ent i s t  
(retired Oct. 1, 1985 

Chief and Professor  

Systems Analyst 

ORNL ) 

I NHS 

I SGS 

D i  r ec tor ,  Spa t ia l  Data Analys , s  u of I 
La bo r a t  o ry 

Remote ,Sensing S p e c i a l i s t  I NHS 

Geography Graduate Student u of I l l i n o i s  \ ~ f 2 3 c 2 -  

I 

https://ntrs.nasa.gov/search.jsp?R=19870002596 2020-03-20T13:43:05+00:00Zbrought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/42839258?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Dr. 
Mr. 
Dr. 
Mr. 
Dr.  
Dr. 
D r .  
Flr. 
Mr. 

Jerome Dobson 
R ichard  Durfee 
John Krummel 
R ichard  J. Olson 
David Shr iner  
V i r g i n i a  Dale 
John Rehder 
James Hines 
T e r r y  Barney 

Dr. Pe ter  White 

Ms. C h a r l o t t e  Pyle 
Dr. C.J. Tucker 

Dr. Armond Joyce 
Dr. L a r r y  Strong 
Dr.  Paul Z inke 
Dr. Wayne Swank 

Dr. Donald Kaufman 
Dr.  P a t r i c k  Webber 
Mr.  Bur ton  Essex 
Mr.  Mark Hansen 
Mr. E a r l  Sorow 
Dr. Frank Ahern 

Dr. Paul Glazer  

M A I N  COLLABORATORS AND ANALYSTS 
( Au gu s t 198 5 -Jan u a ry 1986 ) 

Hydro1 o g i  s t  
Ana lys t  
Regional  E c o l o g i s t  
Regional  e c o l o g i s t  
P1 a n t  Physi ol og i  s t  
Mathematical  Ecol  og i  s t  
Geog rap he r 
Geographer 
Geographer 

ORNL 
ORNL 
ORNL 
ORNL 
ORNL 
ORNL 
U o f  Tennessee 
U o f  Tennessee 
Geographic Resources 

Center-U o f  M i s s o u r i  

ADDITIONAL AFFILATES (1985-87) 

Ecol  og i  st-U. Tennessee 

Analyst-Uplands Labora tory  
Ecologist-Goddard Space 

Center  
N a t i o n a l  Space Technology Lab 
Botan i  s t  
Pedol og i  s t  
Coweet a Expe r i  rnent a 1 Fores t  

E c o l o g i s t  
E c o l o g i s t  
F o r e s t  e I* 
Data Base Manager 
Geographer 
Canadian Center f o r  Remote 

Sensing 
P a l y n t o l  og i  s t -U o f  Minnesota 

Cooperat i ve Un i t 

Ecol  og i  s t  

Nat. Park Serv ice  

Nat. Park Serv ice  
NASA-MD 

NASA-MS 
NAS A-C A 
U o f  C a l i f o r n i a  

WFS-NC 
Kansas S t a t e  
U o f  Colorado 
US F S - !IN 
USFS-MN 
MN Land Management 

Ottawa 
M i  nneapol i s 

, 



TABLE OF CONTENTS . 

I. INVESTIGATION AND TECHNICAL PLAN 

A. SUMMARY 

B. INTRODUCTION: HYPOTHESES, OBJECTIVES AND TASKS 

C. DATA ACQUIS IT ION AND QUALITY CHECKING 

1. TM D a t a  

2. A n c i l l a r y  D a t a  

EXPERIrlEMTAL S ITES AND SURROUNDING (SUB)COUNTIES D. 

E. RESEARCH APPROACH 

1. D a t a  H a n d l i n g  P r o b l e m s  and P r o g r e s s  

a. TM 

b. AVHRR 

c. G I s  

2. D i s c r i m i n a n t  A n a l y s i s  

3. R e g r e s s i o n  A n a l y s i s  

F. BRIEF  EVALUATION OF RESULTS AND FUTURE PLANS 

I I. APPENDICES 

A. PERSONNEL/AGENCY STRUCTURE 

B. COLLABORATION 

C. F A C I L I T I E S  AND EQUIPMENT 

D. RESEARCH S I T E  BACKGROUND 

1. Jackson County, I l l i n o i s  

2. Lake County, I l l i n o i s  

3. K o n z a  P r a i r i e ,  K a n s a s  

4. B o u l d e r  County, C o l o r a d o  

I 

E. RELATED MEETINGS, PRESENTATIONS, SEMINARS, V I S I T S  AND PUBLICATIONS 

3 



- 4  - 

PART I :  I N V E S T I G A T I O N  AND TECHNICAL PLAN 

A. SUMMARY 

Th is  i n i t i a l  progress r e p o r t  summarizes data a c q u i s i t i o n ,  i n i t i a l  s i t e  

c h a r a c t e r i z a t i o n ,  image and geographic i n f o r m a t i o n  methods a v a i l a b l e ,  and 

b r i e f  eva lua t ions  o f  f i r s t - y e a r  problems f o r  NASA's Thematic Mapper (TM) 

work ing  group. 

A team o f  e c o l o g i s t s  and remote sensing a n a l y s t s  i s  e x p l o r i n g  how 

Thematic Mapper (TM) and o t h e r  s p e c t r a l  data can be used t o  r e l a t e  l o c a l ,  

i n t e n s i v e  ecosystem research f i n d i n g s  t o  es t imates  o f  carbon c y c l i n g  r a t e s  

over  w ider  geographic reg ions  (Table 1). The two-year f e a s i b i l i t y  p r o j e c t  

a t tempts  t o  u t i l i z e  and complement r e l a t e d  e c o l o g i c a l  and geoscience research 

sponsored by many organ iza t ions .  

o f  e c o l o g i c a l  i n t e r a c t i o n s  by a p p l y i n g  new and emerging remote-sensing 

We hope t o  develop a g r e a t e r  understanding 

techno log ies ,  and t o  focus on o p p o r t u n i t i e s  t o  e x p l o i t  t h i s  technology as an 

a n a l y t i c a l  t o o l .  Our e,r.fort i s  t o  span environments rang ing  f rom d r y  t o  mo is t  

c l i m a t e  and from good t o  poor s i t e  q u a l i t y  u s i n g  TM's c a p a b i l i t y ,  w i t h  and 

w i t h o u t  t h e  i n c l u s i o n  o f  geographic i n f o r m a t i o n  system data, and thus  t o  

i n t e r p r e t  t h e  l o c a l  s p a t i  a1 p a t t e r n  o f  f a c t o r s  condi  t i  on i  ng biomass o r  

p r o d u c t i v i t y .  

Progress dur ing  t h e  fi r s t  exper iments on p r o j e c t  a c t i  v i  t i e s  i s  summarized 

by study area i n  Table 2. 

arch ived,  and evaluated. 

o f  i n f e r i o r  (c loudy) q u a l i t y  a r e  be ing  pursued. 

and GIs system has been i n s t a l l e d  on our microcomputer (PC-AT) and p r o j e c t  

s t a f f  are i n v e s t i g a t i n g  i t s  c a p a b i l i t i e s .  

Twenty-eight TM da ta  s e t s  have been acquired, 

Replacement o r  supplementary da ta  f o r  a few images 

The ERDAS image process ing  

TM coverage o f  seven study areas 
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have been expor ted  v i a  ELAS sof tware on t h e  PRIME t o  t h e  ERDAS system. 

S t a t i s t i c a l  a n a l y s i s  procedures t o  be used on t h e  s p e c t r a l  data a r e  be ing  

i d e n t i f i e d .  A n c i l l a r y  data s e t s  appropr ia te  t o  each study area a r e  be ing  

acqu i red  i n  d i g i t a l  and/or map form as ava i lab le .  I n  severa l  instances,  map 

format  data a r e  be ing  d i g i t i z e d .  Coord inat ion has begun w i t h  r e g i o n a l  

c o n t a c t s  f o r  some study areas. 

t r a n s f o r m a t i o n s  has been pursued f o r  purposes o f  GIs development. 

And l a s t l y ,  ass is tance w i t h  polygon t o  g r i d  

B. INTRODUCTION 

To maximize t h e  s c i e n t i f i c  value o f  t h e  Thematic Mapper, i t  w i l l  be 

necessary t o  t a k e  advantage o f  i t s  c a p a b i l i t y  f o r  r e s o l v i n g  ecosystem p a t t e r n s  

a t  t h e  landscape s c a l e  w h i l e  u s i n g  a nes t  o f  l a r g e r  reg ions and coarser  

p i c t u r e  element ( p i x e l )  r e s o l u t i o n s  f o r  r e g i o n a l  s t u d i e s  and analyses o f  

g l o b a l  change. The f i r s t  goal o f  t h i s  p r o j e c t  between t h e  coopera t ing  

I l l i n o i s  and Tennessee groups i s  t o  use h i g h  r e s o l u t i o n  data (30 m p i x e l s )  t o  

q u a n t i f y  t h e  e x t e n t  o f  vegeta t ion  est imated t o  have i i igh,  !ow, and 

i n t e r m e d i a t e  p r o d u c t i v i t y  leve ls .  We a r e  emphasizing f o r e s t  research areas 

and subcounty reg ions e x e m p l i f y i n g  a wide v a r i e t y  o f  c l i m a t i c  and s i t e  

cond i t ions .  

e c o l o g i c a l  records e x i s t ,  where teams of researchers a c t i v e l y  work, where U.S. 

F o r e s t  S e r v i c e  I n v e n t o r y  ground data e x i s t  and/or where o t h e r  ground data w i l l  

be a v a i l a b l e  and c o s t - e f f e c t i v e  f o r  p r o j e c t  goals; i.e. f o r  i n t e r p r e t i n g  t h e  

meaning of e c o l o g i c a l  p roduc t ion  and landscape-cond i t ion ing  f a c t o r s  a f f e c t i n g  

carbon d i o x i d e  a s s i m i l a t i o n  by plants. 

more extreme c l i m a t e s  of t h e  wor ld,  the  broader goal o f  i n t e r p r e t i n g  g loba l  

hab i  t a b i  1 i t y  can begin t o  be evaluated. 

The proposed l o c a t i o n s  have been chosen where long- term 

By u s i n g  these s i t e s  and o t h e r s  i n  
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HYPOTHESES, OBJECTIVES AND TASKS 

W i t h i n  the  l i m i t a t i o n s  of reduced f u n d i n g  and a v a i l a b i l i t y  o f  image and 

a n c i l l a r y  data, our p r o j e c t  a t tempts t o  address t h e  hypotheses as presented on 

t h e  l e f t  o f  Table 1. I n  b r i e f  we assume f i r s t  (1A)  t h a t  h i g h  r e s o l u t i o n  (30m) 

p i x e l  da ta  i n c l u d i n g  thermal (band 6), m i d d l e - i n f r a r e d  (bands 5, 7), as w e l l  

as s h o r t  i n f r a r e d  (band 4 )  and v i s i b l e  (bands 1, 2 ,  3) wavelengths can be 

e f f e c t i v e  i n  r e s o l v i n g  t e x t u r e s  o f  ecosystem complexes i n  c o n t r a s t i n g  

landscapes. Some i n f o r m a t i o n  may be l o s t  when coarser  p i x e l s  and fewer 

wavelength bands a r e  used f o r  c o v e r i n g  wide reg ions  w i t h  more frequency and 

l e s s  cost. We hope t o  t e s t  t h e  assumption (1B) t h a t  a combined study can have 

advantages, bu t  r e g a i n  p a r t  o f  t h e  s a c r i f i c e d  i n f o r m a t i o n  by sampl ing w i t h  

TM. 

Another working hypothes is  ( 2 )  i s  t h a t  we can q u a n t i f y  t h e  v a r i a b i l i t y  o f  

s p e c t r a l  s ignatures,  i n f e r r e d  biomass, and es t imated p r o d u c t i v i t y  i n  a 

framework of components o f  variance. 

I n  Table 1, O b j e c t i v e s  and Tasks o r i g i n a l l y  proposed a r e  reworded. 

[Square brackets  i d e n t i f y  i n  Hypothesis 1A and Tasks (d, e, f )  aspects 

c u r t a i l e d  by r e s t r i c t e d  funding.]  Braces show how t h e  o b j e c t i v e s  r e l a t e  t o  

more than one working Hypothesis and Task. 

C. DATA A C Q U I S I T I O N  AND QUALITY,CHECKING 

1. TM Data 

A t o t a l  o f  27 s i t e s  have been pursued f o r  p o s s i b , e  i n c l u s i o n  i n t o  t h i s  

s tudy o f  f o r e s t ,  and, t o  a minor extent ,  g rass land p r o d u c t i v i t y .  The s i t e s  

a r e  l o c a t e d  throughout t h e  U n i t e d  Sta tes  and represent  many o f  t h e  major  

f o r e s t  community types found on t h e  cont inent .  
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Four o f  

geographica l  

t h e  s i t e s  a re  descr ibed i n  t h e  appendices, and a l l  a r e  

y i n  Fig. 1 and t a b u l a t e d  by s ta te ,  county, s i t e ,  and 

dep ic ted  

a t - l o n g  i n  

Table 3. 

a r e  a l s o  g iven i n  t h a t  tab le .  

D e s c r i p t o r s  f o r  t h e  study s i t e s ,  upon which o t h e r  t a b l e s  a r e  based, 

Photographic images o f  each TM scene were acqu i red  t o  determine data 

q u a l i t y  over  s p e c i f i c  study s i tes .  Areas obscured by excess ive c louds and 

haze w i l l  e i t h e r  be dropped f rom t h e  p r o j e c t  o r  an at tempt  w i l l  be made t o  

a c q u i r e  b e t t e r  q u a l i t y  data. Table 4 summarizes t h e  TM data q u a l i t y  by study 

area f o r  each q u a r t e r  scene. 

2. A n c i l l a r y  Data 

E f f o r t s  a r e  w e l l  underway t o  determine t h e  a v a i l a b i l i t y ,  format, and 

q u a l i t y  o f  a n c i l l a r y  data se ts  appropr ia te  f o r  each study s i t e .  

w i l l  be used t o  s t r a t i f y  t h e  TM spec t ra l  data f o r  improved a n a l y s i s  (such as 

These data 

vegetat ion,  e leva t ion ,  and s o i l s  i n f o r m a t i o n ) ,  e x t r a p o l a t e  TM data t o  l a r g e r  

areas (AVHRR data),  o r  p r o v i d e  benchmark f o r e s t  p r o d u c t i v i t y  data f o r  

s t a t i s t i c a l  comparisons (ground research data).  S ta tus  o f  anci  1 l a r y  data 

a c q u i s i t i o n  i s  summarized by study area i n  Table 5. 

D. EXPERIMENTAL SITES AND SURROUNDING (SUB)COUNTIES 

As mentioned prev ious ly ,  27 s i t e s  a r e  c u r r e n t l y  be ing  pursued as p o s s i b l e  

areas f o r  f o r e s t  (and grass land)  p r o d u c t i v i t y  a n a l y s i s  (see Fig. 1, Table 3). 

I n  s e l e c t i n g  s i t e s ,  an e f f o r t  was made t o  i n c l u d e  those where adequate TM data 

ex is ted ,  and where we cou ld  access a n c i l l a r y  data t h a t  would be o f  value t o  

t h e  p r o j e c t .  

v e g e t a t i o n  maps, U.S. Fores t  Serv ice I n v e n t o r y  Data, USGS Land Use-Land Cover 

(LUDA) Data,  USGS D i g i t a l  E l e v a t i o n  Models (DEM), and o t h e r  ground t r u t h  

P 

Examples o f  data o f  s p e c i f i c  i n t e r e s t  were s o i l s  maps, 
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i n f o r m a t i o n  on biomass and p r o d u c t i v i t y .  The l a t t e r  category inc ludes  s i t e s  

where u n i v e r s i t i e s  o r  agencies a r e  g a t h e r i n g  data on biomass and p r o d u c t i v i t y  

r o u t i n e l y ,  such as t h e  N a t i o n a l  Science Foundat ion Long Term E c o l o g i c a l  

Research (LTER) s i t e s .  

Background i n f o r m a t i o n  i s  be ing  accumulated f o r  a l l  o f  t h e  s i t e s  where 

poss ib le .  USDA Soi 1 Conservat ion Serv ice  Soi 1 Survey r e p o r t s  have been 

c o l l e c t e d  as w e l l  as c l i m a t o l o g i c a l ,  land-use, and major vegeta t ion  t y p e  

in fo rmat ion .  The a n c i l l a r y  data a c q u i s i t i o n s  have been t a b u l a t e d  i n  Table 5. 

S p e c i f i c  d e t a i l s  r e g a r d i n g  f o u r  o f  t h e  s p e c i f i c  study s i t e s  have been 

summarized i n  Apendix D. For each o f  t h e  semi-annual repor ts ,  background 

m a t e r i a l  on a d d i t i o n a l  s i t e s  w i l l  be presented. For  t h i s  repor t ,  s i t e s  

s e l e c t e d  f o r  i n i t i a l  background m a t e r i a l  i n c l u d e  Jackson, Lake, Konza, and 

Boulder. 

E. RESEARCH APPROACH 

1. Data Handl ing Problems and Progress 

a. Thematic Mapper Data 

One hundred e i g h t  quarter-scenes o f  TM data  cover 

s tudy areas were s e l e c t e d  and ordered i n  P-Type format. A TM 

f i l e  was developed on t h e  INFO r e l a t i o n a l  data base software,  

ng 27 p o t e n t i a  

tape da ta  base 

enumerating such 

t h i n g s  as path, row, quadrant, scene ID,  a c q u i s i t i o n  date, comments on data 

q u a l i t y ,  and storage l o c a t i o n s  of each tape. The f i l e  has proven t o  be very 

u s e f u l  f o r  managing t h e  l a r g e  number o f  tapes. 
I 

To e x t r a c t  t h e  a p p r o p r i a t e  subset c o v e r i n g  a study area f rom each TM 

q u a r t e r  scene, a r e c t a n g u l a r  area was i d e n t i f i e d  by t h e  coord ina tes  ( i n i t i a l  

l i n e ,  i n i t i a l  element; l a s t  l i n e ,  l a s t  element). T h i s  t a s k  proved t o  be 
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ext remely d i  f f  i c u l  t because of poor documentation on t h e  P-type q u a r t e r  scene 

format, p a r t i c u l a r l y  concern ing t h e  number o f  l e a d i n g  and t r a i l i n g  zeros used 

t o  pad t h e  l i n e s  of image data. Through t r i a l  and e r r o r ,  as w e l l  as w i t h  

a s s i s t a n c e  from o t h e r  TM data users who had encountered t h e  same problems, we 

dev ised a my lar  templa te  t o  o v e r l a y  t h e  image p r i n t s  f o r  a c c u r a t e l y  e s t i m a t i n g  

1 ine,  element coordinates.  Topograpic maps (1:250,000 sca le ) ,  borrowed on 

seven day l o a n  f rom t h e  U n i v e r s i t y  o f  I l l i n o i s  l i b r a r y ,  were used t o  l o c a t e  

o u r  areas of i n t e r e s t  on t h e  TM scenes. A s e t  of these maps was ordered f rom 

U.S. Geo log ica l  Survey and r e c e n t l y  d e l i v e r e d  ( t a k i n g  approx imate ly  5 weeks). 

The ELAS Thematic Mapper Image Processing System ( " T I P S " )  module i s  be ing  

used t o  e x t r a c t  t h e  study area subsets f rom 6250 B P I  tapes t o  PRIME d i s k  

f i l e s .  

slow. 

120 megabytes o f  d i s k  space a v a i l a b l e  f o r  scene s to rage on t h e  PRIME, one o r  

two county study areas w i l l  exhaust the  d i s k  space. 

Because o f  heavy demand f o r  t h e  6250 B P I  tape dr ive ,  progress has been 

D isk  space l i m i t a t i o n  i s  another problem encountered; even w i t h  ca. 

If a study area spans two TM quads east  t o  west, t h e  ELAS " J T I P "  module 

i s  used t o  s t r i p  l e a d i n g  and t r a i l i n g  zeros o f  t h e  two study area f i l e s  and 

merge them i n t o  one. 

problems came about a t  t h i s  step. F i r s t  o f  a l l ,  t h e  system dev ice  address MT4 

used f o r  t h e  1600 B P I  tape d r i v e  was n o t  acceptable t o  ELAS. 

s e r v i c e s  prov ided i n s t r u c t i o n s  f o r  us ing an a l i a s  dev ice  address t o  get around 

t h i s  problem. Secondly, t h e  ELAS module "COPY" w i l l  n o t  recognize an end o f  

f i l e  (EOF) marker on a tape i f  t h e  f i l e  be ing  copied i s  t o o  l a r g e  f o r  one 

tape. I n  fact ,  from exper ience on th ree  t r i a l s ,  i t  appears t h a t  i f  COPY runs 

These f i l e s  a r e  then w r i t t e n  t o  1600 B P I  tapes. Two 

PRIME user  
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o f f  t h e  end o f  a tape t h e  whole tape i s  useless. 

(though n o t  a very s a t i s f a c t o r y  remedy) f i l e s  a r e  s p l i t  i n t o  p a r t s  if they  a r e  

t o o  b i g  f o r  one 1600 B P I  tape. 

To remedy t h e  s i t u a t i o n  

Once a study area 's  TM data i s  on 1600 B P I  tape, we then use t h e  ERDAS 

system i n  t h e  Department o f  Geography t o  read t h e  tape and w r i t e  i t  t o  IBM-PC 

hard  disk.  This s tep  i s  necessary because t h e  I N H S  ERDAS system does n o t  have 

a tape d r i v e  and i s  no t  c u r r e n t l y  l i n k e d  t o  t h e  PRIME system. Once t h e  ERDAS 

d i s p l a y  has been used t o  v e r i f y  t h a t  t h e  a p p r o p r i a t e  area was ex t rac ted ,  these 

da ta  a r e  w r i t t e n  t o  a CIPHER-brand tape c a r t r i d g e  (23 megabytes, 1 /4  inch) .  

Problems encountered a t  t h i s  stage have been d i s k  l i m i t a t i o n s  on t h e  Geography 

depar tment 's  IBM-PC-AT and t h e  e x t r a  t i m e  and c o o r d i n a t i o n  necessary t o  use 

t h e  a l ready  h e a v i l y  used Geography ERDAS system, across campus f rom INHS, 

The CIPHER tapes a r e  used f o r  s to rage and back-ups o f  study area data on 

t h e  INHS ERDAS system. 

20 megabytes hard d i s k  o f  t h e  INHS IBM-PC-AT, 

c u r r e n t l y  be ing  inves t iga ted .  

Two smal l  study areas can be s t o r e d  a t  one t i m e  on t h e  

ERDAS's c a p a b i l i t i e s  a r e  

b. Advanced Very High Reso lu t ion  Radiometry (AVHKR) Data 

The Geographic Resources Center a t  t h e  U n i v e r s i t y  o f  

Missour i -Columbia serves as a l a r g e  r e p o s i t o r y  f o r  AVHRR data. 

agreed t o  l o a n  INHS data and p r o v i d e  us ass is tance on u s i n g  them. 

August 1983 LAC (1.1 km2) d a t a  s e t  c o v e r i n g  t h e  Eastern U.S. has been 

acquired. 

system. AVHRR images c o v e r i n g  t h e  Southern Appalachian and Adirondack s i t e s  

were made a v a i l a b l e  from NASA's L.B. Johnson Space Center, b u t  have n o t  been 

processed. 

They have 

One 7 

INHS w i l l  use ELAS module TIRO t o  expor t  t h e  LAC data t o  t h e  ERDAS 
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c. Geographic I n f o r m a t i o n  Systems 

The geographic infomat ion system (GIs)  component o f  t h e  work i s  

c r i t i c a l  i n  our  study f o r  improv ing  on t h e  i n f o r m a t i o n  base prov ided by TM. 

As mentioned i n  t h e  f a c i l i t i e s  sect ion o f  t h i s  r e p o r t  (Appendix C) ,  INHS does 

have an ext remely powerfu l  GIs i n  i t s  ARC/INFO sof tware  on a PRIME computer. 

T h i s  v e c t o r  based system has t h e  c a p a b i l i t y  t o  conver t  polygon f i l e s  t o  g r i d  

f i l e s .  Environmental  Systems Research Inc. (ESRI), t h e  developers o f  

ARC/INFO, have made an agreement w i t h  E a r t h  Resources Data Ana lys is  Systems 

(ERDAS) t o  make t h e  two systems compatible. 

c u r r e n t l y  underway and should be completed i n  t h e  nex t  few months. E S R I  i s  

deve lop ing  so f tware  which conver ts  t h e i r  po lygon f i l e s  t o  ERDAS format, and 

ERDAS i s  develop ing so f tware  t o  a l low acceptance o f  E S R I  G R I D  f i l e s  i n t o  

ERDAS. 

T h i s  c o m p a t i b i l i t y  development i s  

A t  present,  INHS has the-BRC/INFO system and t h e  ERDAS PC-AT system, b u t  

t h e  two cannot be i n t e g r a t e d  as yet ,  

own ERDAS-compatible GIs data, b u t  as y e t  we have been unsuccesssful.  

At tempts have been made t o  produce our  

S o i l  a s s o c i a t i o n  maps from several  c o u n t i e s  have been automated i n t o  

ARC/INFO GIs f i l e s .  These i n c l u d e  Comanche County, Oklahoma; Leon County, 

F l o r i d a ;  Outagamie County, Wisconsin; and Grundy and Lake Counties, I 1  l i n o i s .  

A d d i t i o n a l l y ,  automated s o i l  u n i t  maps ( t o  s o i l  s e r i e s  l e v e l  o f  about 3 acre  

r e s o l u t i o n )  a r e  a v a i l a b l e ,  and some e x t r a c t i o n s  have been made, f rom t h e  

I l l i n o i s  GIs f o r  Pope and Jackson Counties, I l l i n o i s .  

g r i d  c e l l  based system f o r  s o i l s  i,n the Adirondacks. 

o t h e r  automated data bases o f  s o i l s  (and o t h e r  v a r i a b l e s )  f rom a d d i t i o n a l  

s i t e s .  

The ORNL i s  u s i n g  a 

We a r e  i n  p u r s u i t  of 
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Jackson and Pope count ies  a r e  i n  t h e  r e g i o n  of i n t e n s i v e  automated, h i g h  

r e s o l u t i o n  mapping i n  I l l i n o i s .  I n  a d d i t i o n  t o  s o i l s ,  automated data i n c l u d e  

v e g e t a t i o n  ( w i t h  18 f o r e s t  c lasses) ,  slope, landform, hydrology, and wetlands. 

We expect  these data t o  be very h e l p f u l  i n  our  ana lys is .  

The Geoecology data base has very coarse, county r e s o l u t i o n ,  y e t  it w i l l  

be h e l p f u l  i n  ou r  broadening t o  r e g i o n a l  p e r s p e c t i v e  u s i n g  AVHRR data. It has 

i n f o r m a t i o n  on Kuch ler ' s  p o t e n t i a l  vegetat ion,  c l imate ,  s u r f i c i a l  geology, and 

s o i  1 associat ions.  

The ADDNET data base, developed and main ta ined by ORNL, has 65 da ta  f i l e s  

w i t h  1200 v a r i a b l e s  f o r  t h e  Adirondacks. The most r e l e v a n t  da ta  s e t s  f o r  t h i s  

p r o j e c t  i n c l u d e  f o r e s t  p l o t  summary volumes, areas, f o r e s t  p l o t  

remeasurements, s o i l s  i n f o r m a t i o n ,  slope, aspect, e l e v a t i o n ,  and bedrock. 

2. D iscr im inant  Ana lys is  

D i s c r i m i n a t i o n  o f  f o r e s t  biomass w i t h i n  an env i ronmenta l  g rad ien t ,  

such as a moisture regime, i s  dependent upon t h e  s p e c t r a l  rad iance c o n t r a s t  

between vegetat ion and t h e  sur round ing  s o i l  surface. The i n i t i a l  o b j e c t i v e  o f  

o u r  research e f f o r t  w i t h  Landsat TM data i s  t o  examine which s p e c t r a l  bands o r  

band combinations ( r a t i o s  and l i n e a r  combinat ions)  g i v e  t h e  bes t  

d i s c r i m i n a t i o n  o f  f o r e s t  types  a l o n g  such an env i ronmenta l  gradient .  

e v a l u a t i n g  Landsat TM w i t h i n  r e l a t i v e l y  homogeneous environments, and then 

comparing r e s u l t s  between extreme environments, such as a l p i n e  (Boulder 

County, Colorado), a r i d  and semi a r i d  (Emery County, Utah), and humi d temperate 

(Jackson County, I 1  l i n o i s )  env i  ronpents. 

We a r e  

W i t h i n  each environment, we a r e  u s i n g  d i s c r i m i n a n t  a n a l y s i s  techniques t o  

determine which f o r e s t  u n i t s  a long an env i ronmenta l  g r a d i e n t  can be 
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d i s t i n g u i s h e d ,  and a d d i t i o n a l l y ,  which o f  t h e  TM bands o r  band combinat ions 

a r e  bes t  t o  d i s t i n g u i s h  these un i ts .  

what f o r e s t  c l a s s i f i c a t i o n s  we can hope t o  use i n  our  a n a l y s i s ,  and which TM 

bands a r e  sensi  t i  ve t o  v a r i a t i o n  between these classes. D i  s c r i m i  nant  a n a l y s i s  

i s  a s t a t i s t i c a l  techn ique t h a t  can be used t o  group observa t ions  by w e i g h t i n g  

and combining TM bands and band combinations i n  a l i n e a r  model t h a t  bes t  

separates p r e d e f i n e d  groups. U n l i k e  c l u s t e r i n g  and r e l a t e d  unsupervised 

methods, d i s c r i m i n a n t  a n a l y s i s  requi res superv ised s e l e c t i o n  o f  f o r e s t  u n i t s  

a l o n g  an environmental  gradient.  The d i s c r i m i n a n t  a n a l y s i s  can be used t o  

r e s o l v e  t h e  f e a t u r e  s e l e c t i o n  problem, i.e., which bands a r e  bes t  t o  

d i s c r i m i n a t e  t h i s  grouping. The r e l a t i v e  importance o f  t h e  r e f l e c t a n c e  

indexes t o  d i s c r i m i n a t e  between f o r e s t  u n i t s  and t h e  o v e r a l l  accuracy o f  t h e  

group s e p a r a t i o n  can be determined from t h i s  analys is .  

T h i s  a n a l y s i s  w i l l  h e l p  t o  determine 

Our procedure so f a r  focuses on these two pr imary  quest ions:  1) what a r e  

t h e  env i ronmenta l  groupings t h a t  can be reso lved i n  each of t h e  t h r e e  extreme 

environments, and 2) what. a r e  t h e  best TM bands o r  band combinat ions t o  

r e s o l v e  t h e s e  groupings i n  each o f  the extreme environments. Subsequently, we 

i n t e n d  t o  use t h i s  i n f o r m a t i o n  f o r  s e l e c t i n g  ground da ta  and TM bands and band 

combinat ions t h a t  can be used i n  regress ion models t o  e v a l u a t e  how e f f e c t i v e  

TM data  w i l l  be f o r  p r e d i c t i n g  f o r e s t  c o n d i t i o n s  a t  o t h e r  sample s i t e s  i n  each 

e n v i  ronment. 

3. Regression Ana lys is  

We p l a n  t o  use regress ion  ,analysis e x t e n s i v e l y  where ground t r u t h  

i n f o r m a t i o n  i s  ava i lab le .  I n  I l l i n o i s ,  Kansas, Wisconsin, and Minnesota, 

verba l  approval  has been g iven by the Nor th  Cent ra l  r e g i o n  o f  t h e  U.S. F o r e s t  
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S e r v i c e  f o r  re lease o f  s p e c i f i c  ground p l o t  l o c a t i o n s  and da ta  c o l l e c t e d  

d u r i n g  t h e  l a s t  Continuous Fores t  I n v e n t o r y  (CFI). These l o c a t i o n s  w i l l  

remain c o n f i d e n t i a l ,  b u t  w i l l  be va luab le  t o  us as ground t r u t h  and t h e  

dependent v a r i a b l e  t o  be regressed a g a i n s t  v a r i a t i o n s  i n  TM s p e c t r a l  band 

data, v a r i o u s  r a t i o s  and t ransformed v e g e t a t i o n  i n d i c e s ,  and t h e  hos t  o f  GIs 

v a r i a b l e s  entered f o r  t h e  area. I n  reg ions  where USFS i n v e n t o r y  data cannot 

be released, we hope t o  u t i l i z e  o t h e r  ground da ta  f o r  regress ion  purposes. 

F. BRIEF EVALUATION OF RESULTS AND FUTURE PLANS 

We have summarized many o f  our a c t i v i t i e s  by s tudy s i t e  i n  Table 2. 

Thematic mapper scenes analyzed by each group c o n t i n u e  t o  show two advantages 

over  t h e  m u l t i s p e c t r a l  scanner (MSS). I n f r a r e d  channels and 30 p i x e l  

r e s o l u t i o n  reveal  many d e t a i l s  o f  landscape p a t t e r n  t h a t  a r e  o therw ise  missed. 

Yet we sometimes back o f f  t o  cover l a r g e r  areas by sampl ing one l i n e  and 

element ou t  of two o r  th ree ,  e.g. when c o v e r i n g  l a r g e r  areas w i t h i n  which t o  

s e l e c t  t e s t  areas. Then coverage r e v e r t s  t o  a l e v e l  s i m i l a r  t o  t h a t  o f  MSS, 

b u t  w i t h o u t  t h e  o p t i c a l  averaging which i s  i n h e r e n t  i n  i t s  80 m p i x e l s .  

I n  general,  we a r e  very pleased w i t h  t h e  amount o f  TI1 data we have 

ob ta ined f o r  the p r o j e c t ,  e s p e c i a l l y  i n  l i g h t  o f  cutbacks necessary s i n c e  

EOSAT commercial izat ion.  We a r e  a l s o  very encouraged by t h e  types and q u a l i t y  

o f  a n c i l l a r y  data and AVHRR we have acqu i red  o r  been g iven permiss ion t o  

acquire.  We feel t h e  i n t e g r a t i o n  o f  ARC/INFO and TM data w i l l  g i v e  us a 

tremendous t o o l  f o r  per formi  ng d i  s c r i m i  nant  and r e g r e s s i o n  analyses t o  he1 p 

t i e  f o r e s t  ecosystem p r o d u c t i v i t y  ' to  TM i n f o r m a t i o n .  

To cover  the much w ider  areas o f  a c o n t i n e n t ,  ca. 1 km p i x e l  r e s o l u t i o n  

can be a t t a i n e d  by AVHRR a t  more frequent i n t e r v a l s  than t h e  LANDSAT 
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o v e r f l i g h t s .  

Adirondack mountain areas, and some o thers  i f  f e a s i b l e ,  i n  a broader r e g i o n a l  

a n a l y s i s  (see Hypothesis 16 on Table 1). 

d i s t r i b u t i o n  o f  r e f l e c t a n c e s  w i t h i n  and between ecosystem ca tegor ies ,  it 

should be p o s s i b l e  t o  q u a n t i f y  t h e  components o f  var iance which a r e  added as 

more heterogeneous ca tegor ies  o f  landscape a r e  in t roduced,  on p r o g r e s s i v e l y  

l a r g e r  s p e c t r a l  sca les (see Hypothesis 2). 

Our p l a n  i s  t o  p ace a t  l e a s t  t h e  Southern App achian and 

By a n a l y z i n g  t h e  frequency 

I n  a r e l a t e d  study, arrangements have been made a t  t h e  Goddard Space 

F l i g h t  Labora tory  (GSFL) t o  extend the nested s p a t i a l  s c a l e  f u r t h e r ,  t o  t h e  

Global  Area Coverage (GAC) now being processed by C.J. Tucker and col leagues. 

Sampling a t  s p a t i a l  i n t e r v a l s  averaging as much as 30 x 50 km p e r  p i x e l  makes 

i t  f e a s i b l e  t o  o b t a i n  m u l t i p l e  records f o r  most areas, thereby a l l o w i n g  

d e l e t i o n  o f  sampl ing t imes which happen t o  share unaccept ib le  l e v e l s  o f  c louds 

o r  haze i n t e r f e r i n g  w i t h  t h e  spec t ra l  s ignatures.  Tucker has requested t h a t  

J e r r y  Olson c o l l a b o r a t e  i n  t h e  ana lys is  and syn thes is  f o r  g loba l  a r r a y s  1280 

p i x e l s  wide and 1024 high. 

l a t i t u d e - l o n g i t u d e  g r i d  c e l l s  assoc iated w i t h  t h e  Olson and Watts (1982) Map 

o f  Major  World Ecosystem complexes. 

An equal-area p r o j e c t i o n  w i l l  complement t h e  equal 

Having e i t h e r  these map c a t e g o r i e s  o r  t h e  

Tucker greeness index c lasses (seasonal o r  annual i n t e g r a t i o n )  w i l l  p r o v i d e  

upper h i e r a r c h y  c lasses w i t h i n  which t h e  TM ( o r  MSS) scanner can be combined 

as samples. 

PART I1  APPENDICES 

A. Personnel /Agency S t r u c t u r e  ' 

T h i s  p r o j e c t  has involvement by 

I l l i n o i s  (UI) and t h e  Oak Ridge Nat 

two 

ona 

major i n s t i t u t i o n s ,  t h e  U n i v e r s i t y  o f  

Laboratory  (ORNL). W i t h i n  these two 
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l a r g e  i n s t i t u t i o n s ,  t h e r e  a r e  o r g a n i z a t i o n s  i d e n t i f i e d  on t h i s  Progress 

Repor t ' s  cover sheet. Drs. Lou is  Iverson ( P I )  and Paul R i s s e r  

( c o - i n v e s t i g a t o r )  a re  housed a t  t h e  I l l i n o i s  Natura l  H i s t o r y  Survey (INHS) on 

t h e  U I  campus. Dr .  Thomas Frank ( c o - i n v e s t i g a t o r )  i s  l o c a t e d  i n  t h e  U I  

Department o f  Geography. Mr. C o l i n  Treworgy (co- i  n v e s t i  ga tor ) ,  f o r m e r l y  

INHS, has t r a n s f e r r e d  t o  t h e  I l l i n o i s  S t a t e  Geologica l  Survey, which i s  

same b u i l d i n g  as INHS. 

The p r o j e c t  i s  s u p p o r t i n g  two c o - i n v e s t i g a t o r s  a t  U I ,  Ms. E l i z a b e t h  

began as remote sensing s p e c i a l i s t  f o r  t h e  INHS i n  December, 1985 (2/3 t 

and Ying Ke began as a graduate research a s s i s t a n t  i n  t h e  Department o f  

Geography (Dr. Thomas Frank, a d v i s e r )  i n  September 1985 (1/2 t ime) .  

a t  

n t h e  

Cook 

me> 9 

O r .  J e r r y  Olson ( c o - i n v e s t i g a t o r ) ,  t h e  o r i g i n a l  p r i n c i p a l  f rom ORNL, took 

an e a r l y  re t i rement  October 1, 1985 f rom ORNL. As ORNL i s  n o t  a l lowed t o  

subcont rac t  t o  an e a r l y  r e t i r e e  w i t h i n  12 months o f  re t i rement ,  Dr .  Olson was 

h i r e d  d i r e c t l y  by t h e  U n i v e r s i t y  o f  I l l i n o i s  as a temporary off-campus 

employee. He operates o u t  o f  h 

FY 1986 e f f o r t  f rom h i s  persona 

Research Counci l  w h i l e  v i s i t i n g  

s home, and i s  c o n t r i b u t i n g  t h e  remainder o f  

funds and ( a f t e r  May 15) The Swedish Nat iona l  

two u n i v e r s i t i e s  i n  Uppsala. Olson has 

managed c o l l a b o r a t i o n s  w i t h  o t h e r  ORNL i n v e s t i g a t o r s  and NASA l a b o r a t o r i e s .  

ORNL r e s p o n s i b i l i t i e s  f o r  t h i s  p r o j e c t  were s h i f t e d  t o  Dr.  John Krummel, and 

Dr.  David S h r i n e r ' s  Regional  Research Ana lys is  group, o f  t h e  ORNL 

Environmental  Sciences D i v i s i o n .  As funds a r e  shor t ,  t h e  p o s t - d o c t o r a l  

a s s o c i a t e  has not y e t  been h i r e d  a t  ORNL, b u t  i s  expected s h o r t l y .  

e f f o r t s  a r e  being conducted by members of t h e  Computer Science and 

Other ORWL 
r 

Telecommunications Department, Sec t ion  o f  Geographic Data and Image Processing 
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Systems, i n c l u d i n g  R ichard  Dur fee (analyst ) ,  J e r r y  Dobson ( c o l l a b o r a t o r ) ,  and 

James Hines ( U n i v e r s i t y  of Tennessee subcontract  employee). 

As can be deduced by t h e  above n a r r a t i v e ,  t h e  s t r u c t u r e  has i n v o l v e d  many 

p l a y e r s  (most unpaid by t h e  p r o j e c t )  p r o v i d i n g  many p ieces t o  t h e  o v e r a l l  

scheme. The t i m e  r e q u i r e d  f o r  p r e l i m i n a r i e s  has c o n t r i b u t e d  t o  delays, b u t  

has n o t  prevented many e a r l y  s t a r t - u p  s teps f o r  t h e  p r o j e c t .  

B. COLLABORATION 

I n  t h i s  f i r s t  semi-annual r e p o r t  we have j u s t  i d e n t i f i e d  severa l  people 

whose da ta  a n a l y t i c  i n t e r e s t s  (and ou ts ide  suppor t )  p e r m i t t e d  e a r l y  work on 

major  s i t e s  (especi  a1 l y  Great Smoky Mountains and Adi rondacks Mountains). 

P e t e r  White and o t h e r s  o f  t h e  Nat ional  Park Serv ice  (NPS) and John Rehder o f  

t h e  U n i v e r s i t y  o f  Tennessee have work underway w i t h  a i r c r a f t  s imu la ted  

Thematic Mapper (TMS) imagery which we expect t o  share i n  r e t u r n  f o r  p r o v i d i n g  

a n a l y s i s  o f  s a t e l l i t e  scenes o f  t h e  same area. C h a r l o t t e  Pyle, o f  NPS Uplands 

Laboratory ,  G a t l i n b u r g  TN, has prov ded unique da ta  bases of d is tu rbance 

h i s t o r y  f o r  t h e  Great Smokies; V i r g  n i a  Dale and John Krummel o f  ORNL have 

used seed money funding f rom ORNL t o  s t a r t  d i g i t i z i n g  these data bases. 

Mountain and Adirondack (Whiteface Mt., Hunt ing ton  F o r e s t )  t e s t  areas f o r  

Thematic Mapper c l a s s i f i c a t i o n  have been r e l a t e d  by J e r r y  Dobson and Richard 

Dur fee  of ORNL t o  d is tu rbance h i s t o r i e s  (wind, avalanche, f i r e )  i n  these 

mountains. 

Smoky 

Mr .  Ter ry  Barney and Ms. Mary Lyon, s t a f f  o f  t h e  Geographic Resources 

C e n t e r - U n i v e r s i t y  o f  M issour i  (GRC) are a s s i s t i n g  w i t h  a c q u i s i t i o n  o f  AVHRR 

da ta  f o r  t h e  p r o j e c t  study area. 

f r o m  t h e i r  research on g loba l  vegetat ion indexes. GRC s t a f f  w i l l  a l s o  be 

a v a i l a b l e  t o  c o n s u l t  on AVHRR da ta  formats and analyses. 

The GRC i s  a l a r g e  r e p o s i t o r y  f o r  these data 
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Many o f  our c o l l a b o r a t o r s  have v i s i t e d  s tudy s i t e s  o r  made contac ts  w i t h  

f i e l d  s i t e  i n v e s t i g a t o r s ,  and we expect more c o n t r i b u t i o n s  o f  i n f o r m a t i o n  from 

ground research. T h i s  r e p o r t  w i l l  serve p a r t l y  t o  thank them f o r  e a r l y  

c o n t r i b u t i o n s  and t o  i n f o r m  them of our  own progress. The c o l l a b o r a t o r  l i s t  

g i v e n  a f t e r  t h e  t i t l e  page i s  p robab ly  s t i l l  incomplete,  because o f  t h e  l a r g e  

number o f  s i t e s  be ing  s t u d i e d  and p o t e n t i a l  i n t e r a c t i o n  w i t h  o t h e r  

i n v e s t i g a t o r s .  

L i k e w i s e  several  NASA l a b o r a t o r y  o r  c o n t r a c t o r  groups have expressed 

i n t e r e s t  i n  comparing t h e i r  methods o r  f i n d i n g s  w i t h  ours. W i t h i n  t h e  

Thematic Mapper Working Group Paul Glazer  and L a r r y  S t rong fo resee s p e c i f i c  

c o l l a b o r a t i o n .  

Technology Laboratory (NSTL) have presented e a r l y  a n a l y s i s  o f  Puer to  Rican 

landscape images, which can be r e l a t e d  t o  ecosystem data l i k e  those summarized 

by Ovington and Olson (1970). 

by EROS was h e a v i l y  obscurred by c louds, we a w a i t  f u r t h e r  r e s u l t s  f rom Puer to 

R i c o  b e f o r e  renewing t h e  ex tens ion  o f  our  own methods t o  t h e  t r o p i c s .  

work a l s o  inc ludes o t h e r  impor tan t  s t u d i e s  o f  wet lands (grassy Everglades, 

F l o r i d a ;  f o r e s t e d  wet lands)  which may r e q u i r e  even e a r l i e r  c o o r d i n a t i o n  i n  

o r d e r  t o  a i d  our own a n a l y s i s  o f  southern s tudy s i t e s .  

Robert Waide o f  Puer to R ico  and Armond Joyce o f  Nat iona l  Space 

Because t h e  Puer to  Rican scene prov ided t o  us 

NSTL 

I n  t h e  western s ta tes ,  we a n t i c i p a t e  t h a t  S i e r r a  Nevada s i t e s  f rom 

Sequoia-Kings Canyon N a t i o n a l  Park w i l l  become r e l a t e d  t o  David Peterson and 

Pamela Mat tson 's  research on geochemical c y c l i n g .  Work i n i t i a t e d  by J e r r y  

Olson, Hans Jenny, Paul Zinke, and t h e  U n i v e r s i t y  o f  C a l i f o r n i a  Space Sciences 

Labora tory  has attempted t o  compare es t imates  o f  s o i l  d i s t r i b u t i o n  f o r  t h e  

mountain p a r t  o f  Fresno County u s i n g  s o i l  p r o f i l e  analyses and MSS image 

ana lys is .  
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Both Ames Laboratory  and NSTL have c o n t r i b u t e d  t o  remote sensing 

i n t e r p r e t a t i o n  o f  ecosystems extending i n  severa l  d i r e c t i o n s  f rom t h e  H.J. 

Andrews Exper imental  Fores t  i n  t h e  Oregon Cascade Mts. 

i n  t h a t  area w i l l  depend on t h e i r  progress, and on p r e v i o u s  work o f  Stephen 

Running i n  t h a t  area. 

Our own c o l l a b o r a t i o n  

C. FACILITIES AND EQUIPMENT 

The f a c i l i t i e s  o f  t h e  i n s t i t u t i o n s  i n v o l v e d  a r e  adequate t o  achieve t h e  

o b j e c t i v e s  of t h e  study, b u t  t h e r e  has been and w i l l  con t inue t o  be a l a r g e  

l e a r n i n g  curve  t o  e s t a b l i s h  p ro toco ls ,  so f tware  l i n k s ,  and hardware 

c o n f i g u r a t i o n s  f o r  e f f i c i e n t  data handling. 

have caused cons iderab le  d i f f i c u l t i e s  i n  managing da ta  storage. 

c u r r e n t l y  b e i n g  u t i l i z e d  a t  U I  f o r  TM da ta  h a n d l i n g  i s  descr ibed i n  p o r t i o n s  

o f  t h e  repor t .  Over t h e  nex t  months, sof tware/hardware l i n k s  w i l l  f u r t h e r  

develop microcomputer methods e s p e c i a l l y  u s i n g  ERDAS (Ear th  Resource Data 

A n a l y s i s  Systems). 

The vast  q u a n t i t i e s  o f  data a lone 

The p r o t o c o l  

There i s  even a p o s s i b i l i t y  t h a t  t h e  U I ' s  new 

super-computer may be accessed t o  process l a r g e  jobs,  so t h a t  l a r g e  a r r a y s  can 

be t r e a t e d  a t  one t i m e  i n s t e a d  o f  i n  smal l  steps. 

1. INHS f a c i l i t i e s  

The INHS has a Prime 750 minicomputer, soon t o  upgrade t o  Prime 9950, 

w i t h  e i g h t  megabytes o f  main memory. 

megabytes of d i s k  s torage (150 megabytes a l l o c a t e d  t o  t h i s  p r o j e c t ) ,  a 

800/1600 b p i  and a 6250 b p i  t a p e  dr ive,  T e k t r o n i c s  4113B c o l o r  graphics 

t e r m i n a l s ,  p r i n t e r ,  d i g i t i z e r ,  plo'tter, c o l o r g r a p h i c s  recorder,  and numerous 

o t h e r  te rmina ls .  

i n f o r m a t i o n  system (GIs) work. 

P e r i p h e r a l s  t o  t h e  Prime i n c l u d e  3000 

The pr imary  u t i l i t y  of t h e  system i s  f o r  geographic 

Software f o r  t h e  system i n c l u d e  ARC/INFO 



- 20 - 

( s t a t e - o f - t h e - a r t  sof tware f o r  p rocess ing  vec tor - type  da ta)  , GRID,  GRID-TOPO, 

and EPPL6 ( r a s t e r  data GIs man ipu la t ions) ,  ELAS v e r s i o n  415 (NASA developed 

image process ing sof tware) ,  Surface-I  I ( c o n t o u r i n g  and s p a t i a l  model 1 i ng), 

INFO ( r e l a t i o n a l  database management package) , and M I N I T A B  ( s t a t i s t i c a l  

package). INHS has had an o p e r a t i o n a l  GIs f o r  over  two years. The system 

i n c l u d e s  major f i l e s  o f  bo th  map and t a b u l a r  da ta  t h a t  has been and w i l l  be 

i m p o r t a n t  sources o f  a n c i l l a r y  data f o r  t h e  p r o j e c t .  Th is  i s  one o f  t h e  main 

reasons f o r  s e l e c t i n g  p r o p o r t i o n a t e l y  more s tudy s i t e s  i n  I l l i n o i s .  

Approx imate ly  75 parameters, i n c l u d i n g  s o i l s ,  vegetat ion,  landform, sur face  

hydro logy,  i n f r a s t r u c t u r e ,  s u r f i c i a l  geology, and a d m i n i s t r a t i v e  u n i t s ,  have 

been mapped f o r  t h e  e n t i r e  s t a t e  a t  a coarse r e s o l u t i o n  and i n  s e l e c t e d  areas 

( i n c l u d i n g  Jackson and Pope c o u n t i e s )  a t  a h i g h  r e s o l u t i o n  o f  1-4 ha. (3-10 

acres).  The USGS Land Use Land Cover data (LUDA) i s  a l s o  on l i n e  f o r  t h e  

e n t i r e  s ta te.  Tabular f i l e s ,  such as t h e  S o i l s - 5  i n f o r m a t i o n  f i l e ,  can a l s o  

be l i n k e d  t o  s o i l s  maps and used t o  code areas accord ing  t o  t e x t u r e ,  dra inage 

c h a r a c t e r i s t i c s  o r  o t h e r  parameters. 

IFlHS has a lso  r e c e n t l y  acqu i red  (January 1986) an ERDAS image process ing  

system on an I B M  PC-AT. It i s  our i n t e n t i o n  t o  d i r e c t l y  l i n k  t h e  ERDAS 

machine t o  t h e  PRIME such t h a t  ERDAS so f tware  can run on t h e  PRIME f o r  l a r g e r  

j o b s  and so t h a t  t h e  GIs c a p a b i l i t i e s  on t h e  PRIME can be i n t e g r a t e d  w i t h  t h e  

ERDAS imagi ng capabi 1 i ti es. 

2. U I  S p a t i a l  D a t a  Ana lys is  Laboratory  f a c i l i t i e s  

The UI S p a t i a l  Data Ana lys is  Labora tory  ( i n  t h e  Geography Department) 

has an ex tens ive  network of ERDAS image process ing  systems which predate  t h e  

IHNS ERDAS System. It has four  ERDAS systems, which i n c l u d e  image t r a i n i n g  
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and c l a s s i f i c a t i o n ,  s p a t i a l  f i l t e r i n g ,  and GIs func t ions .  As p e r i p h e r a l s ,  t h e  

Labora tory  has a 1600 b p i  tape dr ive ,  Anadex and I B M  p r i n t e r s ,  a c o o r d i n a t e  

d i g i t i z e r ,  and an e l e c t r o n i c  camera. 

As backup, t h e r e  i s  c a p a b i l i t y  f o r  u t i l i z i n g  t h e  U I  mainframe CDC Cyber 

175 which has f u l l  image process ing and GIs c a p a b i l i t i e s .  

3. ORNL f a c i l i t i e s  

ORNL Computer Sciences D i v i s i o n  has severa l  major computer systems, 

i n c l u d i n g  a new Cray computer, two I B M  3033s, two I B M  43415, an I B M  360/195, a 

DEC PDP-10, and severa l  DEC System 2060s. F u l l  image process ing c a p a b i l i t y  

e x i s t s  on an 12S instrument.  Per iphera l  dev ices a r e  numerous and i n c l u d e  

p r i n t e r s ,  tape dr ives ,  d i g i t i z e r s ,  d isk d r i v e s ,  and an I B M  Mass Storage 

comp u t e r systems 

ORNL has an 

( through a c i d  r a  

Subsystem. The Environmental Sciences D i v i s i o n  a l s o  has l i n k s  t o  these 

as w e l l  as access t o  t h e  12S image process ing system. 

ex tens ive  GIs database e s t a b l i s h e d  f o r  t h e  Adirondacks 

n research e f f o r t s ) .  Var iab les  i n c l u d e  s o i l s ,  vegeta t  on 

types, e l e v a t i o n ,  MSS data, and an ex tens ive  database on t h e  water  q u a l i t y  of 

t h e  lakes. 

INHS) i s  t h e  Geoecology database. It i s  an i n t e g r a t e d ,  county - leve l  

c o m p i l i a t i o n  of environmental  da ta  f o r  t h e  coterminous Un i ted  Sta tes  (Olson e t  

a l .  1980). D a t a  i n c l u d e  monthly p r e c i p i t a t i o n  and temperature norms, r a i n f a l l  

a c i d i t y  and monthly d i s t r i b u t i o n ,  chemical c h a r a c t e r i s t i c s  o f  s o i l s ,  bedrock 

geology, r i v e r  bas in  water  q u a l i t y ,  crop d i s t r i b u t i o n s  and product ion,  n a t u r a l  

v e g e t a t i o n  d i s t r i b u t i o n s ,  f o r e s t  species d i s t r i b u t i o n s  and volume, landuse, 

l a n d  ownership, n a t u r a l  areas, and w i ld1  i f e  d i s t r i b u t i o n s .  Thematic o r  

c o n t o u r  maps can be produced t o  a i d  i n  a n a l y s i s  and d i s p l a y  o f  r e s u l t s .  

Another l a r g e  database developed a t  ORNL (and a l s o  r e s i d i n g  a t  
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D. RESEARCH S ITE BACKGROUND 

F o r  purposes o f  t h i s  and subsequent repor ts ,  we w i l l  be s e l e c t i n g  a few 

s i t e s  f o r  p r o v i s i o n  o f  background in fo rmat ion .  

s i n c e  t h e  p r o j e c t  does focus on a l a r g e  number of s i t e s  occupying w ide ly  

v a r y i n g  landscapes. In fo rmat ion  on t h e  s i t e s  w i l l  be accumulated throughout  

t h e  p r o j e c t .  

We f e e l  t h i s  i s  impor tan t  

1. Jackson County, I l l i n o i s  

a. Geography 

Jackson County, l o c a t e d  i n  southwest I l l i n o i s  (Fig. l), has a wide 

d i v e r s i t y  o f  h a b i t a t  types. About t h r e e - f o u r t h s  o f  t h e  l a n d  i s  used f o r  

farming, e s p e c i a l l y  t h e  p r o d u c t i o n  o f  corn, wheat, and soybeans. On t h e  

r o l l i n g  h i l l s ,  l a r g e  amounts o f  forage a r e  produced f o r  beef and d a i r y  c a t t l e .  

The county c u r r e n t l y  has 118,600 acres o f  f o r e s t  (30.9%), but  est imates based 

on o r i g i n a l  surveys i n d i c a t e  94.2% f o r e s t .  The e l e v a t i o n  ranges f rom 100 t o  

260 m (330 t o  850 f e e t )  above sea l e v e l .  

f l o o d p l a i n ' l i e s  between t h e  M i s s i s s i p p i  R i v e r  and t h e  rugged h i l l y  area t o  t h e  

east. The l a t t e r  rugged zone i s  a h i g h l y  d i s s e c t e d  region. Rocky b l u f f s ,  some 

n e a r l y  v e r t i c a l ,  o c c a s i o n a l l y  r i s e  more than 200 fee t  above t h e  f l o o r  o f  t h e  

f l o o d p l a i n .  This h i l l y  r e g i o n  occupies a band ad jacent  t o  t h e  M i s s i s s i p p i  

f l o o d p l a i n  which expands southward t o  occupy most of t h e  southern p a r t  o f  t h e  

county. T h i s  i s  t h e  r e g i o n  which i s  c u r r e n t l y  fo res ted ,  and where one o f  our  

f i r s t  t e s t  study areas (512 x 1024 p i x e l s )  i s  concentrated. The n o r t h e a s t  

p a r t  o f  t h e  county i s  predominant ly  f l a t  and i n  a g r i c u l t u r a l  use a t  present. 

A wide, r e l a t i v e l y  f e r t i l e  

b. Cl imate 

The c l i m a t e  diagram (Fig. 2) shows t h a t  r a i n f a l l  i s  f a i r l y  

u n i f o r m l y  d i s t r i b u t e d  across t h e  year,  w i t h  annual r a i n f a l l  averaging 101 cm 



- 23 - 

(42.5 inches).  

89.9OF i n  J u l y  and an average low o f  23.8O i n  January. 

season" l e n g t h  (days above 32OF) i s  169 days. 

r a i n f a l l  f a 1  1s d u r i n g  t h e  growing season, on average. Average annual s n o w f a l l  

i s  about 31 cm (12 inches) ,  b u t  amounts vary g r e a t l y  f rom y e a r  t o  y e a r  a t  t h e  

The average temperature i s  56.8OF, w i t h  an average h i g h  o f  

The average "growing 

F i f t y - f i v e  percent  o f  t h e  

s t a t i o n .  

c. S o i l s  

There a r e  10 major  assoc ia t ions  found i n  t h e  county rang ing  f rom 

s i l t y  f l o o d p l a i n  s o i l s  t o  up land rocky outcrops. 

d e s c r i b e d  i n  Table 6. 

Hosmer and A l fo rd-Wel ls ton ,  which together  account f o r  50% o f  t h e  county. 

s tudy s i t e  o f  i n t e r e s t  i s  l o c a t e d  along a s t r i p  i n  t h e  southern p a r t  o f  t h e  

county  f rom t h e  M i s s i s s i p p i  f l o o d p l a i n  i n  t h e  west t o  t h e  loess-capped uplands 

t o  t h e  east. Th is  area i s  dominated by a s s o c i a t i o n s  1 (Belknap-Wakeland), 3 

(Darwin-Medway-Cai r o ) ,  7 (Hosner) , 8 (Hosner-We1 l s t o n ) ,  and 9 

(A1  ford-We1 l s t o n ) .  

and 7-9 represent  up land s o i l  types. 

The a s s o c i a t i o n s  a r e  b r i e f l y  

The most prominent a s s o c i a t i o n s  i n  t h e  county a r e  

The 

Assoc ia t ions  1 and 3 represent  t h e  bot tomland s o i  1 types  

Many o f  t h e  c u r r e n t  bottomland f o r e s t s  i n  our  s tudy area a r e  growing i n  

Jacob c l a y  and P i o p o l i s  s i l t y  c l a y  loam, whereas t h e  upland f o r e s t s  a r e  

g e n e r a l l y  on A l fo rd-Wel ls ton  s i l t  l o a m  a t  s lopes exceeding 15% o r  

Neotoma-We1 l s t o n  s o i  1s a t  s lopes exceeding 18%. 

a r e  commonly found on Wakeland s i l t  loam. 

l e v e l ,  p o o r l y  d ra ined and l o c a t e d  ,on broad f l a t s  and i n  narrow channels on 

bottomlands. Water and a i r  move through t h i s  s o i l  a t  a very slow r a t e ,  and 

s u r f a c e  r u n o f f  i s  slow t o  ponded. 

I n t e r m e d i a t e  f o r e s t e d  areas 

The Jacob c l a y  s o i l  i s  n e a r l y  

The pH i s  normal ly  a c i d  and r o o t  
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development i s  r e s t r i c t e d  by t h e  f l u c t u a t i n g  water  l e v e l .  

c a l l e d  "Oakwood Bottoms" i s  on t h i s  s o i l ,  and i s  dominated by p i n  oaks. 

P i o p o l i s  s i l t y  c l a y  loam i s  a l s o  bottomland b u t  has a s l i g h t l y  coarser  t e x t u r e  

which improves i t s  a b i l i t y  t o  suppor t  p l a n t  growth. The Wakeland s i l t  loam i s  

n e a r l y  l e v e l ,  somewhat p o o r l y  d r a i n e d  and e x i s t s  a long streams i n  t h e  area. 

The A l fo rd-Wel ls ton  s i l t  loams e x i s t  on steep slopes, a r e  w e l l  drained, and 

a r e  p r i m a r i  l y  der ived f rom loess. 

W e l l s t o n  l o e s s  s o i l  b u t  a l s o  t h e  Neotoma s o i l  which i s  d e r i v e d  f r o m  bedrock 

and i s  very steep and shal low. There i s  t h e r e f o r e  a g r a d i e n t  o f  s o i l s  

e x i s t i n g  i n  t h e  study area f rom wet t o  dry ,  f e r t i l e  t o  i n f e r t i l e .  

Much of t h e  area 

The Neotoma-We1 l s t o n  complex has t h e  

2. Lake County, I l l i n o i s  

a. Geography 

Lake County i s  i n  t h e  n o r t h e a s t e r n  corner  o f  I l l i n o i s  (Fig. 1). 

It extends about 24 m i l e s  f rom n o r t h  t o  south and 20 m i l e s  eas t  t o  west w i t h  

an area o f  292,480 acres. I n  general ,  i t  has g e n t l y  s l o p i n g  r e l i e f  and p o o r l y  

d e f i n e d  drainage p a t t e r n s ;  many d r a i  nageways t e r m i n a t e  i n  depressions and 

marshes (one main reason f o r  t h e  county name). 

a t  t h e  t i m e  o f  the o r i g i n a l  l a n d  survey (ca 1840), b u t  i s  now o n l y  7.2% 

forested.  

The county was 63.4% f o r e s t e d  

b. Cl imate 

Lake County has a t y p i c a l  c o n t i n e n t a l  c l imate ,  c h a r a c t e r i z e d  by 

f r e q u e n t  changes i n  temperature,  humid i ty ,  c loud iness ,  and wind d i r e c t i o n .  

The average monthly temperatures and p r e c i p i t a t i o n  a r e  presented i n  t h e  

c l i m a t e  diagram (Fig. 3). 

shore i n  summer a f te rnoons and warming on occasional  c o l d  w i n t e r  days, b u t  

Lake Mich igan causes a l a k e  e f f e c t  o f  c o o l i n g  near 
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t h i s  i s  u s u a l l y  con f ined t o  o n l y  a narrow s t r i p  a long t h e  lake. 

growing season l e n g t h  i s  about 155 days (May 7 -October 10); a long Lake 

The average 

Mich igan t h e  growing season i s  about 10 days longer. 

P r e c i p i t a t i o n  average i s  about 84 cm (33 inches)  a year,  w i t h  more than 

h a l f  f a l l i n g  d u r i n g  t h e  growing season. Average s n o w f a l l  i s  90 t o  100 cm 

(35-40 inches)  p e r  year, most ly  i n  December-February. 

c. S o i l s  

There a r e  11 s o i l  assoc ia t ions  present  i n  Lake County (Table 7). 

By f a r  t h e  major  a s s o c i a t i o n  i n  t h e  county i s  Morley-Markham-Houghton, which 

occupies 42% o f  t h e  county. The study s i t e  o f  i n t e r e s t  i s  l o c a t e d  i n  

nor thwestern  Lake County, which i s  p r i n c i p a l l y  occupied by t h e  a s s o c i a t i o n s  1 

(Marsh-Fox-Boyer), 3 ( Z u r i  ch-Grays-Wauconda), 5 (Miami -Montmorenci ), and 8 

(Morley-Markham-Houghton). Th is  area has been g l a c i a t e d  severa l  t imes, most 

r e c e n t l y  d u r i n g  t h e  l a t e  Wisconsinan advance. 

c h a r a c t e r i z e d  by k e t t l e  ho les and other  depress ional  areas r e s u l t i n g  f rom t h e  

m e l t i n g  of dead g l a c i a l  ice.  The most common s o i l  o f  t h e  area, Morley s i l t  

loam, as w e l l  as o t h e r  common s o i l s  l i k e  Markham, Miami, and Zur ich,  occupy 

t h e  h i g h e r  p a r t s  o f  t h e  landscape, and a r e  g e n e r a l l y  q u i t e  w e l l  d ra ined and 

o f t e n  s lop ing.  

(an o r g a n i c  s o i  1 ) and Peotone (depressional  minera l  s o i  1 ) s o i  1 s. 

Much of t h e  t e r r a i n  i s  

The bottoms o f  t h e  landscapes a r e  o f t e n  occupied by Houghton 

Mor ley  s i l t  loam (18% of county) s o i l s  developed on calcareous g l a c i a l  

t i l l  occupied by hardwood f o r e s t  whereas Houghton muck (6.1% o f  county)  

developed i n  k e t t l e  ho les which were almost always wet. 

f o r e s t  i n  NW Lake County, however, i s  n o t  growing on these major s o i l s ,  b u t  

r a t h e r  on some r e l a t i v e l y  minor s o i l s  l i k e  Fox loam (1.1% o f  t h e  county),  

Rodman g r a v e l l y  loam (0.4%), Zur ich  s i l t  loam (3.0%) and Boyer sandy loam 

(0.6%). 

Much o f  t h e  c u r r e n t  
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Fox so 1s a r e  l e v e l  t o  r o l l i n g ,  w e l l  t o  moderately w e l l  d ra ined s o i l s  

t h a t  formed i n  2-3 f e e t  o f  loamy m a t e r i a l  over  ca lcareous g r a v e l l y  and sandy 

parent  f rom g l a c i a l  me l twater  deposi ts.  Hardwood t r e e s  a r e  t h e  n a t i v e  

vegetat ion.  

w e l l - d r a i n e d  s o i l s  t h a t  have loose, ca lcareous grave l  and sand a t  a depth o f  

l e s s  than 10 inches. They a l s o  formed i n  g l a c i a l  outwash, w i t h  hardwoods and 

grasses as t h e  n a t i v e  vegetat ion.  The Boyer s e r i e s  c o n s i s t s  o f  u n d u l a t i n g  t o  

t o  r o l l i n g ,  we l l -d ra ined s o i l s  t h a t  formed i n  2-3 f e e t  o f  sandy m a t e r i a l  over  

ca lcareous sand and gravel .  

gravel ,  a r e  on uplands, and had hardwoods as t h e  n a t i v e  vegetat ion.  

Z u r i c h  s e r i e s  cons is ts  of deep, f a i r l y  l e v e l ,  w e l l  d ra ined t o  moderately w e l l  

d r a i n e d  s o i l s  t h a t  formed i n  2-3 f e e t  o f  s i l t y  m a t e r i a l  and t h e  u n d e r l y i n g  

ca lcareous,  s t r a t i f i e d  s i l t  and sand. 

t h e  n a t i v e  vegeta t ion  be ing  hardwoods. 

The Rodman s o i l s  a r e  h i l l y  t o  very steep, excess ive ly  d ra ined t o  

These s o i l s  a r e  moderately deep over sand and 

The 

Again, these s o i l s  are on uplands w i t h  

Us ing  these f o u r  s o i l s  as examples, t h e r e  i s  a g r a d i e n t  of f e r t i l i t y  and 

water  h o l d i n g  capac i ty  apparent. The s o i l s  i n  decreas ing order  o f  p l a n t  

growth p o t e n t i a l  a r e  Zur ich,  Fox = Boyer, and Rodman s o i l s .  Our e f f o r t s  here 

a r e  i n v o l v e d  w i t h  seeing i f  TM data can a l s o  d e t e c t  d i f f e r e n c e s  among f o r e s t  

p r o d u c t i v i t y  across t h e  landscape, w i t h  and w i t h o u t  i n c l u s i o n  o f  GIs data. 

3. Konza P r a i r i e ,  Geary County, Kansas 

Konza P r a i r i e  i s  an 8600 acre  t a l l g r a s s  p r a i r i e  des ignated as a 

Biosphere Reserve and as a p a r t  of t h e  N a t i o n a l  Science Foundat ion Long Term 

E c o l o g i c a l  Research Network (LTER). 

a. Geography 

The area i s  l o c a t e d  i n  n o r t h e a s t e r n  Kansas (Fig. 1) about 10 km 

south o f  Manhattan, near t h e  Kansas River.  It i s  i n  t h e  Cent ra l  Loess P l a i n s  
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and Bluestem H i l l s  major l a n d  resource areas, comprised o f  g e n t l y  s l o p i n g  

uplands, moderate-sized a l l u v i a l  va l ley  f l o o r s ,  and h i g h l y  d issec ted  

i ntermed ia te  areas where drainages are o f t e n  entrenched i n  narrow canyons. 

E l e v a t i o n  d i f f e r e n c e  between h ighes t  and lowest  p o i n t s  on t h e  landscape i s  

about 170 m (560 f e e t ) .  

f a r m i n g  and ranching, a l though F o r t  R i l e y  M i l i t a r y  Area and T u t t l e  Creek 

R e s e r v o i r  a r e  impor tan t  socioeconomic f a c t o r s  i n  t h e  region. 

I n  general,  t h e  area surrounding Konza i s  used f o r  

b. Vegetat ion 

Konza i s  t y p i c a l  t a l l g r a s s  p r a i r i e ,  comprised l a r g e l y  o f  b i g  

b lues tem (Andropogon gerardi) ,  l i t t l e  b luestem (Schixachyriwn scopariwn), 

I n d i a n  grass (Sorahas tm nutans), and swi tchgrass  (Panicum virgatum). 

S i m i l a r  p r a i r i e  dominated t h e  preset t lement  vegeta t ion  of t h i s  area, w i t h  

f o r e s t l a n d  e x i s t i n g  most ly  i n  r i p a r i a n  s i t u a t i o n s .  I n  a 1981 f o r e s t  

i n v e n t o r y ,  Geary County was 8 percent forested.  

c. C l imate  

Geary County has a c o n t i n e n t a l  c l i m a t e  c h a r a c t e r i z e d  by h o t  

summers, c o l d  w in te rs ,  abundant sunshine, and moderate humid i ty .  Average 

p r e c i p i t a t i o n  i s  32 inches p e r  y e a r  w i t h  a pronounced r a i n f a l l  peak i n  l a t e  

s p r i n g  and e a r l y  summer. 

d. S o i l s  

T y p i c a l l y ,  l a t e  A p r i l  t o  mid October i s  f r o s t  free. 

Three s o i l  a s s o c i a t i o n s  dominate t h e  area. The 

Reading-Kennekec-Ivan a s s o c i a t i o n  i s  c h a r a c t e r i z e d  as deep, n e d r l y  l e v e l  t o  

g e n t l y  s l o p i n g  s i l t  loams o c c u r i n g  on t e r r a c e s  and f l o o d  p l a i n s .  

s o i l s  a r e  moderately deep t o  shal low, s l o p i n g  t o  steep s i l t y  c l a y  loams on 

up1 ands. 

s i l t y  c l a y  and c h e r t y  s i l t  loams on uplands. 

Clime-Sogn 

The Benf i e l  d-F1 orence associ a t  i on SO1 1 s a r e  deep, s l  op i  ng t o  s teep 
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4. Boulder County Watershed 

The Boulder County watershed study area i s  l o c a t e d  45 km west of 

Boulder,  CO, i n  t h e  southern Rocky Mountains and southern p a r t  o f  t h e  Nor th  

American tundra,  an area o f  c o n t i n e n t a l  c l imate.  The area i s  dominated by 

a l p i n e  t u n d r a  vegetat ion a t  h i g h e r  e l e v a t i o n s ,  g rad ing  i n t o  spruce and Douglas 

f i r  f o r e s t  down s lope f rom t h e  c o n t i n e n t a l  d iv ide .  The area i s  known as t h e  

Green Lakes va l leys,  r i s i n g  g e n t l y  westward f rom about 2500 t o  3750 meters 

s.m. 

scree s lopes which surround t h e  western p a r t  o f  t h e  a l p i n e  zone. 

e a s t e r n  t r a n s e c t  f rom t h e  Cont inenta l  D iv ide ,  p r e c i p i t a t i o n  increases w i t h  

a l t i t u d e ,  b u t  annual averge s o l a r  r a d i a t i o n  t o t a l s  show l i t t l e  o r  no change 

between 2590 and 3750 m s.m. The mean d u r a t i o n  of t h e  f r o s t - f r e e  season 

decreases w i t h  i n c r e a s i n g  a l t i t u d e .  The d i u r n a l  temperature range i s  lowest  

a t  t h e  h i g h e s t  e l e v a t i o n ;  d i f f e r e n c e s  o f  temperature between s i t e s  w i t h  

d i f f e r e n t  exposure d i m i n i s h  and mean wind speed increases w i t h  i n c r e a s i n g  

e l e v a t i o n .  

slopes. 

occurs i n  August through October. 

A l t i t u d i n a l l y  t h e  study area i s  l i m i t e d  by t h e  a l p i n e  t r e e  l i n e  and by 

On an 

South- fac i  ng s lopes a r e  s i g n i f i c a n t l y  warmer than n o r t h - f a c i n g  

The p e r i o d  f rom January through A p r i l  i s  wet w h i l e  a d r y  p e r i o d  

Wind and snow d i s t r i b u t i o n ,  i n f l u e n c i n g  t h e  mois tu re  supply, a re  t h e  

major  a b i o t i c  fac to rs  i n  de termin ing  t h e  v e g e t a t i o n  i n  t h i s  region. 

mois ture,  snow cover, and s u b s t r a t e  d is tu rbance a r e  t h e  major environmental  

f a c t o r s  c o n t r o l l i n g  vegeta t ion  d i s t r i b u t i o n s .  

Subs t ra te  

I 
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