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I N T R 0 D U C T I 0 N 

T h i s  i s  a r e q u e s t  t o  t h e  N a t i o n a l  A e r o n a u t i c s  and S p a c e  

A d m i n i s t r a t i o n  f o r  t h e  f i n a l  i n s t a l l m e n t  o f  f u n d i n g  u n d e r  NASA 

G r a n t  NAGW-95. T h i s  is  a s t e p - f u n d e d  g r a n t  t o  t h e  Center  f o r  

Remote S e n s i n g  and C a r t o g r a p h y  (CRSC), w i t h  an  a n n i v e r s a r y  d a t e  

o f  1 Augus t .  T h i s  p r o p o s a l  r e q u e s t s  $ 3 4 , 0 0 0  i n  new f u n d s  

b e g i n n i n g  1 Augus t  1986 t o  augment f u n d s  a l r e a d y  commit ted .  

T h e  f o l l o w i n g  p r o p o s a l  i s  a s c a l e d  down v e r s i o n  of  t h e  

Augus t  1985 t o  Augus t  1986 p r o p o s a l .  A l l  p r o j e c t s  o u t l i n e d  

w i t h i n  t h e  l a s t  p r o p o s a l  a r e  c u r r e n t l y  u n d e r  way. A d d i t i o n a l  

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

o u t l i n e d  h e r e i n  cover  t h e  f o l l o w i n g  s u b j e c t s :  u r b a n  e c o s y s t e m  

m o d e l i n g ,  f o r e s t  e c o l o g y ,  and a r i d  l a n d  e c o l o g y .  

I .  U R B A N  ECOSYSTEMS 

A l t h o u g h  u r b a n  a r e a s  c o n s t i t u t e  a s m a l l  p e r c e n t a g e  o f  t h e  

w o r l d ' s  l a n d  s u r f a c e ,  t h e y  have an i n o r d i n a t e l y  l a r g e  i m p a c t  on 

e n e r g y  and h y d r o l o g i c  b u d g e t s ,  and sources  o f  a t m o s p h e r i c  and 

w a t e r  a l t e r a t i o n .  F u r t h e r m o r e ,  u r b a n  a r e a s  a r e  e x p a n d i n g  more 

r a p i d l y  t h a n  o t h e r  l a n d  uses ,  a s  r u r a l - t o - u r b a n  m i g r a t i o n  t a k e s  

p l a c e  wor ldwide .  No r e l i a b l e  d a t a  e x i s t  r e l a t i v e  t o  a c t u a l  

l a n d  c o v e r a g e  by u r b a n  a r e a s ,  b u t  a h i g h  r a t e  o f  u r b a n  p o p u l a t -  

i o n  i n c r e a s e  i s  o b s e r v e d  on e v e r y  c o n t i n e n t  ( U n i t e d  N a t i o n s  
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1982), especially in the developing world. For the world as a 

whole, 4115 of the population lives in urban areas, and by the 

year 2025, the number is projected to rise to over 65%. T h e  

rate of  increase in percent urban population is greatest in 

Africa, Latin America, and Asia, while the greatest actual 

percentages estimated for 2025 are North America (89.9%>, 

Oceania ( 8 7 . 5 % ) ,  Europe ( 8 5 . 6 % ) ,  Latin America (83.61%), and 

USSR (83.3%). Considering the increasing rate of urban 

expansion on the land and the increasing impact of urban/indus- 

trial processes on earth resources and environments, and 

considering that urban habitability directly affects the major 

share of the world's people, it seems urban ecosystem research 

should justifiably receive increased attention. 

Satellite remote sensing technology is potentially an 

effective tool for providing standards for monitoring and 

predicting urban growth (Jensen 1981). It should also provide 

opportunities for greatly improving ecological knowledge of 

urban processes. At this point in time, there is little in the 

remote sensing literature that deals with the ecology of urban 

environments. The literature strongly emphasizes techniques of 

classification and mapping of urban features, without regard to 

understanding the functional interrelationships of urban 

systems -- natural or human -- as is very evident in the second 
edition of the Manual of Remote Sensing (Colwell 1983). 

2 
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O b j e c t i v e  and Scope  

T h e  o b j e c t i v e  o f  t h e  u r b a n  ecosystem re sea rch  p r o p o s e d  here  

i s  t o  d e v e l o p  and e x p e r i m e n t  w i t h  c e r t a i n  d i m e n s i o n s  o f  an  

u r b a n  ecosystem r e s e a r c h  model.  The u r b a n  e c o s y s t e m s  i n v e s t i s -  

a t i o n  team a t  CRSC s u g g e s t s  a g e n e r a l  model  t h a t  d e m o n s t r a t e s  

t h e  i n t e r r e l a t i o n s h i p s  between i n v e s t i g a t o r s '  e f f o r t s .  F i g u r e  

1 i l l u s t r a t e s  t h r e e  a r e a s  of i n v e s t i g a t i o n  f o c u s i n g  on u r b a n  

ecosystems, w h i c h  f o r  c o n v e n i e n c e  a r e  c a l l e d  (1) u r b a n  morpho l -  

ogy  ( a n  e x a m i n a t i o n  o f  s p a t i a l  f a b r i c  and s t r u c t u r e ) ,  ( 2 )  

n a t u r a l  ecosystems ( i n v e s t i g a t i o n s  e m p h a s i z i n g  b i o p h y s i c a l  

p r o c e s s e s  and  p a t t e r n s ,  and ( 3 )  human ecosystems ( e m p h a s i z i n g  

s o c i s - e c o n o m i c  and engineering parameters ) .  T h e  t h r e e  a r e  n o t  

m u t u a l l y  e x c l u s i v e ,  b u t  do r e p r e s e n t  d i f f e r e n t  emphases .  A t  

CRSC, r e sea rche r s  a r e  a t  work on a l l  t h r e e  a r e a s ,  p r o v i d i n g  a 

good d e a l  o f  d a i l y  i n t e r a c t i o n  and m u t u a l  d e v e l o p m e n t  o f  t o o l s ,  

s k i l l s ,  and  e c o l o g i c a l  u n d e r s t a n d i n g .  

I t  i s  i m p o r t a n t  t o  r e c o g n i z e  t h a t  t h e  s e v e r a l  i n v e s t i g a t i o n s  

a r e  d r i v e n  by a need  t o  u n d e r s t a n d  t h e  t o t a l  u r b a n  e c o s y s t e m ,  

s i g n i f i e d  by  t h e  c e n t r a l  box. Each i n v e s t i g a t o r ,  c o n t e m p l a t i n g  

t h e  u r b a n  complex i n  t h e  con tex t  o f  s p e c i f i c  r e s e a r c h  in te res -  

t s ,  s e l e c t s  t h a t  c o m b i n a t i o n  o f  p a r a m e t e r s  r e l e v a n t  t o  t h e  

i n v e s t i g a t i o n  o b j e c t i v e s .  Each i n v e s t i g a t i o n  i s  d e s i g n e d  t o  

b e t t e r  u n d e r s t a n d  the processes a n d / o r  p a t t e r n s  o p e r a t i n g  i n  

some d i m e n s i o n  o f  t h e  e c o s y s t e m .  

Hav ing  d e c i d e d  on s t u d y  o b j e c t i v e s  and p a r a m e t e r s ,  t h e  

i n v e s t i g a t o r  t u r n s  t o  e x i s t i n g  d o c u m e n t s  ( l e f t  box)  and w o r k s  

3 
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A GENERAL MODEL for URBAN ECOSYSTEM ANALYSIS 

GENERAL URBAN 

PATTERN and GROWTH 

COMPONEMS 

SATELLITE DATA - 

DIGITAL DATA 

ENERGY SYSTEMS 

HYDROLOGIC SYSTEMS 

ATMOSPHERIC SYSTEMS 

VEGETATION SYSTEMS 

FARM SYSTEMS 

FOREST SYSTEMS 

PROCESSED/ 1 ENHANCED DATI 

PUBLIC WORKS 

STRUCTURES 

POPULATION DENSITES 

ECONOMIC 
CHAR ACTERlSTCS 

HEALTH CONDITIONS 

SOCIAL STRESS 

Figure I . Several inves t iga tors  a t  CRSC a r e  working w i t h  var ious 
dimentions o f  urban ecosystem research. 
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o u t  a r e s e a r c h  s t r a t e g y  t o  o b t a i n  t h e  needed  n e w  i n f o r m a t i o n .  

To t h e  e x t e n t  t h a t  r e m o t e l y  s e n s e d  d a t a  nay  s e rve  t h o s e  n e e d s ,  

t h e  i n v e s t i g a t o r  r e a c h e s  o u t  f o r  s u c h  s u p p o r t i n g  d a t a  ( r i g h t  

box)  i n  s u c h  form a s  t h e  i n v e s t i g a t i o n  d e s i g n  i s  b e s t  s e r v e d .  

CRSC h a s  become c l o s e l y  a s s o c i a t e d  w i t h  Man and t h e  

B i o s p h e r e  program Urban Ecosys t ems  D i r e c t o r a t e  (MAB-11). 

Merr i l l  Ridd and D a l e  Q u a t t r o c h i ,  NASA s c i e n t i s t  l o c a t e d  a t  

E R L ,  h a v e  b o t h  been  a p p o i n t e d  t o  t h e  d i r e c t o r a t e .  A r ecen t  

d i r e c t o r a t e  m e e t i n g  i n  S a l t  Lake C i t y  w i t h  D r .  Roger S o l e s ,  

e x e c u t i v e  d i r e c t o r  o f  t h e  U. S.  MAB p r o g r a m ,  h a s  r e s u l t e d  i n  a 

d i r e c t i o n  o f  r e s e a r c h  t h a t  o f f e r s  a new look  a t  u r b a n  e c o s y s -  

tems w i t h  a s t r o n g  r e m o t e  s e n s i n g  component .  A b a s i c  a s s e r t i o n  

i s  t h a t  t h e  u r b a n  ecosystem and i t s  many componen t s  and 

s u b s y s t e m s ,  e x h i b i t  a s t r o n g  v i s u a l  c h a r a c t e r .  F u r t h e r ,  i t  i s  

a s s e r t e d  t h a t  t h e  v i s u a l  components  a r e  t o  some d e g r e e ,  

a c c u r a t e  s u r r o g a t e s  f o r  n a t u r a l  and man-made m a t e r i a l s  and 

p r o c e s s e s  o c c u r r i n g  i n  somewhat d i s t i n c t i v e  p a t t e r n s .  I t  i s  

a n t i c i p a t e d  t h a t  by o b s e r v i n g  t h o s e  p a t t e r n s ,  and by s t u d y i n g  

t h e  e c o l o g i c a l  p r o c e s s e s  ( n a t u r a l  and  human) o p e r a t i n g  w i t h i n  

t h o s e  p a t t e r n s ,  c e r t a i n  s t a t e m e n t s  a b o u t  e c o l o g i c a l  s u b s y s t e m s  

and c o n d i t i o n s  may b e  made. 

The S a l t  Lake C i t y  m e t r o p o l i t a n  a r e a  h a s  become a p o i n t  o f  

f o c u s  o f  r e s e a r c h  by t h e  U.S. F o r e s t  S e r v i c e ,  M A B ,  and N A S A  

f u n d i n g  t h r o u g h  CRSC and E R L .  The p o t e n t i a l  f o r  t h i s  i n t e g r a -  

t e d  e f f o r t  t o  pay o f f  i n  mode l ing  u r b a n  e c o s y s t e m  r e s e a r c h  

5 
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seems s u b s t a n t i a l .  Upon f u r t h e r  w o r k  h e r e ,  i t  i s  a n t i c i p a t e d  

t h a t  t h e  t e c h n i q u e s  w i l l  be  employed i n  Mexico C i t y  u n d e r  

f u n d i n g  f rom MAB and t h e  Mexican g o v e r n m e n t .  CRSC h a s  f u n d i n g  

f rom MAB t o  do a p i l o t  p r o j e c t  i n  Mexico C i t y  and p r e p a r e  a 

p r o p o s a l .  F u r t h e r m o r e ,  a d d i t i o n a l  f u n d i n g  h a s  b e e n  p r o v i d e d  

from MAB t o  s t a g e  a t e n  d a y  workshop f o r  Mexico c i t y  and 

f e d e r a l  l e a d e r s  t o  i n t r o d u c e  them t o  d i g i t a l  remote s e n s i n g .  

The workshop w i l l  t a k e  p l a c e  i n  t h e  f a l l  o f  1986 w i t h  f i v e  d a y s  

i n  S a l t  Lake C i t y  and f i v e  a d d i t i o n a l  d a y s  i n  Mexico C i t y .  

11. FOREST E C O L O G Y  

One p r o j e c t  i s  p r o p o s e d  i n  f o r e s t  e c o l o g y  u n d e r  t h i s  

r e q u e s t :  Mode l ing  T r a n s p i r a t i o n  i n  Aspen S t a n d s .  

I n t r o d u c t i o n  

F o r e s t s  o f  q u a k i n g  a s p e n  ( P o p u l u s  t r e m u l o i d e s ,  Michx. )  a r e  

c o n s i d e r e d  t o  be  p r e d o m i n a n t l y  s u b c l i m a x  c o m m u n i t i e s  i n  t h e  

Rocky Mounta in  r e g i o n  ( B a r t o s  1973,  Mueggler  1 9 7 6 ) .  Unless 

i n t e r r u p t e d  by f i r e  o r  o t h e r  d i s t u r b a n c e ,  m a t u r e  a s p e n  f o r e s t s  

a r e  commonly r e p l a c e d  by e v e r g r e e n  c o n i f e r s  ( e s p .  A b i e s  s p p .  

and P i c e a  s p p ) .  More t h a n  4 . 1  m i l l i o n  a c r e s  o f  c o m m e r c i a l  

a s p e n  f o r e s t ,  and p o s s i b l y  a n o t h e r  1 . 5  m i l l i o n  a c r e s  o f  

non-commerc ia l  a s p e n  l a n d s ,  e x i s t  i n  t h e  Rocky M o u n t a i n s .  

6 
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W i t h  e v o l v i n g  f o r e s t  tnanagetnent b u i l t  a r o u n d  f i r e  s u p p r e -  

s s i o n ,  v a s t  a c r e a g e s  of  mixed f o r e s t  a r e  u n d e r g o i n g  u n i d i r e c -  

t i o n a l  c h a n g e  f rom p i o n e e r  and  s e r a l  s p e c i e s  toward  c l i m a x  

s p e c i e s .  T h e  e f f e c t  o f  t h i s  t r a n s i t i o n  i s  e s s e n t i a l l y  

u n s t u d i e d  on a r e g i o n a l  o r  c o n t i n e n t a l  s c a l e .  S a t e l l i t e  r e m o t e  

s e n s i n g  may be t h e  l i n k  t o  such  u n d e r s t a n d i n g .  

T h e  e c o l o g i c a l  s i g n i f i c a n c e  of  t h i s  u n i d i r e c t i o n a l  conver -  

s i o n  o f  some 5 .6  m i l l i o n  a c r e s  o f  a s p e n  f o r e s t  i n  t h e  Rocky 

Moun ta in  r e g i o n  i s  f a r  r e a c h i n g ,  a s  shown b y  Ramsey and H a r p e r  

( 1 9 8 3 )  and W a g s t a f f  ( 1 9 8 3 ) .  I t  h a s  b e e n  s h o w n  t h a t  r u n o f f  

dec reases  b y  some 7 t o  18cm from a s p e n  t o  s p r u c e - f i r  f o r e s t ,  

t h a t  w i l d l i f e  h a b i t a t  i s  reduced s i g n i f i c a n t l y ,  and l i v e s t o c k  

c a r r y i n g  c a p a c i t y  becomes a f r a c t i o n  o f  t h a t  i n  a n  a s p e n  

f o r e s t .  O t h e r  i m p a c t s  i n c l u d e  i nc reased  f i r e  s u p p r e s s i o n  

c o s t s .  The  p o t e n t i a l  c u m u l a t i v e  e f f e c t  o f  r e g i o n a l  c o n v e r s i o n  

is  enormous .  

The e f f e c t  a t  t h e  l o c a l  s c a l e  i s  b e g i n n i n g  t o  be u n d e r s t o o d  

t h r o u g h  h y d r o l o g i c  m o d e l i n g .  The  weakest e l e m e n t  of l o c a l  

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

c o m m u n i t i e s  ( G i f f o r d ,  Humphr ies ,  and J a y n e s  1983) .  Due t o  

v a r i a b i l i t y  i n  a s p e n  phenology and community s t r u c t u r e ,  

i n v e s t i g a t o r s  c i t e  t h e  need  f o r  i n c r e a s e d  a t t e n t i o n  t o  m o d e l i n g  

t h e  k e y  h y d r o l o g i c  p a r a m e t e r s  i n  v a r i a b l e  s t a n d s ,  e s p e c i a l l y  

t r a n s p i r a t i o n  r a t e s .  The  p roposed  i n v e s t i g a t i o n  b e g i n s  a t  t h i s  

l e v e l ,  a n d  b u i l d s  toward  r e g i o n a l  m o d e l i n g  d i m e n s i o n s .  The k e y  

7 
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t o  q u a n t i f y i n g  t h e  h y d r o l o g i c  i m p a c t  i s  t o  improve  t h e  a s p e n  

component  o f  t h e  ASPCON ( a s p e n - c o n i f e r  h y d r o l o g i c  m o d e l ) .  

O b j e c t i v e  

T h e  s c i e n c e  o b j e c t i v e  o f  t h e  p r o p o s e d  r e s e a r c h  i s  t o  improve  

t h e  a c c u r a c y  o f  t h e  most c r i t i c a l  v a r i a b l e ,  t r a n s p i r a t i o n ,  i n  

t h e  ASPCON mode l ,  c r e a t e d  b y  J a y n e s  ( 1 9 7 8 ) ,  d e s c r i b i n g  t h e  

h y d r o l o g y  o f  a s p e n  t o  c o n i f e r  s u c c e s s i o n .  T r a n s p i r a t i o n  w i l l  

be d e t e r m i n e d  b y  a canopy t r a n s p i r a t i o n  model which e s t i m a t e s  

c o n s u m p t i v e  w a t e r  use ( C W U )  f o r  s p e c i f i c  s p e c i e s  (Kaufmann 

1984)  and a p l a n t  a c t i v i t y  i n d e x  ( G i f f o r d ,  e t  a l .  1 9 8 4 ) .  The 

r e m o t e  s e n s i n g  o b j e c t i v e s  a r e :  ( a )  t o  p r o v i d e  d a t a  d e s c r i b i n g  

s t a n d  c h a r a c t e r i s t i c s  and e n v i r o n m e n t a l  c o n d i t i o n s ,  ( b )  t o  

improve  t h e  e f f i c i e n c y  o f  t h e  m o d e l ,  and ( c )  t o  p r o v i d e  a 

s p a t i a l  d i m e n s i o n  t o  t h e  model ,  s o  t h a t  l o c a l  t o  r e g i o n a l  

a p p l i c a t i o n s  can  be made. These o b j e c t i v e s  a r e  c a s t  i n  a 

l o n g - t e r m ,  b r o a d - s c a l e  e c o l o g i c a l  p rob lem encompass ing  most  o f  

t h e  f o r e s t s  o f  w e s t e r n  Uni ted  S t a t e s  and much o f  Nor th  Amer ica .  

R e f i n e m e n t  o f  t h e  l o c a l  a s p e n - t o - c o n i f e r  h y d r o l o g i c  model w i l l  

a l l o w  C R S C  t o  b u i l d  on i t s  d e m o n s t r a t e d  a b i l i t y  t o  map s u c c e s s -  

i o n a l  s t a g e s  ( M e r o l a ,  J a y n e s ,  and H a r n i s s  1982)  and t o  c r e a t e  a 

r e g i o n a l  model o f  s u c c e s s i o n  dynamics  and e c o l o g i c a l  i m p a c t .  

The u l t i m a t e  o b j e c t i v e  i s  t o  b u i l d  a r e l i a b l e  and d i g i t a l l y  

e f f i c i e n t  model t o  e s t i m a t e  t h e  e x i s t i n g  h y d r o l o g y  o f  

a s p e n - c o n i f e r  f o r e s t  s t a n d s  of t h e  Rocky Mountain r e g i o n ,  and 

t o  p r e d i c t  c h a n g e s  i n  r u n o f f ,  and o t h e r  s i g n i f i c a n t  i m p a c t s ,  o f  
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f o r e s t  s u c c e s s i o n  on a b a s i n - b y - b a s i n  and r e g i o n a l  b a s i s ,  u s i n g  

L a n d s a t  TM d a t a  and DEM t e r r a i n  d a t a .  W i t h  s u c h  a m o d e l ,  

v a r i o u s  s c e n a r i o s  o f  a l t e r n a t i v e  f u t u r e s  o f  Rocky Mounta in  

f o r e s t s  can  be  employed .  F u t u r e  r e s e a r c h  w i l l  d e a l  w i t h  r a t e s  

o f  a s p e n - t o - c o n i f e r  s u c c e s s i o n  t o  make i t  p o s s i b l e  t o  p l a c e  t h e  

r e g i o n a l  c o n v e r s i o n  and i m p a c t s  i n t o  a t ime f r a m e .  

F i e l d  d a t a  i s  b e i n g  c o l l e c t e d  i n  t h e  Big Cottonwood Canyon 

w a t e r s h e d  i n  o r d e r  a s s o c i a t e  t r a n s p i r a t i o n  d i f f e r e n c e s  between 

a s p e n  c l o n e s  and t h e i r  r e s p e c t i v e  s p e c t r a l  r e s p o n s e .  

111. A R I D  L A N D  ECOLOGY 

The a r i d  l a n d  p r o j e c t  p roposed  t o  r ece ive  p a r t i a l  f u n d i n g  

f rom t h i s  r e q u e s t ,  is  a P i n y o n - J u n i p e r  woodland  e r o s i o n  s t u d y .  

I n t r o d u c t i o n  

T h e  p i n y o n - j u n i p e r  ( P - J )  woodland o c c u p i e s  some 60  m i l l i o n  

a c r e s  o f  s e m i a r i d  r a n g e l a n d  i n  t h e  west and i s  e x p a n d i n g  w i t h  

e a c h  d e c a d e  ( R o d g e r s  1 9 8 2 ) .  I t  i s  e s t i m a t e d  t h a t  s i n c e  t h e  

m i d - 1 8 0 0 ' ~ ~  l a n d  o c c u p i e d  by P-J  h a s  i n c r e a s e d  by 43% (West, e t  

a l .  1 9 7 3 ) .  

T h e  cause of P- J  e x p a n s i o n  i s  a t t r i b u t e d  v a r i o u s l y  t o  

o v e r g r a z i n g ,  f i r e  s u p p r e s s i o n ,  c l i m a t i c  c h a n g e ,  e t c .  (West, e t  

a l .  1973 and Cottam 1 9 4 7 ) .  Whatever  t h e  c a u s e ( s 1 ,  t h e  t r e n d  i s  

toward x e r i f i c a t i o n  ( d e s e r t i f i c a t i o n )  o f  t h e  l a n d s c a p e  a s  woody 

f o r m s  o v e r t a k e  h e r b a c e o u s  u n d e r s t o r y ,  e x p o s i n g  s o i l  and 
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i n c r e a s i n g  e r o s i o n  s u b s t a n t i a l l y .  E f f o r t s  t o  d e t e c t  a n d  

m o n i t o r  s o i l  d e g r a d a t i o n  i n  a r i d  l a n d s  b y  remote s e n s i n g  h a v e  

met w i t h  v a r y i n g  d e g r e e s  o f  s u c c e s s .  R o b i n o v e ,  e t  a l .  ( 1 9 8 1 )  

a n d  R o b i n o v e ,  e t  a l .  ( 1 9 8 2 )  e m p l o y e d  a l b e d o  d i f f e r e n c i n g  from 

t ime  1 t o  t ime 2 o n  t h e  a s s u m p t i o n  t h a t  i n c r e a s e d  a l b e d o  

i n d i c a t e s  a l o s s  o f  v e g e t a t i o n  a n d  i n c r e a s e d  e r o s i o n .  E x p e r i -  

e n c e  i n  Mexico ( R i d d ,  e t  a l .  1 9 8 3 )  i n d i c a t e s  t h i s  i s  n o t  a l w a y s  

t h e  c a s e .  T h e  p o o r e s t  r a n g e  t y p e  among n i n e  c l a s s e s  was 

c h a r a c t e r i z e d  b y  h e a v y  c a c t u s  a n d  r e l a t e d  woody s h r u b s ,  w i t h  

l i t t l e  o r  n o  u n d e r s t o r y  o f  g r a s s  o r  f o r b s  a n d  s u b s t a n t i a l  

e r o s i o n .  T h e s e  d e g r a d i n g  l a n d  t y p e s  a r e  b e c o m i n g  i n c r e a s i n g l y  

x e r i c  a n d  u n s t a b l e  ( w i t h  c o n t i n u e d  g r a z i n g ) ,  a n d  y e t  t h e y  

e x h i b i t  d e c r e a s e d  a lbedo  d u e  t o  s h a d o w i n g  from s h r u b  c a n o p y .  

E x p e r i e n c e  w i t h  P-J  w o o d l a n d  s u g g e s t s  a s i m i l a r  p h e n o m e n o n ,  

e . g .  t h e  wors t  e r o s i o n  o c c u r s  where w o o d y  s p e c i e s ,  e s p e c i a l l y  

P - J ,  a r e  most a d v a n c e d .  F i g u r e  2 s u m m a r i z e s  a s u c c e s s i o n  o f  

e v e n t s  t h a t  h a s  t h r o w n  h u n d r e d s  o f  t h o u s a n d s  o f  a c r e s  o f  

s e m i a r i d  r a n g e l a n d  i n t o  v a r y i n g  s t a g e s  of d y n a m i c  d e g r a d a t i o n .  

O n c e  t h e  p r o t e c t i v e  u n d e r s t o r y  o f  g r a s s e s  a n d  f o r b s  is  r e d u c e d ,  

a c h a i n  o f  e v e n t s  c o n t i n u e s  t o  r e d u c e  t h e  h e r b a c e o u s  u n d e r s t o r y  

a n d  t o  g i v e  t h e  c o m p e t i t i v e  a d v a n t a g e  t o  woody d e s e r t  s h r u b s ,  

u n t i l  P-J t o t a l l y  d o m i n a t e s  t h e  a r e a .  U n d e r  s u c h  c o n d i t i o n s ,  

t h e  t h r e s h o l d  fo r  n a t u r a l  r e c o v e r y  i s  c r o s s e d ,  a n d  t h e  l a n d  

c o n t i n u e s  t o  d e t e r i o r a t e .  T h e  p r o c e s s ,  i f  l e f t  u n a t t e n d e d ,  

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

human e f f o r t s  a t  r e s t o r i n g  t h e  l a n d  b a s e  o r  e v e n  a r r e s t i n g  t h e  
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d e g r a d a t i o n .  T h i s  downward  s p i r a l  i s  a l s o  i n d i c a t e d  w i t h  t h e  

p o s i t i v e  f e e d b a c k  l o o p  shown  i n  t h e  l a s t  two b o x e s  o f  F i g u r e  2 .  

T h i s  s t u d y  f o c u s e s  o n  S a n p e t e  C o u n t y  U t a h ,  where t h e  SCS h a s  

a n a t i o n a l  e m p h a s i s  o n  e r o s i o n  a n a l y s i s .  T h i s  i s  a c o o p e r a t i v e  

r e s e a r c h  a g r e e m e n t  be tween  SCS a n d  CRSC. R e s e a r c h  i s  n e a r l y  

c o m p l e t e ,  u s i n g  f u n d i n g  from SCS a n d  f u n d i n g  from t h e  c u r r e n t  

NASA g r a n t  t o  CRSC. K e v i n  P r i c e ,  r a n g e  s c i e n t i s t  a n d  PhD 

c a n d i d a t e ,  i s  t h e  p r o j e c t  l e a d e r .  
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on Remote S e n s i n g  o f  E n v i r o n m e n t ,  Ann A r b o r ,  MI, pp .  

1393-1 402.  

Ramsey, R .  D .  1983 .  I n f l u e n c e  o f  t r e e  o v e r s t o r y  on u n d e r s t o r y  

p r o d u c t i o n  and c o m p o s i t i o n  i n  a s p e n  f o r e s t s  o f  C e n t r a l  U t a h .  

M a s t e r s  T h e s i s ,  D e p t .  Bot. and Range S c i . ,  Brigham Young 

U n i v e r s i t y .  2 8 p p .  

R i d d ,  M .  K . ,  J .  A .  M e r o l a  a n d  R .  A .  J a y n e s  1983. D e t e c t i n g  

A g r i c u l t u r a l  t o  Urban L a n d  Use Change f rom M u l t i t e m p o r a l  

MSS D i g i t a l  D a t a .  P r o c e e d i n g s  o f  ASP- ASCM F a l l  C o n v e n t i o n ,  

pp .  473-482. 

R o g e r s ,  G .  F .  1982 .  Then and now - A p h o t o g r a p h i c  h i s t o r y  o f  

v e g e t a t i o n  c h a n g e  i n  t h e  c e n t r a l  G r e a t  B a s i n  Desert. 

U n i v e r s i t y  o f  Utah  Press,  S a l t  Lake  C i t y ,  152 pp .  

S a n d e r s ,  R .  A .  1984 .  I m p a c t s  o f  V e g e t a t i o n  on Urban H y d r o l o g y :  

A Model and  User Manua l ,  USDA F o r e s t  S e r v i c e  R e s e a r c h  U n i t  

NE-1952, S y r a c u s e ,  N e w  York. 

T o l l ,  D .  L . ,  J .  A .  Royal ,  a n d  J .  B. D a v i s ,  1980.  Urban Area 

U p d a t e  P r o c e d u r e s  Us ing  L a n d s a t  D a t a :  P r o c e e d i n g s  o f  t h e  

ASP-ASCM F a l l  C o n v e n t i o n .  

U n i t e d  Na t ions  1982.  Demographic  I n d i c a t o r s  o f  C o u n t r i e s :  

E s t i m a t e s  and  P r o j e c t i o n s  a s  A s s e s s e d  i n  1980 .  D e p a r t m e n t  

o f  I n t e r n a t i o n a l  Economic and  S o c i a l  A f f a i r s .  47 pp .  

W a g s t a f f ,  F .  J .  1983 .  Economic i n c e n t i v e s  f o r  manag ing  

q u a k i n g  a s p e n  i n  t h e  m o u n t a i n  west and e v a l u a t i n g  p r o p o s e d  

i m p r o v e m e n t s  i n  p u b l i c  l a n d s .  Ph.D. Diss., D e p t .  o f  B o t .  

and  Range S c i .  Brigham Young U n i v e r s i t y .  
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Wang, S.  C . ,  1984 .  A n a l y s i s  Methods f o r  T h e m a t i c  Mapper D a t a  

o f  Urban R e g i o n s ,  T e n t h  I n t e r n a t i o n a l  Symposium: Machine  

P r o c e s s i n g  o f  Remote ly  Sensed  D a t a ,  P u r d u e  U n i v e r s i t y ,  West 

L a f a y e t t e ,  I N ,  p p .  134-143. 

Welch ,  R . ,  1982 .  S p a t i a l  R e s o l u t i o n  R e q u i r e m e n t s  f o r  Urban 

S t u d i e s ,  I n t e r n a t i o n a l  J o u r n a l  o f  Remote S e n s i n g ,  Vol.  3 ,  

pp .  139-146.  

W e s t ,  N .  E . ,  D .  R .  C a i n  and G .  F .  G i f f o r d .  1973 .  B i o l o g y ,  

e c o l o g y  and r e n e w a b l e  r e s o u r c e  management  o f  pigmy c o n i f e r  

w o o d l a n d s  of  w e s t e r n  Nor th  Amer ica :  A b i b l i o g r a p h y .  U tah  

A g r i c .  Exp. S t n .  Res. Rep. 1 2 ,  30 p p . ,  Logan U t a h .  

W i l l i a m s ,  D .  L . ,  J .  R .  I r o n s !  B. L .  Markham, R .  F .  Nelson,  D .  

L .  T o l l ,  R .  S. L a t t y ,  and M .  L .  S t a u f f e r ,  1984 .  A S t a t i s -  

t i c a l  E v a l u a t i o n  o f  t h e  Advan tages  o f  LANDSAT T h e m a t i c  

Mapper D a t a  i n  Compar i son  t o  M u l t i s p e c t r a l  S c a n n e r  D a t a ,  

I E E E  T r a n s a c t i o n s  on G e o s c i e n c e  and  Remote S e n s i n g ,  Vol. 

GE-22, pp.  294-301.  
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BUDGET 

( 1 0 t h  Year of  N A S A  N A G W - 9 5 )  

P e r s o n n e l :  

S a l a r i e s  and Wages: 

R e s e a r c h  A s s i s t a n t s  
S e c r e t a r y  
T e c h n i c i a n s  

$ 2 , 7 8 0  
B 500 
$ 300 

Employee B e n e f i t s :  

1 4 . 2 %  o f  s a l a r i e s  and wages 

42.83 o f  s a l a r i e s  and wages 
( t e c h n i c i a n s )  $ 4 3  

$1,42Q F--...A4---.,\ 
~ C L I  c b a i  y 

T o t a l  P e r s o n n e l :  $ 5 , 0 2 7  

C o n s u l t a n t s :  

T r a v e l "  
M a t e r i a l s  & Equipment* 
Data  P r o c e s s i n g "  

C o - P r i n c i p a l  I n v e s t i g a t o r  

T o t a l  Non-Pe r sonne l :  

$ 1 1 , 6 3 0  
$ 2 , 0 5 3  
$ 311 
$ 980 

$ 1 4 , 9 7 4  

T o t a l  D i r e c t  C o s t s :  $ 2 0 , 0 0 1  

I n d i r e c t  C o s t s :  ( S e e  a t t a c h e d  N e g o t i a t e d  Agrement:EXHIBIT A )  

Overhead  ( 4 8 . 4 % )  $ 9 , 6 8 0  
G e n e r a l  & A d m i n i s t r a t i v e  (13 .5%)  $ 2 , 7 0 0  

T o t a l  I n d i r e c t  C o s t s  ( l e s s  f e e )  $ 1 2 , 3 8 0  

T o t a l  Budget  ( l e s s  f e e )  $ 3 2 , 3 8 1  

Fee  ( 5 . 0 % )  $ 1 , 6 1 9  

T o t a l  Budget  $ 3 4 , 0 0 0  

T o t a l  New F u n d s  Reques t ed  $ 3 4 , 0 0 0  

C o s t  S h a r i n g :  C o n s i s t e n t  w i t h  p r e v i o u s  g r a n t s  awarded t o  t h e  
U n i v e r s i t y  of  Utah R e s e a r c h  I n s t i t u t e ,  i t  i s  
u n d e r s t o o d  t h a t  t h e r e  w i l l  be no c o s t - s h a r i n g  
u n d e r  t h e  p roposed  fo l low-on  g r a n t .  

* S e e  a t t a c h e d  breakdown f o r  d e t a i l s .  

18 
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T r a v e l  

Two p e r s o n s  t o  JPL i n  Pasadena  

A i r f a r e ,  R / T  t o  Pasadena  from S a l t  Lake C i t y  
$250 round  t r i p  f o r  two p e r s o n s  $ 500 

Lodging  a t  $ 5 0 / d a y  f o r  6 d a y s  $ 300 

Per d iem a t  $21 f o r  6 d a y s  $ 126 

Ground t r a n s p o r t a t i o n  S 5 0  

$ 976 

Two p e r s o n  t r i p s  t o  NSTL/ERL, Bay S t .  L o u i s ,  Miss. 

A i r f a r e ,  R / T  t o  N e w  O r l e a n s  from S a l t  Lake C i t y  $ 500  

Lodg ing  a t  $60 /day  f o r  6 d a y s  $ 360 

p e r  d iem a t  $21 f o r  6 d a y s  $ 125 

Ground t r a n s p o r t a t i o n  $ 100 

$1,086 

Mate r i a l s  & Equipment :  

Maps,  o r t h o p h o t o q u a d s ,  f i l m  & p r o c e s s i n g ,  misc.  $ 300 

D a t a  P r o c e s s i n g :  

P r i m e  2655 s u p e r  m i n i  compute r  - 14 h r s .  a t  $70  p e r  h r .  

P r o c e s s i n g  o f  d i g i t a l  d a t a  i n c l u d e s  L a n d s a t  MSS, L a n d s a t  
TM, and o t h e r  d i g i t a l  d a t a .  

T o t a l  Da ta  P r o c e s s i n g  $ 980  

19 
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RATE AGREEMENT 
NONPROFIT ORGANIZATIONS 

ORGANIZATION : 
Uni vers i  ty  o f  Utah Research I n s t i t u t e  
391 Chipeta Way, Su i te  C 
S a l t  Lake City, Utah 84108 

DATE: February 25, 1986 

FILING REF.: The preceding 
Agreement was dated 
September 11, 1984 

The r a t e s  approved i n  t h i s  Agreement are f o r  use on grants, con t rac ts  and 
o the r  agreements w i th  the  Federal Government, subject  t o  the  cond i t ions  i n  
Section 11. 

SECTION I: RATES 

TyPe 
E f f e c t i v e  Period 
From To - . . 

INDIRECT COST RATES* 

F i n a l  

F i n a l  

F i n a l  

F i n a l  

Prov is iona l  

Prov is iona l  

F ixed 

F ixed 

Prov i  s iona l  

Prov i  s iona l  

F ixed 

F ixed 

10/1/83 

10/1/83 

10/1/83 

10/1/83 

10/1/84 

10/1/84 

10/1/84 

10/1/84 

10/1/85 

1 0/1/85 

10/1/85 

10/1/85 

9/30/84 

9/30/84 

9/30/84 

9/30/84 

9/30/85 

9/30/85 

9 / 30 /85 

9/30/85 

Unt i l  
Amended 

Unt i l  
Amended 
9 / 30 /86 

9/30/86 _. 

SECTION I CONTINUED ON ATTACHED ADDENDUM. 

Rate Locations Appl icable To - 

13.5% A l l  

76.7% A l l  

48.4% On-Si t e  

6.8% Of f -S i te  

45.0% A l l  

14.5% A l l  

39.0% A l l  

9.5% A l l  

48.4% A l l  

13.5% A l l  

42.8% A l l  

14.2% A l l  

( 2 )  General and 
Admi n i  s t r a t i  ve Rate 

( 2 )  Utah Biomedical 
Test Lab 

( 2 )  Applied Technology 
D i v i s i o n  

(2) Appl ied Technology 
D i v i s i o n  

(1 1 Appl ied Technology 
D i v i s i o n  

( 1 )  General and 
Admi n i  s t r a t i  ve Rate 

( 3 )  Fr inge Bene f i t  Rate 

(3 )  Fr inge Bene f i t  Rate 

( 1 

(1 )  General and 

(3 )  Fr inge Bene f i t  Rate 

(3 )  Fr inge Bene f i t  Rate 

Sal a r i  ed Employees 

Hourly Employees 
A9pl i ed Technology 

D i  v i  s i  on 

Admi n i  s t r a t i  ve Rate 

Sal a r i  ed Employees 

Hourly Employees 
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ORGANIZATION: 

AGREEMENT : February 25, 1986 

Un ive rs i t y  of Utah Research I n s t i t u t e  

I 

Page 2 o f  4 

SECTION 11: GENERAL 

A. 

.B . 

C. 

0. 

LIMITATIONS: The rates i n  t h i s  Agreement are subject  t o  any s t a t u t o r y  o r  
admin is t ra t ive l i m i t a t i o n s  and apply t o  a given grant. con t rac t  o r  o ther  
agreement on ly  t o  the  extent  t h a t  funds are avai lable.  Acceptance o f  t he  
ra tes  i s  subject  t o  the fo l l ow ing  condit ions: (1) Only costs  i ncu r red  
by the organizat ion were included i n  i t s  i n d i r e c t  cost  pool as f i n a l l y  
accepted; such co.sts are legal  ob l i ga t i ons  o f  t he  organizat ion and are 
allowable under the governing c o s t  p r inc ip les ;  (2) The same cnctr that 
have been t reated a s - i n d i r e c t  coj'ts are not  claimed as d i r e c t  costs; ( 3 )  
S i m i  1 a r  types o f  costs have been. accorded consi s ten t  accounting t r e a t -  
ment; and (4) The in format ion provided by the organizat ion which was used 
t o  e s t a b l i s h  the  ra tes  i s  n o t  l a t e r  found t o  be m a t e r i a l l y  incomplete o r  
i nac cu r a t e  . 
ACCOUNTING CHANGES: . I f a f i x e d  o r  predetermined r a t e  i s  i n  t h i s  Agree- 
ment, i t  i s  based on the accounting system purported by the  organizat ion 
t o  be i n  e f f e c t  dur ing the  Agreement period. Changes t o  the  method of 
accounting f o r  costs which a f f e c t  t he  amount o f  reimbursement r e s u l t i n g  
from the  use o f  t h i s  Agreement requ i re  p r i o r  approval o f  t he  author ized 
representat ive o f  the cognizant agency. Such changes include, but are 
n o t  l i m i t e d  to, changes i n  the charging o f  a p a r t i c u l a r  type o f  cos t  from 
i n d i r e c t  t o  d i r e c t .  F a i l u r e  t o  o b t a i n  approval may r e s u l t  i n  cos t  d f s -  
a1 1 owances. 

.FIXED RATES: I f  a f i x e d  r a t e  i s  fn t h i s  Agreement, i t  i s  based on an 
est imate of t he  costs  f o r  t he  per iod covered by the  rate.  
actua l  costs f o r  t h i s  per iod are dgtermined, an adjustment w i l l  be made 
t o  a r a t e  o f  a f u t u r e  year(s)  t o  compensate f o r  t he  d i fe rence  between 
the  costs used t o  e s t a b l i s h  the f i x e d  r a t e  and actual  costs. 

When the  

USE BY OTHER FEDERAL AGENCIES: The r a t e s  i n  t h i s  Agreement were approved 
i n  accordance wi th  the a u t h o r i t y  i n  Office o f  Management and Budget Circu- 
l a r  A-122, and should be applied t o  grants, cont racts  and o the r  agreements 
covered by t h i s  C i r cu la r ,  subject  t o  any l i m i t a t i o n s  i n  A above. The o r -  
ganizat ion may provide copies o f  t h i s  Agreement t o  other  Federal Agencies 
t o  g i v e  them e a r l y  n o t i f i c a t i o n  o f  t h i s  Agreement. 

- .  : i. 
.. 
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ORGANIZATION: Un ive rs i t y  of Utah Research I n s t i t u t e  

AGREEMENT: February 25, 1986 

E. SPECIAL REMARKS: NONE 

BY THE ORGANIZATION: 

UNIVERSITY OF UTAH 
I I 

IORGANIZATION) / I 

Page 3 o f  4 

BY THE COGNIZANT AGENCY 
ON BEHALF OF THE FEDERAL GOVERNMENT: 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 

D i r e c t o r  
on of bt AI I ~ / R A S C  

Vice Pres ident  f o r  Research . . .  
( T i t l e )  ( T i t l e )  

10 March 1986 February 25, 1986 
(Date) IDa te )  

- .  . i- 
HHS Representative: Frank T. McKune 

Telephone: (303)844-5566 
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ADDENDUM TO RATE AGREEMENT 
NONPROFIT INSTITUTIONS 

February 25, 1986 
Agreement Reference Date 

Un ive rs i t y  o f  Utah Research 
I n s t  i t Ute 

Organization 

391 ChiDeta Wav. Su i te  C 

. 

Address 

S a l t  Lake City, Utah 84108 

SECTION I: (Cont'd) 

* Base: (1  1 Total  d i r e c t  costs less. i n d i v i d u a l  i tems o f  equipment i n  excess of 
$1,000, subcontracts and subgrants i n  excess o f  t h e  f i r s t  $25,000 
f o r  each award, and a1 t e r a t i  oiis ahd r e m v a t i  ons. 

(2) Total  d i r e c t  costs less i n d i v i d u a l  items o f  equipment i n  excess o f  
$1,000, subcontracts and subgrants i n  excess o f  $5,000, and a l t e r a -  
t i o n s  and renovations. 

( 3 )  D i r e c t  sa la r i es  and wages excluding f r i n g e  bene f i t s .  

Treatment o f  f r i n g e  benef i ts :  
f o r  both budgeting and charging purposes. 
c luded i n  the f r i n g e  bene f i t  r a t e  f o r  sa la r i ed  employees: 

This organizat ion uses a f r i n g e  b e n e f i t  r a t e  
The fo l l ow ing  f r i n g e  b e n e f i t s  are i n -  

1. FICA 
2. State Unemployment Insurance 
3.  Health and D i s a b i l i t y  Insurance 
4. Retirement - State and TIAAKREF 
5. Workmen's Compensation Insurance 
6. Vacation Pay 
7. Holiday Pay 
8. 
9. L i f e  and Accident Insurance 

Sick Leave and other pa id absences 

The f o l l o w i n g  f r i nge  b e n e f i t s  are included i n  the f r i n g e  b e n e f i t  r a t e  f o r  
hou r l y  employees: 

1. FICA 
2. Workmen's Compensation Insurance 
3 .  Unempl oyment Insurance 

O f f - S i t e  i s  def ined as those a c t i v i t i e s  conducted i n  f a c i l i t i e s  not owned 
by t h e  I n s t i t u t e  o r  serviced by i t s  physical  p l a n t  f a c i l i t i e s .  


