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PREFACE 

During t h e  t h r e e  y e a r s  between 1978-1980, work on t h e  co l -  
l e c t i o n  and assessment  o f  t h e  e x i s t i n g  models which d e s c r i b e  
t h e  env i ronmenta l  impac ts  o f  a g r i c u l t u r e  h a s  been c a r r i e d  o u t  
a t  IIASA. The work concen t ra ted  on t h e  problems o f  s o i l  e r o s i o n ,  
n i t r o g e n  l e a c h i n g ,  and phosphorus and p e s t i c i d e  l o s s e s .  A com- 
p l e x  f i e l d  l e v e l  model (CREAMS), which can  be  used f o r  a n a l y s i s  
o f  t h e  above ment ioned problems,  has  been implemented on t h e  
IIASA computer and ( u s i n g  t h i s  model) r e s e a r c h  i n  v a r i o u s  coun- 
t r i e s  h a s  been done. A Task Force Meet ing (Golubev and Shvytov, 
1980)  h e l d  i n  June 1980 by IIASA summarized t h e  u s e  o f  mathe- 
m a t i c a l  models f o r  a g r i c u l t u r a l  env i ronmenta l  p rocesses  on d i f -  
f e r e n t  f i e l d  and watershed l e v e l s  and advanced t h e  unde rs tand ing  
~f some m e t ~ ~ o d o l o g i c a l  q u e s t i o n s .  The main q u e s t i o n  d e a l t  w i t h  
t h e  f e a s i b i l i t y  o f  t r a n s f e r r i n g  t h e  i n v e s t i g a t i o n  from a f i e l d  
l e v e l  t o  a r e g i o n a l  one,  and t h e  p o s s i b i l i t y  o f  u s i n g  a f i e l d  
l e v e l  model on a r e g i o n a l  l e v e l .  Th i s  paper  a t t e m p t s  t o  c l a r i f y  
some a s p e c t s  o f  t h i s  q u e s t i o n .  
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CAPABILITIES AND LIMITATIONS 
OF THE CREAMS MODEL 
( M e t h o d o l o g i c a l  A s p e c t s )  

V . A .  S v e t l o s a n o v  

I N T R O D U C T I O N  

The g l o b a l  p o p u l a t i o n  g rowth  and  t h e  i n c r e a s i n g  demands f o r  
a g r i c u l t u r a l  p r o d u c t s  l e a d  on t h e  one  hand t o  t h e  e x t e n s i o n  o f  
a g r i c u l t u r a l  l a n d  and on t h e  o t h e r  t o  t h e  i n t e n s i f i c a t i o n  o f  l a n d  
u s e .  Both methods have  d e t r i m e n t a l  e f f e c t s  on t h e  env i ronmen t .  
The p rob lems  o f  a g r i c u l t u r a l  i n f l u e n c e  on t h e  env i ronment  have  
a g l o b a l  c h a r a c t e r  ( f o r  example,  s e e  Golubev e t  a l . ,  1 9 7 8 ) .  
S i n c e  t h e  b e g i n n i n g  o f  1978,  t h e  a n a l y s i s  o f  t h e  e n v i r o n m e n t a l  
p rob lems o f  a g r i c u l t u r e  i s  one o f  t h e  r e s e a r c h  i s s u e s  i n  t h e  
Resou rces  and  Env i ronment  Area a t  IIASA (Golubev and  Shvy tov ,  1 9 8 0 ) .  

Ma themat i ca l  models o f f e r  one  i m p o r t a n t  i n s t r u m e n t  f o r  
i n v e s t i g a t i o n  o f  t h e  e n v i r o n m e n t a l  p rob lems o f  a g r i c u l t u r e .  
P r e s e n t l y ,  t h e r e  a r e  a number o f  m a t h e m a t i c a l  models  d e a l i n g  
w i t h  d i f f e r e n t  e n v i r o n m e n t a l  consequences  o f  a g r i c u l t u r a l  p ro -  
d u c t i o n  ( H a i t h ,  1 9 8 0 ) .  O f  c o u r s e ,  t h e r e  a r e  no p e r f e c t  and  
u n i v e r s a l  models a c c o u n t i n g  f o r  a l l  e n v i r o n m e n t a l  consequences  o f  
t h e  p r o d u c t i o n  y i e l d .  Most o f  t h e  models ( H a i t h ,  1 9 8 0 )  d e a l  o n l y  
w i t h  a  h y d r o l o g i c a l  component,  and some o f  them i n c l u d e  t h e  
e r o s i o n  p r o c e s s ,  b u t  o n l y  f o u r  ( H a i t h ,  1980)  c o n s i d e r  a combin- 
a t i o n  o f  f a c t o r s :  a h y d r o l o g i c a l  component, an e r o s i o n / s e d i m e n t  
component,  a p e s t i c i d e  component,  and a chemica l  p o l l u t i o n  
component f rom t h e  f i e l d s .  The s c a l e  o f  a p p l i c a t i o n  o f  t h e s e  
models i s  a f i e l d  o r  w a t e r s h e d .  A t  p r e s e n t  t h e r e  are no r e g i o n a l  
models  t o  e v a l u a t e  e n v i r o n m e n t a l  e f f e c t s  o f  a l t e r n a t i v e  a g r i -  
c u l t u r a l  p o l i c y .  One p o s s i b l e  way t o  accomp l i sh  t h i s ,  however ,  



i s  t o  a t t e m p t  t o  u s e  t h e  f i e l d  l e v e l  models on a  r e g i o n a l  l e v e l  
(Golubev and  Shvy tov ,  1 9 8 0 ) .  But b e f o r e  t h i s  ' is done ,  one  must 
c l a r i f y  t h e  l i m i t s  o f  a g r i c u l t u r a l  f i e l d  mode ls .  T h i s  p a p e r  
makes s u c h  a n  a t t e m p t ,  u s i n g  t h e  CREAMS model a s  a n  example.  

THE BASIS OF THE CREAMS MODEL 

The CREAMS model i s  one o f  t h e  f o u r  models  wh ich  comprehen- 
s i v e l y  d e s c r i b e  t h e  e n v i r o n m e n t a l  e f f e c t s  o f  a g r i c u l t u r e  
( K n i s e l ,  1 9 8 0 ) .    his model ,  deve loped  by t h e  US Depar tment  o f  
A g r i c u l t u r e ,  q u a n t i t a t i v e l y  e v a l u a t e s  r u n o f f ,  t h e  e r o s i o n  
p r o c e s s ,  and  sed imen t  t r a n s p o r t ,  p l a n t  n u t r i e n t ,  a n d  p e s t i c i d e  
y i e l d  f rom a g r i c u l t u r a l  f i e l d s ,  a s  a  f u n c t i o n  o f  r a i n f a l l ,  s o i l  
c o n d i t i o n s ,  c r o p s ,  f e r t i l i z e r s ,  e t c .  The CREAMS model program 
was implemented on t h e  IIASA computer  and u s e d  t o  a n a l y z e  
h y d r o l o g i c a l  and  e r o s i o n  p r o c e s s e s  and  n o n p o i n t  s o u r c e  c h e m i c a l  
p o l l u t i o n  f rom f i e l d s .  The r e s u l t s  o f  management p r a c t i c e s  and 
management a l t e r n a t i v e s  i n  e i g h t  European c o u n t r i e s  were e v a l u a t e d .  

Le t  us  now c o n s i d e r  b r i e f l y  t h e  mechanism o f  t h i s  model as 
w e l l  a s  some o f  i t s  p o s i t i v e  and  n e g a t i v e  a s p e c t s .  Two p a p e r s  
have  been  p u b l i s h e d  wh ich  u s e  t h e  CREAMS model as a n  example i n  
d i s c u s s i n g  t h e  above ment ioned p rob lems i n  Eng land  and  Czecho- 
s l o v a k i a  (Morgan, 1980;  Holy e t  a l .  1 9 8 1 ) .  Fo r thcoming  p a p e r s  
w i l l  round  o u t  t h e  a n a l y s e s  o f  t h e  u s e  o f  t h e  CREAMS model i n  
v a r i o u s  c o u n t r i e s .  

It was n o t e d  t h a t  t h e  CREAMS model a d d r e s s e s  q u e s t i o n s  a t  
t h e  f i e l d  l e v e l .  I n  c r e a t i n g  t h i s  model ,  t h e  s c i e n t i s t s  wanted 
t o  d e v e l o p  a  model wh ich  would n o t  r e q u i r e  s p e c i a l  c a l i b r a t i o n  
f o r  d i f f e r e n t  g e o g r a p h i c a l  a r e a s .  Le t  u s  c o n s i d e r  t h i s  model  
f rom t h e  a s p e c t  o f  "homogenei ty1 '  o f  an  a g r i c u l t u r a l  f i e l d ,  
because  t h e  concep t  o f  "homogenei ty"  i s  t h e  m a j o r  l o g i c a l  
c o n s t r u c t  f o r  t h e  model .  "Homogeneous" means t h a t  t h e  f i e l d  o r  
a r e a  c o n s i d e r e d  c o n t a i n s  a  r e l a t i v e l y  homogeneous s o i l  compo- 
s i t i o n ,  e x p e r i e n c e s  u n i f o r m  d i s t r i b u t i o n  o f  p r e c e i p t a t i o n ,  and  
t h a t  t h e  same management p r a c t i c e s  a r e  a p p l i e d .  I f  t h e  a c t u a l  
f i e l d  c o n d i t i o n s  conform t o  t h e  d e f i n i t i o n  o f  homogene i ty ,  t h e  
s i z e  o f  t h e  f i e l d  need n o t  be c o n s i d e r e d .  

The CREAMS model c o n s i s t s  o f  t h r e e  main p a r t s  which g e n e r a t e  
t h e  o u t p u t  d a t a ,  c h a r a c t e r i z i n g  t h e  h y d r o l o g i c a l ,  e r o s i o n  s e d i m e n t ,  
and chemica l  p o l l u t i o n  p r o c e s s e s .  The p e c u l i a r i t y  o f  t h i s  model 
i s  t h a t ,  r e l a t i v e l y ,  i t  n e e d s  a g r e a t  d e a l  o f  i n i t i a l  i n f o r m a t i o n - -  
t h e  number o f  p a r a m e t e r s  and  i n p u t  d a t a  r e q u i r e d  f o r  t h e  CREAMS 
model e x c e e d s  70.  I n  f a c t ,  t h e  r e s e a r c h e r s  do n o t  u s u a l l y  have 
comple te  i n f o r m a t i o n  f o r  t h e  CREAMS model, b u t  t h i s  can  b e  
s o l v e d  i n  m u l t i p l e  ways. F o r  i n s t a n c e ,  somet imes a d d i t i o n a l  
o b s e r v a t i o n s  must b e  made, a t  o t h e r  t i m e s  t h e  v a l u e s  o f  t h e  co- 
e f f i c i e n t s  can  be  t a k e n  f rom t h e  l i t e r a t u r e ,  e t c .  



The f i r s t  p a r t  o f  t h e  model i s  t h e  h y d r o l o g i c a l  component, 
which i s  ex t reme l y  impo r t an t  s i n c e  wa te r  i s  t h e  p r i n c i p a l  
e lement  o f  t h e  system. The ou tpu t  d a t a  f rom t h i s  component 
d e f i n e s  t h e  e r o s i o n  p r o c e s s ,  and sed iment  and chemica l  l o s s e s  
from t h e  f i e l d .  The h y d r o l o g i c a l  component o f  t h e  CREAMS model 
i n c l u d e s  c o n s i d e r a t i o n  o f  many p h y s i c a l  p r o c e s s e s  which d e a l  
w i t h  w a t e r  and s o i l  - i n f i l t r a t i o n ,  s u r f a c e  r u n o f f ,  p e r c o l a t i o n  
th rough  t h e  r o o t  zone o f  t h e  s o i l ,  and e v a p o t r a n s p i r a t i o n  (bo th  
s o i l  and p l a n t  e v a p o r a t i o n  l o s s e s ) .  The h y d r o l o g i c a l  component 
uses  two o p t i o n s  and t h e  cho i ce  o f  one depends on t h e  a v a i l a b l e  
d a t a ;  i t  can use  d a i l y  r a i n f a l l  d a t a  (Op t ion  1) o r  hou r l y  
r a i n f a l l  d a t a  (Op t ion  2 ) .  The h y d r o l o g i c a l  component o f  t h e  
CREAMS model i n c l u d e s  c o n s i d e r a t i o n  o f  t h e  g e o g r a p h i c a l  p o s i t i o n  
o f  an a g r i c u l t u r a l  f i e l d ,  topography o f  t h e  s l o p e ,  c l i m a t i c  
c o n d i t i o n s ,  compos i t ion  o f  t h e  s o i l ,  and o t h e r  f a c t o r s .  The 
number o f  pa rame te r s  d e f i n i n g  t h e  h y d r o l o g i c a l  component i s  
more t h a n  2 0 .  The s e n s i t i v i t y  a n a l y s i s  o f  t h e  CREAMS model 
( K n i s e l ,  1980)  showed t h r e e  pa ramete rs  o f  t h e  h y d r o l o g i c a l  
component which i n f l u e n c e  t h e  f i n a l  h y d r o l o g i c a l  o u t p u t  ve ry  
s t r o n g l y .  The f i r s t  one i s  t h e  p o r t i o n  o f  a v a i l a b l e  wa te r  
s t o r a g e  p l a n t  f i l l e d  a t  f i e l d  c a p a c i t y ,  t h e  second i s  t h e  s o i l  
e v a p o r a t i o n  pa rame te r ,  and t h e  t h i r d  i s  a  r u n o f f  cu rve  number 
f o r  t h e  a n t e c e d e n t  mo i s t u re  c o n d i t i o n .  The c o n c r e t e  meaning o f  
t h e  las t  pa rame te r  i s  t a k e n  from t h e  Na t i ona l  Eng inee r i ng  Hand- 
book ( K n i s e l ,  1 9 8 0 ) .  Note t h a t  t h e  q u a n t i t a t i v e  v a l u e s  o f  
t h e s e  pa rame te r s  must be  measured very  c a r e f u l l y  s i n c e  t h e  model 
i s  very  s e n s i t i v e  t o  s m a l l  changes i n  t h e i r  v a l u e s  and t h e  
d e v i a t i o n s  i n  t h e  i n i t i a l  i n f o r m a t i o n  w i l l  be  m u l t i p l i e d  by t h e  
f o l l o w i n g  p a r t s  o f  t h e  CREAMS model. 

The second p a r t  o f  t h e  CREAMS model i s  t h e  e r o s i o n  component. 
Th is  component of t h e  CREAMS model i s  very  c l o s e l y  connected w i t h  
t h e  h y d r o l o g i c a l  component, which d e f i n e s  t h e  p h y s i c a l  p r o c e s s  
o f  s o i l  de tachment ,  t r a n s p o r t ,  and d e p o s i t i o n .  B i r d  d rops  
de tach  p a r t i c l e s  f rom t h e  s o i l  and cause  them t o  r un  o f f .  The 
p r o c e s s  i s  d e f i n e d  by t h e  sed iment  t r a n s p o r t  c a p a c i t y .  A l l  
de tached  p a r t i c l e s  w i l l  be removed from t h e  f i e l d  i f  t h e  
sed iment  l o a d  i s  l e s s  t h a n  t h e  sed iment  t r a n s p o r t  c a p a c i t y ,  
o t he rw i se  d e p o s i t i o n  o f  t h e  s o i l  p a r t i c l e s  w i l l  occu r .  The 
model used two o p t i o n s :  i f  u s i n g  t h e  f i rst  one,  d i s t r i b u t i o n  o f  
t h e  s o i l  p a r t i c l e s  must be known. I f  t h i s  d i s t r i b u t i o n  i s  no t  
known, t h e  second o p t i o n  i s  used and i t  i s  assumed t h a t  t h e r e  
a r e  f i v e  p a r t i c l e  t y p e s ,  The e r o s i o n  component i n c l u d e s  cons ide r -  
a t i o n  o f  t h e  pr imary  p a r t i c l e s  and t h e i r  a g g r e g a t i o n .  The amount 
o f  sed iment  depends on t h e  s o i l  p r o p e r t i e s ,  r a i n f a l l  and r u n o f f ,  
and management p o l i c i e s .  The c a l c u l a t i o n  o f  s t o rm  energy  depends 
on t h e  a v a i l a b l e  d a t a :  d a i l y  o r  h o u r l y  r a i n f a l l .  The c a l c u l a t i o n  
o f  t h e  e ros i on / sed imen t  component t a k e s  i n t o  accoun t  con f i gu r -  
a t i o n  o f  t h e  s l o p e  segments.  The s e n s i t i v i t y  a n a l y s i s  o f  t h i s  
component i n d i c a t e s  t h r e e  pa ramete rs  which a r e  o f  p a r t i c u l a r  
s i g n i f i c a n c e  from t h e  p o i n t  o f  view o f  t h e  t o t a l  sed iment  y i e l d :  
( 1 )  h y d r a u l i c  o v e r l a n d  f l ow  roughness ,  ( 2 )  channe l  slope, and 
( 3 )  f r i c t i o n  s l o p e .  



The t h i r d  component i s  c h e m i s t r y ,  which i s  r e l a t e d  t o  t h e  
f i rst  and second components.  The b a s i c  i d e a  d e f i n i n g  t h i s  com- 
ponent  i s  t h a t  n i t r o g e n  and phosphorus mix w i t h  s o i l  p a r t i c l e s  
i n  t h e  r u n o f f ,  whereas s o l u b l e  n i t r o g e n  and phosphorus  are removed 
w i t h  t h e  s u r f a c e  r u n o f f .  The p r o c e s s e s  o f  t h e  removal  o f  n i t r o g e n  
i n  t h e  form o f  n i t r a t e  by l e a c h i n g ,  by d e n i t r i f i c a t i o n ,  and by 
e x t r a c t i o n  f rom t h e  p l a n t s ,  are a l s o  c o n s i d e r e d .  O f  s i x t e e n  
chemica l  e l e m e n t s  n e c e s s a r y  f o r  t h e  p l a n t s ,  t h e  CREAMS model 
c a l c u l a t e s  an  a v e r a g e  c o n c e n t r a t i o n  o f  s o l u b l e  n i t r o g e n  and 
phosphorus i n  t h e  r u n o f f ,  and t h e  a v e r a g e  c o n c e n t r a t i o n  o f  t h e  
n i t r a t e  l e a c h e d  from t h e  s o i l .  The chemica l  component i s  t h e  
most comp l i ca ted  one,  because  i t  t a k e s  i n t o  c o n s i d e r a t i o n  a l l  
e lemen ts  o f  t h e  CREAMS model:  wea the r  and s o i l ,  t opography ,  and 
c r o p s .  

The a u t h o r s  of  t h e  CREAMS model c o n s i d e r e d  the s e n s i t i v i t y  
p a r a m e t e r s  o f  t h e  model t o  d i f f e r e n t  v a l u e s  o f  n i t r o g e n  and 
phosphorus  i n  r u n o f f  and i n  sed imen t ,  l e a c h e d  n i t r a t e  and up take .  
They conc luded t h a t  t h e  r e s u l t s  depend on c e r t a i n  v a l u e s  o f  t h e  
p a r a m e t e r s  which a r e  f i x e d .  

SOME DIFFICULTIES AND RESTRICTIONS I N  USING 
THE CREAMS MODEL 

Every model s i m p l i f i e s  r e a l i t y ,  t h e i r  purpose  b e i n g  t o  
r e f l e c t  t h e  most i m p o r t a n t  f e a t u r e s  o f  t h e  a c t u a l  s i t u a t i o n .  The 
CREAMS model was deve loped  t o  d e s c r i b e  o n l y  c e r t a i n  p r o c e s s e s  i n  
t h e  a g r i c u l t u r a l  f i e l d ,  s u c h  as: r u n o f f ,  w a t e r  e r o s i o n ,  p e s t i c i d e ,  
and p l a n t  n u t r i e n t  l o s s e s  f rom t h e  f i e l d  a r e a .  But t h e  q u e s t i o n  
a r i s e s :  i s  i t  p o s s i b l e  t o  u s e  t h e  CREAMS model on a r e g i o n a l  
l e v e l  o f  i n v e s t i g a t i o n ?  (To be  d i s c u s s e d  l a t e r ) .  A t  p r e s e n t ,  we 
want t o  ment ion  t h a t  a t  t h e  r e g i o n a l  l e v e l ,  t h e r e  a r e  numerous 
e n v i r o n m e n t a l  consequences ,  b u t  t h e  CREAMS model d e a l s  w i t h  o n l y  
some o f  them. The p r o c e s s e s  o f  s o i l  c o n d e n s a t i o n ,  i r r i g a t i o n ,  
s a l i n i z a t i o n  and w a t e r l o g g i n g ,  r e s e r v o i r  s i l t i n g ,  d r a i n a g e ,  wind 
e r o s i o n ,  e t c . ,  a r e  n o t  covered by t h e  CREAMS model. The CREAMS 
model does  have s e v e r a l  r e s t r i c t i o n s  p a r t l y  because  i t  c o n s i d e r s  
o n l y  i n o r g a n i c  f e r t i l i z e r s ,  and n o t  o r g a n i c  f e r t i l i z e r s  a s  w e l l .  
The a g r i c u l t u r a l  f i e l d  b e i n g  s t u d i e d  must b e  i s o l a t e d .  The r u n o f f ,  
s o i l  p a r t i c l e s ,  and n u t r i e n t s  from o t h e r  f i e l d s  canno t  e n t e r  t h e  
f i e l d  s t u d i e s .  Th is  c i r c u m s t a n c e  must be  t a k e n  i n t o  c o n s i d e r -  
a t i o n  f o r  compar ison  o f  t h e  model o u t p u t  w i t h  measured d a t a .  

One o f  t h e  main d i f f i c u l t i e s  i n  u s i n g  t h e  CREAMS model i s  
i n c o m p l e t e n e s s  o f  t h e  r e q u i r e d  i n i t i a l  i n f o r m a t i o n  a l t h o u g h  t h i s  
s i t u a t i o n  i s  sometimes p r o v i d e d  f o r  i n  t h e  CREAMS model. I n  
p a r t i c u l a r ,  o p t i o n  1 o f  t h e  h y d r o l o g i c a l  component i s  used when 
t h e r e  i s  no h o u r l y  r a i n f a l l  d a t a .  But ,  p h y s i c a l l y ,  t h e  e r o s i o n  
p r o c e s s  i s  d e f i n e d  f i r s t  o f  a l l  by t h e  i n t e n s i t y  o f  r a i n  and i t s  
volume. It may be p o s s i b l e  t o  s a y  t h a t  i n  t h e  c a s e  o f  d a i l y  
r a i n f a l l  d a t a  (Op t ion  1 ,wh ich  i s  used  more o f t e n  t h a n  Opt ion  21, 
we have t h e  f i rs t  o r d e r  o f  t i m e  a g g r e g a t i o n  p r o c e d u r e s ,  which may 
be u s e f u l  when i n v e s t i g a t i o n  on a  r e g i o n a l  l e v e l  i s  c o n s i d e r e d .  
Concern ing  a g g r e g a t i o n ,  f i e l d  l e v e l  models a l s o  p r e s e n t  a n  
example of  t h e  f i r s t  o r d e r  o f  t h e  s o l u t i o n  o f  s p a c e  a g g r e g a t i o n  



problem, because i n  r e a l i t y  t h e r e  a r e  no comp le te l y  homogeneous 
f i e l d s .  I n  t h e  f i e l d  env i ronmenta l  models,  one must a g g r e g a t e  
from t h e  p o i n t s  of measurement t o  a f i e l d  g e n e r a l i z a t i o n .  The 
f i r s t  o r d e r  a g g r e g a t i o n  ove r  space  and t ime  a l l o w s  t h e  use  of 
p h y s i c a l  laws o r  r e g u l a r i t i e s .  I n  c e r t a i n  c a s e s  where t h e r e  
a r e  no p h y s i c a l  laws o r  r e g u l a r i t i e s ,  s t a t i s t i c a l  r e l a t i o n s h i p s  
on t h e  b a s i s  o f  f i e l d  o b s e r v a t i o n s  a r e  used i n  t h e  f i e l d  l e v e l  
a g r i c u l t u r a l  model. 

T5e problem of i n i t i a l  numer ica l  i n f o rma t i on  a p p l i e s  t o  a l l  
branches  o f  s c i e n c e  when t h e r e  i s  no p r e c i s e  exper iment  t o  gener -  
a t e  t h e  necessa ry  d a t a .  Many complex env i ronmenta l  models need 
d a t a  from a l ong  p e r i o d  of  t ime ,  b u t  u s u a l l y ,  n o t  a l l  components 
of  t h e  models c o n t a i n  adequa te  i n i t i a l  i n f o rma t i on .  Ob ta in ing  
p r e c i s e  measurements f o r  some components o f  t h e  models can  c r e a t e  
c o n s i d e r a b l e  economic expense .  A s  a r e s u l t ,  a d i f f e r e n c e  between 
r e a l  and model o u t p u t  d a t a  i s  i n e v i t a b l e .  T h i s  q u e s t i o n  i s  espe- 
c i a l l y  impor tan t  i n  c e r t a i n  c a s e  s t u d i e s  u s i n g  t h e  CREAMS model 
as a n  i n v e s t i g a t i v e  t o o l .  The n a t u r a l  q u e s t i o n  concern ing  t h e  
comparison o f  r e a l  and model r e s u l t s  i s :  " I f  t h e  compar ison r e -  
v e a l s  d i f f e r e n c e s ,  does  t h e  model bad l y  r e f l e c t  r e a l i t y  and v i c e  
ve rsa?"  The answer t o  t h i s  q u e s t i o n  can  on l y  be a r r i v e d  at  
t h rough  a n a l y s i s  o f  c o e f f i c i e n t s  and paramete rs  of t h e  model, 
and p r e c i s e l y  measured i n f o rma t i on .  I n  many c a s e s  t h e  d e v i a t i o n  
o f  model d a t a  from observed d a t a  shou ld  no t  l e a d  t o  t h e  conc lu-  
s i o n  t h a t  t h e  model i n a d e q u a t e l y  r e f l e c t s  r e a l i t y ,  because  t h e  
d e v i a t i o n  can be t h e  r e s u l t  o f  poor  d a t a  c o l l e c t i o n .  The ana ly -  
s is  o f  r e a l  and model o u t p u t  i s  e s p e c i a l l y  impor tan t  f o r  t h e  c a l -  
c u l a t i o n  o f  e r o s i o n  and chemica l  p o l l u t i o n ,  because  t h e s e  compo- 
n e n t s  o f  t h e  CREAMS model use  t h e  c a l c u l a t e d  r e s u l t s  f rom t h e  
h y d r o l o g i c a l  component as i n p u t .  However, t h i s  means t h a t  m i s -  
c a l c u l a t i o n s  o f  t h e  i n i t i a l  i n f o rma t i on  w i l l  be  summarized i n  
f u t u r e .  The t e s t  o f  model s e n s i t i v i t y  is  very  impo r tan t ,  a s  t h e  
e s t i m a t i o n  o f  t h e  s e n s i t i v i t y  o f  eve ry  parameter  i n  t h e  CREAMS 
model i s  made under  t h e  f i x e d  de te rm ined . va lues  of o t h e r  param- 
e t e r s  (Kn i se l ,  1980 ) .  But l e t  u s  n o t e  t h a t  under  o t h e r  f i x e d  
de te rm ined  v a l u e s  of t h e s e  paramete rs ,  a n o t h e r  s e t  o f  pa ramete rs  
may become s e n s i t i v e .  

POSSIBILITIES OF USING THE CREAMS 
MODEL O N  A REGIONAL LEVEL 

What i s  t h e  f e a s i b i l i t y  of  u s i n g  t h e  CREAMS model a t  a 
r e g i o n a l  l e v e l ?  It must be  remembered t h a t  t h i s  model cove rs  
on ly  some o f  t h e  env i ronmenta l  problems o f  a g r i c u l t u r e .  There- 
f o r e ,  t o  answer t h e  q u e s t i o n ,  a n o t h e r  q u e s t i o n  shou ld  be  posed:  
What a r e  t h e  p r i n c i p a l  s i m i l ? . r i t i e s  and d i f f e r e n c e s  i n  t h e  con- 
sequences a r i s i n g  from a g r i c u l t u r a l  p o l i c y  i n  a  f i e l d  and a  
r e g i o n ?  A p a r t i a l  answer t o  t h e  f i r s t  h a l f  o f  t h i s  q u e s t i o n  i s  
t h a t  bo th  a  f i e l d  and a r e g i o n  a r e  s u b j e c t  t o  t h e  same n a t u r a l  
i n p u t :  p r e c i p i t a t i o n ,  r a d i a t i o n  and t empe ra tu re  changes.  They 
a l s o  have t h e  same o u t p u t :  e v a p o t r a n s p i r a t i o n ,  s u r f a c e  r u n o f f ,  
p e r c o l a t i o n ,  and chemica l  p o l l u t i o n .  



The f i r s t  obv ious  d i f f e r e n c e  between a f i e l d  and r e g i o n  i s  
t h e i r  s i z e .  However, t h e  concept  o f  a f i e l d  i s  u n r e l a t e d  t o  i t s  
s i z e .  A f i e l d  can b e  one a c r e  o r  a few hundred,  arid b o t h  t h e s e  
s i z e s  of f i e l d  were used i n  t h e  CREAMS model. The e s s e n t i a l  
c h a r a c t e r i s t i c  o f  a f i e l d  i s  i t s  homogeneity--homogeneity o f  t h e  
f i e l d  s u r f a c e ,  a t r e l a t i v e l y  homogeneous s o i l ,  un i fo rm r a i n f a l l ,  
and s i n g l e  management p r a c t i c e .  

The re fo re ,  t h e  p r i n c i p a l  d i f f e r e n c e  between a f i e l d  and a 
r e g i o n  i s  t h a t  ?ve ry  r e g i o n  h a s  a v e r y  comp l i ca ted  c o n f i g u r a t i o n ,  
c o n s i s t s  of  many f i e l d s  and does no t  have homogeneous s o i l ,  r a i n -  
f a l l ,  p l a n t s ,  o r  management p r a c t i c e .  But ,  perhaps one were t o  
d i v i d e  t h e  r e g i o n  i n t o  s e v e r a l  p a r t s  and,  u s i n g  c e r t a i n  p rocedures ,  
o b t a i n e d  r a t h e r  l a r g e ,  b u t  r e l a t i v e l y  homogeneous model a r e a s ;  i s  
i t  p o s s i b l e  t o  use  t h e  CREAMS model f o r  t h e s e  a r e a s ?  I n  o t h e r  
words, can one app l y  t h e  same mathemat ica l  r e l a t i o n s h i p  used on 
t h e  f i e l d  l e v e l  t o  l a r g e  a r e a s ?  Re levan t  t o  t h i s  q u e s t i o n ,  i s  
t h e  r e s e a r c h e r ' s  s t a t emen t  t h a t  t h e  CREAMS model does no t  r e q u i r e  
c a l i b r a t i o n  f o r  each  s p e c i f i c  a p p l i c a t i o n .  But i n  f a c t ,  many 
o f  t h e  mathemat i ca l  e q u a t i o n s  of  t h e  CREAMS model have l i m i t a t i o n s .  
Some examples o f  t h i s  f o l l o w .  I n  t h e  h y d r o l o g i c a l  component o f  
t h e  CREAMS model, t h e  e q u a t i o n  f o r  peak r u n o f f  r a t e  QR i s :  

(0.917 DA 0.0166)  
QR = 200 ( D A ) ~ ' ~  ( C S ) ~ " ~ ~  a ( Q )  (LW) 

-0.187 

where DA i s  t h e  d r a i n a g e  a r e a ,  CS i s  t h e  mainstem channe l  s l o p e ,  
Q i s  t h e  d a i l y  r u n o f f  volume, and LW i s  t h e  leng th -w id th  r a t i o  
of  t h e  f i e l d .  It i s  easy  t o  s e e  h e r e  t h a t  t h e r e  a r e  many . coe f f i -  
c i e n t s  stemming from f i e l d  s t udy .  I n  o r d e r  t o  o b t a i n  t h e s e  co- 
e f f i c i e n t s ,  t h e  d a t a  from 304 s to rms  were f e d  i n t o  t h e  CREAMS 
model. The s i z e  of  t h e  f i e l d  ayeas  which were ana l yzed  v a r i e d  
from 0.275 t o  24 m i 2 .  There  i s  no s t a t i s t i c a l  i n f o r m a t i o n  t o  
e x t r a p o l a t e  f rom t h e  s i z e  of  t h e  a r e a s .  Cons ide r i ng  t h e  de tach -  
ment e q u a t i o n ,  one can  de te rm ine  parameteps by o b s e r v a t i o n .  Fo r  
example, t h e  c o e f f i c i e n t  m,  which r e p r e s e n t s  s l o p e  l e n g t h ,  i s  
c o n s t a n t  f o r  a s l o p e  l e s s  t h a n  150 f t .  and t h e r e  i s  a n  exper imen- 
t a l  equa t i on  t o  c a l c u l a t e  t h e  v a l u e  m f o r  a  s l o p e  l o n g e r  t h a n  
150 f t .  The Y a l i n  sed iment  t r a n s p o r t  e q u a t i o n  was chosen and 
mod i f i ed  t o  d e s c r i b e  sed iment  t r a n s p o r t  c a p a c i t y .  Some c o n s t a n t s  
i n  t h e  e q u a t i o n  were d e r i v e d  e m p i r i c a l l y .  With t h e  n u t r i e n t  com- 
ponent ,  one can f i n d  a  number o f  e m p i r i c a l  c o e f f i c i e n t s .  Some 
c o e f f i c i e n t s  a r e  n o t  e x a c t l y  d e f i n e d .  Fo r  example, t h e  amount of 
s o l u b l e  phosphorus which c o n t a i n s  t h e  phosphorus e x t r a c t i o n  co- 
e f f i c i e n t  was c a l c u l a t e d .  However, t h e  e x a c t  v a l u e s  o f  t h e  
phosphorus and n i t r o g e n  e x t r a c t i o n  c o e f f i c i e n t s  a r e  unknown. 
These c o e f f i c i e n t s  were chosen from t h e  observed  d a t a .  

The e r o s i o n  p r o c e s s  i s  de f i ned  by r a i n f a l l  and r u n o f f .  The 
CREAMS model u s e s  t h e  e q u a t i o n :  



f o r  s to rm E I  when d a i l y  r a i n f a l l  amounts a r e  used;  VR i s  volume 
o f  r a i n f a l l .  T h i s  app rox ima te  e q u a t i o n  was deve loped  u s i n g  t h e  
r e g r e s s i o n  a n a l y s i s  f rom 2700 d a t a  p o i n t s .  

Using e m p i r i c a l  r e l a t i o n s  i s  a  t r a d i t i o n a l  app roach  i n  com- 
p l e x  i n v e s t i g a t i o n s  o f  n a t u r e .  The u s e  o f  r e g r e s s i o n  a n a l y s i s  
i s  n e c e s s a r y  a n d  e x t r e m e l y  h e l p f u l  i n  e v a l u a t i n g  t h e  n u m e r i c a l  
c o e f f i c i e n t s  o f  e m p i r i c a l  r e l a t i o n s .  N e v e r t h e l e s s ,  t h e  n e c e s s a r y  
r e s t r i c t i o n s  must b e  k e p t  i n  mind. For  example,  suppose some 
r e l a t i v e l y  homogeneous a r e a s  were chosen  and  u s i n g  i t s  n a t u r a l  
c h a r a c t e r i s t i c s ,  e . g .  s o i l ,  c l i m a t e  and morphology o f  t h e  s l o p e s ,  
t h e  e m p i r i c a l  c o e f f i c i e n t s  o f  some e q u a t i o n s  were c a l c u l a t e d .  
The numer i ca l  v a l u e s  o f  t h e s e  c o e f f i c i e n t s  a r e  d e f i n e d  by t h e  
a v e r a g e  c h a r a c t e r i s t i c s  o f  t h e  a r e a s .  Because t h e  a r e a s  a r e  n o t  
r e a l l y  homogeneous, t h e  i n c r e a s i n g  number o f  a r e a s  c o n s i d e r e d  
o r  t h e  t e r r i t o r i a l  e x p a n s i o n  o f  any one  a r e a  c a n  change t h e  
n u m e r i c a l  v a l u e s  o f  t h e  c o e f f i c i e n t s .  With t h e  CREAMS model,  
t h e  a u t h o r s  r e l y  on a l a r g e  s e t  o f  s t a t i s t i c a l  d a t a  and a s  a 
r e s u l t ,  such  a n  app roach  y i e l d s  v e r y  good e m p i r i c a l  r e l a t i o n s h i p s .  
But  i n  p r i n c i p l e ,  t h e  u s e  o f  t h e s e  e m p i r i c a l  r e l a t i o n s  i s  d e f i n e d  
by c o n c r e t e  a g r i c u i t u r a l  f i e l d s  and t h r o u g h  them by t h e  s i z e  o f  
t h e  a r e a s  which were  s t u d i e d .  T r a n s f e r e n c e  o f  t h e s e  r e l a t i o n s  
t o  l a r g e r  a r e a s  i s  n o t  a c c e p t a b l e .  The f o l l o w i n g  app roach  i s  
t h e r e f o r e  s u g g e s t e d .  To i n c l u d e  more a n d / o r  l a r g e r  a r e a s  i n  a  
s t u d y ,  c a l c u l a t i o n  o f  t h e  a v e r a g e  c h a r a c t e r i s t i c s  o f  t h e s e  a r e a s  
by a g g r e g a t i o n  must  f i r s t  b e  done. Then, a  r e c a l c u l a t i o n  must 
b e  made o f  t h e  e m p i r i c a l  c o e f f i c i e n t s  o f  t h e  e q u a t i o n s  on t h e  
b a s i s  o f  t h e  r e g r e s s i o n  a n a l y s i s ,  t a k i n g  i n t o  a c c o u n t  t h e  a v e r a g e  
c h a r a c t e r i s t i c s  o f  t h e  a r e a s  and some a d d i t i o n a l  e f f e c t s  which 
c a n  o c c u r  a t  t h e  r e g i o n a l  l e v e l .  F u r t h e r  c a l c u l a t i o n s  may b e  
made f o l l o w i n g  t h e  methodology o f  t h e  CREAMS model.  T h i s  app roach  
w i l l  r e p r e s e n t  t h e  second o r d e r  o f  t h e  s p a c e  a g g r e g a t i o n .  

CONCLUSIONS 

The CREAMS model i s  z complex model f o r  t h e  f i e l d  l e v e l  
which r e l i e s ,  when p o s s i b l e ,  on p h y s i c a l  laws and r e g u l a r i t i e s .  
L i ke  e v e r y  model ,  t h e  CREAMS model h a s  some c o e f f i c i e n t s  and 
p a r a m e t e r s  which a r e  d e f i n e d  by s t a t i s t i c a l  d a t a  f rom d i f f e r e n t  
a g r i c u l t u r a l  f i e l d s .  The c a l c u l a t i o n  o f  t h e  n u m e r i c a l  v a l u e s  o f  
t h e s e  c o e f f i c i e n t s  and p a r a m e t e r s  r e l i e s  on  t h e  l a r g e  s e t  o f  
s t a t i s t i c a l  d a t a  o f  t h e  s p e c i f i c  s i z e s  of  a g r i c u l t u r a l  a r e a s .  
Expanding t h e s e  a r e a s  c a n  l e a d  t o  a  change i n  n u m e r i c a l  v a l u e s  
o f  t h e  c o e f f i c i e n t s .  A s  a  r e s u l t ,  u s i n g  t h e  CREAMS model w i t h -  
o u t  making a l t e r a t i o n s  f o r  a  r e g i o n a l  l e v e l  c a n  l e a d  t o  d e v i a t i o n s  
from t h e  r e a l  d a t a .  
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