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PREFACE 

Mathematical  modeling i s  a ve ry  impor t an t  t o o l  f o r  t h e  
a n a l y s i s  o f  t r a d e - o f f s  between a g r i c u l t u r a l  p roduc t i on  and t h e  
environment .  A t  p r e s e n t  t h e r e  i s  a se t  o f  mathemat ica l  models 
which r e f l e c t  t h e  p h y s i c a l  p r o c e s s e s  i n  t h e  s o i l .  One o f  them 
i s  t h e  CREAMS model which d e s c r i b e s  t h e  major  h y d r o l o g i c  proces-  
ses ( s u r f a c e  and s u b s u r f a c e  f low,  deep p e r c o l a t i o n ,  e t c . ) ,  e ro -  
s i o n  p r o c e s s e s  i n  t h e  s o i l ,  sediment  and chemical  t r a n s p o r t .  
The CREAMS modelers  ma in t a in  t h a t  t h e  model does  n o t  r e q u i r e  
c a l i b r a t i o n  b u t  needs  v a l i d a t i o n .  A t  p r e s e n t ,  one o f  t h e  aims 
o f  Task 2 ,  Land and Landcover Resources,  i s  t o  v a l i d a t e  t h i s  
model. The CREAMS model h a s  been used by i n v e s t i g a t o r s  i n  
v a r i o u s  c o u n t r i e s  and  a lmos t  a l l  o f  them m e t  w i t h  d i f f i c u l t i e s  
when d e a l i n g  w i t h  t h e  huge volume o f  i n i t i a l  i n fo rma t ion  and 
when t r y i n g  t o  o b t a i n  t h e  numerica l  v a l u e s  o f  i n p u t  d a t a  f o r  
t h e  model. The re fo r e ,  one purpose  o f  t h i s  pape r  is  t o  d i s c u s s  
how t h e  i n p u t  d a t a  f o r  t h e  CREAMS model may be o b t a i n e d  from 
t h e  Samgin a r e a  and how t h e  model may be used t o  c a l c u l a t e  t h e  
h y d r o l o g i c a l ,  e r o s i o n  and chemical  p r o c e s s e s  i n  t h e  Trnsvka 
ca tchment  o f  t h e  CSSR. 

Vladimir  Sve t l o sanov  
Task Leader 
Land and Landcover Resources 
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ABSTRACT 

Problems o f  a g r i c u l t u r a l  nonpoin t  s o u r c e  p o l l u t i o n  have 
been i n v e s t i g a t e d  by t h e  Resources and Environment Area (Task 2 )  
a t  IIASA. The CREAMS model ha s  been used a s  a  mathemat ica l  a i d  
t o  a r r i v e  a t  an in-depth  unders tand ing  o f  e r o s i o n  and t o  p r e d i c t  
i t s  i n f l u e n c e  on a g r i c u l t u r e .  

The CREAMS model was c r e a t e d  u s ing  d a t a  from North America. 
I n v e s t i g a t i o n s  o f  i t s  g e n e r a l  u se  and v e r i f i c a t i o n  under v a r i o u s  
c o n d i t i o n s  w e r e  u s e f u l .  This  paper  summarizes t h e  r e s u l t s  o f  
t h e  v e r i f i c a t i o n  o f  t h i s  model i n  a  r e s e a r c h  a r e a  i n  Czechoslovakia 
and focuses  a t t e n t i o n  on c e r t a i n  p o i n t s  which must be c a r e f u l l y  
cons ide red  d u r i n g  a p p l i c a t i o n  o f  t h i s  model. 
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PROCEDURES, NUMERICAL PARAMETERS AND COEFFICIENTS 
OF THE CREAMS MODEL: APPLICATION AND VERIFICATION 
I N  CZECHOSLOVAKIA 

M .  ~ 0 1 9 ,  V. Sve t losanov ,  Z .  ~ a n d o v 6 ,  Z .  Kos, 
J. ~ 6 k k a  and K .  Vr6na 

1. INTRODUCTION 

The environmenta l  consequences o f  e r o s i o n  and e s p e c i a l l y  
o f  a g r i c u l t u r a l  nonpoin t  s o u r c e  p o l l u t i o n  r e q u i r e  g r e a t  a t t e n -  
t i o n .  Mathematical  modeling o f  t h e s e  phenomena i s  an impor t an t  
a i d  i n  s o l v i n g  t h e s e  problems.  Numerous models have been sug- 
g e s t e d  f o r  t h i s  purpose  (Hai th ,  1980) .  The CREAMS (Chemical 
Runoff and Eros ion  from A g r i c u l t u r a l  Management Systems) model 
(Kn i se l ,  1980) h a s  been chosen f o r  v e r i f i c a t i o n  and a p p l i c a t i o n  
because  it e x p r e s s e s  t h e  b a s i c  hyd ro log i c ,  e r o s i o n  and chemical  
r e l a t i o n s  which occu r  i n  a  f i e l d  o r  i n  a  sma l l  ca tchment .  

The CREAMS model i s  a  d i s c r e t e  s i m u l a t i o n  model, based  on 
a  complete h y d r o l o g i c  ba l ance ,  u s i n g  t h e  SCS ( S o i l  Conserva t ion  
S e r v i c e )  r uno f f  e q u a t i o n  and t h e  Green and Ampt ( 19 1 1 ) i n f  i l t r a -  
t i o n  equa t i on .  The e r o s i o n  i s  s imu la t ed  by p a r t i c l e  s i z e  d i s -  
t r i b u t i o n ,  i t s  t r a n s p o r t  and d e p o s i t i o n .  The f i n a l  o u t p u t  i s  
r e p r e s e n t e d  by n i t r o g e n ,  phosphorus and p e s t i c i d e s  c o n t e n t  i n  
t o t a l  r uno f f  and p e r c o l a t e d  wa te r .  

I n  p r i n c i p l e ,  t h e  model needs no c a l i b r a t i o n .  However, i t s  
v e r i f i c a t i o n  showed t h a t  some v a r i a b l e s  may b e  chosen w i t h i n  
c e r t a i n  l i m i t s  and i f  p rope r  r e s u l t s  have t o  be  o b t a i n e d ,  it i s  
neces sa ry  t o  de te rmine  t h e s e  l i m i t s .  

1 .1 Model Adjustment and C a l i b r a t i o n  

The CREAMS model, a  p h y s i c a l  model, does  n o t  need c a l i b r a -  
t i o n .  However, numer ica l  e x p r e s s i o n  o f  t h e  hyd ro log i c ,  e r o s i o n  
and chemical  p r o c e s s e s  r e q u i r e s  s i m p l i f i c a t i o n  and schemat iza-  
t i o n .  Th is  cou ld  b e  t h e  f i r s t  s o u r c e  o f  p o s s i b l e  e r r o r s  d u r i n g  
a p p l i c a t i o n .  The second cou ld  b e  t h a t  d a t a  a r e  measured i n  a  



s p a t i a l  g r i d  ( i n  d i f f e r e n t  p l a c e s  and d e p t h s ) ,  and f o r  t h e  model 
on ly  one r e p r e s e n t a t i v e  number ( o r  s e v e r a l  numbers) i s  taken .  
The changes i n  va lues  ove r  t i m e  c r e a t e  f u r t h e r  problems. Some 
i n p u t  d a t a  a r e  n o t  measured and have t o  be  e s t i m a t e d  from t h e  
l i t e r a t u r e .  

A l l  t h e s e  p o s s i b l e  sou rces  o f  e r r o r s  may cause  t h e  o u t p u t .  
va lues  o f  t h e  model t o  d e v i a t e  from r e a l i t y .  There fore ,  some 
impor tan t  i n p u t  parameters  need t o  be chosen i n  o r d e r  t o  s e r v e  
a s  a  t o o l  f o r  t h e  c o r r e c t i o n s  necessary  i n  t h e  p roces s  o f  c a l i b r a -  
t i o n .  The technique  f o r  de t e rmina t ion  of  t h e s e  d a t a  i s  s e n s i t i v -  
i t y  a n a l y s i s .  

Lane and F e r r e i r a  (1980) used s e n s i t i v i t y  a n a l y s i s  i n  a  
s y s t e m a t i c  way by v a r i a t i o n  o f  t h e  i n p u t  paramete rs  upto  f 50%. 
Some parameters  can be  determined r e l a t i v e l y  w e l l  and t h e  l i m i t s  
mentioned a r e  s u f f i c i e n t .  On t h e  o t h e r  hand, when de te rmin ing  
some paramete rs ,  t h e  l i m i t s  may n o t  be  s u f f i c i e n t .  The ac reage  
o f  t h e  a r e a  can  e a s i l y  b e  determined (e .g . ,  from a  map), whereas 
h y d r a u l i c  c o n d u c t i v i t y  on t h e  o t h e r  hand, d i f f e r s  from p l a c e  t o  
p l a c e  and from depth  t o  depth  and i t s  de t e rmina t ion  a s  t h e  i n p u t  
parameter  is  much more complicated.  Its l i m i t  may be  + 100%, 
o r  even more. 

CREAMS i s  a  mul t i -parameter  model and it i s  n o t  p o s s i b l e  t o  
c a l i b r a t e  each parameter .  The s e n s i t i v i t y  a n a l y s i s  o f  Lane and 
F e r r e i r a  (1980) and t h e  sugges t i ons  made i n  t h i s  paper  do h e l p  
i n  t h e  cho ice  of  a  few parameters  t o  which t h e  model i s  s e n s i t i v e  
and which s e r v e  a s  t h e  c a l i b r a t i o n  parameters .  

I t  was found t h a t  w i t h i n  c e r t a i n  l i m i t s ,  t h e  model o u t p u t  
does n o t  r e a c t  t o o  much t o  t h e  change o f  t h e  i n p u t  b u t  beyond 
t h e s e  l i m i t s ,  t h e  response  is  h i g h l y  nonl inear- -a  sma l l  change 
i n  t h e  parameter  va lues  may cause  a  g r e a t  change i n  t h e  ou tpu t :  
h y d r a u l i c  c o n d u c t i v i t y  i s  an example. 

The d e s c r i p t i o n  o f  some o f  t h e  i n p u t  d a t a  i n  t h e  manual 
(Kn i se l ,  e t  a l . ,  1980, P a r t  11) i s  a c c u r a t e  enough, s o  d e t e r -  
mining t h e  d a t a  c r e a t e s  no problems. For o t h e r  i n p u t  d a t a ,  
however, some e s t i m a t i o n  and pre l iminary  c a l c u l a t i o n s  a r e  neces- 
s a r y  w i th  t h e  a i d  o f  v a r i o u s  r e f e r e n c e s .  There fore ,  i n  t h i s  
paper  g u i d e l i n e s  and procedures  f o r  de t e rmina t ion  of  some i n p u t  
d a t a  on t h e  b a s i s  o f  t h e  expe r i ence  ob t a ined  du r ing  a p p l i c a t i o n  
and v e r i f i c a t i o n  o f  t h e  CREAMS model a r e  recommended. 

During t h i s  p roces s ,  measured o u t p u t  and i n p u t  d a t a  and 
some e s t i m a t e d  i n p u t  d a t a  w e r e  compared wi th  t h e  r e s u l t s  o b t a i n e d  
by t h e  CREAMS model. Th is  v e r i f i c a t i o n  seems t o  show t h a t  t h e  
CREAMS model may g i v e  adequa te  r e s u l t s ,  i f  a  p rope r  cho ice  o f  
f i e l d  o r  catchment i s  made, t h e  i n p u t  d a t a  i s  c o r r e c t l y  determined,  
and t h e  parameters  f o r  t h e  o v e r a l l  c o n d i t i o n s  a r e  c a l i b r a t e d .  
The procedures  on how t o  ach i eve  t h e s e  r e s u l t s  a r e  d i s cus sed  i n  
g r e a t e r  d e t a i l  below. ' 



1.2 The CREAMS Model and i t s  Computer Program 

Before  t h e  c a l i b r a t i o n  phase ,  t h e  computer program was con- 
s i d e r e d  neces sa ry  i n  t h e  l i g h t  o f  t h e  fo l lowing :  

( a )  D e s c r i p t i o n  o f  t h e  i n p u t  d a t a  d e v i a t e d  i n  t h e  computer 
program i n  some c a s e s  from t h a t  i n  t h e  u s e r  manual 
(Kn i se l  e t  a l . ,  1980 ,  P a r t  11) . These d e v i a t i o n s  a r e  
g iven  i n  Chapte r s  2, 3  and 4 .  

( b )  The sequence and form o f  t h e  i n p u t  d a t a  i n  some c a s e s  
d i f f e r  i n  t h e  manual and i n  t h e  computer program. 

(c)  Some paramete rs  a r e  c a l c u l a t e d  i n  t h e  program and 
n o t  r ead  a s  an  i n p u t  a s  i n t roduced  i n  t h e  manual. 

(dl  I n s t e a d  o f  t h e  i n p u t  d a t a  d e s c r i b e d  i n  t h e  manual, 
c o n s t a n t s  are used i n  some ca se s .  

(e)  Some d i s c r e p a n c i e s  may b e  observed  between t h e  i n d i -  
v i d u a l  submodels ( i . e . ,  hyd ro log i c ,  e r o s i o n  and 
chemica l )  . 

( f )  Some d i f f e r e n c e s  do occu r  between t h e  e q u a t i o n s  used 
i n  t h e  d e s c r i p t i o n  of  t h e  model and t h e  program. 

A l l  t h e  d e v i a t i o n s  mentioned w e r e  d i s c u s s e d ,  and removed 
when neces sa ry ,  by ad jus tment  o f  t h e  i n p u t  d a t a  and n o t  by changes 
i n  t h e  program. Th i s  method was most e f f e c t i v e  d u r i n g  app l i ca -  
t i o n ,  c a l i b r a t i o n  and v a l i d a t i o n  o f  t h e  model i n  v a r i o u s  c o u n t r i e s .  

The model ad ju s tmen t  and c a l i b r a t i o n ,  d e s c r i p t i o n  o f  t h e  
d e v i a t i o n s  between t h e  manual and t h e  program used,  and recom- 
mendations f o r  t h e  a p p l i c a t i o n  o f  t h e  model f o r  t h e  c o n d i t i o n s  
i n  Czechoslovakia  and d i s c u s s e d  i n  t h e  fo l l owing  t h r e e  c h a p t e r s ,  
i n  keeping w i th  t h e  d i v i s i o n  o f  t h e  CREAMS model i n t o  t h r e e  sub- 
models,  i . e . ,  hyd ro log i c ,  e r o s i o n  and chemical .  

According t o  a comprehensive s t r u c t u r e  o f  t h e  computer 
program o f  t h e  CREAMS model, t h e  f i r s t  s t e p  o f  a n a l y s i s  was t h e  
i n v e s t i g a t i o n  o f  t h e  s t r u c t u r e s  o f  t h e  submodels.  The f low c h a r t s  
i n d i c a t i n g  method o f  c a l c u l a t i o n ,  r e a d i n g  o f  i n p u t  d a t a ,  c a l l i n g  
o f  s u b r o u t i n e s  acco rd ing  t o  t h e  d e c i s i o n  s t a t e m e n t s  i n  r e l a t i o n  
t o  t h e  cho i ce  o f  t h e  i n p u t  d a t a  w e r e  t h e  r e s u l t s  o f  t h i s  pre l im-  
i n a r y  a n a l y s i s .  I n  p r i n c i p l e ,  t h e  hyd ro log i c  submodel c o n s i s t s  
o f  two p a r t s  i n  r e l a t i o n  t o  t h e  form o f  i n p u t  p r e c i p i t a t i o n  d a t a  
(F igu re s  1  and 2 ) .  A comprehensive s t r u c t u r e  of  computat ion i n  
t h e  e ros ion / sed iment  submodel is g iven  by d i f f e r e n t  t y p e s  o f  
r u n o f f .  Upto s i x  combinat ions  o f  e lements ,  i . e . ,  o v e r l a n d  f low,  
channe l  f low, and impoundment (F igu re  3 )  a r e  p o s s i b l e .  A d i f -  
f e r e n t  way o f  c a l l i n g  t h e s e  s u b r o u t i n e s  i s  r e l a t e d  t o  t h e i r  com- 
b i n a t i o n s  (F igu re  4 ) .  

I n  t h e  chemical  submodel computat ion can be  r e a l i z e d  i n  two 
ways, depending on t h e  c a l c u l a t i o n  of n i t r o g e n  uptake.  This  f a c t  
i s  r e f l e c t e d  i n  t h e  cho i ce  o f  d i f f e r e n t  computat ions  i n  t h e  
program (F igu re  5 ) .  A s  a l l  s u b r o u t i n e s  a r e  c a l l e d  by t h e  main 
program, no s p e c i a l  f low c h a r t  h a s  been given.  
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Figure 2 .  Calling of subroutine--hydrological submodel 
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F i g u r e  3 .  Eros ion / sed imen t  submodel--flow c h a r t  o f  main 
program ( s t r u c t u r e  o f  computa t ion)  
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F i g u r e  3 ( c o n t d .  ) E r o s i o n / s ~ d i m e n t  submodel--flow c h a r t  o f  main 
pr3yram ( s t r u c t u r e  o f  computa t ion)  



S T  ROUT b 

I E R O R E S  I 

Figure 3 ( ca i l i ~c .  ) Erosion/sediment suhmodel--flow c h a r t  of main 
program ( s t r u c t u r e  of computation) 
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F i g u r e  3 ( c o n t d . )  E r o s i o n / s e d i m e n t  submodel--f low c h a r t  o f  main 
program ( s t r u c t u r e  o f  c o m p u t a t i o n )  
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F i g u r e  4 .  E r o s i o n / s e d i m e n t  s u b m o d e l - - c a l l i n g  o f  s u b r o u t i n e s  
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FILE 

F i g u r e  5.  Chemica l  submodel--f low c h a r t  o f  main program 
( s t r u c t u r e  o f  c o m p u t a t i o n )  
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F i g u r e  5 .  ( c o n t d . )  Chemical submodel--flow c h a r t  of  main program 
( s t r u c t u r e  o f  c o m p u t a t i o n )  
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Figu re  5 ( con td .  ) Chemical submodel--flow c h a r t  o f  main program 
( s t r u c t u r e  of  computa t ion)  



2. ANALYSIS OF INPUT DATA FOR THE HYDROLOGY SUBMODEL 

The hydrology submodel s imu la t e s  t h e  . r a i n f a l l / r u n o f f  proces- 
s e s ,  r a i n f a l l  i n f i l t r a t i o n ,  s o i l  wate r  movement and deep perco la -  
t i o n .  The method d i f f e r s  accord ing  t o  a v a i l a b l e  r a i n f a l l  d a t a .  
When on ly  d a i l y  r a i n f a l l  va lues  a r e  a v a i l a b l e ,  t h e  Option 1  
procedure i s  used and runoff  is e s t ima ted  by t h e  SCS ( S o i l  Con- 
s e r v a t i o n  S e r v i c e )  curve number procedure.  The SCS equa t ion  

where Q i s  t h e  d a i l y  runof f ,  

P  i s  t h e  d a i l y  r a i n f a l l ,  

S  i s  t h e  r e t e n t i o n  parameter r e l a t e d  t o  s o i l  wate r  c o n t e n t  
( b u t  it i s  r a t h e r  an o v e r s i m p l i f i c a t i o n  and c o r r e c t i o n  
of  t h i s  procedure  would be u s e f u l ) .  

I f  t h e  a c t u a l  t ime p a t t e r n  of  r a i n f a l l  i n t e n s i t y  o r  r a t e  
i s  a v a i l a b l e ,  Option 2  can b e  used wi th  a  much b e t t e r  s imu la t ion  
of s o i l / w a t e r  dynamics. I n  t h i s  o p t i o n ,  t h e  model i s  based on t h e  
Green and Ampt (1911) i n f i l t r a t i o n  r e l a t i o n .  The r e l a t i o n  between 
i n f i l t r a t i o n  t i m e ,  r a t e  and depth g ives  t h e  ponding t i m e  and in -  
f i l t r a t i o n  curve.  Adjustments a r e  p o s s i b l e  f o r  hour ly  d a t a  and 
m u l t i p l e  s torms.  For  smal l  a r e a s ,  a  r e l a t i v e l y  s imple  e s t i m a t i o n  
of  runoff  peak r a t e s  by exponen t i a l  equa t ion  is  p o s s i b l e .  For  
g r e a t e r  a r e a s ,  t h i s  procedure  needs r e v i s i o n .  The wate r  ba lance  
i s  computed by c a l c u l a t i o n  of  e v a p o t r a n s p i r a t i o n ,  s o i l  wate r  
r o u t i n g  and p e r c o l a t i o n .  The i n p u t  d a t a  a r e  a r ranged  i n t o  two 
f i l es - -parameter  and p r e c i p i t a t i o n  f i l e s .  

I n  Appendix 1, some o f  t h e  i n p u t  d a t a  i s  exp la ined ,  d i s cus sed  
and complemented (CREAMS Manual, pp. 174- 176) . 

2.1 P r e c i p i t a t i o n  Data f o r  t h e  Hydrology Submodel 

The d a t a  f i l e  can be used f o r  both  o p t i o n s .  A d e s c r i p t i o n  
o f  t h e s e  f i l e s  i s  t o  be found i n  t h e  manual. No formal problems 
occur red  dur ing  a p p l i c a t i o n .  For s p e c i a l  changes i n  p r e c i p i t a -  
t i o n ,  e s p e c i a l l y  dur ing  s torms (Option 2 ) ,  a  p r e c i p i t a t i o n  re- 
cord ing  s t a t i o n  i n  t h e  v i c i n i t y  o f  t h e  r e sea rch  a r e a  i s  p r e f e r -  
a b l e .  

The ou tpu t  d a t a  a r e  a r ranged  i n t o  two d a t a  f i l e s .  The f i r s t  
one i s  p r i n t e d  on t h e  l i n e  p r i n t e r .  The second (storm/hydrology 
d a t a  f i l e )  i s  prepared  (e .g . ,  on d i s c )  a s  an  i n p u t  o f  t h e  e ros ion /  
sediment submodel. 

2.2 Storm/Hydrology Data F i l e  

This  f i l e ,  a s  c r e a t e d  by t h e  computer, d i f f e r s  from t h e  
d e s c r i p t i o n  of t h e  Manual. Each row o f  t h e  f i l e  c o n s i s t s  o f  11 
v a r i a b l e s  (and n o t  o f  13 v a r i a b l e s  a s  desc r ibed  i n  t h e  Manual) . 



The f i l e  i s  accep t ed  i n  t h i s  form by t h e  e ros ion / sed iemnt  submodel 
(see Manual, p. 200) .  The i n p u t  d a t a  f o r  i n i t i a l i z a t i o n  and 

hydrology paramete r s  f o r  t h e  h y d r o l o g i c a l  submodel is  g iven  i n  
Table  1. 

2.3 S e n s i t i v i t y  o f  t h e  Hydrology Submodel 
t o  Impor tan t  I n p u t  Parameters  

A s  i n i t i a l  i n f o r m a t i o n  on t h e  s e n s i t i v i t y  a n a l y s i s ,  t h e  
r e s u l t s  o f  Lane and F e r r e i r a  (1980) w e r e  used.  The pa ramete r s  
t h a t  a r e  w e l l  d e f i n e d ,  i . e . ,  w i t h  a  r e l a t i v e l y  good p o s s i b i l i t y  
o f  d e t e r m i n a t i o n ,  w e r e  n o t  d i s c u s s e d  i n  t h i s  s t u d y .  A t t e n t i o n  
c o n c e n t r a t e d  on pa ramete r s  where v a l u e s  w e r e  l r e r y d i f f i c u l t  t o  
e s t i m a t e  f o r  v a r i o u s  r e a s o n s ,  and t hey  a r e  mentioned i n  t h e  
fo l l owing  d i s c u s s i o n .  I n  t h i s  d i s c u s s i o n ,  t h e  c h o i c e  o f  t h e  
r e s e a r c h  a r e a  i s  a l s o  i n c l u d e d  a s  it c r e a t e s  t h e  c o n d i t i o n s  f o r  
f u r t h e r  i n v e s t i g a t i o n .  

The a r e a  chosen shou ld  b e  a c l o s e d  ca tchment .  Th i s  e n a b l e s  
a  d i r e c t  measurement o f  t h e  s u r f a c e  runo f f  and t h e  q u a l i t y  o f  
wa t e r  and t h u s  c r e a t e s  an  i n p u t  d a t a  f o r  c a l i b r a t i o n  o f  t h e  model. 
I t  seems q u i t e  obv ious  t h a t  t h e  a r e a  h a s  t o  have a s i g n i f i c a n t  
s l o p e ,  o t h e r w i s e  no measurable  e r o s i o n  o c c u r s  and t h e  e r o s i o n /  
sediment  submodel canno t  b e  c a l i b r a t e d .  The a r e a  h a s  t o  be under  
a c t i v e  c u l t i v a t i o n  (e .g . ,  permanent meadows a r e  less s u i t a b l e  
t h a n  row c r o p s )  . 

I n  t h e  hydrology submodel (Option 1 ,  d a i l y  r a i n f a l l  d a t a ) ,  
h y d r a u l i c  c o n d u c t i v i t y  (pa ramete r  RC) was t h e  most s e n s i t i v e .  
Th i s  pa ramete r  v a l u e  i s  used  i n  computat ion o f  p e r c o l a t i o n  and 
r u n o f f .  The RC v a l u e  s e r v e s  f u r t h e r  f o r  t h e  c a l c u l a t i o n  o f  t h e  
Ti v a lue ,  a s  i n  t h e  fo l l owing :  

f o r  each  s o i l  l a y e r  i = 1 , 2 ,  ..., 7 

when Ti > 1, t h e n  Ti = 1 i s  used. The re fo r e ,  changing RC i s  
effective when Ti < 1, i . e . ,  RC < ~ ~ ~ / l 2  ( f o r  an e x p l a n a t i o n  o f  
ULi, see Card 7 ) .  T i  i s  used  i n  c a l c u a l t i o n  of  seepage  SEP and 
c o n t e n t  o f  w a t e r  ST i n  each  l a y e r  o f  t h e  s o i l  i n  p r o f i l e  

SEP = (STi - UFi) Ti I 

where UFi i s  t h e  f i e l d  c a p a c i t y  o f  t h e  l a y e r  i. 

A s  a n  example, t h e  r e l a t i o n  between Ti and RC f o r  ULi = 1.0 
is  g iven  below: 
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The above shows t h a t  t h e  hydrology submodel i s  i n  some r anges  
ve ry  s e n s i t i v e  t o  t h i s  va lue  and i n  some r anges  it i s  n o t  sen- 
s i t i v e  a t  a l l .  The re fo r e ,  it i s  recommended t h a t  c a l c u l a t i o n s  
s t a r t e d  w i t h  t h e  v a l u e s  o f  RC used i n  t h e  manual on page 184, 
Table  11-9, and t h e  model is  c a l i b r a t e d  by changing t h e s e  v a l u e s .  

I n  Option 2, t h e  v a l u e  o f  RC (des igned  a s  FKA and l a t e r  a s  
KS) i s  used f o r  c a l c u l a t i o n  of  t h e  ponding dep th  FP and ponding 
t i m e  T . .  A s  an example o f  t h e  sequence o f  d a i l y  r a i n f a l l  2.26, 
0 . 8 4 a A  0.46 i n c h e s  (days  212, 213 and 214 J u l i a n  d a t e ) ,  t h e  
f o l l owing  r u n o f f  was produced: 

R a i n f a l l  0.030 0.028 0.027 0.025 0.020 0.010 

0.84 0.583 0.805 0.964 1.459 9.146 n e g a t i v e  v a l u e  

0.46 0.024 0.001 0.0 0.0 0.0 n e g a t i v e  v a l u e  

A comparison w i t h  t h e  measured runo f f  showed t h a t  RC = 0.028 
was adequa t e .  However, t h e  v a l u e s  f o r  RC = 0.025, 0.020, and 
0.01 w e r e  n o t  a c c e p t a b l e .  

The o u t p u t s  o f  t h e  hydrology submodel a r e  s e n s i t i v e  t o  t h e  
v a l u e s  FUL, CN2, and CONA, and a r e  i n  accordance  keep ing  w i t h  
t h e  r e s u l t s  o f  Lane and F e r r e i r a  (1980) .  Higher s e n s i t i v i t y  was 
obse rved  a s  a  r e s u l t  of t h e  v a r i a t i o n  of  t h e  v a l u e s  ULi. I t  is  
nece s sa ry  t o  t a k e  i n t o  c o n s i d e r a t i o n  t h e  problem o f  p r o p e r  d e f i n i -  
t i o n  o f  t h e s e  v a l u e s  and  t h e  FUL v a l u e s .  

The hydrology submodel i s  t h e  f i r s t  i n  a  sequence  o f  t h r e e  
submodels.  I f  t h e  r e s u l t s  o f  t h i s  submodel a r e  n o t  c a l i b r a t e d ,  
unde re s t ima t i on  o r  o v e r e s t i m a t i o n  o f  r uno f f  can  d i s t u r b  t h e  
r e s u l t s  o f  b o t h  t h e  fo l l owing  submodels.  I t  i s  n o t  n e c e s s a r y  
t o  c a l i b r a t e  t h e  model f o r  each  r e s e a r c h  a r e a ;  however, it is  
u s e f u l  t o  p r e p a r e  c a l i b r a t i o n  f o r  a  r e p r e s e n t a t i v e  a r e a  which 
can  be  used f o r  s i m i l a r  c o n d i t i o n s .  

3. EROSION/SEDIMENT YIELD SUBMODEL: ANALYSIS OF INPUT DATA 

The e ros ion / sed iment  y i e l d  submodel s i m u l a t e s  t h e  p r o c e s s e s  
o f  detachment,  t r a n s p o r t  and d e p o s i t i o n  o f  s o i l  p a r t i c l e s  due 
t o  t h e  e f f e c t s  o f  r a i n f a l l  and r u n o f f .  Over land f low,  channe l  
f low and impoundment e lements  a r e  used t o  r e p r e s e n t  t h e  major  
f e a t u r e s  o f  t h e  a r e a .  The b e s t  combinat ion  of  t h e s e  e lements  
c h a r a c t e r i z e s  t h e  e r o s i o n  and t r a n s p o r t  p r o c e s s e s  w i t h i n  t h e  
a r e a .  The o u t p u t  from each  e lement  i s  sediment  c o n c e n t r a t i o n ,  
which becomes t h e  i n p u t  t o  t h e  n e x t  e lement .  The o u t p u t  from 
t h e  submodel i s  sed iment  y i e l d  f o r  a l l  t y p e s  o f  p a r t i c l e s  and 
f o r  each t y p e  i n d i v i d u a l l y .  The submodel p r o v i d e s  i n fo rma t ion  
on sed iment  y i e l d  f o r  e ach  s to rm,  monthly and annua l  summaries. 



The i n p u t s  o f  t h e  submodel a r e  formed by two f i l e s .  The 
f i r s t  one  i s  t h e  l 'Storm/Hydrology Data F i l e " .  T h i s  f i l e  c o n t a i n s  
hydrology v a r i a b l e s - - r a i n f a l l ,  s t o r m  e r o s i v i t y  ( E I ) ,  volume o f  
r u n o f f  a n d  c h a r a c t e r i s t i c  peak e x c e s s  r a i n f a l l  r a t e .  These a r e  
g e n e r a l l y  o b t a i n e d  from t h e  hydrology submodel o f  CREAMS o r  
t h e  i n p u t  c a n  b e  d i r e c t l y  o b s e r v e d  v a l u e s .  The second  f i l e  i s  
t h e  p a r a m e t e r  f i l e  f o r  t h e  e r o s i o n / s e d i m e n t  y i e l d  submodel which 
c o n t a i n s  v a l u e s  o f  p a r a m e t e r s  t h a t  c h a r a c t e r i z e  t h e  e r o s i o n / s e d i m e n t  
t r a n s p o r t / d e p o s i t i o n  f e a t u r e s  o f  t h e  a r e a  a s  i n  Appendix 2  (see 
Manual, pp. 2  10-2 18) . The e r o s i o n / s e d i m e n t  submodel c r e a t e s  t h e  
s to rm/hydro logy /e ros ion  d a t a  f i l e  t o  b e  used  i n  t h e  chemica l  
submodel (see Tab le  2 ) .  

3.1 S e n s i t i v i t y  A n a l y s i s  

A s e n s i t i v i t y  a n a l y s i s  was c a r r i e d  o u t  d u r i n g  v e r i f i c a t i o n  
o f  t h e  CREAMS model i n  Czechos lovak ia  t o  e v a l u a t e  t h e  s e n s i t i v i t y  
o f  t h e  model o u t p u t s  t o  changes i n  b a s i c  i n p u t  d a t a .  I n  g e n e r a l ,  
it can  b e  s a i d  t h a t  t h e  r e s u l t s  o f  t h e  s e n s i t i v i t y  a n a l y s i s  f o r  
t h e  Samsin a r e a  i n  Czechos lovak ia  w e r e  s i m i l a r  t o  t h e  r e s u l t s  o f  
t h e  s e n s i t i v i t y  a n a l y s i s  g i v e n  i n  t h e  CREAMS manual f o r  t h e  over -  
l a n d  f low e lement .  The s o i l  l o s s  b a s i c  o u t p u t  o f  t h e  e r o s i o n /  
sed iment  submodel was o n l y  modera te ly  s e n s i t i v e  t o  changes  i n  
most  o f  t h e  b a s i c  i n p u t  p a r a  meters ( k i n e m a t i c ,  v i s c o s i t y ,  s o i l  
e r o d i b i l i t y  f a c t o r ,  c r o p p i n g  management f a c t o r ,  a n d  c o n t o u r i n g  
f a c t o r ) .  The o u t p u t s  w e r e  s i g n i f i c a n t l y  i n f l u e n c e d  by t h e  c h o i c e  
o f  Manning's roughness  c o e f f i c i e n t  f o r  o v e r l a n d  f low ( M I N  N ) ;  
t h e  r e s u l t s  c a n  b e  w i t h i n  t h e  l i m i t s  + 100%, a c c o r d i n g  t o  Manning's  
n.  For  example, d u r i n g  s e n s i t i v i t y  a n a l y s i s  f o r  i n d i v i d u a l  s t o r m s ,  - 
i . e . ,  f o r  s t o r m  78212*, t h e  s o i l  l o s s  was 0.44 t o n s / a c r e  f o r  
n  = 0.020 and 0.16 t o n s / a c r e  f o r  n  = 0.030, r e s p e c t i v e l y .  

Great a t t e n t i o n  s h o u l d  a l s o  b e  p a i d  t o  d e t e r m i n a t i o n  o f  
i n p u t  d a t a  f o r  t h e  c h a r a c t e r i s t i c  o f  p a r a m e t e r s  o f  o v e r l a n d  f low 
p r o f i l e .  The i n p u t  p a r a m e t e r s  o v e r e s t i m a t e  t h e  p r o f i l e  and  i t s  
shape  because  i n  e a c h  segment o f  t h e  s l o p e ,  t h e  l e n g t h ,  e l e v a t i o n ,  
and  g r a d i e n t  form a se t  o f  i n p u t  d a t a .  I f  t h e  i n p u t  d a t a  f o r  
p a r a m e t e r s  a r e  n o t  i n  p r o p e r  r e l a t i o n ,  t h e  computer  program c a n  
c o n s t r u c t  a n  u n r e a l  p r o f i l e  and t h e r e f o r e  t h e  f o l l o w i n g  computa- 
t i o n  o f  s o i l  l o s s  does  n o t  c o r r e s p o n d  w i t h  r e a l i t y .  

4. CHEMICAL SUBMODEL ANALYSIS OF INPUT DATA 

The chemical  submodel o f  CREAMS c o n t a i n s  t h e  p l a n t  n u t r i e n t  
submodel and  p e s t i c i d e  submodel. From 16 known n u t r i e n t s ,  o n l y  
n i t r o g e n  and phosphorus  a r e  c o n s i d e r e d  i n  t h e  p l a n t  n u t r i e n t  
submodel, because  t h e  p r e s e n t  e v i d e n c e  i n d i c a t e s  t h a t  t h e s e  two 
e l e m e n t s  a r e  t h e  p r i n c i p a l  n u t r i e n t  p o l l u t a n t s .  

* 
A l l  t h e  i n p u t  and  o u t p u c  d a t a  o f  t h e  CREAMS model f o r  t h e  
e x p e r i m e n t a l  a r e a    ams sin) i n  Czechoslovakia  is  a v a i l a b l e  w i t h  
Prof .  M. Holy o f  t h e  T e c h n i c a l  u n i v e r s i t y  o f  Prague,  C i v i l  Engg. 
D i v i s i o n ,  16629 Praha  6 ,  Thakurova 7, Czechos lovak ia .  
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From hyd ro log i c  and e r o s i o n  d a t a ,  t h e  model p r o v i d e s  e s t i m a t e s  
f o r  n u t r i e n t s  : 

- t h e  ave r age  c o n c e n t r a t i o n  o f  s o l u b l e  N and P i n  t h e  
runo f f  ( t o t a l  amount o r  l o a d  produced by a s t o r m ) ;  

- t h e  amount o f  n i t r a t e  l e ached ;  

- t h e  amount of  N and P a s s o c i a t e d  w i t h  sed iments .  

For  changes i n  t h e  amount of  s o i l  n i t r a t e  d u r i n g  t h e  p e r i o d  
s i m u l a t e d ,  p r o c e s s e s  o f  m i n e r a l i z a t i o n ,  d e n i t r i f i c a t i o n ,  p l a n t  
up take ,  l e a c h i n g  and l o s s e s  i n  r uno f f  a r e  cons ide r ed .  The model 
o u t p u t s  f o r  p e s t i c i d e s  a r e :  

- mass o r  c o n c e n t r a t i o n  o f  p e s t i c i d e s  i n  runof f  and 
sediment ;  

- t o t a l  mass o f  p e s t i c i d e  l o s s s e s  and ave rage  concen t r a -  
t i o n  o f  t h e  remaining r e s i d u e s .  

The model p rov ide s  a l l  t h e s e  o u t p u t s  f o r  each  s to rm,  monthly and 
annua l  summaries. 

The i n p u t  pa ramete r s  f o r  t h e  chemical  submodel a r e  t o  b e  
found i n  two f i l e s .  The f i r s t  one i s  t h e  s torm/hydrology/eros ion 
d a t a  f i l e .  This  f i l e  c o n t a i n s  hydrology v a r i a b l e s ,  v a l u e s  o f  
s o i l d  l o s s  and enr ichment  r a t i o  a s  t h e  o u t p u t  from t h e  e r o s i o n  
submodel. The second one i s  t h e  chemis t ry  model i n p u t  pa ramete r  
f i l e .  Th i s  one is  formed by two independen t  p a r t s - - p e s t i c i d e  
and n u t r i e n t  i n p u t s .  The chemis t ry  model pa ramete r s  a r e  d e s c r i b e d  
i n  t h e  CREAMS manual (pp. 288-293 and 313-318, r e s p e c t i v e l y ) .  

The forms o f  t h e  f i l e s  a r e  d i f f e r e n t ,  however, t h e  c o n t e n t s  
d i f f e r  i n  t h e  pa ramete r s  DMY and AWU on ly .  These pa ramete r s  a r e  
l i s t e d  i n  t h e  manual and a r e  n o t  used i n  t h e  computer program 
i n p u t .  The o r g a n i z a t i o n  f i l e  used i n  t h e  computer  program i s  
more l o g i c a l ,  a s  t h e  pa ramete r s  form t h e  s u b f i l e s  a cco rd ing  t o  
t h e i r  c o n t e n t s .  Th i s  was fo l lowed  by t h e  change i n  t h e  o r d e r  
o f  t h e  i n p u t  c a r d s  and i n  some c a s e s  i n  t h e i r  s t r u c t u r e s  a s  w e l l .  
The change o f  o r d e r  o c c u r r e d  i n  p a i r s ,  a s  i n  t h e  fo l l owing :  

Card No. i n  Program Card No. i n  Manual 

The t o t a l  number o f  c a r d s  i n  t h e  program i s  18 and 1 9 .  i n  
t h e  manual. Th i s  was because  Cards 7 and 15 ( i n  t h e  manual) 
were combined w i t h  Card 12 o f  t h e  program. Cards 14 and 15 o f  
t h e  program c o n t a i n  t h e  d a t a  from Cards 9 and 16 o f  t h e  manual. 
Cards 1-6 a r e  i d e n t i c a l  i n  b o t h  f i l e s ,  i . e . ,  t h e  program and t h e  
manual (see Tables  3 and 4 )  . 



Table 3. CRLU4S chemical submodel--differences ;between CREAMS 
manual ?.nd computer program on input cards 

CARD No. CREAMS MANUAL COMPUTER PROGRFLM 

1- 3 TITLE TITLE 

- - - -- 

4 BDATEIFLGOUTtFLGINf BDATEtFLGOUTIFLGINt 
FLGPST , FLGNUT FLGPST,FLGNUT 

SOLPOR I FC I OM 

6 NPESTIPBDATEIPEDATE NPEST, PBDATE, PEDATE 

7 OPT PDATE,CDATE 

8 SOLNISOLP,N03,SOILN, APDATE 
SOILPIEXKNIEXKPtANI 
BN I AP 

9 BPI RCN PSTNAM 

PDATE, CDATE APRATE, DEPINC , EFFIIiC FOLFRC 
SOLFRC I FOLRES SOLRES WSHFX 
F!SHTHR -- 

APDATE 

12 PSTNAlvI OPT ,NF , DEMERG, DHKVST 
- 

13 APRATE , DEPINC, CE'FIfJC, SOLN,SOLP,N03,SOILNISOiLPI 
FOLFRCISOLFRCIFOLRESt EXKNIEXKPIANIBNIAP 
SOLRES , WSHFRC, WSHTHR 

14 SOLH20,HAFLIFIEXTRCT, BP,POTM,RCN,RZMAX 
DECAY , KD 

15 NF, DEPlERG, DHRVST YP,PWU in OPT 1 
DOM,SD,PU in OPT 2 

-- - 
16 RZrYZkX YP , DMY POTJI, C1, C2, c3, C4 

AWU,PWU in OPT 1 
RZMAX I YP DMY POTM I 
DOM,SDIPU in OPT 2 



Table 3 .  (con td .  ) CREAMS chemical  submodel- -d i f ferences  between 
CREAMS manual and computer program on i n p u t  
c a r d s  

-- 

CARD N o .  CREAMS MANUAL COMPUTER PROGRAM 

18  DF FN,FP,FA 

19  FN, FP, FA - 

N o t e :  DMY, AWU i s  mi s s ing  i n  t h e  computer program 
OM must be  lower t han  i n  t h e  e r o s i o n  submodel 
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The i n v e s t i g a t i o n s  of t h e  chemical  and t h e  erosion/sediment  
submodels a r e  based on t h e  o u t p u t  from t h e  hydro log ica l  submodel 
which s i g n i f i c a n t l y  i n f l u e n c e s  t h e  n i t r o g e n  c y c l e  and t h e  t o t a l  
l o s s  of  n u t r i e n t s  and p e s t i c i d e s .  While f o r  l o s s  o f  n u t r i e n t s ,  
t h e  va lue  o f  SOILOSS from t h e  e r o s i o n  o u t p u t  i s  s i g n i f i c a n t ,  it 
i s  t h e  va lue  o f  ENRICH RATION which i s  s i g n i f i c a n t  f o r  t h e  ad- 
s o r p t i o n  of  p e s t i c i d e s  i n  sediment.  

For t o t a l  r a t i o  o f  n u t r i e n t  l o s s  between t h e  l i q u i d  and 
s o l i d  phase o f  s u r f a c e  runof f ,  t h e  e x t r a c t i o n  c o e f f i c i e n t  and 
enrichment c o e f f i c i e n t  and exponents f o r  n i t r o g e n  phosphorus 
a r e  h igh ly  s i g n i f i c a n t .  With r e s p e c t  t o  t h e  s i g n i f i c a n c e  of  
t h e  va lues  mentioned above, it i s  recommended t h a t  e s t i m a t e s  
o f  t h e s e  va lues  should  be  by experiment f o r  t h e  g iven  c o n d i t i o n s  
of  t h e  s imula ted  a r e a .  I t  i s  p o s s i b l e  t o  g e t  t h e  remaining i n p u t  
parameters  f o r  t h e  n u t r i e n t s  submodel from agrochemical  s o i l  tests. 

To determine t h e  t o t a l  l o s s  o f  p e s t i c i d e s  and i t s  d i s t r i b u t i o n  
between t h e  l i q u i d  and s o l i d  phase of  s u r f a c e  runof f ,  EXTRCT and 
KD a r e  h i g h l y  s i g n i f i c a n t .  The va lues  o f  EXTRCT and KD a r e  pos- 
s i b l e  from exper iments  o r  r e f e rences .  F u r t h e r ,  it i s  necessary  
t o  pay a t t e n t i o n  t o  t h e  va lues  o f  SOILFRC and FOLFRC, because 
t h e  va lues  of  c o n s t a n t  decay f o r  p e s t i c i d e s  a p p l i e d  on f o l i a g e  
and p e s t i c i d e s  a p p l i e d  on s o i l  s u r f a c e  a r e  d i f f e r e n t .  

C a l i b r a t i o n  and v e r i f i c a t i o n  of  t h e  model i s  n o t  recommended 
f o r  w i n t e r  c rops  because t h e  t o t a l  c y c l e  of n i t r o g e n  i s  s i g n i f i -  
c a n t l y  i n f luenced  by hydro log ica l  c o n d i t i o n s  du r ing  t h e  w i n t e r  
and i s  n o t  c a l c u l a t e d  by t h e  CREAMS hydro log ica l  submodel. 

5. VERIFICATION OF THE CREAMS MODEL I N  CZECHOSLOVAKIA 

The CREAMS model has  been used t o  s i m u l a t e  hydrology v a r i -  
a b l e s  and sediment and chemicals t r a n s p o r t  i n  t h e  Samsin a r e a ,  
which i s  a  p a r t  o f  t h e  exper imental  ~ r n s v k a  catchment. The 
hydro log ica l  c o n d i t i o n s  and geochemical p roces ses  w e r e  observed 
by t h e  C e n t r a l  Geological  I n s t i t u t e  i n  Prague. The obse rva t ions  
and experiments s t a r t e d  i n  1975, s o  t h a t  a  comprehensive s e t  o f  
d a t a  i s  a v a i l a b l e .  

5.1 Desc r ip t ion  of  t h e  Catchment 

The catchment of  t h e  Trnsvka r i v e r  has  an a r e a  o f  152.0 kmL 
and i s  s i t u a t e d  a t  t h e  wes te rn  end o f  t h e  Czech/Moravian H i l l s  
(F igure  6 ) .  The ~ r n 6 v k a  i s  a  t r i b u t a r y  o f  t h e  Zelivka r i v e r  

which i s  a  source  o f  w a t e r  f o r  t h e  Svihov r e se rvo i r - - t he  source  
o f  p o t a b l e  wate r  f o r  t h e  c a p i t a l  of Prague. Eu t roph ica t ion  is  
a  r e c e n t  phenomenon. The s t a b l e  a g r i c u l t u r a l  management p r a c t i c e s ,  
non - indus t r i a l  p o l l u t i o n ,  and r e l a t i v e l y  uniform geo log ica l  con- 
d i t i o n s  were reasons  f o r  choosing t h e  ~ r n 6 v k a  catchment f o r  
v e r i f i c a t i o n  o f  t h e  CREAMS model. The ~ r n s v k a  catchment i s  
moderately undulated;  t h e  e l e v a t i o n  v a r i e s  from 456.0 t o  747.0 m 
above s e a  l e v e l .  The ~ r n g v k a  catchment i s  formed by 6 subcatch- 
ments (F igure  7 ) .  The dra inage  a r e a  and v e g e t a t i v e  cover  of 
i n d i v i d u a l  subcatchments i s  given i n  Table 5. 
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T a b l e  5 .  Land u s e  o f  subca t chmen t  

Catchment  D r a i n a g e  F o r e s t  F i e l d  Meadow Urban 
a r e a  (km2) ( $ 1  ( 9 6 )  ( 9 6 )  ( 9 6 )  

f 
H a r t v l k o v  0.984 100.0 - - - 
Po jbuky 2.039 1.5 37.0 40.5 21 . O  

J 
S a l a c o v a  

Lho ta  1.679 100.0 - - - 
9 / Samsln 0.060 - 100.0 - - 
I 

Trnavka 152.690 35.0 60.0 - 5 . O  

The c l i m a t e  i n  t h e  ~ r n 6 v k a  c a t c h m e n t  i s  m o d e r a t e l y  warm 
a n d  semi-humid. The a n n u a l  a v e r a g e  t e m p e r a t u r e  i s  ~ O C  a t  t h e  
w e s t e r n  e n d ,  w h i l e  i t  i s  7% i n  t h e  e a s t e r n  p a r t .  Annual  a v e r a g e  
p r e c i p i t a t i o n  i s  700.0 mm i n  t h e  w e s t ,  and  650.0 mm i n  t h e  east  
o f  t h e  ~ r n 6 v k a  c a t c h m e n t ,  r e s p  c t i v e l y .  Average  a n n u a l  y i e l d  
f r o m  t h e  c a t c h m e n t  i s  7.5 l .s-P.km-2, and  t h e  minimum r u n o f f  is  
0.44 l.s ' l .km-2. The c a t c h m e n t  i s  e q u i p p e d  f o r  h y d r o l o g i c a l  and  
long- t e rm h y d r o g e o l o g i c a l  o b s e r v a t i o n s .  A t  t h e  o u t l e t  p o i n t  o f  
t h e  c a t c h m e n t  t h e r e  i s  a n  a n a l y s i s  u n i t  f o r  a u t o m a t i c  o b s e r v a t i o n  
of changes  i n  t h e  p h y s i c a l  and  c h e m i c a l  p r o p e r t i e s  o f  w a t e r .  The 
l o c a t i o n  o f  o b s e r v a t i o n  p r o f i l e s  i n  t h e  c a t c h m e n t  i s  shown i n  
F i g u r e  7.  

The Samsin s u b c a t c h m e n t  is  s i t u a t e d  a t  t h e  e a s t e r n  e n d  o f  
t h e  Trnavka  c a t c h m e n t .  The d r a i n a g e  a r e a  is 0.06 km2 a n d  t h e  
whole  s u b c a t c h m e n t  i s  u s e d  i n t e n s i v e l y  f o r  a g r i c u l t u r e .  The 
a n n u a l  a v e r a g e  p r e c i p i t a t i o n  i s  t h e  l o w e s t  f rom t h e  Trnavka  
catchment--633.0 mm. The month ly  a v e r a g e  p r e c i p i t a t i o n  v a r i e s  
d u r i n g  t h e  y e a r .  The month ly  d i s t r i b u t i o n  o f  p r e c i p i t a t i o n  f o r  
t h e  p e r i o d  1976-1978 i s  g i v e n  f o r  t h e  whole  Trnavka  c a t c h m e n t  
i n  T a b l e  6. 

-1 -2 The a n n u a l  s p e c i f i c  y i e l d  i s  4 . 5  1.s. .km i n  t h e  Samsin 
s u b c a t c h m e n t  f o r  t h e  p e r i o d  1976-1978. The month ly  d i s t r i b u t i o n  
of s p e c i f i c  y i e l d  i s  g i v e n  i n  T a b l e  7. 

5.2 The R e s u l t s  o f  V e r i f i c a t i o n  

The r e s u l t s  o f  v e r i f i c a t i o n  w e r e  d i v i d e d  i n t o  s i x  p a r t s - - f o r  
e a c h  submodel ,  t h e  s o l u t i o n  o f  p rob lems  of t h e  a p p l i c a t i o n  of 
compu te r  programs and  i n t e r p r e t a t i o n  o f  t h e  o u t p u t  d a t a  were 
d i s c u s s e d .  



Table  6.  Monthly p r e c i p i t a t i o n  f o r  t h e  p e r i o d  1976-1978 

Month 1 1  12 1 2  3 4  5  6  

P r e c i p i  ta- 
ti on 65.8 30 .1  62 .1  33.3 27.5 34.3 64.6 50.1 

Month 7  8  9 1 0  

Table  7. Monthly y i e l d  f o r  t h e  p e r i o d  1976-1978 

Month 1 1  1 2  1  2  3  4  5  6  7  8  

Y i e l d  

Month 9 10 

5 . 2 . 1 .  The  H y d r o l o g y  Submodel  

T h i s  model was a p p l i e d  i n  Opt ion  1  f o r  d a i l y  r a i n f a l l  d a t a .  
Some d i s c r e p a n c i e s  between t h e  d e s c r i p t i o n  i n  t h e  manual and t h e  
computer program were i n  t h e  form and c o n t e n t  o f  t h e  i n p u t  d a t a ,  
and t h e  o u t p u t  hydrology f i l e .  

The o u t p u t  d a t a  w a s  compared w i t h  t h e  measured d a t a  on  t h e  
b a s i s  o f  t h e  r u n o f f  a s  t h e  e r o s i o n / s e d i m e n t  submodel w a s  v e r y  
s e n s i t i v e  t o  t h e s e  v a l u e s .  A t  f i r s t ,  t h e  p r e d i c t e d  v a l u e  o f  t h e  
a n n u a l  t o t a l  s u r f a c e  r u n o f f  was compared w i t h  t h e  measured v a l u e s  
i n  t h e  ca tchment  i n v e s t i g a t e d .  The d i f f e r e n c e  between t h e  a v e r a g e  
s p e c i f i c  r u n o f f  and t h i s  v a l u e  was 15%.  The lower v a l u e  o f  t h e  
r u n o f f  g i v e n  by t h e  model f o r  t h e  r e s e a r c h  a r e a  was due t o  i t s  
r e l a t i v e l y  s m a l l  a c r e a g e .  



For t h e  erosion/sediment  submodel, no t  on ly  t h e  t o t a l  va lue  
of runof f  b u t  a l s o  t h e  va lues  of runoff  o f  i n d i v i d u a l  s torms a r e  
impor tan t .  Therefore ,  one major sequence of storms was chosen 
f o r  comparison of t h e  measured and modeled va lues .  The s torms 
on 2 1 2 ,  213, and 2 1 4  J u l i a n  d a t e  (31 J u l y ,  1 and 2 August) were 
used f o r  t h i s  purpose.  The d i f f e r e n c e  between t h e  modeled and 
measured sum of  runof f  from t h e s e  s torms was on ly  5%. This  
smal l  d e v i a t i o n  was ach ieved  by c a l i b r a t i o n .  This  agreement 
between t h e  modeled and measured d a t a  of t o t a l  runof f  i s  neces- 
s a r y  f o r  t h e  s m a l l e r  d e v i a t i o n s  of  t h e  erosion/sediment  submodel 
and chemical submodel. Therefore ,  c a l i b r a t i o n  o f  t h e  hydrology 
submodel i s  recommended i n  a l l  c a s e s  when measurements a r e  a v a i l -  
a b l e  o r  when some informat ion  on runoff  can be  i n f e r r e d  by analogy,  
from a r e a s  w i th  s i m i l a r  cond i t i ons .  

The r e s u l t s  of v e r i f i c a t i o n  of  t h e  CREAMS erosion/sediment  
submodel c a r r i e d  o u t  f o r  t h e  ~ r n g v k a  catchment has  shown t h e  
p o s s i b i l i t y  of  f u r t h e r  p rospec t ive  uses  o f  CREAMS f o r  sediment 
t r a n s p o r t  e s t i m a t i o n .  A t  t h i s  s t a g e ,  v e r i f i c a t i o n  has  been 
c a r r i e d  o u t  f o r  t h e  over land  flow element on ly  (FLGSEQ = 1 )  and 
t h e  r e s u l t s  f o r  a  more complicated runoff  s i t u a t i o n  (channel  
e lements ,  impoundment) i s  d i scussed .  

On d i s c u s s i o n  of  t h e  computer program, s tudy  o f  t h e  CREAMS 
manual and e n t i r e  c a l c u l a t i o n  of sediment t r a n s p o r t  f o r  t h e  
given a r e a ,  two main problems were i d e n t i f i e d :  

- Necess i ty  f o r  p roper  c h a r a c t e r i s t i c s  o f  over land  flow 
p r o f i l e  ( f o r  d e t a i l s  s e e  Sec t ion  3 ) .  

- S i g n i f i c a n t  s e n s i t i v i t y  of  t h e  model t o  Manning's 
roughness c o e f f i c i e n t  f o r  t h e  ove r l and  flow element .  

There was no o b s e r v a t i o n  of  s o i l  l o s s  and sediment concentra-  
t i o n  a v a i l a b l e  i n  t h e  observed a r e a ,  t h e r e f o r e ,  t h e  o u t p u t  o f  t h e  
erosion/sediment  submodel was t e s t e d  a n a l o g i c a l l y .  Using t h i s  
method, it was t e s t e d  f o r  t he :  

- value  o f  annual  s o i l  l o s s ;  

- va lues  of s o i l  l o s s  from i n d i v i d u a l  s to rms .  

The ou tpu t  va lue  of  annual  s o i l  l o s s  has  been compared wi th  
t h e  va lue  ob ta ined  by o t h e r  methods. The model o u t p u t  va lue  
(3.25 tons / ac re )  and t h e  c a l c u l a t e d  va lue  (4.55 tons / ac re )  a r e  
i n  r e l a t i v e l y  good agreement. 

The r e s u l t s  of  obse rva t ion  of  e r o s i o n  p roces ses  on an ex- 
per imenta l  f i e l d  p l o t  i n  no r the rn  Bohemia and r e s u l t s  o f  e r o s i o n  
l a b o r a t o r y  t e s t s  have been used t o  v e r i f y  t h e  o u t p u t  va lues  f o r  
i n d i v i d u a l  s torms.  A comparison of t h e  submodel o u t p u t  and ex- 
pe r imen ta l ly  ob ta ined  d a t a  shows good agreement between them, 
e s p e c i a l l y  f o r  s torms wi th  high depth,  which c r e a t e  h igh  depth 
of  s u r f a c e  runof f .  



5.3 The Chemical Submodel 

The chemical  submodel o f  CREAMS was c a l i b r a t e d  t o g e t h e r  
w i t h  t h e  hyd ro log i c  and e ros ion / sed iment  submodels.  The e x p e r i -  
mental  d a t a  f o r  t h e  ~ r n 6 v k a  catchment (from t h e  p e r i o d  1976-1980) 
was used f o r  c a l i b r a t i o n .  This  was p o s s i b l e  because  t h e  v e g e t a t i v e  
cover ,  morphology and s o i l  c o n d i t i o n s  a r e  s i m i l a r  f o r  bo th  t h e  
Trn6vka and Samsin ca tchments .  

I t  was neces sa ry  t o  change t h e  chemis t ry  i n p u t  parameter  
d a t a  f i l e  a g a i n s t  t h e  f i l e  g iven  i n  t h e  CREAMS manual because  o f  
d i f f e r e n t  requ i rements  f o r  t h e  computer program. The changes i n  
t h e  f i l e  a r e  g iven  i n  S e c t i o n  4 .  

The r e s u l t s  o f  comparison o f  t h e  CREAMS chemical  submodel 
o u t p u t  and expe r imen ta l l y  observed  d a t a  from t h e  ~ r n 6 v k a  ca t ch -  
ment f o r  n u t r i e n t  l o s s  i n  runof f  and p l a n t  n i t r o g e n  uptake a r e  
g iven  i n  Table 8 .  

I t  may be supposed t h a t  t h e s e  r e s u l t s  show a r e l a t i v e l y  
good agreement i f  w e  c o n s i d e r  t h e  very  compl ica ted  c h a r a c t e r  
o f  t h e  chemical  t r a n s p o r t  and i t s  modeling. The o t h e r  i n p u t  
d a t a  cannot  be  ana lyzed  because  o f  l a c k  o f  expe r imen ta l  d a t a .  

However, t h e  v a l u e  of  accumulated d e n i t r i f i c a t i o n  seems t o  
be r a t h e r  h igh .  I t  cou ld  be  e x p l a i n e d  by t h e  hyd ro log i c  and 
s o i l  c o n d i t i o n s  o f  t h e  a r e a .  I n  A p r i l ,  f o r  example, 37% of t h e  
t o t a l  D N I  was d e n i t r i f i e d ,  and i n  August,  4 1 . 4 % .  I n  August 
t h e r e  was a r e l a t i v e l y  n i g h  amount of  r a i n f a l l  w i t h  r e l a t i v e l y  
low tempera tu res  s o  t h a t  v a l u e s  r o s e  above average  f i e l d  
c a p a c i t y ,  c r e a t i n g  unusual  c o n d i t i o n s  f o r  d e n i t r i f i c a t i o n .  This  
o f  cou r se  caused  h igh  v a l u e s  i n  t h e  paramete rs  which charac-  
t e r i z e d  f i e l d  c a p a c i t y .  I n  conc lu s ion ,  it i s  neces sa ry  t o  s t a t e  
t h a t  hyd ro log i c  d a t a  s i g n i f i c a n t l y  i n f l u e n c e  t h e  chemical  submodel 
i n p u t s ,  i . e . ,  t h e  n i t r o g e n  c y c l e .  

6. CONCLUSIONS 

The CREAMS model can  b e  a p p l i e d  f o r  t h e  d e s c r i p t i o n  of  s e d i -  
ment t r a n s p o r t  and changes i n  t h e  n i t r o g e n ,  phosphorus and p e s t i -  
c i d e s  ba lance  i n  f i e l d s ,  i f  t h e  expe r i ence  ga ined  du r ipg  a p p l i c a -  
t i o n  of  t h e  CREAMS model t o  t h e  exper imenta l  a r e a   ams sin i s  f o l -  
lowed. The i n fo rma t ion  o b t a i n e d  can  be  summarized a s  fo l l ows :  

( 1 )  The form o f  i n p u t  and o u t p u t  d a t a  o f  t h e  submodel and 
t h e i r  i n t e r f a c e  d e v i a t e d  from t h a t  d e s c r i b e d  i n  t h e  
CREAMS manual. When t h e  c o r r e c t e d  v e r s i o n  d e s c r i b e d  
i n  t h i s  paper  i s  used,  computat ion i s  p o s s i b l e .  

(2) For  t h e  p r o p e r  cho i ce  of  i n p u t  d a t a ,  an  unders tand ing  
o f  i t s  meaning i s  neces sa ry .  When d i s c r e p a n c i e s  
between t h e  manual and t h e  computer program w e r e  
i d e n t i f i e d  ( a s  d e s c r i b e d  e a r l i e r ) ,  it i s  p o s s i b l e  t o  
determine t h e  i n p u t  d a t a .  



Table 8 .  Devia t ion  o f  Exper imenta l  Data 

Va r i ab l e  CREAMS Exper imenta l  ca tch-  
model ment d a t a  

96 * 96 

Nit rogen  i n  runo f f  + 
l e a c h i n g  

Phosphorus i n  runo f f  

P l a n t  N-uptake 65.7 55.75 

* Values a r e  p r e s e n t e d  i n  pe r cen t age  o f  a p p l i e d  n u t r i e n t s .  

( 3 )  The r e l a t i v e  importance  o f  t h e  cho i ce  o f  i n p u t  va lue s  
was determined by s e n s i t i v i t y  a n a l y s i s .  The r e s u l t s  
pub l i shed  i n  t h e  CREAMS r e p o r t  w e r e  examined and some 
c o r r e c t i o n s  and supplements w e r e  sugges ted .  

( 4 )  I f  t h e  hydrology,  e r o s i o n  and chemis t ry  submodels a r e  
used i n  sequence,  t hen  t h e i r  mutual i n t e r r e l a t i o n s '  a r e  
impor t an t .  Th i s ,  and t h e  neces sa ry  c o r r e c t i o n s ,  w e r e  
i n v e s t i g a t e d  and t h e  r e l a t i v e  i n f l u e n c e  o f  t h e  i n d i -  
v i d u a l  submodels (hydrology and e r o s i o n )  on t h e  f i n a l  
chemis t ry  submodel was t e s t e d .  

( 5 )  The p o s s i b i l i t y  and need f o r  c a l i b r a t i o n  o f  t h e  CREAMS 
model w e r e  i n v e s t i g a t e d .  From t h e  v e r i f i c a t i o n  o f  t h e  
CREAMS model i n  a  r e s e a r c h  a r e a ,  it can be  concluded 
t h a t  c a l i b r a t i o n  i s  neces sa ry  and t h e  main c a l i b r a t i o n  
paramete rs  w e r e  recommended i n  t h e  d e s c r i p t i o n  o f  t h e  
i n d i v i d u a l  submodels and t h e i r  s e n s i t i v i t y  a n a l y s e s .  
When c a l i b r a t i o n  ha s  been done i n  an a r e a  w i th  condi-  
t i o n s  t y p i c a l  f o r  t h e  whole ca t ch r - en t  i n v e s t i g a t e d  
t h e n  t h e  r e s u l t s  o f  t h e  c a l i b r a t i o n  can b e  t r a n s f e r r e d  
t o  t h i s  catchment and no measurements a r e  neces sa ry .  
However, i f  t h e  runo f f  measurement is  performed,  t h e  
r e s u l t s  a r e  more r e l i a b l e .  

An e v a l u a t i o n  o f  t h e  r e s u l t s  ga ined  from t h e  Samsin r e s e a r c h  
a r e a  shows t h a t  t h e  CREAMS model c an  b e  an e f f e c t i v e  t o o l  f o r  t h e  
d e s c r i p t i o n  o f  t h e  h y d r o l o g i c a l ,  e r o s i o n  and chemical  p r o c e s s e s  
a t  t h e  f i e l d  l e v e l ,  and t h i s  model can  be  used w i th  some modif ica-  
t i o n  f o r  sma l l  ca tchments  w i t h  r e l a t i v e l y  homogeneous c o n d i t i o n s ,  
t h i s  was done i n  t h e  c a s e  o f  t h e  S e d l i c e  catchment (Holy e t  a l .  
1981) .  The CREAMS model can b e  used n o t  o n l y  f o r  d e s c r i p t i o n ,  
b u t  a l s o  f o r  p r e d i c t i o n  of t h e  consequences o f  t h e  changes i n  
a g r i c u l t u r e  and t h u s  f o r  management purposes .  



APPENDIX 1 :  PARAMETER FILE FOR THE HYDROLOGY SUBMODEL 

Card 4 .  BDATE 

Card 5.  DACRE 

I n  o p t i o n  one it h a s  t o  be  d e f i n e d  a s  t h e  

day when no r a i n f a l l  occu r r ed ,  a s  d a i l y  

r a i n f a l l  d a t a  a r e  s u p p l i e d  f o r  t h e  whole y e a r  

o r  more y e a r s .  To avo id  t h e  problem o f  snow 

cove r ,  use  approximate ly  1 s t  A p r i l  

( e . g . ,  7 8 0 9 1 ) .  

F i e l d  a r e a  i n  a c r e s .  A s  t h e  d a t a  ba se  o f  

t h e  hyd ro log i c  formula was o b t a i n e d  a t  

catchment up to  approximate ly  640  a c r e s ,  

s p e c i a l  v e r i f i c a t i o n s  of  t h e  model i s  needed 

when u s ing  t h e  model f o r  g r e a t e r  a r e a s .  

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

( i n h r  The h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  

s a t u r a t e d  s o i l  RC i s  d e f i n e d  by t h e  formula o f  

s o i l  mo i s tu r e  movement (Dacry ' s law) 

where v is  t h e  r a t e  o f  movement, 



FUL 

h/L i s  the p o t e n t i a l  g rad ien t  ( e .g .  change 

i n  water  l e v e l ;  it i s  the  d i f f e r e n c e  i n  water  

l e v e l  between the  inflow and outflow of water  

from t h e  s o i l )  , 

L i s  d i s t ance  along t h e  path of g r e a t e r  change 

i n  p o t e n t i a l .  

Information values of RC can be gained from t h e  

CREAMS Manual, p. 1 8 4 ,  where, 

A - deep sands,  

B - sandy s o i l s ,  

C - shallow s o i l s  with c l a y s  and c o l l o i d s ,  

D - c lays  and shallow s o i l s  with l i t t l e  

permeable subhorizons. 

For c a l i b r a t i o n s  of t h i s  va lue ,  see  P a r t  2 . 3  

of t h i s  study. 

Frac t ion  of a v a i l a b l e  water s to raqe  f o r  p l a n t s  

f i l l e d  a t  f i e l d  capaci ty  def ined a s  

f i e l d  capaci ty  - F K  - - 
upper l i m i t  of s to rage  UL 

F i e l d  capaci ty  i s  given by t h e  amount of 

water t h a t  t h e  s o i l  i s  a b l e  t o  hold f o r  

a  longer per iod a f t e r  f u l l  i n f i l t r a t i o n .  I t  

i s  t h e  boundary between moist and wet s o i l  

between c a p i l l a r y  and g r a v i t a t i o n a l  water 

s u b j e c t  t o  drainage. 

The upper l i m i t  of s to rage  UL i s  given by 

the  d i f fe rence  between poros i ty  ( see  POROS ) 

and w i l t i n g  p o i n t  (B15). These values can 

be obtained by measurement o r  est imated from a 

s o i l  sc ience  handbook. 



BST 

POROS 

Approximate va lues  can be taken from t h e  

fo l lowing  T.able : 

S o i l  F K  UL FUL 

sand 0 .02 -0 .20  0.40-0.50 0.05-0.40 

loam 0.20-0.35 0.50-0.55 0.40-0.64 

c l a y  0.30-0.45 0.40-0.50 0.75-0.90 

There i s  a d i sc repancy  i n  t h e  manual: 

On page 173,proper d e f i n i t i o n  o f  FUL (used 

i n  t h e  program) i s  given.  

On page 174 " f r a c t i o n  o f  pore  space  f i l l e d  

a t  f i e l d  c a p a c i t y "  i s  n o t  adequa te ,as  a l l  

s o i l  wate r  ( e s p e c i a l l y  i n  heavy s o i l s )  is  

no t  a v a i l a b l e  t o  p l a n t s .  

F r a c t i o n  of  a v a i l a b l e  wa te r  s t o r a g e  f o r  p l a n t s  

when s imu la t ion  beg ins .  This  v a l u e  can be  

measured i n  t h e  f i e l d  o r  e s t ima ted  accord ing  

t o  t h e  BDATE d a t e .  The changes of  t h i s  

va lues  i n f l u e n c e  t h e  beginning o f  t h e  simula- 

t i o n  on ly ,  t h e r e f o r e ,  e s t i m a t e s  a r e  adequate  

i n  most cases .  

S o i l  p o r o s i t y  i s  de f ined  a s  t h e  r e l a t i v e  

space i n  s o i l  t h a t  i s  n o t  f i l l e d  by t h e  

s o l i d  p a r t i c l e s ,  i . e . ,  

v~ POROS = - 
vs 

I 

where Vp i s  t h e  volume of po re s ,  and 

VS i s  t h e  t o t a l  volume of  s o i l  i n  f i e l d  

c o n d i t i o n s  . 



P o r o s i t y  c h a n g e s  w i t h  s o i l  t e x t u r e  and  

Card  6.  S I A  

(Opt ion  

s t r u c t u r e .  I t  is  n e c e s s a r y  t o  c o n s i d e r  

t h e  r e l a t i o n s  FK < POROS (FK = f i e l d  

c a p a c i t y ) ,  POROS = UL + B15 where  UL i s  t h e  

uppe r  l i m i t  o f  s t o r a g e ,  B15 i s  t h e  s o i l  

m o i s t u r e  a t  w i l t i n g  p o i n t  ( t h i s  v a l u e  i s  n o t  

r e a d  by t h e  program, i n  c o n t r a d i c t i o n  t o  t h e  

s t a t e m e n t  i n  t h e  manual ,  p a g e  174 - v a l u e  

BR15, b u t  c a l c u l a t e d  f rom t h i s  e q u a t i o n ) .  

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

p o i n t :  

S o i l  p o r o s i t y  w i l t i n g  p o i n t  

s a n d  0.30-0.40 0.00-0.05 

loam 0.40-0.55 0.05-0.10 

c l a y  0.45-0.60 0.10-0.25 

I n i t i a l  a b s t r a c t i o n  c o e f f i c i e n t  c i n  e q u a t i o n  - 

where  Q i s  d a i l y  r u n o f f ,  

P  i s  d a i l y  r a i n f a l l ,  

s i s  r e d u c t i o n  p a r a m e t e r  ( e q .  1-2 

o f  t h e  CREAMS Manual) , 

c = 0.2 ,  i f  n o t  c a l i b r a t e d .  

SCS c u r v e  No. 4  a v e r a g e  m o i s t u r e  c o n t e n t  

( c o n d i t i o n  t w o ) .  The v a l u e s  are b r o a d l y  

d i s c u s s e d  i n  Volume 111 ( C h a p t e r s  2 - 4 )  . 



Average v a l u e s  a r e  g iven  i n  t h e  fo l l owing  Table :  

S o i l  A B C D 

c r o p s  70 75 80 85 

meadow 50 65 75 80 

no v e g e t a t i o n  75 85 90 93 

Main channe l  s l ope .  T h i s  v a l u e  i s  de te rmined  

from t h e  map o r  by measurement. The average  

v a l u e  i s  recommended, g iven  by 

Hs - He CHS = I 

where Hs i s  t h e  e l e v a t i o n  of  t h e  s p r i n g ,  t h e  

brook,  o r  upper  edge o f  t h e  s m a l l  f i e l d ,  

He i s  t h e  e l e v a t i o n  o f  t h e  l o w e s t  p l a c e  of  

t h e  catchment o r  o f  t h e  f i e l d ,  

L i s  t h e  h o r i z o n t a l  d i s t a n c e  o f  t h e s e  two 

p o i n t s .  

Watershed l eng th /w id th  r a t i o  i s  de te rmined  

from t h e  map a s  t h e  r a t i o  o f  t h e  l e n g t h  

o f  t h e  catchment measured a l o n g  t h e  

brook o r  r i d g e  i n  t h e  f i e l d  (w i th  s l i g h t  

c u r v a t u r e ,  meanders a r e  n o t  measured) 

t o  t h e  g r e a t e s t  wid th  o f  t h e  ca tchment  

( f i e l d ) .  I t  i s  p o s s i b l e  t o  e s t i m a t e  

t h i s  v a l u e  by 

L* WLW = - 
A I 

where L i s  t h e  l e n g t h  o f  t h e  ca tchment  

( f i e l d )  , 

A i s  i t s  a r e a .  



I t  i s  n o t  nece s sa ry  t o  c a l c u l a t e  t h i s  v a l u e  

Card 7  UL ( ) 

(Option 

1 )  

ve ry  p r e c i s e l y .  

I n  c o n t r a d i c t i o n  t o  t h e  manual (page 175-RD) 

maximum r o o t i n g  dep th  i s  n o t  r e a d  by computer; 

i n s t e a d  914 mrn (36 i n c h e s )  i s  used (see s t a t e -  

ment POROS = POROS.914 i n  program).  

A v a i l a b l e  s o i l  w a t e r  s t o r a g e f o r  p l a n t s  f o r  e ach  

o f  t h e  7  s o i l  s t o r a g e s  i n . .  I n  t h e  Manual 

it i s  d e s c r i b e d  a s  1/36, 5/36, 1/6, 1/6, 

1/6, 1/6, 1/6 o f  r o o t i n g  dep th  (RD) . 
I n  t h e  program i t  i s  t a k e n  a s  ki = 1  i n c h ,  

5  i n c h e s ,  6 ,  6 ,  6 ,  6  i n c h e s ,  t h e r e f o r e  

RD = 1+5+5.6 = 36 i nches .  I t  i s  neces sa ry  

t o  compute t h e s e  v a l u e s  from p o r o s i t y  of  

t h e  l a y e r s  Pi and t h e i r  w i l t i n g  p o i n t  

mo i s tu r e  c o n t e n t  Bi t  i . e .  

I f  t h e  maximum r o o t i n g  dep th  i s  s u b s t a n t i a l l y  

s m a l l e r  than  36 i n c h e s ,  t h e  v a l u e s  o f  t h e  

lower  l a y e r  chosen c o u l d  be  ve ry  s m a l l .  

I n  t h i s  way it i s  p o s s i b l e  t o  t a k e  i n t o  

accoun t  t h e  d i f f e r e n c e  between t h e  manual 

and t h e  program. For  example, f o r  20 i n c h e s ,  

t h e  fo l l owing  v a l u e s  can be  chosen:  



Card 6 
(Option 

2  

Depth of  s u r f a c e  s o i l  l a y e r  ( i n .  ) 

The s o i l  c o n d i t i o n s  i n  t h e  s u r f a c e  l a y e r  

a r e  d i f f e r e n t  due t o  a g r i c u l t u r a l  t ech-  

n iques  ( t i l l a g e ,  e tc . ,  ) from t h a t  o f  

t h e  o t h e r  l a y e r s ,  p o r o s i t y  e s p e c i a l l y  

is d i f f e r e n t .  The re fo re  t h i s  v a l u e  i s  

de f ined  a s  t h e  l a y e r s  w i t h  g r e a t e r  

p o r o s i t y .  Usua l ly  

D S =  2  - 4 ( i n . )  . 
Depth o f  maximum r o o t  growth l a y e r  ( i n .  1 . 
This  va lue  i s  g iven  by c rops  p l a n t e d  

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

C e n t r a l  Europe, t h e  fo l l owing  v a l u e s  

can  be  used ( i n .  : 

Crop DP _ Crop DP 

sma l l  g r a i n  20-30 row c rops  20-30 

a l f a l f a  25-40 hops 30-50 

E f f e c t i v e  c a p i l l a r y  t e n s i o n  o f  s o i l  ( i n . ) .  

When i n f i l t r a t i o n  beg in s  t h e  s a t u r a t e d  

zone i s  l i m i t e d  t o  t h e  dep th  Lf (we t t i ng  

dep th)  between t h i s  zone and t h e  d r y  

s o i l .  C a p i l l a r y  t e n s i o n  GA = Hf  t a k e s  

p l a c e  and Darcy ' s  law can be  w r i t t e n  

where v  i s  t h e  r a t e  o f  movement ( i n f i l -  

t r a t i o n  r a t e )  , 

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

ho - i s  t h e  ponding dep th .  



RMN 

SLOPE 

XLP 

The va lue  o f  GA depends mainly on s o i l  

t e x t u r e  and s t r u c t u r e ,  approximate v a l u e s  

a r e  : 

S o i l  GA 

sand 3-11 

loam 7- 17 

c l a y  12-22 

Manning's roughness c o e f f i c i e n t  f o r  

f i e l d  s u r f a c e .  This  v a l u e  h a s  t o  c o r r e -  

pond t o  t h e  e ros ion / sed iment  submodel 

(see NBARCH) . The va lue  f o r  l i n e d  

channe l s  i s  0.01-0.02, f o r  e a r t h  channe l s  

0.025-0.045, f o r  v e g e t a t i o n  cover  it may 

be  exp re s sed  a s  a  f u n c t i o n  o f  t h e  p roduc t  

o f  v e l o c i t y  - v  and h y d r a u l i c  r a d i u s  - R 

and changes from 0.04 t o  0.20 approx.  

( f o r  f u r t h e r  i n fo rma t ion  see S o i l  and 

Water Conservat ion Engineer ing ,  John 

Wiley, London, 1966, Chapter  2 ) .  

Average f i e l d  s l o p e .  I t  i s  measured 

i n  t h e  f i e l d  o r  on t h e  map. Th is  

va lue  h a s  t o  cor respond  t o  t h e  e r o s i o n /  

sediment  f i l e  (AVGSLP) . 
Slope l e n g t h  ( f t . ) .  I t  i s  measured i n  

t h e  f i e l d  o r  on t h e  map. Th is  va lue  

ha s  t o  cor respond  t o  t h e  e ros ion / sed iment  

f i l e  (SLNGTH) . 



Cards 8,9 TEMP 
(Option 1 ) 

Cards 7 ,8  
(Option 2 )  

Cards 10,11 RADI 
(Option 1 )  

Cards, 9,10 
(Option 2 )  

The measurements o f  c l i m a t i c  s t a t i o n ,  

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

a r e  used. 

Average monthly n e t  r a d i a t i o n  (Langleys/ 

day = cal/cm2/day). The measurements 

o f  r a d i a t i o n  of  a c l i m a t i c  s t a t i o n  

r e p r e s e n t a t i v e  f o r  t h e  r e s e a r c h  a r e a  

a r e  t h e  b e s t  va lues .  However, t h e s e  

va lues  a r e  n o t  measured i n  many 

s t a t i o n s .  Then they  can be approximated 

by Penman's formula: 

RADI = Ra(0.18 + 0.55 n/N) 

where Ra i s  t h e  maximum s o l a r  r a d i a t i o n  

2 
(cal/cm , 

n = d u r a t i o n  o f  b r i g h t  sunshine (hours /day) ,  

N = maximum p o s s i b l e  d u r a t i o n  o f  b r i g h t  

sunshine (hours/day) , 

(Ra ,N  s ee  WIvlO hydro log ica l  guidebook, 

Annex) . When Ra i s  expressed i n  mm, 

m then  R: ( ~ a n g l e y s / d a y )  ' = Ra (mm/day) 5 8.3. 

For t h e  50° North l a t i t u d e  t h e  fo l lowing  

d a t a  a r e  va l id :  

Month J F M A M J 

R 
a 220 352 537 749 909 985 

N 8.6 1 0 . 0  11.9 13.3 15.9 15.7 

Month J A S 0 N D 

Ra 950 820 620 419 260 186 

N 15.8 14.4 12.2 10.7 9.0 8.1 



Card 12 AREA 
(Option 

2 

Card 13 NEWT 
(Option 2) 

For t y p i c a l  l e a f  a r e a  index  s e e  manual, 

page 183, t a b l e  11-8. 

- 1 - s t o p  hydrology subprogram execut ion  

( i n  t h e  manual t h e r e  i s  only t h i s  - s ign ;  

it i s  no t  p o s s i b l e  t o  use  on ly  t h i s  s i g n ,  

b u t  each nega t ive  i n t e g e r  va lue  i s  accept-  

a b l e )  . 



APPENDIX 2 : PARAMETER FILE FOR EROSION/SEDIMENT 
YIELD SUBMODEL 

Card 4 .  BDATE 

Card 5. KINVIS 

I f  BDATE = 0,  t h e  submodel i s  used f o r  

s i m u l a t i o n  of i n d i v i d u a l  s to rms  ( J u l i a n  

d a t e ) .  

2 Kinematic v i s c o s i t y  ( f t  /sec).  The 

model d e f a u l t s  t o  a  k inema t i c  v i s c o s i t y  

2  1.21 x lo-' f t  /sect t h e  v a l u e  f o r  a  

t empera tu re  o f  60° F  (= 15, C )  . The 

v a l u e  o f  KINVIS i s  assumed t o  b e  c o n s t a n t  

d u r i n g  t h e  s i m u l a t i o n  p e r i o d .  The 

d e f a u l t  v a l u e  was chosen assuming t h a t  

most e r o s i v e  s to rms  occu r  i n  A p r i l  and 

May. The v a l u e  shou ld  b e  s e l e c t e d  

acco rd ing  t o  t h e  t empe ra tu r e  when most 

e r o s i v e  s to rms  occu r  (see fo l l owing  

Tab le )  : 



Temperature Kinematic V i s c o s i t y  

WTDSOI 
3 Weight d e n s i t y  o f  s o i l  ( l b s / f t  ) .  T h i s  

i n p u t  i s  f o r  t h e  we igh t  d e n s i t y  o f  t h e  

s o i l  mass i n  a r e a s  o f  f low concen t ra -  

3  
t i o n s .  The d e f a u l t  v a l u e  i s  96 l b s / f t  . 
The recommended v a l u e s  o f  WTDSOI f o r  

d i f f e r e n t  c o n d i t i o n s  a r e  g iven  i n  t h e  

CREAMS Manual - Table  11-18, page 224. 

S o i l  e r o d i b i l i t y  f o r  e r o s i o n  by concen- 

2 1 - 0 3 )  t r a t e d  f low ( l b s / f t 2  sec) ( l / l b s / f t  ) 

The d e f a u l t  va lue  i s  0.135. Th i s  va lue  

was o b t a i n e d  du r ing  exper iments  i n  a  r i l l  

e r o s i o n  s t udy  on t i l l e d  s i l t  loam s o i l s .  

The d e f a u l t  v a l u e  i s  recommended f o r  most 

a p p l i c a t i o n s .  I f  t h e  KR f a c t o r  i s  v a r i e d ,  

t h e  KR va lue  i s  o b t a i n e d  from t h e  f i r s t  

approximat ion o f  K from t h e  s o i l  e r o d i b i l i t y  

nomograph o f  Wischmeier e t  a l .  (see 

CREAMS Manual ' -  F i g u r e  11-22, page 232) 

m u l t i p l i e d  by 0.39. 



C a r d  6 

NBARCH 

YALCON 

SOLCLY 

SOLSLT 

SOLSND 

SOLORG 

SSCLY 

SSSLT 

SSSND 

SSORG 

M a n n i n g ' s  - n  f o r  c h a n n e l  f l o w  over bare 

s o i l .  T h e  d e f a u l t  v a l u e  i s  0 . 0 3  w h i c h  

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

T h i s  n  - r e p r e s e n t s  t h e  r o u g h n e s s  of 

f l o w  over a r e l a t i v e l y  s m o o t h  s u r f a c e .  

see p a g e  211  a n d  2 2 4  i n  m a n u a l .  

C l a y  par t icles  are < 0 . 0 0 2  m. Range  

of v a l u e s  c a n  be 0 .0-  1 . 0 .  

S i l t  par t ic les  are 0 . 0 0 2  - 0 . 1  m. 

R a n g e  of v a l u e s  c a n  be 0 . 0  - 1 . 0 .  

S a n d  par t ic les  are 0 . 1  - 2 . 0  mrn. R a n g e  

of v a l u e s  c a n  be 0 . 0  - 1 . 0 .  

R a n g e  of v a l u e s  fo r  m i n e r a l  s o i l s  

Specif ic s u r f a c e  area of c l a y  par t ic les  

2  ( m  / g r a m  of s o i l ) .  

C a o l i n i t e  - r a n g e  of v a l u e s  i s  5 .0  - 
2  1 5 . 0  m / g  of s o i l ,  

M o n t m o r i l l o n i t e  - r a n g e  of v a l u e s  i s  

of s o i l ,  

I l l i t e  - r a n g e  of v a l u e s  i s  5 0 . 0  - 9 0 . 0  

2  m / g  of s o i l ,  

V e r m i c u l i t e  - r a n g e  of v a l u e s  i s  1 9 0 . 0  - 
290  . O  m2/g of s o i l ,  

2  R a n g e  of v a l u e s  i s  1  . 0  - 1 0 . 0  m / g  of 

s o i l .  

Z R a n g e  of v a l u e s  i s  < 0 . 1  m / g  of s o i l .  

Range  o f  v a l u e s  i s  3 0 0 . 0  - 1 3 0 0 . 0  mL/g 

of o r g a n i c  c a r b o n .  



Card 7. 

Card 8. 

NPART 

FRCLY 

FRSLT 

FRSND 

FRORG 

The number of  p a r t i c l e  t ypes  i n  sediment .  

This ca rd  i s  used i f  t h e  composit ion of  

sediment i s  a v a i l a b l e .  I n  t h i s  ca se  

t h e  FLGPRT = 1 (Card 4 )  . Range of va lues  

i s  1 - 20 ( t h e  model assumed maximum 

20 types  of  sediment p a r t i c l e s ) .  

Range of  va lues  i s  0.0 - 1 . O .  

The range o f  va lues  i s  0.0 - 1 . O .  

The range of  va lues  i s  0.0 - 1.0. 

The range of  va lues  i s  0.0 - 0.05. 

Card 8 i s  r epea t ed  f o r  each  p a r t i c l e  type  

(NPART, Card 7)  . The sum of  t h e  f r a c t i o n s  

f o r  c l a y ,  s i l t  and sand should equa l  1.0, 

w i th  t h e  o rgan ic  m a t t e r  be ing  a  f r a c t i o n  

of t h e  t o t a l  o r g a n i c  m a t t e r  and s o i l  

p a r t i c l e s .  Use r e s u l t s  o f  sediment 

t e s t s  t o  e s t i m a t e  i n p u t  va lues  f o r  Card 8.  

I n i t i a l  Overland Flow I n p u t s  

Card 9 .  For e s t i m a t i o n  of s l o p e  l e n g t h  and 

average s lope  g r a d i e n t  of  r e p r e s e n t a t i v e  

over land  flow p r o f i l e  f o r  a  complex a r e a  

t h e  method by Will iams and Berndt i s  

recommended ( s e e  CREAMS Manual, pp. 228-230). 

D i f f e r e n t  shapes of  s l o p e s  assumed by t h e  

submodel a r e  given i n  F igu re  11-21, 

pg. 230 of  t h e  manual. Use map and s i t e  

v i s i t  t o  e s t i m a t e  va lues  f o r  Card 9 .  



Card 11  X K I N  ( I )  R e l a t i v e  h o r i z o n t a l  d i s t a n c e  from t h e  t o p  

of t h e  s l o p e  t o  t h e  bottom of segment I 

( X K I N ( I ) )  i s  t h e  r a t i o  of t h e  h o r i z o n t a l  

d i s t a n c e  from t h e  t o p  of t h e  s l o p e  t o  

t h e  end of segment I t o  t h e  h o r i z o n t a l  

l eng th  of  t h e  s l o p e ) .  The range of  

t h e  va lues  i s  0.0 - 1.0. 

Values of K I N  (I)  a r e  e s t ima ted  from t h e  

nomograph by Wischmeier (see CREAMS 

Manual, F igure  11-22, page 232) .  For 

e s t i m a t i o n  of f a c t o r  K I N ( 1 )  it is  neces- 

s a r y  t o  know 

- t h e  percen tage  f r a c t i o n  o f  sand 

p a r t i c l e s  (0.1-2.0 mm) , 

- percen tage  f r a c t i o n  o f  s i l t  and f i n e  

sand (0.002-0.01 m m ) ,  

- f r a c t i o n  of o rgan ic  m a t t e r  ( X )  , 

- type  o f  s o i l  s t r u c t u r e ,  

- c h a r a c t e r i s t i c  o f  s o i l  pe rmeab i l i t y .  

These va lues  can be ob ta ined  from s o i l  

t e s t s .  The range of  va lues  o f  K I N ( 1 )  

i s  0.1-0.8. 

I n i t i a l  Channel Inpu t s  

Card 12. FLAGS Flag  t h a t  c h a r a c t e r i z e s  t ype  of  flow 

i n  channel .  

1  f o r  program t o  use  curves  f o r  s l o p e s  

of energy g r a d e l i n e  ( f r i c t i o n  s l o p e ) .  



Card 13. SIDSLP 

0 UTMAN 

RA 

I t  i s  used f o r  c o n d i t i o n s  o f  non-uniform 

f low and back-water  e f f e c t  i n  channe l  

2 f o r  program t o  assume f r i c t i o n  s l o p e  

e q u a l s  channe l  s l o p e .  I t  i s  used f o r  

c o n d i t i o n s  o f  un i fo rm f l o w ,  s u p e r c r i t i c a l  

f low a l o n g  t h e  c h a n n e l  and a t  t h e  o u t l e t ,  

c h a n n e l s  w i t h  v e r y  f l a t  g r a d i e n t  - 
0.001 - 0.005. 

S i d e  s l o p e  o f  a  c r o s s - s e c t i o n  o f  t h e  

o u t l e t  c o n t r o l  c h a n n e l  ( c o t g )  . The 

CREAMS manual recommends : 5 .0  f o r  

t e r r a c e  c h a n n e l s  and g r a s s  waterways,  

10.0 f o r  c o n c e n t r a t e d  f low i n  a r e a  

r e g u l a r l y  t i l l e d  b u t  s u s c e p t i b l e  t o  

major  e r o s i o n ,  

20.0 f o r  f low c o n c e n t r a t i o n s  c a u s e d  by 

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

For  r e c t a n g u l a r  c h a n n e l  o r  f o r  n a t u r a l  

e r o d e d  c h a n n e l s  t h e  s i d e  s l o p e  i s  

e s t i m a t e d  a c c o r d i n g  t o  t h e  shape  o f  t h e  

channe l .  

I n p u t  v a l u e s  from h y d r a u l i c  handbooks. 

C o e f f i c i e n t  i n  t h e  r a t i n g  c u r v e  e q u a t i o n .  

U s e  h y d r a u l i c  handbooks t o  e s t i m a t e  v a l u e s  

of  RA f o r  d i f f e r e n t  t y p e s  o f  o u t l e t s  

( w e i r ,  p i p e  o u t l e t ,  s p i l l w a y ) .  

Exponent i n  t h e  r a t i n g  c u r v e  e q u a t i o n .  

U s e  h y d r a u l i c  handbooks t o  e s t i m a t e  

v a l u e s  o f  RN f o r  d i f f e r e n t  t y p e s  o f  

o u t l e t s .  



RA and  RN must  b e  e s t i m a t e d  a c c o r d i n g  t o  u n i t s  

u s e d  i n  r a t i n g  c u r v e  e q u a t i o n  - see CONTL Card 12.  

Ca rd  14. LNGTH Channel  l e n g t h  ( f t  . . Channe l  l e n g t h  

i s  d i s t a n c e  be tween  t h e  o u t l e t  c h a n n e l  

and  t h e  p o i n t  when c o n c e n t r a t i o n  o f  f l o w  

b e g i n s .  

I n i t i a l  Pond I n p u t s  

Ca rd  16 .  CTL 

PAC 

Card  17. DATPO 

INTAKE 

C h a r a c t e r i z e s  t y p e  of o u t l e t  o f  

impoundment. 

C h a r a c t e r i z e s  method o f  c a l c u l a t i o n  f o r  

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

T o t a l  d r a i n a g e  a r e a  above  t h e  pond 

(acres) . G e n e r a l l y  it i s  assumed t h a t  

t h e  t o t a l  d r a i n a g e  area above  t h e  pond 

e q u a l s  t h e  w a t e r s h e d  area (DATPO = DATOV). 

S o i l  w a t e r  i n t a k e  r a te  w i t h i n  t h e  pond 

i n  . A t y p i c a l  v a l u e  fo r  a  s i l t  

l o a m  s o i l  w i t h  good i n t a k e  i s  0.4 i n / h r .  

U s e  s o i l  tes t  f o r  i n d i c a t i o n  o f  INTAKE 

w i t h  a d j u s t m e n t s  f o r  s e a l i n g  and  t i l l a g e  

w i t h i n  t h e  pond.  

C o e f f i c i e n t  f o r  pond s u r f a c e  a r e a  - d e p t h  

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

4500.0 - 9500.0;  t h e  v a l u e s  w e r e  

o b t a i n e d  e x p e r i m e n t a l l y  (see CREAMS 

Manual,  pg .  2 5 2 ) .  FS v a l u e  i s  p o s s i b l e  

t o  o b t a i n  f rom e q u a t i o n  



2 FS = ( ( f  + d ) / f )  / d . s ) ,  where f  = FRONT, 

d  = DRAW, s = SIDE; t h e  equa t ion  is  

v a l i d  f o r  B = 2 .  

Exponent f o r  pond s u r f a c e  a r e a  - depth  

r e l a t i o n s h i p .  The range o f  va lues  i s  

1.1 - 1.77, t h e s e  va lues  were ob ta ined  

exper imenta l ly  ( s e e  CREAMS manual, 

pg. 252).  

O r i f i c e  c o e f f i c i e n t .  

2 
C = 13 968 . d where d  = diameter  o f  

p ipe  o u t l e t  ( f t .  ) 

C = 3 600 . Q/Y ' 0 5  where Q i s  maximum 

3 d i scha rge  ( f t  / s ) ,  Y i s  dep th  o f  wa te r  

above t h e  o u t l e t  ( f t . ) .  

Updateable Overland Flow Inpu t s  

Card 20. X C I N  ( I )  The range of  va lues  i s  upto 1  . O .  

C I N  ( I )  Use s i t e  v i s i t  t o  e s t i m a t e  c rops  w i t h i n  

t h e  a r e a .  To e s t i m a t e  va lues  C I N  ( I)  use 

Tables 11-21! 1 1 - 2 2 ,  11-23, 1 1 - 2 4 ,  and 

Figure  11-23 i n  t h e  CREAMS manual. 

Card 2 1 .  X P I N  ( I)  

P I N  ( I )  

Card 2 2 .  XMIN (I)  

The range of  va lues  is  upto 1.0. 

Use s i t e  v i s i t  t o  e s t i m a t e  farming 

p r a c t i c e s  w i t h i n  t h e  a r ea .  Values f o r  

con tour ing  i s  assumed f o r  PIN(1) on ly .  

P I N ( 1 )  va lues  can be ob ta ined  from 

t a b l e  11-25 and f i g u r e  1 1 - 2 4  o f  t h e  

CREAMS Manual. 

The range of va lues  i s  upto 1.0. 



M I N  ( I )  

Card 24. 

Card 25. 

The range  o f  v a l u e s  i s  0.012 - 0.4. 

U s e  h y d r a u l i c  handbooks o r  CREAMS 

Manual (Tab le  11-26, page  248) t o  

e s t i m a t e  v a l u e s  o f  c o e f f i c i e n t  o f  rough- 

n e s s  f o r  t y p i c a l  s o i l  c o v e r s .  The 

v a l u e s  i n  Table  11-26 a r e  b a s e d  on 

n  = 0.1 f o r  o v e r l a n d  f low o v e r  b a r e  

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

v a l u e s  i n  Tab le  11-26 s h o u l d  b e  changed 

t o  m a i n t a i n  t h e  same r a t i o  o f  n  f o r  

c o v e r  t o  n  f o r  b a r e  s o i l .  

For  l i n e d  c h a n n e l s  and permanent  f low 

u s e  h y d r a u l i c  handbooks t o  e s t i m a t e  

c o e f f i c i e n t  o f  roughness .  For  concen- 

t r a t e d  f low i n  non-developed c h a n n e l s  

use  Tab le  11-20 o f  CREAMS manual t o  

e s t i m a t e  c o e f f i c i e n t  o f  roughness .  

U s e  CREAMS Manual (Tab le  11-29, 11-30, 

and F i g u r e  11-27) t o  e s t i m a t e  t h e  v a l u e s  

o f  c r i t i c a l  s h e a r  stress a s  a  f u n c t i o n  o f  

t i l l a g e  and c o n s o l i d a t i o n  f o r  modera te ly  

e r o d i b l e  s o i l s .  U s e  h y d r a u l i c  handbooks 

t o  e s t i m a t e  v a l u e s  o f  c r i t i c a l  s h e a r  

stress f o r  c o n c e n t r a t e d  f low i n  l i n e d  

c h a n n e l s .  



Card 26. 

Card 27. 

Card 28. 

U s e  CREAMS Manual (Table  11-30) t o  

e s t i m a t e  v a l u e s  o f -  TCV (I)  . I f  v a l u e  

o f  T C V ( 1 )  i s  lower  t h a n  T C R ( 1 )  t h e  cove r  

o r  channe l  l i n i n g  f a i l  and a channel  i s  

s o l v e d  a s  a non-cover. I n p u t  TCV ( I ) 

= 100.0 i f  cove r  f a i l u r e  i s  n o t  a l lowed.  

The non-e rod ib le  l a y e r  i s  f r e q u e n t l y  a t  

t h e  bottom of t h e  s u r f a c e  l a y e r  o f  

secondary  t i l l a g e  which t y p i c a l l y  i s  

0.3 t o  0.4 f t .  (9-12 c m )  deep.  I n  a 

n a t u r a l  channe l  a rock  l a y e r  o r  a n  

armor l a y e r  a c t  a s  a non-e rod ib le  l a y e r ,  

i f  t h e  e f f e c t  of  t h e  non-e rod ib le  l a y e r  

i s  t o  b e  n e g l e c t e d  i n p u t  o f  a l a r g e  va lue  

f o r  T D N ( I ) ,  e .g .  1000.0. 

U s e  CREAMS Manual (F igu re  11-28) and 

n o t e s  f o r  Card 27 t o  e s t i m a t e  v a l u e s  

f o r  TDS (I)  . 



APPENDIX 3. THE CHEMISTRY MODEL INPUT PARAMETER 
FILE (Manual pp.  313-318) 

Card 5. SOLPOR S o i l  p o r o s i t y  CC/CC - f r a c t i o n  of  t h e  

s o i l  t h a t  can be f i l l e d  w i th  wate r  o r  

a i r .  The va lue  of it can be c a l c u l a t e d  

from t h e  bulk d e n s i t y  of  s o i l  (BD) and 

s o l i d  d e n s i t y  (SD) : 

SOLPOR = 1 - (BD/SD) 

Range of  values:  0.26-0.8 f o r  minera l  s o i l ,  

0.4-0.5 f o r  loamy s o i l s ,  

l e s s  than  0 .3  f o r  g l ey  s o i l .  

Th is  va lue  must be t h e  same a s  POROS 

i n  t h e  hydrology subnodel.  

F i e l d  capac i ty  CC/CC - f r a c t i o n  o f  t h e  

s o i l  volume f i l l e d  w i th  wa te r  a f t e r  a  

d a y ' s  d ra inage  o r  i n  e q u i l i b r i u m  w i t h  

t e n s i o n s  of 0.1-0.3 ba r .  

Range of va lues :  0 .2 -0 .4 .  



S o i l s  

Organic  Ma t t e r  ($1 - 

OM i s  t h e  pe rben tage  o f  t h e  s o i l  t h a t  

i s  composed o f  b i o l o g i c a l  r e s i d u e s .  

OM = 1.724 X t o t a l  o r g a n i c  carbon.  

The v a l u e  f o r  OM must n o t  be  t h e  same 

a s  used f o r  SOLORG i n  t h e  e r o s i o n  model, 

s i n c e  OM i s  t h e  ave r age  i n  t h e  r o o t  

zone. 

(OM 1/2 SOLORG 100) 

Range o f  va lue s :  

Sandy s o i l  $ OM i n  
s i l t y  & 
c l a y  loam 

Without OM 0  0  

With low c o n t e n t  o f  OM 0.1 0.2 

With normal c o n t e n t  o f  OM 0.1-0.2 0.2-0.5 

With h i g h  c o n t e n t  o f  OM 0.2 0.5 

u n i t s :  $ o f  s o i l  mass 

Card 7. PDATE The program does n o t  r e a d  i n  t h e  v a l u e  

f o r  PDATE. PDATE i s  on ly  used as an  

a i d  i n  p u t t i n g  t o g e t h e r  t h e  d a t a  f i l e .  

Card 7  shou ld  always be  t h e  f i r s t  c a r d  

Card 10. APRATE 

i n  a new se t  o f  upda t eab l e  pa r ame te r s .  

Rate o f  a p p l i c a t i o n  (kg/ha)  

Range o f  va lue s :  h e r b i c i d e s  1-5 kg/ha, 

i n s e c t i c i d e s  10-20 kg/ha. 

More i n fo rma t ion :  CREAMS Table  11-40! 

p .  311, Handbook of  P e s t i c i d e s .  

Norms o f  each coun t ry .  



DEPINC 

EFFINC 

More i n fo rma t ion :  CREAMS, p .  321, 

Norms o f  each  coun t ry .  

E f f i c i e n c y  o f  i n c o r p o r a t i o n  ( u n i t l e s s )  . 
The e f f i c i e n c y  f a c t o r  e x p r e s s  uniform 

mixing o f  a p p l i e d  p e s t i c i d e  th roughout  

t h e  e n t i r e  dep th .  

Range o f  va lue s :  s i n c e  t h i s  t y p e  o f  

i n fo rma t ion  i s  u s u a l l y  u n a v a i l a b l e ,  

v a l u e  1 would b e  t h e  i n p u t  w i t h  t h e  

assumpt ion o f  un i fo rm mixing.  

For  i n j e c t e d  p e s t i c i d e ,  a  v a l u e  less 

than  1 (0.5-1 ) may b e  t h e  i n p u t .  

FOLFRC When c r o p s  a r e  t r e a t e d  w i t h  p e s t i c i d e s  
(SOLFRC ) 

a p p l i e d  t o  t h e  p l a n t  canopy, some 

a p p l i c a t i o n  depending on t h e  deg ree  o f  

canopy c l o s u r e  w i l l  r e ach  t h e  s u r f a c e  

of  t h e  s o i l  d i r e c t l y ,  some w i l l  remain 

on t h e  f o l i a g e  and t h e  res t  w i l l  b e  

l o s t  by d r i f t  and v o l a t i l i z a t i o n .  

Range o f  v a l u e s  a t  f u l l  canopy: 

FOLFRC - 0.4-0.6 f o r  aer ial  a p p l i c a t i o n ,  

- 0.7-0.8 f o r  ground a p p l i c a t i o n ,  

SOLFRC - n e g l i g i b l e ,  

LOSS by d r i f t  and v o l a t i l i z a t i o n  0.2-0.6, 

Bare s o i l  SOLFRC = 1,  

CREAMS, pp. 596-598, Tab le  1. 



FOLRES Amount of p e s t i c i d e  r e s i d u e  on t h e  
(SOLRES) 

f o l i a g e  ( s o i l )  p r i o r  t o  new a p p l i c a t i o n  

(pg/g) . An i n i t i a l  r e s i d u e  from t h e  

prev ious  a p p l i c a t i o n  i s  e s t ima ted  from 

equa t ion  d e s c r i b i n g  d i s s i p a t i o n  p e s t i c i d e s  

wi th  t ime (CREAMS, pp. 891-892, 560-585) 

- Cts - Co e  -kst ( s o i l  d i s s i p a t i o n )  

Ctf = Co* e  -0.693 t ( f o l i a g e  d i s s i p a t i o n )  . 
Cl/2 

The va lues  of k  t and C s 1/2 a r e  i n  CREAMS 

Tables 1 ,2 ,3  pp. 563-567 and Table 2, 

pp. 599-601, r e s p e c t i v e l y .  This  i n f o r -  

mation i s  a l s o  i n  t h e  Handbook of 

WSHFRC 

WSHTHR 

P e s t i c i d e s .  

There i s  l i t t l e  in format ion  on t h e  e x t e n t  

and p a t t e r n  o f  p e s t i c i d e  washoff from 

f o l i a g e .  Some informat ion  i s  given i n  

t h e  CREAMS Manual, Table 4 ,  p.  602. 

Range of va lues :  

o rganochlor ides  0.05-0.1 

o t h e r  p e s t i c i d e s  0.6-0.7. 

I n  t h e  model, an assumption i s  made t h a t  

once r a i n f a l l  exceeds a  t h r e s h o l d  va lue  

corresponding t o  t h e  amount t h a t  can 

be r e t a i n e d  a s  d r o p l e t s  on t h e  canopy, 

a  f r a c t i o n  p o t e n t i a l l y  d i s lodgeab le  i s  

removed dur ing  t h e  event .  This amount 

i s  then added t o  t h e  s o i l  p e s t i c i d e  

r e s i d u e  p r e s e n t  a t  t h e  t ime of t h e  even t .  



Card 11. SOLHZO 

HAFL I F  

EXTRCT 

DECAY 

Range o f  v a l u e s :  

The re  i s  v e r y  l i t t l e  i n f o r m a t i o n  g i v e n  

i n  t h e  CREAMS Manual, e x c e p t  T a b l e  4 ,  

p .  602. 

See  CREAMS, T a b l e  11-40, pp. 311-312, 

323. T h i s  i n f o r m a t i o n  i s  a l s o  i n  t h e  

Handbook o f  P e s t i c i d e s .  

see FOLRES 

Range o f  v a l u e s :  

CREAMS, T a b l e  2 ,  pp. 599-601, and a l s o  

i n  t h e  Handbook of P e s t i c i d e s .  

T h i s  p a r a m e t e r  d e s c r i b e s  t h e  e f f i c i e n c y  

o f  t h e  r u n o f f  stream i n  removing o r  

e x t r a c t i n g  p e s t i c i d e s .  

Range o f  v a l u e s :  0.05-0.20 

A v a l u e  o f  0.1 g i v e s  a n  a d e q u a t e  

p r e d i c t i o n  i n  most  s i t u a t i o n s .  

Decay c o n s t a n t  ks of p e s t i c i d e s  i n  

s o i l  ( u n i t l e s s )  , see SOLRES. 

Range o f  v a l u e s :  CREAMS, T a b l e s ,  1 , 2 , 3  

on  pp.  563-567.  his i n f o r m a t i o n  i s  

a l s o  i n  t h e  Handbook of  P e s t i c i d e s .  

D i s t r i b u t i o n  c o e f f i c i e n t  o f  p e s t i c i d e  

be tween s o i l  and w a t e r  ( u n i t l e s s ) .  

Value  o f  KD i s  s t r o n g l y  a f f e c t e d  by 

o r g a n i c  c a r b o n  i n  s o i l  and  s p e c i f i c  

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

t o  ENRICH i n  e r o s i o n  submode l ) .  

Range o f  v a l u e s :  CREAMS, T a b l e s  1-4, 

pp .  6111618 and  607-610. 



Card  12. OPT 

Card  13. SOLN 
( SOLP) 

SOILN 
(SOILPI 

EXKN 
(EXKP ) 

1 - f o r  n i t r o g e n  u p t a k e  t o  b e  s i m u l a t e d  

by  p l a n t  growth  and  n i t r o g e n  c o n t e n t .  

E q u a t i o n  f o r  s i m u l a t i o n ,  CREAMS, 

pp .  79-80 and  498-501. 

2  - n i t r o g e n  u p t a k e  i s  d e s c r i b e d  by 

normal  p r o b a b i l i t y  c u r v e .  E q u a t i o n  

f o r  s i m u l a t i o n ,  CREAMS, pp.  80 and  

501-503. 

S o l u b l e  n i t r o g e n  (phosphorus )  i n  1 c m  

o f  s o i l  s u r f a c e  l a y e r  ( k g / h a ) .  The 

i n i t i a l  v a l u e s  o f  t h e s e  p a r a m e t e r s  are 

b e s t  e s t i m a t e d  by  l a b o r a t o r y  tests, by 

d e t e r m i n i n g  t h e  e q u i l i b r i u m  n i t r a t e  a n d  

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

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

CREAMS, pp. 509-527, 534-541, 

Range o f  v a l u e s :  0.01-0.40. 

Ni t ra te  i n  r o o t  zone (kg /ha ) .  E s t i m a t e  

by r o u t i n e  l a b o r a t o r y  a n a l y s i s  o f  s o i l .  

D e f a u l t  v a l u e :  20.0 kg/ha.  

E s t i m a t e  by  r o u t i n e  l a b o r a t o r y  a n a l y s i s  

o f  s o i l .  Range o f  v a l u e s  f o r :  

n i t r o g e n  0.0005-0.003, 

phosphorus  0.0001-0.0013. 

E x t r a c t i o n  c o e f f i c i e n t  f o r  n i t r o g e n  and  

phosphorus  ( u n i t l e s s ) .  These  c o e f f i c i e n t s  

are  e s t i m a t e d  f rom l a b o r a t o r y  a n a l y s i s  

o f  e r o s i o n  s e d i m e n t s  f o r  s e v e r a l  s t o r m s  

f rom e q u a t i o n s  i n  CREAMS, pp. 296, 

509-529. Range o f  v a l u e s :  0.01-0.40. 



Card 1 4  

AN (AP ) 

POTM 

RZMAX 

Card 15 Y P  
(For Option 

1 )  

Enrichment c o e f f i c i e n t s  f o r  c a l c u l a t i n g  

t h e  degree of N and P enr ichment  i n  t h e  

sediments ( u n i t l e s s ) .  These must be  

c a l c u l a t e d  from measured va lues  of N 

and P i n  sediments by equa t ion ,  CREAMS, 

pg. 69. Defau l t  v a l u e : 7 . 4 .  

Enrichment exponent f o r  n i t r o g e n ,  f o r  

c a l c u l a t i n g  t h e  degree  of N enrichment 

i n  t h e  sediment ( u n i t l e s s )  . It  must be 

c a l c u l a t e d  from measured va lues  of  N i n  

sediments by equa t ion ,  CREAMS, p .  69. 

Defau l t  value:  -0.2. 

Must be  c a l c u l a t e d  from measured va lues  

of  P i n  sediments  by equa t ion  1-156, 

1-157, CREAMS, pp. 69, 486-491. 

Should be  measured by l a b o r a t o r y  tests 

and c a l c u l a t e d  from carbon o r  o rgan ic  

m a t t e r  c o n t e n t s ,  u s ing  Equation 1 ,  

CREAMS, p. 493 and Table 1 ,  p .  494. 

This  va lue  i s  b e s t  ob t a ined  from f i e l d  

obse rva t ion ,  because many f i e l d s  have 

cond i t i ons  t h a t  l i m i t  r o o t  growth below 

normal va lues  publ i shed  i n  l i t e r a t u r e  

o r  CREAMS, Tables  1 - 1 4 ,  p.  78. 

P o t e n t i a l  economic c rop  y i e l d  under 

i d e a l  cond i t i ons  (kg/ha) . These va lues  

a r e  publ i shed  i n  t h e  l i t e r a t u r e .  I n  CREAMS, 

they  a r e  i n  Tables  1 - 1 2 ,  p.  73 f o r  

i n d i v i d u a l  p l a n t s .  



PWU 

Card 15 DOM 
(For  Opt ion 

2 

Card 16 

Card 18. FA 

P o t e n t i a l  w a t e r  u s e  (mm) - see 

h y d r o l o g i c a l  submodel. 

The number o f  days a f t e r  emergence t h a t  

h a l f  t h e  n i t r o g e n  is  t aken  up and i s  

e q u i v a l e n t  t o  t h e  mean p r o b a b i l i t y  

d i s t r i b u t i o n .  See CREAMS, pp. 501-505. 

Th i s  va lue  e x p r e s s e s  t h e  number of  days  

r e q u i r e d  a f t e r  50% up take  t o  r e ach  84% 

up take  N. Values o f  DOM and SD f o r  

d i f f e r e n t  c rops  are i n  CREAMS, Tab le  5 ,  

p .  503. 

P o t e n t i a l  n i t r o g e n  uptake  by t h e  c r o p  

under i d e a l  c o n d i t i o n s  (kg /ha) .  These 

v a l u e s  are determined b e s t  from f i e l d  

s t u d i e s ,  b u t  t hey  a r e  a l s o  p u b l i s h e d  i n  

a g r i c u l t u r a l  l i t e r a t u r e .  

The c o e f f i c i e n t s  and exponents  r e l a t i n g  

t o  t h e  n i t r o g e n  c o n t e n t  o f  t h e  c r o p  t o  

i t s  s t a g e  o f  growth a r e  r e f l e c t e d  i n  

i t s  amount o f  d ry  m a t t e r .  

For  s e v e r a l  p l a n t s  t h e s e  c o e f f i c i e n t s  

a r e  t a b u l a t e d  i n  CREAMS Table  3, p.  500, 

where C1, C2, C3, C 4  cor respond  t o  b l ,  

b 2 ,  b3 ,  b 4 .  Equa t ions  f o r  s i m u l a t i n g  

a r e  i n  CREAMS, pp. 493-501. 

Su r f ace  f r a c t i o n  o f  a p p l i c a t i o n .  

A p p l i c a t i o n  f a c t o r  i s  t h e  r e c i p r o c a l  

of  t h e  dep th  o f  a p p l i c a t i o n .  Su r f ace  

a p p l i c a t i o n  i s  g iven  a  v a l u e  o f  1. 
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