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PREFACE 

I n t e r e s t  i n  t h e  e n v i r o n m e n t a l  p roblems c o n n e c t e d  w i t h  c r o p  
y i e l d s  c o n t i n u e s  t o  i n c r e a s e  a l l  o v e r  t h e  w o r l d .  From 1979-1981, 
t h e  work o f  t h e  Task "Env i ronmen ta l  Problems o f  A g r i c u l t u r e "  
f o c u s e d  on t h e  problems o f  s o i l  e r o s i o n  and  c h e m i c a l  p o l l u t i o n  
from a g r i c u l t u r a l  l a n d s .  The m a t h e m a t i c a l  tool  o f  i n v e s t i g a t i o n  
was t h e  CREAMS model ( a  f i e l d  l e v e l  model )  , d e v e l o p e d  by t h e  
US Depar tment  o f  A g r i c u l t u r e  and  r u n  o n  t h e  IIASA compute r .  

One o f  t h e  main a ims  o f  t h e  Task was t h e  deve lopmen t  o f  t h e  
methodology f o r  i n v e s t i g a t i o n s  o n  t h e  r e g i o n a l  l e v e l .  The Task 
F o r c e  Mee t ing  h e l d  a t  IIASA from J u n e  2 - 4 ,  1980 o n l y  r a i s e d  t h e  
q u e s t i o n :  "How c a n  f i e l d  l e v e l  r e s u l t s  b e  a g g r e g a t e d  f o r  a  l a r g e r  
s c a l e  l e v e l ? "  and  no  c l e a r - c u t  answers  emerged.  One p o s s i b i l i t y  
however would be t o  t r y  t o  u s e  t h e  f i e l d  l e v e l  model on a  h i g h e r  
l e v e l  by v e r i f y i n g  some c o e f f i c i e n t s  o f  t h e  model.  Such i n v e s t i g a -  
t i o n s  were made w i t h  t h e  CREAMS model f o r  t h e  w a t e r s h e d  l e v e l ,  
by a g r o u p  o f  s c i e n t i s t s  f rom t h e  T e c h n i c a l  U n i v e r s i t y  o f  P rague  
(CSSR) unde r  t h e  l e a d e r s h i p  o f  P r o f .  M .  Holy.  T h e i r  e f f o r t s  a r e  
summarized i n  t h i s  r e p o r t .  

V.  S v e t l o s a n o v  
Task L e a d e r  
Env i ronmen ta l  Problems 

o f  A g r i c u l t u r e  



This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 



ABSTRACT 

I n  t h e  p r o c e s s  o f  v e r i f y i n g  and v a l i d a t i n g  t h e  models 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  a t  IIASA, a  s t u d y  was 
made o f  t h e  S e d l i c k g  brook (Bohemia, Czechos lovak ia )  c a s e .  The 
CREAMS model, v e r i f i e d  a t  t h e   amk kin r e s e a r c h  a r e a  (Czechoslovakia)  
h a s  been used a s  t h e  mathemat ica l  i n s t r u m e n t .  

The v a l i d a t i o n  r e s u l t s  o f  t h e  CREAMS model f o r  t h e  boundary 
c o n d i t i o n s  between t h e  f i e l d  l e v e l  and t h e  wa te r shed  l e v e l  seem 
t o  show t h a t  under c e r t a i n  c o n d i t i o n s ,  it  can  be a p p l i e d  t o  sma l l  
wa te r sheds .  For  l a r g e  wa te r sheds ,  m o d i f i c a t i o n  o f  t h e  hydrology 
submodel i s  n e c e s s a r y  i n  o r d e r  t o  d e s c r i b e  t h e  comprehensive 
hyd ro l og i c  phenomena, p a r t i c u l a r l y ,  t h e  i n t e r f l o w  and some o f  
t h e  s u b s u r f a c e  f low.  



This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
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EROSION AND WATER QUALITY AS MODELED 
BY CREAMS: A Case  S tudy  o f  t h e  ~ e d l i c k $  Catchment  

M .  H o l j 7 ,  Z .  Handov6, Z .  K o s ,  J. ~ 6 z k a  a n d  K .  v r d n a  

1. INTRODUCTION 

Water  q u a l i t y  a n d  q u a n t i t y  a r e  o f  p r ime i m p o r t a n c e  where  

p u b l i c  w a t e r  s u p p l y  i s  c o n c e r n e d .  The q u a l i t y  o f  s u r f a c e  w a t e r  

becomes a n  i m p o r t a n t  p a r t  o f  t h e  w a t e r  management s y s t e m .  The 

q u a l i t y  o f  w a t e r  i n  an  a r e a  i s  t h r e a t e n e d  n o t  o n l y  by p o i n t  

s o u r c e  p o l l u t i o n  ( e . g . ,  w a s t e w a t e r  f rom i n d u s t r y  and  sewage 

s y s t e m s ) ,  b u t  a l s o  by  n o n p o i n t  s o u r c e s  o f  p o l l u t i o n .  

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

by t h e  a p p l i c a t i o n  o f  c h e m i c a l s ,  i . e . ,  f e r t i l i z e r s  a n d  p e s t i c i d e s ,  

i n  o r d e r  t o  o b t a i n  and  s t a b i l i z e  h i g h  y i e l d s .  The c u r r e n t  method 

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

i n t o  s u r f a c e  a n d  s u b s u r f a c e  water. T h i s  p r o c e s s ,  t o g e t h e r  w i t h  

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

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

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

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

and  r e s u l t s  i n  e v e n  p o o r e r  w a t e r  q u a l i t y .  

These phenomena, t o g e t h e r  w i t h  t h e  h y d r o l o g i c  c o n d i t i o n s  

c o n n e c t e d  w i t h  t h e i r  o c c u r r e n c e  have  b e e n  i n v e s t i g a t e d  s i n c e  

1975  i n  t h e  c a t c h m e n t  o f  t h e  ~ e d l i c k ?  b r o o k  ( t h e  c a t c h m e n t  o f  

t h e  R i v e r  i e l i v k a  i n  c e n t r a l  Bohemia, C z e c h o s l o v a k i a ) .  The 



v 
~ e d l i c k ;  b rook  f l o w s  i n t o  t h e  Sv ihov  r e s e r v o i r  o n  t h e  R i v e r  

i e l i v k a  which  s u p p l i e s  p o t a b l e  w a t e r  t o  P r a g u e ,  t h e  c a p i t a l  o f  

C z e c h o s l o v a k i a .  

The p r o c e s s e s  a n d  phenomena which  i n f l u e n c e  w a t e r  p o l l u t i o n  

i n  t h e  g v i h o v  r e s e r v o i r  w e r e  i n v e s t i g a t e d  by means o f  s e v e r a l  

models  o f  s u r f a c e  and  s u b s u r f a c e  f l o w  and  models  of e r o s i o n  a n d  

c h e m i c a l  c h a n g e s .  From t h e s e ,  t h e  CREAMS model  ( K n i s e l ,  1980) 

seems t o  b e  t h e  most comprehens ive .  An a c c u m u l a t e d  set  o f  

measured  d a t a  was u s e d  a f t e r  some c o r r e c t i o n , a s  t h e  i n p u t  d a t a  

f o r  t h i s  model .  The CREAMS model was i n i t i a l l y  u s e d  t o  d e s c r i b e  

t h e  i n v e s t i g a t e d  phenomena and  it was t h e n  v a l i d a t e d .  The 

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

o u t  i n   amg gin ( ~ 0 1 ;  e t  a l . ,  1981)  w e r e  u s e d .  On t h e  b a s i s  o f  

compar i son  o f  t h e  r e s u l t s  a n d  t h e  v a l u e s  g a i n e d  by measurement ,  

a n d  a f t e r  some s m a l l  c o r r e c t i o n s  w e r e  made, t h e  model was a l s o  

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

p e r c o l a t i o n ,  a n d  t a k e - o f f  n i t r o g e n ,  p h o s p h o r u s ,  and  p e s t i c i d e s ,  

i n t o  t h e  s t r e a m s  w e r e  s u b s e q u e n t l y  i n v e s t i g a t e d .  The r e s u l t s  

o b t a i n e d  w e r e  q u i t e  p r o m i s i n g .  

The a r e a  i n v e s t i g a t e d  was u s e d  t o  judge  w h e t h e r  t h e  CREAMS model 

c o u l d  be u t i l i z e d  f o r  t h e  t r a n s i t i o n  from t h e  f i e l d  l e v e l  t o  t h e  

w a t e r s h e d  l e v e l .  I n  t h e  w a t e r s h e d ,  t h e r e  a r e  s e v e r a l  i n d i v i d u a l  

p a r t s  which have  d i s t i n c t i v e  c h a r a c t e r i s t i c s  s u c h  as t h e  c r o p s  

grown, t h e  g r a d i e n t  o f  s l o p e s ,  t h e  t e x t u r e  a n d  s t r u c t u r e  o f  

t h e  s o i l ,  which  t o  a n  e x t e n t  g i v e  it some homogenei ty .  However, 

when t h e  s y s t e m  i s  c o n s i d e r e d  a s  a  whole  i t  i s  h e t e r o g e n o u s .  

Fo r  d e t e r m i n i n g  t h e  i n p u t  v a l u e s  o f  t h e  model p a r a m e t e r s ,  o n e  

c h a r a c t e r i s t i c  i t e m  w a s  c h o s e n .  T h i s  i t e m  r e p r e s e n t e d  t h e  a v e r a g e  

c o n d i t i o n s  f o r  t h e  whole  a r e a .  

The a p p l i c a t i o n  o f  t h e  CREAMS model t o  t h e  i n v e s t i g a t e d  a r e a  

showed t h i s  model t o  b e  a d e q u a t e  f o r  t h e  t r a n s i t i o n  from t h e  f i e l d  

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

it would b e  n e c e s s a r y  t o  modi fy  t h e  model.  



2 .  THE EXPERIMENTAL CATCHMENT 

The e x p e r i m e n t a  1 s u b c a t c h m e n t s  o f  t h e  ~ e d l i c k ;  a r e a  w a t e r -  

shed  were used  f o r  c a l i b r a t i o n  o f  t h e  CREAMS model .  The e x p e r i -  

men ta l  s u b c a t c h m e n t s  w e r e  m o n i t o r e d  by t h e  I n s t i t u t e  f o r  S c i e n t i f i c  

Systems o f  A g r i c u l t u r a l  Management, and  o b s e r v a t i o n  d a t a  i s  a v a i l -  

a b l e  f o r  a  s i x - y e a r  p e r i o d  f o r  t h e s e  s u b c a t c h m e n t s .  The S e d l i c k 9  

brook r e s e r v o i r  t r i b u t a r y  which i s  c losest  t o  t h e  f i l t e r  t r e a t -  

ment s t a t i o n  and  t h e  q u a l i t y  o f  t h e  i n f l o w  w a t e r  c a n  i n f l u e n c e  

t h e  t e c h n o l o g y  o f  t h e  f i l t e r  t r e a t m e n t  p l a n t .  The c a t c h m e n t  a r e a  

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 ,  e x c e p t  f o r  t h e  p r o t e c t e d  b e l t  

s i t u a t e d  a round  t h e  Zvihov r e s e r v o i r .  The p o i n t - s o u r c e s  o f  

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

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

p a r t i c l e s  a n d  c h e m i c a l s )  is  assumed t o  b e  t h e  p r e v a i l i n g  s o u r c e  

o f  p o l l u t i o n .  

The s e d i m e n t a t i o n  r e s e r v o i r  i s  u n d e r  c o n s t r u c t i o n  a t  t h e  

l o w e s t  p a r t  o f  t h e  ~ e d l i c k ;  brook n e a r  ~Gmcice, so t h a t  it w i l l  

b e  p o s s i b l e  t o  e v a l u a t e  t h e  r e s e r v o i r ' s  t r a p p i n g  e f f i c i e n c y  i n  

t h e  n e a r  f u t u r e ,  by u s i n g  e x p e r i m e n t a l  d a t a .  

2.1 D e s c r i p t i o n  o f  t h e  E x p e r i m e n t a l  Zone 

The ~ e d l i c k $  b rook  c a t c h m e n t  a r e a  is s i t u a t e d  a t  t h e  e a s t e r n  

p a r t  o f  t h e  ~ e n e g o v  d i s t r i c t .  The s h a p e  o f  t h e  ca t chmen t  i s  

t r i a n g u l a r ,  w i t h  P r a v o n i n  i n  t h e  s o u t h w e s t ,  Ruzkovy L h o t i c e  i n  

t h e  s o u t h e a s t  and S e d l i c e  i n  t h e  n o r t h  (see F i g u r e  1 ) .  The 

morphology o f  t h e  w a t e r s h e d  i s  m o d e r a t e l y  u n d u l a t e d  w i t h  t h e  

h i g h e s t  p o i n t ,  ~ h o ?  (622 m above  s e a  l e v e l )  a n d  ~ i z b i c k ?  H i l l  

(600 m above  s e a  l e v e l )  i n  t h e  s o u t h e r n  p a r t  o f  t h e  c a t c h m e n t .  

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

i s  i n  t h e  r a n g e  o f  650-680 rnm, a n d  a v e r a g e  a n n u a l  t e m p e r a t u r e  i s  
4 

i n  t h e  r a n g e  o f  6.3-7.2O C.  The m e t e o r o l o g i c a l  s t a t i o n  i n  C e c h t i c e  

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

The h y d r o g r a p h i c  ne twork  i s  made up by t h e  S t r o j e t i c k y ,  

C e c h t i c k y ,  t h e  Mnichovicky ,  and  t h e  Lucn i  b r o o k s .  The a v e r a g e  
3 -1  - a n n u a l  d i s c h a r g e  o f  t h e  ~ e d l i c k $  brook i s  0 .51  m .s , Q l  - 

3  -1 3  -1 13.0 m .s , a n d Q 1 -  = 31.0 m .s (Q1 ,Q10  a r e  f l o o d s  r e c u r r e n t  i n  

1 and  10 y e a r s )  . 



Figure 1. The ~edlickq Brook Catchment 



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

c o v e r e d  by m o d e r a t e l y  d e e p  loamy s o i l s ,  m o s t l y  o f  brown e a r t h ,  

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

A g r i c u l t u r a l  l a n d  forms 67% o f  t h e  c a t c h m e n t  area,  w i t h  

f o r e s t  making up 27% and  t h e  res t  b e i n g  u r b a n  area,  w a t e r ,  e t c .  

F i e l d s  w i t h  a  1 t o  10 g r a d i e n t  make up 97% o f  t h e  a r a b l e  l a n d .  

The u rban  a r e a s  have  t h e  c h a r a c t e r  o f  a g r i c u l t u r a l  v i l l a g e s .  

The h i g h e s t  d e n s i t y  o f  p o p u l a t i o n  i s  i n  t h e  c i t y  o f  C e c h t i c e ,  

w i t h  110 i n h a b i t a n t s  p e r  km2, which i s  f o u r  t i m e s  more t h a n  t h e  

ca t chmen t  a v e r a g e .  Sewage from u rban  a r e a s  a n d  f a rms  a r e  n o t  

t r e a t e d  i n  t h i s  a r e a ,  t h e r e f o r e ,  t h e  sewage waters go d i r e c t l y  

i n t o  t h e  n a t u r a l  streams. 

2 . 2 .  Equipment i n  t h e  E x p e r i m e n t a l  A r e a  

I n  t h e  ~ e d l i c k c  brook c a t c h m e n t  a r e a  t h e r e  i s  a s y s t e m  o f  

13 o b s e r v a t i o n  s t a t i o n s  f o r  t h e  measurement o f  d i s c h a r g e  and  

water q u a l i t y  a n d  16 o b s e r l - a t i o n  p o i n t s  f o r  o b s e r v i n g  t h e  

q u a n t i t y  and  q u a l i t y  o f  d r a i n a g e  water. 

A t  t h e  S t r o j e t i c k y  brook t h e r e  are 3  gaug ing  s t a t i o n s ,  

namely,  I ,  I1 and 111. S i t e  No. I i s  e q u i p p e d  w i t h  a  Thomson 

measur ing  w e i r  and w a t e r  gauge .  The d r a i n a g e  a r e a  is  336 h a ,  f rom 

t h i s ,  154 h a . a r e  a g r i c u l t u r a l  l a n d .  S i t e s  No. I1 and  I11 a r e  

e q u i p p e d  w i t h  r e c o r d i n g  gauges  and  w a t e r  gauges .  The d r a i n a g e  

a r e a  f o r  s i t e  I11 i s  2563 h a ,  f rom t h i s ,  1621 h a . a r e  a g r i c u l t u r a l  

l a n d ;  s i t e  I11 h a s  3857 h a ,  o f  which 2500 h a - a r e  a g r i c u l t u r a l  

l a n d .  

A t  t h e  C e c h t i c k y  brook t h e r e  a r e  f o u r  s t a t i o n s  - C 1 ,  C 2 ,  

C3, and C 4 .  S i t e s  No. C1, C 2  and  C 4  a r e  e q u i p p e d  w i t h  r e c o r d i n g  

gauges  and water g a u g e s .  The d r a i n a y e  a r e a s  and  a g r i c u l t u r a l  

l a n d s  f o r  i n d i v i d u a l  s i tes  a r e :  C1 - 71 ha. a n d  16 h a ,  C 2  - 157 h a .  

and 73 h a ,  a n d  C 4  - 646 h a  and  482 h a ,  r e s p e c t i v e l y .  

S i t e  No. C3 i s  s i t u a t e d  below t h e  b i o l o g i c a l  pond n e a r  

C e c h t i c e ,  t h r o u g h  which  sewage from S e c h t i c e  f a rm g o e s  i n t o  t h e  

C e c h t i c k y  b rook .  The t r e a t m e n t  e f f i c i e n c y  o f  t h i s  pond i s  

n e g l i g i b l e .  S i t e  No. C3 i s  e q u i p p e d  w i t h  a  Thomson m e a s u r i n g  

w e i r  and  w a t e r  gauge .  



A t  t h e  Mnichovicky b rook  t h e r e  a r e  f o u r  w a t e r - s t a t e - g a u g i n g -  

s i t e s ,  namely ,  M I ,  M2, M3, a n d  M 4 .  A l l  s i t e s  a r e  e q u i p p e d  w i t h  

Thomson m e a s u r i n g  w e i r s  and  w a t e r  g a u g e s .  The d r a i n a g e  a r e a s  

a n d  a g r i c u l t u r a l  l a n d  o f  i n d i v i d u a l  s i t es  a r e :  MI - 29 and  23  h a ,  

M2 - 162 ha  and  88 h a ,  M3 - 255 h a  and  146 h a ,  M 4  - 476 h a  and  

296 h a . ,  r e s p e c t i v e l y .  

The o b s e r v a t i o n  p r o f i l e  I V  j u s t  below t h e  c o n f l u e n c e  o f  

C e c h t i c k y  and  S t r o j e t i c k y  b r o o k s  i s  c u r r e n t l y  u n d e r  c o n s t r u c t i o n .  

T h i s  p r o f i l e  w i l l  b e  w i t h i n  t h e  ne twork  o f  t h e  H y d r o m e t e o r o l o g i c a l  

I n s t i t u t e ;  a p a r t  f rom t h e  r e c o r d i n g  g a u g e s ,  it w i l l  b e  e q u i p p e d  

f o r  c o n t i n u o u s  o b s e r v a t i o n  o f  t h e  q u a l i t y  and  t u r b i d i t y  o f  w a t e r .  

2 .3  E x p e r i m e n t a l  Da ta  

I n  March 1975,  o b s e r v a t i o n s  began i n  t h e  S e d l i c k y  b rook  

c a t c h m e n t  a r e a .  A t  s i t es  n o t  e q u i p p e d  w i t h  r e c o r d i n g  g a u g e s ,  

s a m p l e s  o f  w a t e r  a r e  t a k e n  f o r  l a b o r a t o r y  a n a l y s i s ,  namely,  f o r  

d e t e r m i n a t i o n  o f  N O 2 ,  NO3, N H 4 ,  N, P ,  Ca, Mg, Na, K t  C1, S ,  pH 

a n d  l o s s  on h e a t i n g .  I n  t h e  p r o f i l e s  w i t h  i n f l o w  o f  sewage 

w a t e r ,  s a m p l e s  f o r  t h e  d e t e r m i n a t i o n  o f  BOD ( b i o l o g i c a l  oxygen 

demand) and  t h e  C o l i  i n d e x  h a v e  a l s o  b e e n  t a k e n  o n c e  a  week. 

2 .4  E x p e r i m e n t a l  Zone o f  t h e  C e c h t i c k y  
Brook Catchment  Area  

The o b s e r v a t i o n  d a t a  f rom t h e  c a t c h m e n t  be tween  o b s e r v a t i o n  

p r o f i l e s  C1 a n d  C2 have  b e e n  u s e d  f o r  t h e  f i r s t  s t a g e  o f  t h e  c a s e  

s t u d y .  The c a t e g o r i e s  o f  l a n d - u s e  a r e  g i v e n  i n  T a b l e  1 .  

Monthly p r e c i p i t a t i o n  (mrn) f o r  t h e  o b s e r v a t i o n  p e r i o d  are 

g i v e n  i n  T a b l e  2  a n d  month ly  a v e r a g e  t e m p e r a t u r e  ( O C )  i n  T a b l e  3 .  
3  Monthly r u n o f f  ( t h o u s a n d s  o f  m ) f rom t h e  i n t e r b a s i n  C2 - C 1  f o r  

t h e  o b s e r v a t i o n  p e r i o d  a r e  g i v e n  i n  T a b l e  4 .  

Crop r o t a t i o n  ( h a / p o r c s n t  o f  a r a b l e  l a n d )  i n  t h e  i n t e r b a s i n  

a r e a  C2 - C1 i s  g i v e n  i n  T a b l e  5 .  Crop y i e l d s  ( q / h a )  i n  t h e  i n t e r -  

b a s i n  a r e a  C2 - C1 f o r  t h e  o b s e r v a t i o n  p e r i o d  are g i v e n  i n  T a b l e  

6 .  Chemica l  f e r t i l i z e r  a p p l i c a t i o n  r a t e s  ( k g  o f  c h e m i c a l s / h a  

o f  a g r i c u l t u r a l  l a n d )  i n  C 2  - C 1  f o r  t h e  o b s e r v a t i o n  p e r i o d  

a r e  g i v e n  i n  T a b l e  7. Average  and  e x t r e m e  c o n c e n t r a t i o n s  o f  b a s i c  

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

g i v e n  i n  T a b l e s  8 ,  9 ,  a n d  10.  
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T a b l e  1. The C h a r a c t e r i s t i c s  o f  Land U s e  

Ca tchment  up t o  t h e  P r o f i l e  
C 1  C2 

Dra inage  a r e a  ( h a )  

A g r i c u l t u r a l  l a n d  ( h a )  

A g r i c u l t u r a l  l a n d  
( f r a c t i o n  o f  t h e  t o t a l  
d r a i n a g e  a r e a )  

A r a b l e  l a n d  ( h a )  

Meadow ( h a )  

F o r e s t  ( h a )  

Water  ( h a )  

Urban a r e a  ( h a )  

T a b l e  2 .  Monthly ? r e c i n i t z t i o n  (mm) 

1975  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  Average  

I 29 .8  

I1 18 .2  

I11 49.4  

IV 38.7 

V 86.6  

VI 148 .8  

VII 9 4 . 2  

VIII 1 1 9 . 1  

IX 7.9  

X 41.7 

XI 5 4 . 3  

XI1 30 .0  

T o t a l  7 1 8 . 7  6 3 2 . 1  852 .0  6 4 1 . 9  7 9 6 . 9  8 2 6 . 3  744 .2  

- 



T a b l e  3.  Monthly Average Tempera tu res  (OC) 

1 9 7 5  1976  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  Average 

VII 

VIII 

Average 7.9 7 .6  7 . 7  6 . 8  7.4 6.5 7 .3  
- -- - -- - - 

3 3  T a b l e  4.  Monthly Runoff ( 1 0  m ) 

1 9 7 5  1976  1 9 7 7  1978  1 9 7 9  1 9 8 0  Average 

VII 

VIII 

T o t a l  9 5 . 8 5  9 4 . 4 4  1 8 0 . 2 2  89 .09  1 7 8 . 0 1  1 9 4 . 3 3  147 .64  
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Table 5 .  Crop Rotation (ha/percent of a rab le  l and)  

Year Small Grain Root Crops Fodder Crops 

Table 6 .  Crop Yields (q/ha = 100 kg/ha) 

Year Small Grain Root Crops Fodder Crops 

* 
undried 



T a b l e  7 .  Chemical  F e r t i l i z e r  ~ p p l i c a t i o n  R a t e  ( kg/ha 

o f  A g r i c u l t u r a l  Land) 

Year N P K T o t a l  

19 75 1 1 2 . 8  41 .2  9 7 . 0  251 .0  

1 9 7 6  1 2 9 . 4  40 .1  5 0 . 2  219 .7  

1 9 7 7  1 1 8 . 2  32 .1  61 .5  2 1 1 . 8  

1 9 7 8  1 3 8 . 0  65 .2  55 .3  258 .5  

1979  1 4 3 . 1  26 .9  61 .7  231 .7  

1980  9 7 . 3  26.9 6 2 . 0  186 .2  

T a b l e  8 .  C o n c e n t r a t i o n  o f  P o t a s s i u m  (K) i n  t h e  C e c h t i c k y  

b rook  (ppm) 

Year P r o f i l e  C 1  P r o f i l e  C2 
max. min . B max m i  n  B 

Average 4.99 1 . 1 2  2 . 7 1  4 .37  0 . 9 0  2 . 5 2  



T a b l e  9 .  C o n c e n t r a t i o n  of  P h o s p h o r u s  ( H P O ~ )  i n  t h e  

C e c h t i c h y  B r o o k  (ppm) 

Year P r o f i l e  C1 P r o f i l e  C2 
max . min  . B max. m i n .  B 

A v e r a g e  0 . 0 9  0  0 . 0 2  0 . 1 5  0  0 . 0 3  

T a b l e  1 0 .  C o n c e n t r a t i o n  o f  N i t r o g e n  ( ~ 0 ~ )  i n  t h e  

C e c h t i c h y  B r o o k  (ppm) 

Year P r o f i l e  C1 P r o f i l e  C2 
max. m i n .  PI max. m i n .  B 

19 80 44 .54  2 3 . 6 7  37 .76  45 .69  2 4 . 7 9  36 .72  

A v e r a g e  5 0 . 1 7  2 0 . 5 5  3 5 . 4 3  6 0 . 2 6  23 .06  4 4 . 2 7  



N u t r i e n t  l o s s e s  ( k g )  and s p e c i f i c  n u t r i e n t  losses (kg/ha  

o f  a g r i c u l t u r a l  l a n d )  f rom c a t c h m e n t  C1 a n d  C2 d u r i n g  t h e  

o b s e r v a t i o n  p e r i o d  a r e  g i v e n  i n  T a b l e s  11 ,  12 ,  and  13.  

Consumption o f  n u t r i e n t s  u p t a k e  by c r o p s  (kg /ha  o f  a g r i c u l -  

t u r a l  l a n d )  i n  b a s i n s  C2 - C 1  d u r i n g  t h e  o b s e r v a t i o n  p e r i o d  i s  

g i v e n  i n  T a b l e  1 4 .  

T a b l e  11.  Loss  o f  N i t r o g e n  ( N )  (kg/ha o f  a g r i c u l t u r a l  l a n d )  

Year P r o f i l e  C1 P r o f i l e  C2 
iJur t  i e n t  S p e c i f i c  N u t r i e n t  S p e c i f i c  

Loss  Loss  L o s s  Loss  

Average 658 .3  41 .13  2418.3 33.10 
- -- 

T a b l e  12. Loss  o f  Phosphorus  (P )  (kg /ha  o f  a g r i c u l t u r a l  l a n d )  

Year P r o f i l e  C1 P r o f i l e  C2 
N u t r i e n t  S p e c i f i c  N u t r i e n t  S p e c i f i c  

Loss  Loss  Loss  Loss  

Average 1 .37  0 .087  5 .82  0 .077  



T a b l e  13 .  L o s s  o f  P o t a s s i u m  (K) (kg /ha  o f  a g r i c u l t u r a l  l a n d )  

Year P r o f i l e  C1 P r o f i l e  C2 
N u t r i e n t  S p e c i f i c  N u t r i e n t  S p e c i f i c  

L o s s  L o s s  L o s s  L o s s  

Average  210 .8  13 .17  578 .7  7 . 9 3  

T a b l e  14.  Consumpt ion  o f  N u t r i e n t s  Uptake  by C r o p s  

(kg /ha  o f  a g r i c u l t u r a l  l a n d )  

Year 

- -- 

K T o t a l  



3.  THE HYilROLOGY SUBlbl03ZL 

Both o p t i o n s  o f  t h e  hydro logy  submodel were a p p l i e d .  The 

f i r s t  o p t i o n  u s e s  t h e  d a i l y  v a l u e s  o f  p r e c i p i t a t i o n  ( O p t i o n  I ) ,  

t h e  second  o n e ,  t h e  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  d a t a  f o r  t h o s e  

d a y s  (Op t ion  2 ) .  The p r e c i p i t a t i o n  d a t a  were u s e d  from t h e  

C e c h t i c e  s t a t i o n  which i s  l o c a t e d  a p p r o x i m a t e l y  1  km away from 

t h e  a r e a  o f  i n v e s t i g a t i o n  a n d  t h e  Ovesna Lho ta  s t a t i o n  which  i s  

l o c a t e d  i n  t h e  same c a t c h m e n t  o f  t h e  Z e l i v k a  r i v e r  c i r c a  27 km 

away from t h e  a r e a  i n v e s t i g a t e d .  The y e a r  1977 was c h o s e n  a s  

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

and  e r o s i o n  and  c h e m i c a l  changes  were s i g n i f i c a n t l y  c a u s e d  by 

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

A t  t h e  C e c h t i c e  s t a t i o n ,  t h e r e  were d a i l y  v a l u e s  o f  p r e c i p i t a -  

t i o n .  The d u r a t i o n  o f  p r e c i p i t a t i o n  was s i m u l a t e d  f rom t h e  

Ovesna Lhota  s t a t i o n  by h y d r o l o g i c  ana logy .  T h i s  made p o s s i b l e  

t h e  a p p l i c a t i o n  o f  O p t i o n  2 and  v e r i f i c a t i o n  o f  t h e  h y d r o l o g i c  

submodel f o r  t h i s  o p t i o n  a s  w e l l .  I n  t h e  Samsin l o c a l i t y  o n l y  

Op t ion  1  w a s  v e r i f i e d  by Holy e t  a1. , ( 1981 . 
The r e s u l t s  o f  O p t i o n  2  were u s e d  f o r  t e s t i n g  a n d  c a l i b r a t i n g  

t h e  model and  f o r  compar i son  w i t h  t h e  r e s u l t s  o f  O p t i o n  1  o n l y .  

F o r  f u r t h e r  submodels ,  t h e  o u t p u t  o f  t h e  h y d r o l o g y  submodel i n  

O p t i o n  1 w a s  u sed  a s  it w a s  d e r i v e d - o n  t h e  b a s i s  o f  measured 

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

3.1 I n p u t  P a r a m e t e r s  

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

Samsin a r e a .  I n  t h e  a r e a  a r o u n d  t h e  S e d l i c k y  brook i n v e s t i g a t e d  

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

t h e y  were g a i n e d  by measurement ,were  used ,  a n d / o r  when t h e  cond i -  

t i o n  d i f f e r e d  from t h o s e  i n  t h e  Samsin a r e a .  I n  t h e s e  c o r r e c t i o n s ,  

t h e  r e l a t i o n s  o b t a i n e d  by t h e  c a l i b r a t i o n  p r o c e s s  were used .  F o r  a 

compar ison  o f  t h e  c a l i b r a t e d  v a l u e s  from t h e  Samsin l o c a l i t y  and  

t h e  p a r a m e t e r s  u sed  i n  t h i s  s t u d y ,  b o t h  a r e  l i s t e d  f o r  O p t i o n  1  

i n  t h e  f o l l o w i n g  t a b l e .  F o r  O p t i o n  2 ,  some a d d i t i o n a l  p a r a m e t e r s  

had  t o  be d e t e r m i n e d  and  t h e i r  c a l i b r a t i o n  was pe r fo rmed  i n  t h i s  

s t u d y .  These v a l u e s  are l i s t e d  i n  T a b l e  15 .  



T a b l e  15.  I n p u t  P a r a m e t e r s  (Hydro logy  Submodel )  

Symbol D e f i n i t i o n  D imens ion  V a l u e s  
S e d l i c e  Sams in  

DACTE F i e l d  area A c r e  178 .2  1 3 . 1  

RC S a t u r a t e d  h y d r a u l i c  
c o n d u c t i v i t y  i n / h r  0 .020  0 .028  

FUL F i e l d  c a p a c i t y / u p p e r  
l i m i t  o f  s t o r a g e  

BST I n i t i a l  f r a c t i o n  o f  
s o i l  water  s t o r a g e  

CONA S o i l  e v a p o r a t i o n  
p a r a m e t e r  

POROS S o i l  p o r o s i t y  0 .42  0 . 4 3  ................................................................. 
SIA C o e f f i c i e n t  0 . 2  0 . 2  

CN2 SCS Curve  number 79 .0  75.0 

CHS Main c h a n n e l  s l o p e  0 .044  0 .050 

LJL W W a t e r s h e d  l e n g t h /  
w i d t h  r a t i o  

DS Depth  o f  s u r f a c e  
s o i l  l a y e r  i n .  

DP ~4aximum r o o t i n g  d e p t h  i n .  

GA 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  i n  Green-  
Arnpt model  i n .  

Manning r o u g h n e s s  
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  

SLOPE Ave rage  f i e l d  s l o p e  

XLP S l o p e  l e n g t h  f t .  1967.0 - 

F u r t h e r  p a r a m e t e r s  t h a t  a re  u s e d  i n  O p t i o n  1  o n l y  a re  t h e  

v a l u e s  ULi f o r  s o i l  water s t o r a g e  a v a i l a b l e  t o  p l a n t s .  From 

t h e s e  s e v e n  v a l u e s ,  t h e  f i r s t  i s  f o r  t h e  1  i n c h  l a y e r ,  t h e  s e c o n d  

f o r  5 i n c h e s  a n d  t h e  n e x t  f i v e  f o r  l a y e r s  o f  6 i n c h e s  e a c h .  



T n e  f o l l o w i n g  v a l u e s  were used :  

T a b l e  1 6 .  S o i l  Water  S t o r a g e  

S e d l i c e  0 . 2 7  1 . 0 5  0 . 9 5  1 . 1 5  1 . 0 5  0 . 8 4  0 . 7 3  

Samsin 0 . 2 2  0 . 5 5  0 . 6 6  0 . 5 0  0 . 4 0  0 . 4 0  0 . 4 0  

The c h o i c e  o f  t h e  ULi v a l u e s  was t e s t e d  by c o m p u t a t i o n  o f  t h e  

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

where POROS i s  t h e  a v e r a g e  p o r o s i t y  and  B15 t h e  a v e r a g e  w i l t i n g  

p o i n t  i n  t h e  36 i n c h  l a y e r .  

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

i n  t h e  h y d r o l o g i c  submodel w e r e  t h e  f o l l o w i n g  (see T a b l e  1 7 ) :  

Tab le  1 7 .  Monthly Tempera tu re  and  R a d i a t i o n  

Nonth Tempera tu re  OF R a d i a t i o n  Langley/day  

I 

I1 

I11 

IV 

v 
VI 

VI I 

VIII 

IX 

X 

XI 

XI1 



I n  t h e  mode l ,  t h e  v a l u e s  o f  t e m p e r a t u r e  a n d  r a d i a t i o n  a r e  

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

v a l u e s ,  t h e r e f o r e ,  t h e  month ly  v a l u e s  p r i n t e d  on  t h e  o u t p u t  are 

m o d i f i e d  i n  t h i s  way. 

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

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

by c l o v e r  o n  a r a b l e  l a n d .  

3 .2  O u t p u t  a n d  R e s u l t s  

On t h e  b a s i s  o f  t h e  h y d r o l o g i c  submodel  r u n s  i n  O p t i o n  1  

t h e  r u n o f f  v a l u e  f o r  t h e  s i m u l a t e d  p e r i o d  w a s  3.09 i n c h e s .  A 

compar i son  w i t h  t h e  measu red  v a l u e  o f  t h e  s u r f a c e  r u n o f f  

(3 .90 i n c h e s ) ,  shows a r e l a t i v e l y  good a g r e e m e n t  of b o t h  v a l u e s .  

I n  t h i s  c o m p u t a t i o n  it was t a k e n  f o r  g r a n t e d  t h a t  t h e  h y d r o l o g i c  

submodel  i n  O p t i o n  1  c a l c u l a t e s  t h e  v a l u e s  o f  t h e  s u r f a c e  r u n o f f  

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

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

h y d r o l o g y  o f  s m a l l  c a t c h m e n t s .  The h y d r o l o g i c  submodel  d o e s  n o t  

t a k e  i n t o  a c c o u n t  t h e  s t o r a g e  o f  w a t e r  i n  t h e  whole  w a t e r s h e d  

and  d o e s  n o t  d e t e r m i n e  t h e  more p r o l o n g e d  r u n o f f  f rom g r o u n d w a t e r .  

The g r o u n d w a t e r  i n  t h i s  a r e a  d o e s  n o t  f a l l  t o  z e r o  e v e n  i n  a 

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

r e c e s s i o n  c u r v e .  T h e r e f o r e ,  t h e  measu red  t o t a l  f l o w  w a s  d i v i d e d  

i n t o  b a s e  f l o w  and  s u r f a c e  r u n o f f  and  t h e  v a l u e s  computed by  t h e  

h y d r o l o g i c  submodel  w e r e  compared w i t h  t h e  s u r f a c e  r u n o f f  as 

l i s t e d  i n  t h e  f o l l o w i n g  t a b l e  ( T a b l e  1 8 ) .  

The v a l u e s  o f  t h e  s u r f a c e  r u n o f f  modeled i n  O p t i o n  2  are 

c l o s e r  t o  t h e  measured  v a l u e s  i n  t h e  s p r i n g  p e r i o d  ( i n  O p t i o n  1 ,  

t h e r e  a r e  z e r o  v a l u e s ) .  T h e r e  i s  a d e v i a t i o n  i n  O p t i o n  1  c a u s e d  

by d i f f e r e n t  mode l ing  o f  t h e  r a i n  o n  3 1 s t  J u l y ,  f o r  t h e  rest o f  

t h e  y e a r  b o t h  o p t i o n s  g i v e  a p p r o x i m a t e l y  e q u a l  v a l u e s .  I n  

November and  December t h e  t o t a l  r u n o f f  i s  m a i n l y  due  t o  sub -  

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

submodel  a n d  t h i s  drawback o f  t h e  model c a u s e s  some d e v i a t i o n s  

i n  t h e  c h e m i c a l  submodel  i n  t h e  o v e r e s t i m a t i o n  o f  d e n i t r i f i c a t i o n ,  

as s t a t e d  l a t e r .  



T a b l e  18.  Runoff  V a l u e s  

- 

Mon ti1 T o t a l  measured  S u r f a c e  measured  Computed Computed 
r u n o f f  ( i n )  r u n o f f  ( i n )  r u n o f f  r u n o f f  

O p t i o n  1  O p t i o n  2  
( i n )  ( i n )  

I V  

v 
V I  

V I I  

V I I I  

I X  

X 

X I  

X I 1  

I n  1979,  t h e  r u n o f f  and  p r e c i p i t a t i o n  were measu red  by 

r e c o r d i n g  measurements  i n  t h e  s t a t i o n  C1 a n d  C2 o n  t h e  C e c h t i c k y  

b rook  i n  J u n e .  These  r e c o r d s  were u s e d  f o r  c a l i b r a t i o n  o f  t h e  

h y d r o l o g i c  submodel  ( O p t i o n  2 ) .  The r e s u l t s  o f  t h e  tes ts  showed 

t h a t  t h e  model i n  O p t i o n  2  i s  n o t  s e n s i t i v e  t o  t h e  c h o i c e  o f  

some p a r a m e t e r s  as i n  O p t i o n  1  ( e . g .  t h e  c h o i c e  o f  h y d r a u l i c  

c o n d u c t i v i t y ) .  The a v e r a g e  r u n o f f  computed by t h e  h y d r o l o g i c  

submodel  a g r e e d  w i t h  t h e  measured  o n e ;  b o t h  v a l u e s  were d e t e r m i n e d  

i n  i n c h e s  p e r  day .  I n  a  compar i son  of t h e  maximum v a l u e s ,  it 

was found  t h a t  f o r  t h e  a r e a  u n d e r  s t u d y ,  t h e  model s y s t e m a g i c a l l y  

o v e r e s t i m a t e d  t h e  maximum r u n o f f ,  a s  shown by t h e  two examples  

g i v e n  i n  t h e  f o l l o w i n g  T a b l e  ( T a b l e  1 9 ) .  

Accord ing  t o  t h e  f o l l o w i n g  c o m p u t a t i o n  i n  t h e  e r o s i o n  submodel  

where t h e  maximum v a l u e s  are u s e d  i n  t h e  t h i r d  r o o t ,  t h e  d e v i a t i o n s  

o f  t h e  maximum v a l u e s  are n o t  s i g n i f i c a n t  f o r  t h e  o u t p u t  of t h e  

CREAMS model .  



T a b l c  19 .  Compar i son  o f  Average  a n d  Maximum Runoff 
Measured and  Computed i n  O p t i o n  2 

Date Ave rage  r u n o f f  Yaximum r u n o f f  
i n c h / d a y  i n c h / h o u r  

measu red  c o m p a r i s o n  m e a s u r e d  c o m p a r i s o n  

7 J u n e  0 .19  0 .20  

28  J u n e  0 .36  0 .41  

3 . 3  Summary o f  Hydro logy  Submodel 

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

of t h e  S e d l i c k y  b r o o k  showed t h e  a d e q u a c y  o f  t h e  CREAMS model  

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

w a t e r s h e d  l e v e l .  D i f f e r e n c e s  e x i s t  i n  t h e  h y d r o l o g y  submodel ,  

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

i n  t h e  e r o s i o n  a n d  c h e m i c a l  submode l s .  T h e r e f o r e ,  t h e  CREAMS 

model  c o u l d  b e  v a l i d a t e d  f o r  t h e  s m a l l  c a t c h m e n t  area i n v e s t i g a t e d .  

I n  t h e  h y d r o l o g y  submode l ,  t w o  o p t i o n s  were t e s t e d  a n d  t h e  

b e t t e r  a d a p t a b i l i t y  o f  O p t i o n  2  w a s  shown. T h i s  r e s u l t  i s  i n  

a c c o r d a n c e  w i t h  t h e  p r e s u m p t i o n  t h a t  O p t i o n  2 r e q u i r e s  more 

i n p u t  i n f o r m a t i o n  a n d  t h e  model u s e d  i s  o r i e n t e d  more t o w a r d  t h e  

p h y s i c a l  r e l a t i o n s ,  t h e r e f o r e  it c a n  model r e a l i t y  b e t t e r .  

Both  o p t i o n s  h a v e  t h e i r  r e l a t i v e  a d v a n t a g e s  - O p t i o n  1  r e q u i r e s  

less d a t a ,  t h e r e f o r e ,  it i s  more u n i v e r s a l ;  O p t i o n  2  i s  more 

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

The o u t p u t  o f  t h e  h y d r o l o g y  submodel  seems t o  show t h a t  t h e  

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

o f  t h i s  submodel .  F o r  l a r g e r  a reas ,  t h e  f l o w  o f  g r o u n d w a t e r  h a s  

t o  b e  t a .ken  i n t o  a c c o u n t ' i n  t h e  h y d r o l o g i c  b a l a n c e  t o  e n a b l e  

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

b u t  a l s o  i n  r e l a t i v e l y  d r i e r  p e r i o d s .  



4 .  EROSION/SEDIf'IENT YIELD SUBMODEL 

The e r o s i o n / s e d i m e n t  y i e l d  submodel h a s  been  v a l i d a t e d  i n  

4  a l t e r n a t i v e s  f o r  t h i s  case s t u d y :  

A l t e r n a t i v e  1  - Over l and  f l o w  e l e m e n t  h a s  been  assumed 

c h a r a c t e r i s t i c  f o r  t h e  ca t chmen t  ( c h a r a c -  

t e r i s t i c  o v e r l a n d  f l o w  p r o f i l e  i s  formed 

by a r a b l e  l a n d  o n l y ) .  

A l t e r n a t i v e  2  - Over l and  f l o w  e l e m e n t  h a s  been  assumed 

c h a r a c t e r i s t i c  f o r  t h e  c a t c h m e n t  ( c h a r a c -  

t e r i s t i c  o v e r l a n d  f l o w  p r o f i l e  i s  formed 

by a r a b l e  l a n d  a n d  p e r e n n i a l  meadows 

s i t u a t e d  a l o n g  t h e  C e c h t i c k y  b r o o k )  . 
A l t e r n a t i v e  3 - O v e r l a n d  f l o w  e l e m e n t  ( A l t e r n a t i v e  No. 1 )  

a n d  c h a n n e l  e l e m e n t  formed by t h e  C e c h t i c k y  

b rook  which f l o w s  i n  t h e  c a t c h m e n t  v a l l e y .  

A l t e r n a t i v e  4 - O v e r l a n d  f l o w  e l e m e n t  ( A l t e r n a t i v e  N o .  2 )  

and  c h a n n e l  e l e m e n t  formed by t h e  C e c h t i c k y  

b r o o k .  

The i n f l u e n c e  o f  t h e  change  o f  p a r a m e t e r s  which c a n  b e  

upda ted  f o r  c r o p  s t a g e s  and  management p r a c t i c e s  ( e . g .  c r o p p i n g  

management f a c t o r  - CIN, c o n t o u r i n g  f a c t o r  - PIN, Manning ' s  

c o e f f i c i e n t  o f  r o u g h n e s s  - M I X )  h a s  been  t e s t e d  i n  a l l  a l t e r -  

n a t i v e s  a n d ,  f u r t h e r ,  t h e  i n f l u e n c e  o f  change  o f  c h a n n e l  l i n i n g  

( d e p t h  o f  n o n e r o d i b l e  l a y e r  - NDN and  NDS, c r i t i c a l  s h e a r  

stress - NCR, Manning ' s  r o u g h n e s s  f a c t o r  f o r  c h a n n e l  - N N )  h a s  

been  e v a l u a t e d  f o r  a l t e r n a t i v e s  3 and  4 .  

The m o s t  complex s i t u a t i o n  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 o f  t h e  CREAMS, e . g .  c o m b i n a t i o n  " o v e r l a n d  f l o w  

e l e m e n t  - c h a n n e l  e l e m e n t "  (FLGSEQ = 4)  and  t h e  i n f l u e n c e  

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

i n  a f u r t h e r  s t a g e  o f  t h e  c a s e  s t u d y  f o r  t h e  r e g i o n  o f  Zebrakovsky 

b rook .  



4 . 1  Input Data 

The input  da ta  f o r  running the  erosion/sedinent  y i e ld  submodel 

have been obtained from: 
- maps, 
- r e s u l t s  of s i t e  v i s i t s  and surveys,  

- s o i l  analyses ,  

- s e t s  of observed discharge da ta  i n  observat ion s i t e s  

C 1  and C 2 ,  and 
- a g r i c u l t u r a l  management da ta  (crops ,  crops s t age s ,  

management p r a c t i c e s ,  e t c . ) .  

For evaluat ing  the input  da t a ,  the  r e s u l t s  of v e r i f i c a t i o n  

of the  CREAMS model f o r  the Samsin a rea  (Holy e t  a l . ,  1981) have 

been considered by using the c a l i b r a t i o n  r e l a t i o n s .  

The following assumptions have been accepted fo r  the  

preparat ion of input  da ta :  
- t h e  experimental zone has been approximated by 

c h a r a c t e r i s t i c  overland flow p r o f i l e ;  
- the  shape and s lope  of the  c h a r a c t e r i s t i c  overland 

flow p r o f i l e  a r e  average f o r  the  catchment: 
- the  length of the  c h a r a c t e r i s t i c  overland flow 

p r o f i l e  i s  ha l f  of the  average catchment width ( t h e  

channel element - Cechticky brook - forms an a x i s  

of t h e  catchment) ;  
- s o i l  condi t ions  of c h a r a c t e r i s t i c  overland flow 

p r o f i l e  have been evaluated a s  average, from s o i l  

analyses of ten s o i l  p i t s  s c a t t e r e d  i n  t he  catchment 

area  ( t h e  experimental catchment i s  near ly  homogeneous 

i n  s o i l  cond i t i ons ) ;  
- arab le  land forms the  t o t a l  length of the c h a r a c t e r i s t i c  

overland flow p r o f i l e  ( a l t e r n a t i v e s  1 and 3 )  o r ,  

upper p a r t  of the  p r o f i l e  (95% of t h e  t o t a l  length)  

i s  a rab le  land and t h e  lower p a r t  of t he  p r o f i l e  

has perennia l  meadows (along the Cechticky brook);  
- the  crop p lanted  i n  the catchment i s  small  g ra in ;  

- crop s t age  f o r  the  small  gra in  has been divided i n t o  

f i v e  periods:  



P e r i o d  1  ( 1 . 4 - 1 . 5 ) :  S e e d i n g .  S e e d b e d  p r e p a r a t i o n  t o  

1  month a f t e r  s e e d i n g  ( C I N  = 0 . 6 5 ,  

M I N  = 0 . 0 1 4 ) .  

P e r i o d  2  ( 1 . 5 - 1 . 6 ) :  E s t a b l i s h m e n t .  Up t o  2  m o n t h s  a f t e r  

s p r i n g  s e e d i n g  ( C I N  = 0 . 4 0 ,  

M I N  = 0 . 0 1 8 ) .  

P e r i o d  3  : Growth a n d  m a t u r a t i o n  o f  c r o p s .  Up t o  

h a r v e s t  ( 1 . 6 - 1 5 . 8 )  ( C I N  = 0 . 0 6 ,  M I N  = 0 . 0 1 8 ) .  

P e r i o d  4  ( 1 5 . 8 - 1 . 1 0 ) :  S t ~ i k ) b l e  p e r i o d  ( C I N  = 0 . 2 5 ,  

M I N  = 0 . 0 2 3 ) .  

P e r i o d  5  ( 1 . 1 0 - 3 1 . 1 2 ) :  Autumn p l o w i n g ,  r o u g h  f a l l o w  

( C I N  = 0 . 6 0 ,  M I N  = 0 . 0 4 6 ) .  

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

c o v e r  a n d  management  p r a c t i c e s  ( s o i l  loss f a c t o r  C ,  M a n n i n g ' s  

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

The b o t t o m  a n d  s i d e s  o f  t h e  c h a n n e l  are l i n e d  w i t h  r u b b l e  

p a v i n g  f o r  t h e  t o t a l  l e n q t h  o f  t h e  c h a n n e l  e l e m e n t .  

A l i s t  o f  t h e  i n p u t  d a t a  f o r  a l l  t h e  a l t e r n a t i v e s  t e s t e d  i s  

g i v e n  i n  A p p e n d i x  A .  The i n p u t  d a t a  u s e d  f o r  v e r i f i c a t i o n  o f  

t h e  CREAMS m o d e l  f o r  t h e  S a m s i n  area are  g i v e n  f o r  c o m p a r i s o n  

i n  A p p e n d i x  A a s  w e l l .  

4 . 2  R e s u l t s  o f  V a l i d a t i o n  

The r e s u l t s  o f  v a l i d a t i o n  o f  t h e  e r o s i o n / s e d i m e n t  y i e l d  

s u b m o d e l  o f  CREAMS f o r  a l l  t h e  a l t e r n a t i v e s  t e s t e d  a re  g i v e n  

i n  T a b l e  20.  

The  r e s u l t s  show a s i g n i f i c a n t  i n f l u e n c e  b y  p e r e n n i a l  

meadow o n  t h e  t o t a l  s o i l  l o s s  ( a l t e r n a t i v e s  N o s .  2  a n d  4 ) .  I n  

s p i t e  o f  t h e  l e n g t h  of t h e  meadow s t r i p  w h i c h  i s  s m a l l  i n  com- 

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

p r o f i l e  ( 5 %  o f  t h e  t o t a l  p r o f i l e  l e n g t h ) ,  t h e  s o i l  loss h a s  

d e c r e a s e d  b y  3  t i m e s .  

The  r e s u l t s  o f  a l t e r n a t i v e s  3  a n d  4  show t h e  i n f l u e n c e  o f  

c h a n n e l  l i n i n g  b y  n o n e r o d i b l e  mater ia l  (TDN = TDS = 0 . 1  f t ) .  

I n  t h e  case s t u d y ,  t h e  i n f l u e n c e  of t h e  d e p t h  o f  t h e  n o n e r o d i b l e  

l a y e r  h a s  a lso  b e e n  t e s t e d .  I n  case t h e  c h a n n e l  i s  b u i l t  i n  

e r o d i b l e  s o i l  w i t h o u t  a n y  l i n i n g  (TDN= TDS = 1000 .0  i n  t h e  



T a b l e  20. R e s u l t s  o f  V a l i d a t i o n  ( S o i l  Loss  = t / a c r e )  

Month C e c h t i c k y  Brook Catchment  Area  
A l t e r n a t i v e  A l t e r n a t i v e  A l t e r n a t i v e  A l t e r n a t i v e  

1 2  3 4 

A p r i l  

May 

J u n e  

J u l y  

Augus t  

September  

O c t o b e r  

November 

December 

Annual  
S o i l  Loss  4 .07 

CREAMS Manual)  t h e  t o t a l  s o i l  l o s s  w i l l  i n c r e a s e  f o u r  t i m e s  w h i l e  

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

t i m e s .  No s e d i m e n t  t r a n s p o r t  o b s e r v a t i o n s  w e r e  a v a i l a b l e  a t  

t h e  o b s e r v a t i o n  s i t e  C2. T h e r e f o r e ,  t h e  s o i l  loss  p r e d i c t e d  by 

t h e  e r o s i o n / s e d i m e n t  y i e l d  submodel  o f  CREAMS h a s  been  compared 

w i t h  r e s u l t s  o b t a i n e d  by u s i n g  t h e  e r o s i o n  model d e v e l o p e d  by 

t h e  I n s t i t u t e  o f  Land and  Water  R e c l a m a t i o n  o f  t h e  T e c h n i c a l  

U n i v e r s i t y ,  P r a g u e ,  u s i n g  measured  d a t a  f rom e x p e r i m e n t a l  p l o t s  

l o c a t e d  i n  Nor th  Bohemia a n d  t h e  r e s u l t s  o f  l a b o r a t o r y  e x p e r i m e n t s  

(Holy e t  a l . ,  1 9 8 0 ) .  I t  is  p o s s i b l e  t o  u s e  t h e  method o f  a n a l o g y  

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

v e g e t a t i v e  c o v e r  a r e  s i m i l a r  f o r  b o t h  t h e  C e c h t i c k y  b rook  

w a t e r s h e d  and  t h e  e x p e r i m e n t a l  p l o t s .  The r e s u l t s  o f  t h i s  com- 

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

e l e m e n t  i n  T a b l e  21.  

From T a b l e  21 ,  it i s  o b v i o u s  t h a t  p r e d i c t i o n  o f  s o i l  l o s s  

by t h e  e r o s i o n / s e d i m e n t  y i e l d  submodel  o f  CREAMS a g r e e s  w e l l  

w i t h  t h e  s o i l  loss  p r e d i c t e d  by  t h e  e r o s i o n  n o d e l  d e v e l o p e d  f o r  

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



T a b l e  21.  R e s u l t s  o f  C o m p a r i s o n  ( S o i l  L o s s  i n  t /acre)  

D a t e  Runof f  A l t e r n a t i v e  1 A l t e r n a t i v e  2  
( i n )  CREAMS E r o s i o n  Model CREAMS E r o s i o n  Model 

T o t a l  3 .11 4 .07 5 .032  

4 . 3  C o n c l u s i o n s  o n  E r o s i o n  Submodel  

The r e s u l t s  o f  t h e  case s t u d y  show t h e  p o s s i b i l i t y  o f  

a p p l y i n g  t h e  e r o s i o n / s e d i m e n t  y i e l d  s u b m o d e l  o f  CREAMS t o  a 

small w a t e r s h e d .  To b e  a p p l i c a b l e ,  t h e  f o u r  a s s u m p t i o n s  f o r  

w h i c h  t h e  CREAMS mode l  was  d e v e l o p e d  s h o u l d  b e  m e t ,  n a m e l y ,  
- u n i f o r m  l a n d  u s e ;  

- r e l a t i v e l y  homogeneous  s o i l s ;  

- s p a t i a l l y  u n i f o r m  r a i n f a l l ;  a n d  

- u n i f o r m  management  p r a c t i c e s .  

I t  i s  a lso v e r y  i m p o r t a n t  t o  a p p r o x i m a t e  t h e  s m a l l  w a t e r s h e d  

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

c h a r a c t e r i z e s  t h e  m o r p h o l o g y  o f  t h e  area. C a l c u l a t i o n  o f  t h e  

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

e l e m e n t  - c h a n n e l  e l e m e n t "  o f  t h e  e r o s i o n / s e d i m e n t  y i e l c  submode l  

o f  CREAMS. 



The r e s u l t s  c l e a r l y  show t h e i n f l u e n c e  o f  p e r e n n i a l  g r a s s  

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

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

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

d e p t h  o f  t h e  n o n e r o d i b l e  l a y e r  a n d  t h e  c h a n n e l  l i n i n g  o n  d e t a c h -  

ment  a n d  t r a n s p o r t  o f  s o i l  p a r t i c l e s  by  c o n c e n t r a t e d  f l o w .  

To c o n c l u d e ,  it may b e  s t a t e d  t h a t  a t  t h i s  s t a g e  o f  t h e  case 

s t u d y  i t  i s  c lear  t h a t  t h e  CREAMS mode l  i s  a p p l i c a b l e  f o r  t h e  

p r e d i c t i o n  o f  s o i l  l o s s  f o r  small  c a t c h m e n t  areas.  

5 .  CHEMICAL SUBMODEL 

The c h e m i c a l  s u b m o d e l  o f  CREAMS h a s  b e e n  a p p l i e d  f o r  m o d e l i n g  

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

case s t u d y  o f  t h e  S e d l i c k y  b r o o k .  The c a t c h m e n t  h a s  b e e n  

a p p r o x i m a t e d  b y  c h a r a c t e r i c t i c  o v e r l a n d  f l o w  p r o f i l e  a n d  c h a n n e l  

f l o w  u n d e r  t h e  a s s u m p t i o n s  m e n t i o n e d  i n  S e c t i o n  4 . 1 .  

The i n p u t  d a t a  h a v e  b e e n  p r e p a r e d  f o r  a r a b l e  l a n d  o n l y  a n d  

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

t h e  e r o s i o n / s e d i m e n t  y i e l d  s u b m o d e l .  P l a n t i n g  s m a l l  g r a i n s  

( w h e a t )  on  a r a b l e  l a n d  h a s  b e e n  c o n s i d e r e d  i n  a g r e e m e n t  w i t h  t h e  

r e a l  management  o f  t h e  e x ~ e r i n e n t a l  c a t c h m e n t  i n  1977 .  The u s e  

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

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

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

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

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

p a r a m e t e r s  ( l o s s  by  l e a c h i n g ,  d e n i t r i f i c a t i o n ,  p l a n t  N-up take)  

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

r a t h e r  t h a n  b y  t h e  r e l a t i v e l y  s m a l l  area w i t h  p e r e n n i a l  meadows. 

5 . 1  I n p u t  D a t a  

The m e a s u r e d  i n p u t  d a t a  were d e r i v e d  m o s t l y  f r o m  r e s u l t s  o f  

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



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

and  e n r i c h m e n t  r a t i o  e x p o n e n t  f o r  n i t r o g e n  a n d  phosphorus  were 

used  a c c o r d i n g  t o  t h e  c a l i b r a t e d  v a l u e s  f rom Samsin (Holy 

e t  a l . ,  1 9 8 1 ) .  

The d i f f e r e n c e s  i n  t h e  i n p u t  d a t a  be tween t h e  C e c h t i c k y  

brook ca t chmen t  and  t h e  Samsin a r e a  a r e  c a u s e d  by d i f f e r e n c e s  

i n  t h e  c o n d i t i o n  o f  s o i l ,  a g r i c u l t u r e ,  me teo ro logy  a n d  v e g e t a t i o n  

o r  by v a l u e s  measured  on s i t e  ( e . g .  t h e  d i f f e r e n t  n i t r o g e n  

c o n t e n t  i n  p r e c i p i t a t i o n ) .  

A l i s t  o f  i n p u t  d a t a  i s  g i v e n  i n  Appendix B. I n  t h e  same 

Appendix,  t h e  i n p u t  d a t a  u s e d  f o r  v e r i f i c a t i o n  o f  CREAMS f o r  t h e  

Samsin a r e a  are g i v e n  f o r  t h e  s a k e  o f c o m p a r i s o n .  

5 .2  R e s u l t s  

Using h y d r o l o g y  and  e r o s i o n  o u t p u t s  f o r  i n d i v i d u a l  s t o r m s ,  

t h e  t r a n s p o r t  o f  n u t r i e n t s  a n d  p e s t i c i d e s  h a s  been  modeled by 

t h e  c h e m i c a l  submodel  o f  CREAMS f o r  t h e  C e c h t i c k y  brook ca t chmen t .  

The p r o c e s s e s  o f  d e n i t r i f i c a t i o n ,  n i t r i f i c a t i o n ,  p l a n t  N-uptake,  

a d s o r p t i o n ,  and  e x t r a c t i o n  o f  n u t r i e n t  by s u r f a c e  r u n o f f  a n d  

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

The r e s u l t s  o f  model ing  n u t r i e n t s  t r a n s p o r t  by o v e r l a n d  f l o w ,  

e r o s i o n  p r o c e s s ,  l e a c h i n g ,  d e n i t r i f i c a t i o n  a n d  p l a n t  N-uptake 

a r e  g i v e n  i n  T a b l e s  22 a n d  23 f o r  a l l  a l t e r n a t i v e s  o f  t h e  

e r o s i o n  submodel .  

By comparing T a b l e s  18 and  22 ,  a v e r y  close r e l a t i o n s h i p  

between t h e  loss o f  n i t r o g e n  i n  r u n o f f  and  t h e  modeled r u n o f f  

o f  w a t e r  can  be s e e n .  The loss o f  n i t r o g e n  i n  s e d i m e n t  i s  

p r o p o r t i o n a l  t o  t h e  s o i l  loss i n  i n d i v i d u a l  by i n v e s t i g a t e d  a l ter -  

n a t i v e s  - a l t e r n a t i v e s  2  and  4 g i v i n g  a p p r o x i m a t e l y  o n e  h a l f  

o f  t h e  v a l u e s  g i v e n  by a l t e r n a t i v e s  1  and  3. Again t h e  i n f l u e n c e  

o f  p e r r e n i a l  meadows a l o n g  t h e  brook on  t h e  o u t p u t  w a s  shown. 

The v a l u e s  o f  d e n i t r i f i c a t i o n  a r e  d i f f e r e n t  f rom z e r o  i n  

November and  December.. The modeled v a l u e s  are o v e r e s t i m a t e d .  
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T a b l e  23.  Phosphorus  Loss  (Va lues  f rom t h e  Chemical  
Submodel o f  t h e  CREAMS i n  kg/ha)  

Month Loss  i n  Runoff Loss  i n  Sediment  
A l t e r n a t i v e  

1 2  3  4 

V I  

v 
V I  

V I  I 

V I I I  

I X  

X 

X I  

X I 1  

Annual  Loss  0.1329 6 .618 2.929 6 .591  3.138 

I t  i s  ma in ly  c a u s e d  by t h e  c o n d i t i o n s  c o n s i d e r e d  i n  t h e  h y d r o l o g y  

submodel where t h e  w e t  s o i l s  are modeled w i t h o u t  any  n a t u r a l  

d r a i n a g e  o f  t h e  uppe r  l a y e r  o f  g roundwate r .  I n  a d d i t i o n ,  t h e  

s i m p l i f i e d  e v a l u a t i o n  i n  t h e  c h e m i c a l  submodel as t h e  e x p o n e n t  

o f  t h e  number o f  d a y s  f rom t h e  l a s t  r a i n f a l l  i s  u s e d .  

I n  T a b l e  23, a  s i r . i l a r  r e l a t i o n  c a n  b? o b s e r v e d  i n  t h e  l o s s  

o f  phosphorus  i n  s e d i m e n t  a s  compared w i t h  t h e  l o s s  o f  n i t r o g e n  

i n  s e d i m e n t .  

The c h e m i c a l  submodel r e s u l t s  have been  compared w i t h  

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

N-uptake (see T a b l e  2 4 ) .  

T a b l e  24 c o n t a i n s  t h e  a n n u a l  l o s s e s  o f  n i t r o g e n ,  i . e .  l o s s e s  

i n  r u n o f f ,  s e d i m e n t ,  and  l e a c h i n g ;  N-uptake by p l a n t s  is  g i v e n  

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

s t a t e d  a s  t h e s e  v a l u e s  a r e  n o t  measured i n  t h e  a r e a  i n v e s t i g a t e d .  

A l s o  t h e  modeled v a l u e s  are  d i f f e r e n t  from t h o s e  o b t a i n e d  u n d e r  



T a b l e  24. Comparison o f  Obse rved  a n d  Modeled V a l u e s  
o f  N u t r i e n t  Loss  ( w i t h o u t  t h e  d e n i t r i f i c a t i o n  
p r o c e s s )  a n d  Phosphorus  Loss  ( i n  r u n o f f  o n l y  
i n  kg /ha )  

Model Va lues  Obse rved  V a l u e s  
A l t e r n a t i v e  

1 2  3  4 

A p p l i e d  N 138.88* 138 .88  

A p p l i e d  P  25.87* 25.87 

N Loss  31.48 17 .35  31.39 18.14 39.90 * 
P l o s s  0 .13  9.11 

( i n  r u n o f f )  

N-uptake 60.01* 101.11 

* 
f o r  a l l  a l t e r n a t i v e s  

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

l o s s e s  i n  p e s t i c i d e s  a r e  n o t  g i v e n ,  a s  t h e r e  were no r e l i a b l e  

o b s e r v a t i o n s ,  t h e r e f o r e ,  no c o m p a r i s o n  c o u l d  b e  made. The l o s s  

o f  phosphorus  i n  T a b l e  24 a p p l i e s  t o  t h e  r u n o f f  o n l y ,  a s  t h e s e  

v a l u e s  were m e a s u r e d .  

On t h e  b a s i s  o f  t h e  c o m p a r i s o n  o f  t h e  measu red  a n d  modeled 

v a l u e s ,  t h e  f o l l o w i n g  c o n c l u s i o n s  c a n  b e  made: 

- l o s s  o f  n i t r o g e n  i n  A l t e r n a t i v e  3  (which  s i m u l a t e s  b e s t  

t h e  c o n d i t i o n s  i n  1977)  c o r r e s p o n d s  r a t h e r  w e l l  w i t h  

t h e  measu red  v a l u e s  a n d  i t  i s  v e r y  c l o s e  t o  t h e  a v e r a g e  

v a l u e s  f o r  t h e  s i x  y e a r s  o f  i n v e s t i g a t i o n  (see T a b l e  

1 1 ) ;  

- l o s s  o f  p h o s p h o r u s  i n  t h e  r u n o f f  i s  a d e q u a t e l y  modeled;  

- N-uptake g i v e n  by t h e  model i s  a b o u t  o n e  h a l f  o f  t h e  

measured  v a l u e s .  However, i n  t h e  o b s e r v e d  v a l u e ,  n o t  

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

m o d e l ) ,  b u t  a l s o  t h e  c r o p  which  f o l l o w s  ( c l o v e r ) ,  which  

c a n n o t  b e  t a k e n  i n t o  a c c o u n t  i n  o n e  r u n  o f  t h e  model .  

I f  t h e  N-uptake i s  r e d u c e d  t o  s i n a l l  g r a i n  o n l y ,  t h e n  

a  r e l a t i v e l y  good a g r e e m e n t  i s  o b t a i n e d .  



5 . 3  C o n c l u s i o n s  o n  t h e  C h e m i c a l  Submodel 

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

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

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

smal l  c a t c h m e n t  areas .  

The v a l u e s  o f  i n p u t  d a t a  w e r e  d e t e r m i n e d  o n  t h e  bas i s  o f  

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

v a l u e s  f r o m  t h e  S a m s i n  area.  I n  t h e  model  r u n ,  a r e l a t i v e l y  close 

r e l a t i o n  o f  t h e  n u t r i e n t  r u n o f f  ( N I P )  a n d  t h e  water r u n o f f  w a s  

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

w e l l .  R e d u c t i o n  o f  t h e  losses o f  n u t r i e n t  i n  A l t e r n a t i v e s  2 

a n d  4 t o  a p p r o x i m a t e l y  o n e  h a l f  w a s  c a u s e d  ( i n  a c c o r d a n c e  w i t h  

t h e  c o n c l u s i o n  o f  t h e  e r o s i o n / s e d i m e n t  s u b m o d e l )  b y  e r o s i o n  

c o n t r o l  f u n c t i o n  o f  t h e  s t r i p  o f  p e r r e n i a l  meadows a l o n g  t h e  

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

w o u l d  b e  n e c e s s a r y ,  a s  t h e  CREAMS model o v e r e s t i m a t e d  t h e s e  

v a l u e s  e v e n  f o r  s m a l l  c a t c h m e n t s .  A c o m p a r i s o n  of t h e  m e a s u r e d  

a n a  m o a e l e d  v a l u e s  ( t o t a l  N-loss, P - l o s s  i n  r u n o f f ,  a n d  p l a n t  

N-uptake  a f t e r  r e d u c t i o n  t o  smal l  g r a i n )  seems t o  show good  

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

A t  a  f u r t h e r  s t a g e  i n  t h e  case s t u d y ,  e x p e r i m e n t s  f o r  t h e  

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

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

n e c e s s a r y .  

6. CONCLUSIONS 

A f t e r  v e r i f i c a t i o n  o f  t h e  CREAMS mode l  f o r  c l imat ic ,  

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

l o c a l i t y  o f  C z e c h o s l o v a k i a  ( H o l y  e t  a l . ,  198  1 )  , t h i s  mode l  was  

v a l i d a t e d  i n  t h e  case s t u d y  o f  S e d l i c k y  b r o o k .  The d a t a  o f  

p r e c i p i t a t i o n ,  r u n o f f ,  s o i l  l o s s ,  n u t r i e n t s  a p p l i c a t i o n  r a t e ,  

c o n c e n t r a t i o n s  of b a s i c  n u t r i e n t s  i n  t h e  C e c h t i c k y  b r o o k ,  a n d  

n u t r i e n t  losses a n d  p l a n t  u p t a k e  b y  c r o p s  h a v e  b e e n  o b s e r v e d  

s i n c e  1975 i n  t h e s e  a n d  n e i g h b o u r i n g  a r e a s .  On t h e  b a s i s  o f  t h e s e  

d a t a ,  t h e  i n p u t  v a l u e s  o f  t h e  CREAMS mode l  h a v e  b e e n  a s s e m b l e d .  



The r e s u l t s  o f  c a l c u l a t i o n  and  t h e i r  c o m p a r i s o n s  w i t h  t h e  

measured v a l u e s  seem t o  show t h a t  t h e  CREAMS model c a n  be  

a p p l i e d  f o r  s m a l l  c a t c h m e n t s ,  when t h e  f a c t s  s t a t e d  i n  t h e  n e x t  

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

f u l f i l l e d :  

( 1 )  The CREAXS h y d r o l o g y  submodel  computes  t h e  s u r f a c e  

r u n o f f  o n l y .  T h e r e f o r e ,  t h e  v a l u e s  o f  measured  t o t a l  

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

f rom t h a t  g i v e n  by CREAMS. However, when t h e  b a s e  

f l o w  f rom g roundwa te r  i s  s u b t r a c t e d ,  t h e n  t h e  measured  

v a l u e s  a g r e e  r e l a t i v e l y  w e l l  w i t h  t h e  c a l c u l a t e d  

v a l u e s .  T h i s  a g r e e m e n t  i s  b e t t e r  i n  O p t i o n  2  ( r a i n f a l l  

i n t e n s i t i e s )  t h a n  i n  O p t i o n  1  ( d a i l y  p r e c i p i t a t i o n ) ,  

and  it i s  r a t h e r  good i n  O p t i o n  1  when t h e  c a l i b r a t e d  

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

p r e v a l e n t  i n  C z e c h o s l o v a k i a ,  t h e  CREAMS model o v e r -  

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

c a t c h m e n t s .  

( 2 )  I n  t h e  e r o s i o n / s e d i m e n t  submodel ,  t h e  main problem 

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

model i s  t h e  c h o i c e  o f  a  t y p i c a l  s l o p e  which  can  

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

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

e r o s i o n / s e d i m e n t  submodel f o r  a  s m a l l  c a t c h m e n t  a r e :  

u n i f o r m  l a n d  u s e ,  r e l a t i v e l y  homogeneous s o i l ,  

s p a t i a l l y  u n i f o r m  r a i n f a l l ,  u n i f o r m  management 

p r a c t i c e .  Under t h e s e  c o n d i t i o n s  t h e  model c a n  

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

i n f l u e n c e  o f  some e r o s i o n  c o n t r o l  measu res  ( e . g .  s t r i p s  

o f  p e r e n n i a l  meadows a l o n g  t h e  c h a n n e l ) .  

( 3 )  I n  t h e  c h e m i c a l  submodel ,  t h e  b a l a n c e  o f  n u t r i e n t s  

( p h o s p h o r u s  and  n i t r o g e n )  was computed on t h e  b a s i s  

o f  t h e  c a l i b r a t e d  c o e f f i c i e n t s  f rom t h e  Samsin 

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

c o n d i t i o n s  i n  t h e  a r e a  i n v e s t i g a t e d .  The CREAMS 

c h e m i c a l  submodel  was t h u s  v a l i d a t e d  i n  t h i s  s e c t i o n .  



T h i s  c o m p u t a t i o n  h a s  shown t h a t  t h e  v a l u e s  o f  

d e n i t r i f i c a t i o n  g i v e n  by t h e  model a r e  o v e r e s t i m a t e d  

f o r  t h e  l e v e l  o f  a  s m a l l  c a t c h m e n t .  The main c a u s e  

was t h e  hydro logy  i n p u t  and  t h e  c o a r s e  method o f  

e s t i m a t i o n .  Once more, t h e  n e c e s s i t y  t o  a d a p t  t h e  

hydro logy  submodel f o r  l a r g e r  ca t chmen t  a r e a s  was 

p r o v e d .  

I n  f u r t h e r  i n v e s t i g a t i o n s  when t h e  a p p l i c a t i o n  t o  l a r g e r  

ca t chmen t s  i s  c o n s i d e r e d ,  t h e  r e c o n s t r u c t i o n  o r  u s e  o f  a  d i f f e r e n t  

hydro logy  submodel  w i l l  b e  n e c e s s a r y .  I n  t h e  e r o s i o n / s e d i m e n t  

submodel i t  w i l l  b e  n e c e s s a r y  t o  s t i p u l a t e  t h e  p r i n c i p l e s  f o r  

d i v i s i o n  o f  t h e  b a s i n  i n t o  s u b c a t c h m e n t s  which  c a n  b e  t y p i f i e d  

by a  r e p r e s e n t a t i v e  s l o p e ,  and  t h e n  t h e  problem o f  i n c o r p o r a t i n g  

t h e s e  subsys t ems  i n t o  t h e  s y s t e m  o f  t h e  b a s i n  w i l l  have  t o  b e  

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

and  e x p o n e n t s  i n  p r i n c i p a l  e q u a t i o n s  t o  t h e  s p a t i a l  c h a r a c t e r i s t i c s  

and t h e  problem o f  d e n i t r i f i c a t i o n  o v e r e s t i m a t i o n  have  t o  be  

s o l v e d .  F u r t h e r ,  t h e  problem o f  r e l a t i o n s  among t h e  s u b s y s t e m s  

t h a t  have  homogeneous i n p u t  c h e m i c a l  p a r a m e t e r s  i n  t h e  s y s t e m  

h a s  t o  b e  c o n s i d e r e d .  

Fo r  t h e s e  i n v e s t i g a t i o n s ,  t h e  CREAP4S model p roved  t o  b e  a 

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

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



A P P E N D I X  A 

C a r d  [ l a n u a l  C e c h t i c k y  B r o o k  C a t c h m e n t  S a m s i n  
S y m b o l  A l t e r n a t i v e  A r e a  

1  2 3 4 
-- 

4 BDATE 7 7 0 9 1  7 7 0 9 1  77091  7 7 0 9 1  7709 1 

FLGOUT 2 2 2 2 2 

FLGPAS 1 1 1  1  1  

FLGPRT 0  0  0  0  0  

FLGSEQ 1  1 3 3 1  
............................................................... 

5 K I N V I S  0 . 0  0 . 0  0 .0  0 .0  0 . 0  

NBAROV 0 . 0  0 .0  0 . 0  0.0 0 . 0  

WTDSOI 0 . 0  0 .0  0.0 0 . 0  0.0 

KR a . 3  0 . 0  0 . 0  0 . 0  0 . 0  

NBARCH 0 . 0 0 . 0  0 .0  0 . 0  0 .0  

YALCON 0.0 0 . 0  0 . 0  0 . 0  0 .0  

6 SOLCLY 

S O L S L T  

SOLSND 

SOLORG 

SSCLY 

S S S L T  

S S S N D  

SSORG 



Card M a n u a l  C e c h t i c k y  B r o o k  C a t c h m e n t  Sams i n  
S y m b o l  A l t e r n a t i v e  Area 

1  2  3  4  

9  DATOV 1 7 8 . 2  1 7 8 . 2  1 7 8 . 2  1 7 8 . 2  1 3 . 1  

SLNGTH 1 9 6 7 . 0  1 9 6 7 . 0  1 9 6 7 . 0  1 9 6 7 . 0  1 2 1 3 . 0  

AVGSLP 0 . 0 6 5  0 . 0 6 5  0 . 0 6 5  0 . 0 6 5  0  - 0 7 2  

SB 0 . 0 7 7  0 . 0 7 7  0 . 0 7 7  0 . 0 7 7  0 . 0 6 8  

SM 0 . 0 5 5  0 . 0 5 5  0 . 0 5 5  0 . 0 5 5  0 . 0 7 2  

SE 0 . 0 6 3  0 . 0 6 3  0 . 0 6 3  0 . 0 6 3  0 . 0 8 0  

X I N ( 3 )  6 3 9 . 3  6 3 9 . 3  6 3 9 . 3  6 3 9 . 3  361  . O  

Y I N  ( 3 )  8 2 . 0  8 2 . 0  8 2 . 0  8 2 . 0  6 2 . 8  

X I N  ( 4 )  9 3 4 . 4  9 3 4 . 4  9 3 4 . 4  9 3 4 . 4  1 0 4 9 . 0  

Y I N ( 4 )  6 5 . 6  6 5 . 6  6 5 . 6  6 5 . 6  1 3 . 1  ............................................................... 

12  NS 3  3  

FLAGC 2  2  

FLAGS 2  2  

CONTL 2  2  

SECTN 2  2  ............................................................... 
1 3  SIDSLP 5 . 0  5 . 0  

BOTWID 1 . 6 4  1 . 6 4  

OUTMAN 0 . 0 3 0  0 . 0 3 0  

OUTSLP 0 . 0 2 2  0 . 0 2 2  

RA 0 . 0  0 . 0  

RN 0 . 0  0 . 0  

YBASE 0 . 0  0 . 0  ............................................................... 
1 4  LNGTH 

DATCH 

DAUCH 

2 



- 
C a r d  Manual C e c h t i c k y  B r o o k  C a t c h m e n t  S a m s i n  

S y m b o l  A l t e r n a t i v e  A r e a  
1  2  3 4  

18 PDATE 7 7 0 9  1  7709 1  7709  1 7 7 0 9 1  77091  

CDATE 7 7 1 2 1  7 7 1 2 1  77121  77121  7 7 1 2 1  ............................................................... 

C I N  ( I )  0.65 0 .65  0 .65  0 .65  0 .30  

2  1  XPIN ( I )  1.0 1  .o 1 .o  1.0 1.0 

P I N  ( I )  1  . O  1.0 1.0 1.0 1.0 ............................................................... 
22 XMIN ( I )  1  .o  0 .95  1.0 0 .95  1  . o  

MIN ( I )  0 . 0 1 4  0 . 0 1 4  0 .014 0 . 0 1 4  0 .025 

............................................................... 
2 3  NN 1  1  

1\JC R 1  1 

NCV 1  1  

NDN 1  1  

NDS 1  1 

NW 1  1  



C a r d  Manual C e c h t i c k y  B r o o k  C a t c h m e n t  S a m s i n  
S y m b o l  A l t e r n a t i v e  A r e a  

1 2  3  4  
- 

X C R ( 1 )  

TCR ( I )  

---_----------------------------------------------------------- 
26 XCV ( I )  0.0  0.0 

TCV (I) 100.0  100 .0  

XDN ( I )  

TDN ( I )  

X D S ( 1 )  

T D S  ( I )  

PDATE 

CDATE 

2 0  X C I N ( 1 )  1.0 0 .95  1.0 0 .95  

C I N  ( I )  0.4  0 .4  0 . 4  0 .4  

1.0 1 .0  

0 .03  0 . 0 3  
--------------------------------------------------------------- 
2 2  X M I N ( 1 )  1.0 0 .95  1  .o 0 .95  

0 .018  0 .018  0 . 0 1 8  0 . 0 1 8  

1.0 1.0 

0 .046  0 .046  
--------------------------------------------------------------- 



C d r d  Manual 
S y m b o l  

C e c h t i c k y  B r o o k  C a t c h m e n t  
A l t e r n a t i v e  

1  2  3  4  

S a m s i n  
A r e a  

-- 

LJ N 

NCR 

NCV 

NDN 

NDS 

NW 

............................................................... 
18 PDATE 7 7 1 5 3  7 7 1 5 3  7 7 1 5 3  7 7 1 5 3  

CDATE 

............................................................... 
2  3 NN 0 0 

NCR 0 0 

NCV 0 0 

NDN 0 0 

NDS 0 0 

NW 0 0 

............................................................... 
18 PDATE 7 7 2 2 8  7 7 2 2 8  7 7 2 2 8  77228  

CDATE 7 7 2 7 4  7 7 2 7 4  7 7 2 7 4  77274  



C a r d  Manual C e c h t i c k y  B r o o k  C a t c h m e n t  S a m s i n  
S y m b o l  A l t e r n a t i v e  A  re a 

1  2  3 4  

X C I N ( 1 )  1 .0  

C I N  (I) 0.25 

2 3  NN 

NC R 

NCV 

NDN 

NDS 

NW 

PDATE 

CDATE 

X C I N ( 1 )  1  . o  
C I N  (I) 0 .6  

X M I N ( 1 )  1.0 1.0 1.0 1.0 

MIN ( I )  0 . 0 4 6  0 .046  0 . 0 4 6  0 .046  



Card  Manual C e c h t i c k y  Brook Ca t chmen t  Samsin 
Symbol A l t e r n a t i v e  Area  

1 2 3 4 

2 3 N N  0 0 

NCR 0 0 

NCV 0 0 

N D N  0 0 

ND S 0 0 

NW 0 0 

............................................................... 
Blank  c a r d  



APPENDIX B 

C a r d  M a n u a l  Symbol  I n p u t  Data 
f o r  t h e  C e c h t i c k y  fo r  t h e  S a m s i n  
B r o o k  C a t c h m e n t  A r e a  

4  BDATE 7709 1  7 7 0 9 1  

FLGOUT 2  2  

FLGIN 0  0  

FLGPST 1  1  

FLGNUT 1  1  

............................................................... 
5  SOLPOR 0.42 0 .43  

FC 0 .34  0 .29  

OM 0 .65  0 . 6 7  

............................................................... 
6  NPEST 1  1  

PBDATE 7 7 0 9 1  7709  1  

PEDATE 77365  77365 

PDATE 

CDATE 

8 APDATE 77105  77105  

............................................................... 
9  P S TNAM SIMAZINE SIMAZINE 



C a r d  M a n u a l  S y m b o l  I n p u t  D a t a  
f o r  t h e  C e c h t i c k y  f o r  t h e  S a m s i n  
B r o o k  C a t c h m e n t  A r e a  

10 APRATE 3.0 

D E P I N C  1.0 

E F F I N C  1.0 

FOLFRC 0.0 

SOLFRC 1 .0  

FOLRES 0.0 

SOLRES 0.0 

WSHFRC 0.0 

WSHTHR 0.0 

............................................................... 
1 1  S O L H 2 0  5.0 5.0 

H A F L I F  0.0 0.0 

EXTRCT 0.1 0.1 

DECAY 0.05 0.05 

K D  2.3 2.3 

............................................................... 
12 O P T  1 1 

NF 7 2 

DEMERG 105 105 

3HRWST 243 24 1 

13 SOLN 

S O L P  

NO 3 

S O I L N  

S O I L P  

EXKN 

EXKP 

A ii 

A P  

BN 

............................................................... 
14 B P  -0.146 -0.146 

POTM 51.0 51 .o 
RCN 4.51 1.71 

RZMAX 756.0 756.0 



- 
Card Manual Symbol I n p u t  Data 

f o r  t h e  C e c h t i c k y  f o r  t h e  Samsin 
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