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PREFACE 

Land resources and associated phenomena are among the prin- 
ciple fields of interest for the Resources and Environment Area 
of IIASA. Soil erosion is one of the unfavorable processes de- 
teriorating natural fertility of the land and polluting water 
bodies. From its beginning, the REN Task 3 on "Environmental 
Problems of Agriculture" has kept an interest in soil erosion as 
is proved by our publications (WP-79-61, CP-80-10, WP-80-129). 
There are plans to focus our investigation in 1981 on systems 
aspects of soil erosion. 

This paper has a clear logical connection with the paper of 
G. Foster et al. (CP-80-10): G. Foster et al. give a description 
of the model tested by R.P.C. Morgan. This work became possible 
as a part of the activity supported both by the organizations 
within the U.K. and by IIASA. A part of IIASA's expenses came 
from the US Industry Fund known as "International Cooperation in 
Systems Analysis Research" (ICSAR Project No. 7). The main goal 
of the project was to transfer a non-point source pollution model, 
which was developed in the USA, to IIASA and, through IIASA, to 
the member countries. 

Prof. Genady Golubev 
Task Leader 





ABSTRACT 

A p re l imina ry  i n v e s t i g a t i o n  of t h e  a p p l i c a b i l i t y  of  t h e  
CREAMS non-point  source  p o l l u t i o n  model t o  B r i t i s h  c o n d i t i o n s  
was c a r r i e d  ou t  by t e s t i n g  t h e  e r o s i o n  sub-model u s ing  f i e l d  
d a t a  from mid-Bedfordshire,  England. With a  sample of 31 
storms a  c o r r e l a t i o n  c o e f f i c i e n t  of  r = 0 .87  was ob t a ined  
between p r e d i c t e d  and observed va lues .  Th is  r e s u l t  i s  b e t t e r  
t han  has been achieved us ing  o t h e r  models t o  p r e d i c t  e r o s i o n  
i n  mid-Bedfordshire and compares we l l  wi th  t h e  r e s u l t s  
ob ta ined  by u s e r s  of t h e  model i n  t h e  U.S.A. Three s t r a t e g i e s  
a r e  d i s cus sed  and t h e  r e s u l t s  of t h e  b e s t  one p re sen t ed  f o r  
ope ra t i ng  t h e  sub-model on a  h i l l s i d e  where t h e  over land  
f low and r i l l  flow p a t h s  a r e  approximately p a r a l l e l .  The 
r e s u l t s  imply t h a t  t h e  channel  flow component may need t o  be 
r ede f ined  t o  inc lude  a s  channels  convergent  f low p a t h s  w i t h i n  
t h e  over land flow. 
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PRELIMINARY TESTING OF THE CREAMS 
EROSION SUB-MODEL WITH FIELD DATA 
FROM SILSOE , BEDFORDSHIRE, ENGLAND 

R. P. C. Morgan 

INTRODUCTION 

The pollution of water resources by sediments, nutrients 
and pesticides is a priority concern of the various bodies 
charged with water management in many countries. In the 
United Kingdom investigations of pollution and water quality 
are carried out by many organisations including Regional 
Water Authorities, the Water Pollution Research Laboratory, 
the Ministry of Agriculture, Fisheries and Food, and the 
Institute of Hydrology (Department of the Environment, 1973). 
Although the techniques for monitoring and predicting point 
sources of pollution, e.g. factory discharges, are reasonably 
well established, little attention has been paid in the U.K. 
to the evaluation of non-point source pollution, e.g. the 
input of sediment and chemicals to a river through surface 
runoff and subsurface water movement on hillsides. This 
topic has been much researched in the U.S.A., however, where 
procedures for evaluation have advanced to the development of 
a field scale model for predicting runoff and its sediment 
and solute concentrations. This paper describes preliminary 
trials of the applicability to British conditions of part of 
that model, namely the erosion sub-model. 

THE CREAMS MODEL 

CREAMS is a field scale model for assessing chemicals, 
runoff and erosion from agricultural management systems. 
It has been developed in the U.S.A. from research carried out 
by the U.S. Department of Agriculture, Science and Education 
Administration (Agricultural Research). The model combines 



t h r e e  sub-models:  hydro logy ,  e r o s i o n  and chemica l s .  These 
p r e d i c t ,  i n  t u r n ,  t h e  volume o f  r u n o f f ,  t h e  r a t e  of s o i l  l o s s  
and t h e  o u t p u t  of d i s s o l v e d  and adsorbed chemica l s .  The 
background t o  t h e  model i s  d i s c u s s e d  by Knise l  (1978) and 
t h e  d e t a i l s  a r e  d e s c r i b e d  i n  K n i s e l  (1980).  

The e r o s i o n  sub-model r e f l e c t s  t h e  c u r r e n t  approaches  t o  
e r o s i o n  mode l l ing  b e i n g  developed i n  t h e  U.S.A. (Meyer and 
Wischmeier, 1969; F o s t e r  and Meyer, 1972; Meyer, F o s t e r  and 
Rtlmkens, 1975) .  The sub-model i s  t h u s  p a r t l y  p h y s i c a l l y -  
based and p a r t l y  e m p i r i c a l .  E r o s i o n  i s  viewed a s  a  two-phase 
p r o c e s s  compris ing  t h e  detachment  o f  s o i l  p a r t i c l e s  from t h e  
s o i l  mass and t h e i r  t r a n s p o r t  downslope. Raindrop impact 
and o v e r l a n d  f low a r e  t h e  main a g e n t s  o f  detachment  and 
t r a n s p o r t  on t h e  i n t e r r i l l  a r e a s  o f  a  h i l l s i d e  and c o n c e n t r a t e d  
f low i s  t h e  main a g e n t  i n  r i l l s .  The sub-model combines t h e  
r i l l s  and i n t e r r i l l  a r e a s ,  c a l c u l a t e s  t h e  r a t e  o f  detachment  
of  s o i l  p a r t i c l e s  and compares t h i s  w i t h  t h e  c a p a c i t y  t o  
t r a n s p o r t  them. Where t h e  t r a n s p o r t  c a p a c i t y  i s  i n s u f f i c i e n t  
t o  remove a l l  of  t h e  d e t a c h e d  p a r t i c l e s ,  s e d i m e n t a t i o n  o c c u r s .  
Output from t h e  sub-model c o n s i s t s  o f  d a t a  on sediment  y i e l d  
and t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n  o f  t h e  sediment .  

T r i a l s  w i t h  t h e  e r o s i o n  sub-model u s i n g  d a t a  from e r o s i o n  
exper iments  i n  Georgia and Iowa have shown t h a t  i t s  p r e d i c t i v e  
power on a  s torm-by-storm b a s i s  i s  s u p e r i o r  t o  t h a t  of  o t h e r  
models ( F o s t e r ,  Lane, Nowlin, L a f l e n  and Young, 1980).  Bes t  
r e s u l t s  were ach ieved  w i t h  d a t a  from Watershed P2, W a t k i n s v i l l e ,  
Georgia ,  f o r  which a  c o r r e l a t i o n  c o e f f i c i e n t  o f  r = 0.79 was 
o b t a i n e d  between p r e d i c t e d  and obse rved  s o i l  l o s s e s  f o r  32 
s to rms  i n  t h e  p e r i o d  1973-74 (Lane and F e r r e i r a ,  1980) .  

THE TEST DATA 

The t e s t  d a t a  a r e  t a k e n  from a  f i e l d  s i t e  n e a r  S i l s o e  i n  
mid-Bedfordsh i re ,  England,  where s o i l  l o s s  i s  b e i n g  moni to red  
on a  s torm-by-storm b a s i s  on a  convexo-concave h i l l s i d e  w i t h  
a  maximum s l o p e  of  11°, on a  b a r e  sandy s o i l  o f  t h e  Cottenham 
S e r i e s ,  d e r i v e d  from t h e  u n d e r l y i n g  s a n d s t o n e  s t r a t a  o f  t h e  
Lower Greensand. Measurements a t  t h e  s i t e  a r e  p a r t  of  a 
r e s e a r c h  programme on s o i l  e r o s i o n  i n  t h e  U.K. (Morgan, 1980) .  
S o i l  l o s s  by r a i n s p l a s h ,  o v e r l a n d  f low and r i l l  f low a r e  
i n v e s t i g a t e d  s e p a r a t e l y  and i n  combinat ion  a t  t h r e e  p o s i t i o n s  
on t h e  h i l l s i d e :  t h e  upper  c o n v e x i t y ,  t h e  mid-s lope  and t h e  
lower c o n c a v i t y .  The system o f  measurement,  u s i n g  f i e l d  
s p l a s h  cups ,  sediment  t r a p s  and v o l u m e t r i c  d e t e r m i n a t i o n s  o f  
r i l l s  on unbounded p l o t s ,  i s  d e s c r i b e d  e l sewhere  (Morgan, 1977) .  

The e r o s i o n  sub-model i s  t e s t e d  u s i n g  d a t a  on s o i l  l o s s  
by o v e r l a n d  f low a t  t h e  concave s l o p e  p o s i t i o n  f o r  33 s to rms  
i n  t h e  p e r i o d  May 1973 t o  June  1979. The d a t a  i n c l u d e  n i n e  
o u t  of  t h e  t e n  most e r o s i v e  s to rms  i n  t h e  p e r i o d  and s i x  
s to rms  where no e r o s i o n  occured .  Storm l o s s  v a l u e s  i n  
t h e  d a t a  s e t  range  from 0 . 0  t o  26.3 t / h a .  



MODEL STRATEGIES 

The e ros ion  sub-model i s  des igned t o  o p e r a t e  f o r  t h e  case  
where s o i l  l o s s  by over land  flow d i scha rges  i n t o  a  channel  
a t  t h e  f o o t  of  t h e  s l o p e ,  f lowing a t  r i g h t  ang le s  t o  t h e  
h i l l s l o p e  d i r e c t i o n .  The sub-model can be extended t o  t a k e  
account of  t h e  d i s cha rge  from t h a t  channel  e i t h e r  i n t o  a  
second channe l ,  f lowing a t  r i g h t - a n g l e s  t o  t h e  f i r s t ,  o r  
i n t o  a  pond o r  impoundment. The sub-model t h u s  o p e r a t e s  
i d e a l l y  f o r  a  t y p i c a l  runof f  d i s p o s a l  system i n  a  s o i l  
conse rva t ion  scheme, comprising over land  f low,  a  t e r r a c e  
channel  and e i t h e r  a  g r a s s  waterway o r  a  t i l e - o u t l e t  d r a i n .  
The sub-model cannot be r e a d i l y  a p p l i e d ,  however, t o  t h e  
h i l l s l o p e  s i t e  i n  mid-Bedfordshire where t h e  channel  i s  i n  t h e  
form of a  n a t u r a l  r i l l ,  running down t h e  h i l l s i d e ,  and where, 
a s  a  r e s u l t ,  t h e  over land  f low and channel  f low p a t h s  a r e  
roughly p a r a l l e l .  No channel  e x i s t s  a t  t h e  f o o t  of t h e  
h i l l s l o p e  s i t e  i n  mid-Bedfordshire.  I n s t e a d ,  t h e  bottom of  
t h e  s l o p e  i s  bounded by a  hedge and bank, beyond which i s  a  
t a r  and g r a v e l  su r f aced  road.  

The catchment a r e a  f o r  t h e  t e s t  d a t a  i s  taken  a s  t h e  
width o f  two a d j a c e n t  sediment t r a p s  ( 1  m) t imes  t h e  l e n g t h  
of  over land f low upslope of t h e  concave s l o p e  p o s i t i o n  a s  
observed i n  t h e  f i e l d  dur ing  storms.  Within t h i s  catchment 
allowance i s  made f o r  one n a t u r a l l y  e rod ing  channel  o r  r i l l .  
Although t h e  over land  f low pa ths  a r e  approximately  p a r a l l e l  
t o  t h e  channel  f low p a t h ,  some l a t e r a l  movement occu r s ,  
p a r t i c u l a r l y  on t h e  lower p a r t  of  t h e  s l o p e  (Fig .  l a ) .  

Three s t r a t e g i e s  were cons idered  f o r  applying t h e  sub- 
model t o  t h e s e  c o n d i t i o n s .  The f i r s t  s t r a t e g y  (Fig .  l b )  
was t o  ope ra t e  wi th  t h e  f i e l d  d a t a  and wi thout  any modif ic-  
a t i o n s  t o  t h e  s t r u c t u r e  of t h e  sub-model. Th is  i s  e q u i v a l e n t  
t o  p l ac ing  t h e  r i l l  t o  run a t  r i g h t - a n g l e s  t o  t h e  h i l l s l o p e  a t  
t h e  foo t  of t h e  t e s t  p l o t .  This  s t r a t e g y  assumes t h a t  a l l  of  
t h e  over land  f low c o n t r i b u t e s  t o  t h e  r i l l  which, g iven  t h e  
flow arrangement de sc r ibed  above, i s  u n l i k e l y .  The second 
s t r a t e g y  was t o  main ta in  t h e  p o s i t i o n  of  t h e  r i l l  down t h e  
c e n t r e  of  t h e  p l o t  and t o  a t t empt  t o  d e f i n e  an over land  f low 
pa th  a t  r i g h t - a n g l e s  t o  t h e  channel  (Fig.  l c ) .  Th is  s t r a t e g y  
i s  u n r e a l i s t i c  because it imp l i e s  t h a t  over land  f low runs  a t  
r i g h t - a n g l e s  t o  t h e  h i l l s l o p e  d i r e c t i o n  and t h a t  it i s  p o s s i b l e  
t o  d e f i n e  l a t e r a l  watersheds  t o  t h e  r i l l  catchment and a  
r e p r e s e n t a t i v e  over land  f low l eng th  w i t h i n  t h e  catchment f o r  
unconfined f low of  i l l - d e f i n e d  width.  Using t h i s  s t r a t e g y  
t h e  l eng th  of  t h e  over land  flow i s  ex t remely  s h o r t  and i t s  
s l o p e  i s  t o o  g e n t l e .  When t h e  sub-model i s  run i n  t h i s  way 
f o r  storms where e ros ion  i s  s o l e l y  by over land  f low, t h e  s o i l  
l o s s  i s ,  no t  s u r p r i s i n g l y ,  underpred ic ted .  The t h i r d  s t r a t e g y  
was t o  o p e r a t e  t h e  sub-model wi th  t h e  over land f low component 
a t  i t s  f u l l  l e n g t h  and running downslope bu t  t o  s h o r t e n  t h e  
r i l l  l e n g t h ,  s o  t h a t  t h e  over land  f low c o n t r i b u t e s  t o  on ly  
h a l f  t h e  l eng th  i n s t e a d  of t h e  f u l l  l eng th  of  t h e  channel  
(F ig .  I d ) .  Th is  s t r a t e g y  g i v e s  t h e  same volume of  over land  
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f low a s  t h e  f i r s t  s t r a t e g y  b u t ,  because it i s  concen t r a t ed  
i n  a  s h o r t e r  r i l l  l e n g t h ,  produces g r e a t e r  dep ths  and 
v e l o c i t i e s  of r i l l  f low and g r e a t e r  e r o s i o n  p o t e n t i a l .  Not 
s u r p r i s i n g l y ,  t h i s  s t r a t e g y  r e s u l t s  i n  very  h igh  r a t e s  of  
r i l l  e r o s i o n  be ing  p r e d i c t e d .  

The b e s t  r e s u l t s  a r e  achieved wi th  t h e  f i r s t  s t r a t e g y  and 
it  i s  t h e s e  which a r e  , p r e sen t ed  here .  The i m p l i c a t i o n s  o f  
us ing  t h i s  s t r a t e g y  a r e  d i s cus sed  i n  a  l a t e r  s e c t i o n  of t h e  
paper .  

MODEL OPTIONS AND DATA INPUT 

The e r o s i o n  sub-model was t e s t e d  u s ing  over land  f low 
and channel  components and wi th  ou tpu t  on a  storm-by-storm 
b a s i s .  Two d a t a  f i l e s  a r e  r e q u i r e d  f o r  t h i s  t e s t :  a  hydrology 
pass  f i l e  and an e r o s i o n  parameters  f i l e .  

Table  1. Input  paramete rs  t o  t h e  Hydrology Pass  F i l e  

SDATE Date of  storm J u l i a n  d a t e  

RNFALL Volume of r a i n f a l l  ( i n )  Observed d a t a  

RUNOFF Volume of runof f  ( i n )  Observed d a t a  

EXRAIN C h a r a c t e r i s t i c  excess  Est imated us ing  
r a i n f a l l  r a t e  ( in /h )  u n i t  hydrograph 

procedure  ( s e e  
t e x t )  

E130 index (American u n i t s )  Ca l cu l a t ed  from 
d a t a  on r a i n f a l l  
i n t e n s i t y  de r ived  
from au tog raph ic  
r a i n  gauge r eco rds  

HYDROLOGY PASS FILE 

The input  t o  t h i s  f i l e  (Table 1) comprises t h e  d a t e  of 
each storm ( J u l i a n  d a t e ) ,  t h e  volume of r a i n f a l l ,  t h e  volume 
of r u n o f f ,  t h e  c h a r a c t e r i s t i c  excess  r a i n f a l l  r a t e  and t h e  
va lue  of t h e  EI r a i n f a l l  e ro s ion  index.  R a i n f a l l  d a t a  
a r e  ob ta ined  f r a g  au tog raph ic  r a i n  gauge r eco rds  a t  t h e  
meteoro log ica l  s t a t i o n  of t h e  Nat iona l  I n s t i t u t e  of  A g r i c u l t u r a l  
Engineer ing ,  3  km from t h e  f i e l d  s i t e .  Runoff volumes a r e  
t aken  from f i e l d  measurements. The c h a r a c t e r i s t i c  excess  o r  
peak runof f  r a t e  i s  e s t ima ted  by assuming, f i r s t ,  t h a t  
over land  f low dur ing  a  s torm fo l lows  a  t r i a n g u l a r  hydrograph 
of t h e  type  shown i n  Figure  2 ,  and second,  t h a t  t h e  t ime 



base  ( T )  of  t h a t  graph comprises  t h a t  p a r t  of  t h e  s to rm where 
r a i n f a l l  i n t e n s i t i e s  exceed 10 mm/h (Morgan, i n  p r e s s ) .  

F i g u r e  2 .  Un i t  ( 1  cm) hydrograph f o r  o v e r l a n d  f low r u n o f f  
(Q) a g a i n s t  t ime  ( T )  u sed  i n  t h e  e s t i m a t i o n  o f  
c h a r a c t e r i s t i c  e x c e s s  r a i n f a l l  r a t e .  For 
e x p l a n a t i o n ,  s e e  t e x t .  
Qp = peak r u n o f f .  



The peak runof f  r a t e  (Qp) i s  c a l c u l a t e d  a s  2 . O / T  f o r  a  1-cm 
u n i t  graph (Betson and A r d i s ,  J r .  1978) and t h i s  v a l u e  i s  
m u l t i p l i e d  by Q / 1  t o  g i v e  an e s t ima t ed  peak runo f f  r a t e  f o r  
s torm runof f  volume Q (cm). EI v a l u e s  a r e  determined by 
s t a n d a r d  p rocedures  t a k i n g  data3Prom au tog raph i c  r a i n  
gauge c h a r t s  (Wischmeier and Smith,  1978) .  

EROSION PARAMETERS FILE 

The i n p u t  t o  t h i s  f i l e  i s  l i s t e d  i n  Table  2 .  Data on t h e  
g r a i n - s i z e  d i s t r i b u t i o n  and o r g a n i c  c o n t e n t  o f  t h e  s o i l  a r e  
de r i ved  from a  l a b o r a t o r y  a n a l y s i s  o f  f i e l d  samples (Morgan, 
1977).  S lope  p r o f i l e  d a t a  a r e  based on f i e l d  su rveys  w i th  
an Abney Level .  S o i l  e r o d i b i l i t y ,  exp re s sed  by t h e  K- fac to r  
o f  t h e  Un ive r s a l  S o i l  Loss Equa t ion ,  was e s t i m a t e d  u s i n g  t h e  
nomograph of  Wischmeier,  Johnson and Cross  (1971).  A v a l u e  
of  0 .23 was ob t a ined  f o r  K b u t  sma l l  a r b i t r a r y  ad ju s tmen t s  
were made t o  g i v e  a  d i f f e r e n t  v a l u e  f o r  each o f  f o u r  segments 
of  t h e  h i l l s i d e  w i t h i n  t h e  range 0 .21  t o  0.24.  Condi t ions  
of  c rop  management ( C - f a c t o r ) ,  con tou r ing  ( P - f a c t o r )  and 
s u r f a c e  roughness (Manning's n lwere  assumed c o n s t a n t  over  
t h e  whole s l o p e  w i t h  r e s p e c t i v e  v a l u e s  of 1 . 0 ,  1 . 0 ,  and 0.2.  
The l a t t e r  v a l u e  f o r  Manning's n  i s  based on an a n a l y s i s  of  
t h e  h y d r a u l i c s  of  ove r l and  f low a t  t h e  f i e l d  s i t e  (Morgan, 
i n  p r e s s )  a l t hough  i t  i s  recogn ised  t h a t ,  i n  r e a l i t y ,  t h e  
v a l u e  w i l l  show bo th  between s torm (Morgan and Morgan, 1980) 
and w i t h i n  s torm v a r i a t i o n .  

The catchment a r e a  has  been d e f i n e d  above. The wid th  and 
dep th  v a l u e s  a s s i gned  t o  t h e  r i l l  a r e  based  on f i e l d  
measurements. The wa t e r  energy s l o p e  i n  t h e  r i l l  i s  assumed 
t o  equa l  t h e  ground s l o p e .  A v a l u e  o f  0.02 i s  used f o r  
Manning's n  i n  t h e  channe l ,  t h i s  be ing  t h e  v a l u e  adopted 
f o r  t h e  de s ign  of  channe l s  i n  s o i l  c o n s e r v a t i o n  sys tems ,  e .g .  
t e r r a c e  channe l s ,  on unvege ta ted  h i l l s i d e s  (Hudson, 1971).  
The c r i t i c a l  s h e a r  s t r e s s  f o r  he  s o i l  i n  t h e  channe l  i s  
a s s igned  a  v a l u e  of  0 .06 1 b / f t 2 ,  t h i s  be ing  t h e  v a l u e  
recommended f o r  e a r t h  channe l s  w i t h  a  low c o n t e n t  of  sediment  
i n  t h e  wa t e r  (Withers  and Vipond, 1974).  

RESULTS 

Output from t h e  sub-model s e p a r a t e s  t h e  p r e d i c t i o n s  of 
s o i l  l o s s  by ove r l and  f low from t h o s e  by channel  f low. 
When compared w i t h  t h e  observed v a l u e s  t h e  p r e d i c t i o n s f o r  
t h e  over land  f low component a r e  t o o  low f o r  most s torms 
whereas t h e  p r e d i c t i o n s f o r  t h e  over land  f low and channel  
f low components combined a r e  t o o  h igh  f o r  a  few s torms.  
Gene ra l l y ,  when t h e  observed s o i l  l o s s  v a l u e s  a r e  low t h e y  
a r e  b e s t  p r e d i c t e d  by t h e  over land  f low component b u t  when 
t h e y  a r e  h igh  b e s t  p r e d i c t i o n s  a r e  o b t a i n e d  by summing t h e  
p r e d i c t e d  s o i l  l o s s e s  f o r  t h e  over land  f low and channel  
f low components. 
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For further analysis it was decided to set an arbitrary 
threshold of storm soil loss of 1 t/ha. Where the observed 
soil loss is less than the threshold value, the overland 
flow component of the sub-model is used to provide the 
predicted soil loss value. Where the observed soil loss 
equals or exceeds the threshold value, the overland flow 
and channel flow components are combined to give the 
predicted value. 

observed 

Figure 3. Plot of predicted against observed soil loss (t/ha). 



When t h e  p r e d i c t e d  v a l u e s  a r e  de r i ved  i n  t h i s  way t h e r e  
i s  a  s i g n i f i c a n t  c o r r e l a t i o n  between them and t h e  observed 
v a l u e s  ( r  = 0.87;  n  = 31; P >  0.001; Fig .  3 ) .  I n  
c a l c u l a t i n g  t h e  c o r r e l a t i o n  c o e f f i c i e n t ,  two s to rms  have 
been omi t t ed  where t h e  p r e d i c t i o n s  a r e  poor .  I n  t h e  c a s e  
of  t h e  s torm on J u l y  6  1973 t h e  observed s o i l  l o s s  v a l u e  
of  8 . 3  t / h a  i s  on ly  an  e s t i m a t e  because  o f  t h e  washing away 
of  p a r t  o f  t h e  measuring equipment and t h e  e s t i m a t e  may well  
be t o o  low. The p r e d i c t e d  va lue  i s  30.5 t / h a .  For t h e  
s torm on 7  August 1978,  t h e  measured s o i l  l o s s  i s  
e x c e p t i o n a l l y  h igh  a t  26.3 t / h a  and i t  i s  l i k e l y  t h a t  t h e  
observed runo f f  v a l u e ,  used  a s  i n p u t  t o  t h e  s o i l  l o s s  
p r e d i c t i o n  o f  1.1 t / h a ,  i s  t o o  low. With e x c e s s i v e  s i l t i n g  
of t h e  sediment  t r a p s ,  a s s o c i a t e d  w i th  h igh  s o i l  l o s s ,  
r uno f f  would have been p r even t ed  from e n t e r i n g  them. For t h e  
remaining 31 s torms t h e  s l o p e  o f  t h e  b e s t  f i t  l i n e a r  r e g r e s s i o n  
l i n e  between p r e d i c t e d  and observed v a l u e s  i s  c l o s e  t o  one 
a t  0.926 (F ig .  3 ) .  

DISCUSSIONS 

The r e s u l t s  o f  t h i s  t r i a l  of t h e  CREAMS e r o s i o n  sub-model, 
u s ing  f i e l d  d a t a  from 31 s torms i n  mid-Bedfordshi re ,  a r e  
promising.  F i r s t ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  between 
p r e d i c t e d  and observed v a l u e s  of  s o i l  l o s s  compares w e l l  w i t h  
t h e  b e s t  v a l u e  ach ieved  w i t h  s i m i l a r  t r i a l s  u s i n g  d a t a  from 
t h e  U.S.A. (Lane and F e r r e i r a ,  1980).  Second, a s  a l s o  
i n d i c a t e d  by t h e  t r i a l s  w i t h  d a t a  from t h e  U.S.A., t h e  
sub-model g i v e s  r e s u l t s  which a r e  a s  good a s  o r  s u p e r i o r  t o  
t h o s e  achieved by o t h e r  models.  I n  t h i s  c a s e  t h e  r e s u l t s  may 
be compared w i th  t h o s e  ob t a ined  w i t h  a  b e s t  f i t  l i n e a r  
r e g r e s s i o n  equa t i on  r e l a t i n g  s o i l  l o s s  t o  r a i n f a l l  and runo f f  
e n e r g i e s  ( r  = 0 .82 ;  n  = 30; Morgan, 1979) and t h o s e  o b t a i n e d  
u s ing  a  sediment  t r a n s p o r t  equa t i on  s p e c i a l l y  d e r i v e d  f o r  
over land  f low ( r  = 0 .69 ;  n  = 30;  Morgan, i n  p r e s s ) .  T h i r d ,  
t h e  s l o p e  of t h e  r e g r e s s i o n  l i n e  between t h e  p r e d i c t e d  and 
observed v a l u e s  i s  s u f f i c i e n t l y  c l o s e  t o  one a s  t o  i n d i c a t e  
a  one-to-one r e l a t i o n s h i p ,  i . e .  t h a t  t h e  sub-model p r e d i c t s  
v a l u e s  t h a t  c l o s e l y  approximate  t h e  observed v a l u e s  and 
which r e q u i r e  no f u r t h e r  ad jus tment  by some e m p i r i c a l l y  
d e r i v e d  c o n s t a n t  o r  c o r r e c t i o n  f a c t o r .  

Although it may be  argued t h a t  t h e  p r e d i c t e d  s o i l  l o s s  
v a l u e s  used i n  t h e  s t a t i s t i c a l  a n a l y s i s  have been a r b i t r a r i l y  
c o n t r i v e d  through t h e  o p e r a t i o n  of  t h e  t h r e s h o l d  t o  de te rmine  
whether  t h e  v a l u e  from t h e  ove r l and  f low component o r  t h a t  
from t h e  over land  and channel  f low components combined i s  
used ,  i n  r e a l i t y ,  t h e  t h r e s h o l d  p rocedure  has  some 
i n t e r e s t i n g  i m p l i c a t i o n s  f o r  t h e  unders tand ing  o f  how e r o s i o n  
by over land  flow o p e r a t e s  i n  t h e  f i e l d .  I t  has  been i n f e r r e d  
from t h e  a n a l y s i s  o f  t h e  d a t a  c o l l e c t e d  a t  t h e  s i t e  t h a t  
r a i n d r o p  impact i s  t h e  main agen t  of  detachment and over land  
f low t h e  main agen t  of  t r a n s p o r t  (Morgan, 1977).  The average  
h y d r a u l i c  c o n d i t i o n s  o f  over land  f low a r e  ones o f  low Reynolds 



and low Froude numbers wi th  t h e  flow being e s s e n t i a l l y  laminar  
bu t  d i s t u r b e d  by r a ind rop  impact (Morgan, i n  p r e s s ) .  During 
storms of  low i n t e n s i t y ,  few s o i l  p a r t i c l e s  a r e  detached,  
t h e r e  is  l i t t l e  r u n o f f ,  l i t t l e  sediment t r a n s p o r t  and s o i l  
l o s s  i s  v i r t u a l l y  zero .  During s torms of  h i g h  i n t e n s i t y ,  
r a t e s  of  s o i l  detachment by r a i n s p l a s h  a r e  h igh  and f i e l d  
obse rva t ions  show t h a t ,  even i f  r i l l s  a r e  n o t  formed, 
over land  f low fo l lows  an anastomosing p a t t e r n  w i t h  l o c a l i s e d  
c o n c e n t r a t i o n s  of wate r  where f low dep ths  and v e l o c i t i e s  a r e  
increased .  I t  i s  presumably t h e s e  l o c a l  i n c r e a s e s  t h a t  r a i s e  
t h e  t r a n s p o r t  c a p a c i t y  of  t h e  flow. A s  a  r e s u l t  of  t e s t i n g  
t h e  CREAMS e r o s i o n  sub-model, it  becomes neces sa ry  t o  ques t i on  
whether t h e s e  f low concen t r a t i ons  should  be regarded a s  p a r t  
of t h e  over land  f low o r  whether they  should  be t r e a t e d  a s  
channe ls ,  a l b e i t  i n c i p i e n t  ones. Fu r the r  r e s e a r c h  on t h i s  
ques t i on  w i l l  complement t h a t  being c a r r i e d  o u t  e lsewhere  on 
t h e  format ion of r i l l s ,  i n  p a r t i c u l a r  t h a t  on t h e  changes t h a t  
occur i n  t h e  h y d r a u l i c  p r o p e r t i e s  of  over land  f low a s  r i l l s  
a r e  i n i t i a t e d  (Sava t ,  1979).  

Viewing t h e  over land  flow c o n c e n t r a t i o n s  a s  i n c i p i e n t  
channels  imp l i e s  t h a t  v i r t u a l l y  a l l  over land  f low 
c o n t r i b u t e s  t o  them. This  may e x p l a i n  why t h e  b e s t  r e s u l t s  
a r e  ob t a ined  when t h e  sub-model i s  ope ra t ed  i n  accordance w i th  
t h e  f i r s t  s t r a t e g y  (Fig .  l b ) .  Although, a s  i n d i c a t e d  e a r l i e r ,  
t h e  cond i t i ons  r ep re sen t ed  by t h e  f i r s t  s t r a t e g y  and t h e  f i e l d  
cond i t i ons  (F ig .  l a )  appear ,  a t  f i r s t  s i g h t ,  t o  be very  
d i f f e r e n t ,  i n  f a c t ,  t hey  may n o t  be s o  d i s s i m i l a r .  Although 
t h e  l a t e r a l  t r a n s f e r  of  over land  f low t o  t h e  channel  t a k e s  
p l a c e  over a  range of over land  f low d i s t a n c e s ,  because t h e  
pa th s  of  t h e  over land  f low and r i l l  flow a r e  roughly  
p a r a l l e l ,  most of t h e  t r a n s f e r  occurs  on t h e  lower p a r t  of  
t h e  s lope .  The dominant over land  f low l e n g t h  i s  t h u s  
reasonably  w e l l  approximated by t h e  average of t h e  maximum 
l e n g t h s  of  over land  f low observed i n  t h e  f i e l d  over  a  range 
of storms.  Thus, adopt ing  t h i s  l a t t e r  parameter  a s  t h e  
r e p r e s e n t a t i v e  l e n g t h  of  t h e  over land  f low p r o f i l e  and 
ope ra t i ng  t h e  sub-model according t o  t h e  f i r s t  s t r a t e g y ,  
r e s u l t s  i n  a  s i m u l a t i o n  t h a t  i s  reasonably  c l o s e  t o  f i e l d  
cond i t i ons .  Th is  i s  p a r t i c u l a r l y  t h e  case  i f ,  a s  impl ied 
above, t h e  channel  i s  n o t  we l l -de f ined  and r e p r e s e n t s  on ly  
a  p a t h  of flow convergence w i t h i n  t h e  over land  flow. 

CONCLUSIONS 

This  p r e l imina ry  t e s t  of  t h e  a p p l i c a b i l i t y  o f  t h e  CREAMS 
e r o s i o n  sub-model t o  B r i t i s h  c o n d i t i o n s  has  proved s u f f i c i e n t l y  
encouraging t o  war ran t  f u r t h e r  work. For t h e  smal l  sample of 
31 storms a  s i g n i f i c a n t  c o r r e l a t i o n  i s  ob ta ined  between t h e  
p r e d i c t e d  and observed va lues  of s o i l  l o s s .  The sub-model 
now needs t o  be t e s t e d  u s ing  a  f u l l  range of d a t a  from 
mid-Bedfordshire.  Th is  covers  t h e  pe r iod  1973-79 and 
comprises s o i l  l o s s  measurements f o r  b a r e  ground, g r a s s l a n d ,  
c e r e a l s  and woodland, on loamy sand ,  c l a y  and cha lk  s o i l s ,  



for slopes from 3Oto 11'. A similar data base exists on 
which to test the CREAMS hydrology sub-model for predicting 
runoff. 

By carrying out this further work, the suitability of the 
CREAMS model for assessing non-point source pollution in the 
U.K. will become apparent. From this it should be clear 
whether, in order to evaluate the problem of non-point source 
pollution, effort should be directed at transferring the 
CREAMS model to the U.K. rather than concentrating research 
on the development of alternative modelling procedures. 
In addition, as seen above for the case of rill formation, 
the work will highlight areas where more basic research is 
required and this, in turn, will lead to further improvements 
in the CREAMS model. 
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