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PREFACE 

Beginn ing i n  1982, I IASA 's  "Land and Landcover Resources" task  w i t h i n  
t h e  Resources and Environment Area (REIV) i n i t i a t e d  t h e  i n v e s t i g a t i o n  o f  
t h e  problem " S t a b i l i t y  of  Ecosystems". Four main t o p i c s  were developed: 

1. IYethodol o g i c a l  problems of e s t i m a t i n g  t h e  s t a b i  1 i t y  of  t h e  
ecosys tems ; 

2. Regional s t a b i l  i ty o f  landscapes and t he  e c o l o g i c a l  o p t i m i z a t i o n  
o f  landscape use; 

3. Stab i  1 i ty of agroecosystems; 

4. S t a b i l i t y  o f  wa te r  ecosystems as a r e s u l t  o f  t h e  environmental  
consequences o f  l a n d  use which i n f l u e n c e  t h e  q u a l i t y  o f  a water  
sys tern. 

The research i n s t i t u t e s  o f  Bu lgar ia ,  Canada, Czechoslovakia, England, 
Hungary, USA and USSR c o l l a b o r a t e d  i n  t h i s  f i e l d  o f  research.  The i n v e s t i g a -  
t i o n  o f  the problem o f  agroecosystems s t a b i l i t y  was done i n  coopera t ion  w i t h  
t h e  Eng l i sh  researchers f rom the  Nat iona l  Co l l  ege o f  A g r i c u l  t u r a l  Engineer ing 
(S i l soe ,  Bedford) .  They suggested a model f o r  assess ing t he  s t a b i l  i t y  o f  
s o i l  e ros ion  component o f  an a g r i c u l t u r a l  ecosystem. This  model was i m -  
p le~ i ien ted  a t  IIASA i n  1982 and t h e  documentation o f  t h i s  model was descr ibed  
i n  I IASA 's  C o l l a b o r a t i v e  Paper (CP-82-59). Using t h i s  model, t he  s t a b i l  i t y  
of agroecosystems f o r  67  s i t e s  i n  12 coun t r i es  was i n v e s t i g a t e d  1 a t e r  on 
as a consequence o f  t h e  d i f f e r e n t  managenlent a g r i c u l t u r a l  p o l i c i e s  f o r  a 
raflge of s o i l  and c rop  c o n d i t i o n s .  The ana l ys i s  o f  these i n v e s t i g a t i o n s  
i s  g iven  i n  t h i s  paper. 

Dr.  V .  Svet losanov 
Task Leader 
Land & Landcover Resources 
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ABSTRACT 

V a l i d a t i o n  t r i a l s  o f  t h e  model d e s c r i b e d  by Morgan, Morgan and 
Finney  (1982)  f o r  a s s e s s i n g  t h e  s t a b i l i t y  o f  t h e  s o i l  e r o s i o n  component 
o f  an  a g r i c u l t u r a l  e c o s y s t e m  were  c a r r i e d  o u t  u s i n g  d a t a  from p u b l i s h e d  
s t u d i e s  o f  s o i l  l o s s  f o r  6 7  s i t es  i n  1 2  c o u n t r i e s .  C o r r e l a t i o n  c o e f f -  
i c i e n t s  o f  0 .74  and 0 .58  were o b t a i n e d  be tween p r e d i c t e d  and o b s e r v e d  
v a l u e s  of  r u n o f f  a t  5 6  s i t e s  and s o i l  l o s s  a t  6 7  s i t es  r e s p e c t i v e l y .  
I f  two poor  p r e d i c t i o n s  o f  v e r y  h i g h  e r o s i o n  r a t e s  i n  Ch ina  a r e  o m i t t e d ,  
t h e  v a l u e  o f  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  f o r  s o i l  l o s s  rises t o  0 .67  
and t h e  s l o p e  o f  t h e  r e d u c e d  ma jo r  a x i s  r e g r e s s i o n  l i n e  i s  n o t  s i g n i f -  
i c a n t l y  d i f f e r e n t  from u n i t y .  The s u c c e s s  o f  t h e  model was a l s o  e v a l u a t e d  
a g a i n s t  t h e  c r i t e r i a  t h a t  i t  s h o u l d  p r e d l c t  w h e t h e r  o r  n o t  t h e r e  was 
l i k e l y  t o  b e  an e r o s i o n  p rob lem and i f  t h e r e  was,  t h a t  i t  s h o u l d  p r e d i c t  
t h e  magn i tude  of  t h e  problem.  A g a i n s t  t h e s e  c r i t e r i a ,  t h e  model was 
s u c c e s s f u l  on 5 9  p e r  c e n t  o f  t h e  tests f o r  r u n o f f  and 70 p e r  c e n t  o f  t h e  
tests f o r  s o i l  l o s s .  C o n s i d e r i n g  o n l y  t h o s e  sites f o r  which h i g h  
q u a l i t y  i n p u t  d a t a  were a v a i l a b l e ,  t h e  s u c c e s s  r a t e  f o r  s o i l  less r o s e  
t o  90  p e r  c e n t .  G u i d e l i n e s  a r e  p r e s e n t e d  f o r  t h e  s e l e c t i o n  o f  p a r a m e t e r  
v a l u e s  f o r  r a i n f a l l  i n t e n s i t y ,  w e a t h e r i n g  r a t e s ,  s o i l  r e n e w a l  rates  and 
r o o t i n g  d e p t h .  





TABLE OF CONTENTS 

II lTRO(IUCTI0Il  

TEST S ITES 

INPUT F I L E S  

RESULTS 

DISCUSSION 

CONCLUSIONS 

REFERENCES 





STABILITY OF AGRICULTURAL ECOSYSTEMS: 
VALIDATION OF A SIMPLE MODEL FOR 
SOIL EROSION ASSESSMENT. 

R.P.C. Morgan and H i l a r y  J. Finney 

INTRODUCTION 

W i t h i n  t h e  c o n t e x t  o f  t h e  research programme on t h e  s t a b i l i t y  o f  
ecosystems be ing  c a r r i e d  o u t  a t  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  App l ied  
Systems Ana l ys i s  by t h e  Resources and Environment Sec t ion ,  a s imp le  
model has been developed f o r  a reconnaissance o r  i n i t i a l  assessment 
o f  t h e  s t a b i l i t y  o f  t he  s o i l  e r o s i o n  system as expressed i n  terms o f  
changes i n  s o i l  dep th  th rough t ime.  A p rev ious  paper (Morgan, Morgan 
and Finney, 1982) has presented documentation o f  t h e  model d e a l i n g  w i t h  
i t s  bas i c  format ,  govern ing equat ions,  s e l e c t i o n  o f  i n p u t  parameter 
values, ou tpu t  f i l e s  and a l i s t i n g  o f  t he  computer program. Only 
l i m i t e d  v a l i d a t i o n  o f  t h e  model has been pub l i shed  so f a r  cover ing  s i t e s  
i n  t h e  Un i t ed  Kingdom (Morgan, Morgan and F inney,  1982) and Malays ia  
(Mnrgsn, Hatch and S~lla-iman, 1982). Th is  paper p resen ts  t h e  r e s u l t s  
o f  a more ex tens i ve  e v a l u a t i o n  i n  which r u n o f f  volumes and s o i l  l o s s  
r a t e s  p r e d i c t e d  by t h e  model a re  compared w i t h  measured d a t a  from 
h i l l s l o p e  e ros ion  p l o t s  i n  Tanzania (S tap les ,  1936; M i t c h e l l ,  1965; 
Temple, 1972; Lundgren, 1980), I v o r y  Coast (Roose, 19771, Senegal (Roose, 
1967), Tha i land  (Kraayenhagen, Watnaprateep and Nakasthien, 1981; Sheng, 
Jackson, Kraayenhagen, Nakasth ien and Watnaprateep , 19811, I t a l y  
(Caroni  and Tropeano, 1981), Belgium ( B o l l i n e ,  1978), Federa l  Republ ic  
o f  Germany (R i ch te r  and Negendank, 1977), Taiwan (L iao ,  19811, 
Zimbabwe (Hudson and Jackson, 1959) and China (Gong and J iang,  1977; 
Mou and Meng, 1980). Because o f  t h e  s i m p l i c i t y  o f  t h e  model a r e l a t i v e l y  
s imp le  system i s  presented t o  assess t h e  goodness o f  f i t  o f  t h e  p r e d i c t e d  
values. F u r t h e r  comments a re  a l s o  made on t h e  s e l e c t i o n  o f  i n p u t  
parameter values. 



TEST SITES 

S i t e s  were se lec ted  f rom pub l i shed  j o u r n a l  a r t i c l e s ,  r e p o r t s  
and monographs d e s c r i b i n g  measurements o f  e ros ion  made on h j . l l s l o p e s  
us ing  e ros ion  p l o t s .  The p u b l i c a t i o n s  had t o  c o n t a i n  i n f o r m a t i o n  on 
annual r a t e s  o f  s o i l  l o s s ,  s l ope  steepness, l a n d  use, c rop  management 
p r a c t i c e s  i n c l u d i n g  any s o i l  conserva t ion  measures, s o i l  t e x t u r e  and 
l o c a t i o n .  I d e a l l y ,  d a t a  on annual r a i n f a l l  and r u n o f f  volumes, t h e  
p h y s i c a l  p r o p e r t i e s  o f  t h e  su r f ace  s o i l  and a  d e s c r i p t i o n  o f  t h e  s o i l  
p r o f i l e  a re  needed t o  operate t h e  model. Where d e t a i l s  o f  t h e  annual 
r a i n f a l l  and t h e  number o f  r a i n  days were n o t  p rov ided ,  da ta  f o r  t h e  
neares t  c l i m a t i c  s t a t i o n  were taken f rom MUl le r  (1979). I n  these 
i ns tances  which make up t h e  m a j o r i t y  o f  t h e  t e s t  s i t e s ,  i t  was o n l y  
p o s s i b l e  t o  use mean annual data.  Th i s  means t h a t  t h e  model i s  then  
p r e d i c t i n g  a  mean annual e ros ion  response t o  mean r a i n f a l l  i npu t s .  
When assessing t h e  v a l i d i t y  o f  t h e  model i t  should be remembered t h a t  
t h e  mean annual p r e d i c t i o n  may n o t  conform t o  t h e  measured va lue f o r  
a  g i ven  year because t h e  r a i n f a l l  i n p u t s  f o r  t h a t  year may be h ighe r  
o r  lower  than  t h e  mean r a i n f a l l  values. A f u r t h e r  problem i s  t h a t  t h e  
c l i m a t i c  c o n d i t i o n s  o f  t h e  neares t  c l i m a t i c  s t a t i o n  l i s t e d  i n  MUl le r  
(1979) may d i f f e r  f rom those  o f  t h e  t e s t  s i t e .  An example i s  Lyamungu, 
Tanzania, where a va lue  o f  1660 mm i s  ob ta ined  f o r  t h e  mean annual  
r a i n f a l l  f rom t h e  work o f  M i t c h e l l  (1965) b u t  no i n f o r m a t i o n  i s  
a v a i l a b l e  on t h e  number o f  r a i n  days. The neares t  c l i m a t i c  s t a t i o n  
l i s t e d  i n  MUl ler  (1979) i s  Tabora where t h e  mean aqnuel va lues  a re  on l y  
892mm t o r  t h e  r a i n f a i l  and 99 f o r  t h e  number o f  r a i n  days. The r a t i o  
o f  t h e  two r a i n f a l l  t o t a l s  was a p p l i e d  as an a r b i t r a r y  adjustment f a c t o r  
t o  t h e  number o f  r a i n  days a t  Tabora t o  p r o v i d e  an es t ima te  of t h e  
number o f  r a i n  days a t  Lyamungu. A s i m i l a r  adjustment was a l s o  
used t o  es t ima te  t h e  number of r a i n  days a t  Tuanshangou, China, 
where t he  c l i m a t i c  s t a t i o n  taken from ~ u l l e r  (1979) i s  Taiyuan 
which has mean va lues o f  396 mm f o r  t h e  annual r a i n f a l l  and 55 
f o r  t h e  number o f  r a i n  days. The mean annual r a i n f a l l  a t  t h e  
t e s t  s i t e  i s  500 mm. 

I t  was f r e q u e n t l y  necessary t o  make judgements, u s i n g  t h e  
g u i d e l i n e s  g i ven  i n  Morgan, Morgan and Finney (1982), on t h e  
va lues f o r  t h e  mo i s tu re  s to rage  a t  f i e l d  capac i t y ,  t h e  b u l k  d e n s i t y  
and t h e  r o o t i n g  depth o f  t he  s o i l .  D e t a i l s  o f  these were r a r e l y  
a v a i l a b l e  i n  t h e  sources consu l ted .  

The need t o  use r a i n f a l l  and s o i l  da ta  which may d i f f e r  f rom those 
o f  t he  t e s t  s i t e s  means t h a t  good p r e d i c t i o n s  o f  r u n o f f  and e ros ion  may 
n o t  be ob ta ined  because t h e  model i s  s e n s i t i v e  t o  a  1 pe r  cen t  change 
i n  t h e  va lues  o f  these parameters (Morgan, Morgan and Finney, 1982). 
Because o f  t h i s  t he  t e s t  s i t e s  a r e  c l a s s i f i e d  i n t o  two groups: those 
fo r  which h i g h  q u a l i t y  i n f o r m a t i o n  i s  a v a i l a b l e  and those where t h e  
q u a l i t y  o f  t h e  i n f o r m a t i o n  i s  on l y  moderate. 

INPUT FILES 

I n p u t  f i l e s  were prepared t o  t h e  format presented i n  Table 1. The 
f i l e s  f o r  t h e  s i t e s  w i t h  h i g h  q u a l i t y  da ta  a r e  shown i n  Table 2 and those 
f o r  t h e  s i t e s  w i t h  moderate q u a l i t y  da ta  i n  Table 3. 



T a b l e  1 I n p u t  F i l e  

CARDS 1-3 :  T i t l e  c a r d s  up t o  60 c h a r a c t e r s  e a c h  

C A R D  4 :  MS, ED, R D ,  SD, K ,  W ,  R N ,  SLP,  N Y  

CARDS 5-n: YEAR, R A I N ,  R D A Y ,  INTENS, INCEP, ETEO, CFAC 

( a  s e p a r a t e  c a r d  i s  r e q u i r e d  f o r  e a c h  y e a r  o f  s i m u l a t i o n  f o r  t h e  i n p u t  
p a r a m e t e r s  on c a r d  5 )  

A l l  d a t a  a r e  r e a d  i n  f i e l d s  o f  s i x  c o l u m n s .  N Y ,  YEAR, R A I N  a n d  R D A Y  
m u s t  b e  i n  i n t e g e r  f o r m  (IS), t h e  o t h e r  p a r a m e t e r s  a r e  i n  f l o a t i n g  
p o i n t  f o r m .  

MS S o i l  m o i s t u r e  c o n t e n t  a t  f i e l d  c a p a c i t y  (% w/w) 

H D 
3  

Hulk d e n s i t y  o f  t o p  s o i l  l a y e r  (Mg/m ) 

R D R o o t i n g  d e p t h  (m) 

S  D T o t a l  s o i l  d e p t h  (m) 

H 2 
S o i l  d e t a c h a b i l i t y  i n d e x  (g / J /m ) 

W b lea the r ing  r a t e  (mm/y) 

R N Top s o i l  r e n e w a l  r a t e  (mm/y) 

SL P  S i n e  o f  s l o p e  a n g l e  

N Y Number o f  y e a r s  of s i m u l a t i o n  

YEAR Y e a r  o f  s i m u l a t i o n  

R A I N  Annua l  r a i n f a l l  t o t a l  (mm) 

R D A Y  Number o f  r a i n  d a y s  i n  t h e  y e a r  

INTENS T y p i c a l  i n t e n s i t y  o f  e r o s i v e  r a i n  (mm/h) 

INCEP P e r c e n t a g e  r a i n f a l l  c o n t r i b u t i n g  t o  p e r m a n e n t  i n t e r c e p t i o n  

a n d  stem f l o w  

ETEO R a t i o  o f  a c t u a l  t o  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  

CFAC Crop  management  f a c t o r  (CP f a c t o r s  o f  t h e  U n i v e r s a l  S o i l  

L o s s  E q u a t i o n )  



m a 
Ln m . . 
N L r l  

ID P . 
Ln L r l  

0 0 0  
N N N  . . .  

2 9  9  
a r4 Ln 

O N N  

2 9 9  
* P 7 4  

O N N  

2 9  9  
o m 4  

O N N  

:99 
m u l  

O N N  

. . 
O 9 9  0 

Y m L n  
Q 
m 

O N N  4 
w 

O N N  




































