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PREFACE 

The interactions between agriculture and the environment 
have emerged as important factors linking the concerns of the 
agriculturist, the economist, and the systems analyst. Recog- 
nition of their importance has led to the establishment of a 
task at IIASA to study the environmental problems of agricul- 
ture. During the first year of this task, it has looked at 
environmental problems at the field level and at the regional 
and national levels. In addition, it has attempted to provide 
a framework which can allow the insights made at one level to 
become meaningful at the others as well. 

This paper presents an overview of ways in which views 
that normally characterize field-oriented or national-oriented 
studies of environment and agriculture can be joined in the 
context of a systems analysis of agricultural production 
systems. It presents a detailed picture of the phenomena 
comprising agricultural production and related systems, con- 
centrating on the interactions among these phenomena. It 
summarized these interactions in a series of three cross- 
impact or contingency matrices which can be used as the basis 
for a detailed analysis of specific systems. 
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ENVIRONMENTAL PROBLEMS AND THE BEHAVIORAL AND POLICY 
DIMENSIONS OF AGRICULTURAL PRODUCTION SYSTEMS 

Agriculture is characterized by environmental, 
behavioral, and policy dimensions. More than any other 
human activity, it represents the conscious maintenance of 
artificial and unstable ecosystems, and the world's 
production of food and fiber depends on their maintenance. 
The management of agricultural production systems is carried 
out by farmers whose behavior is the most important variable 
in the stability of the agroecosystem. The policy signals 
perceived by the farmers constitute one of the most 
important inputs to farmers' decision-making. 

Agricultural policy and farmer behavior have long been 
discussed and evaluated in practical studies of agricultural 
production. But the environmental dimensions of agriculture 
remain much less clear despite the obvious need for 
ecological integrity of agricultural production systems as 
preconditions for their sustainability. Dysfunctions of 
agricultural ecosystems are difficult to understand and deal 
with, and they pose an analytical problem which often 
overshadows their potential significance in analyses of 
development processes or projects, even when these have 
important environmental components. This paper examines the 
role of the environment in the context of the overall 
agricultural production system. It suggests that this view 
provides an effective and straightfoward mechanism for 
assessing the significance of environmental problems of 
agriculture and setting priorities for understanding their 
component processes and collecting data for their detailed 
observation. This analysis can be routinely included in 
analyses of world development and the assessment of 
development projects. 

Environmental Problems and Agricultural Systems - 
The notion of environmental problems of agriculture 

means different things to different people. Different 
things cause problems in different places, and one culture 
may perceive a given phenomenon as a problem whereas another 
would not. We can identify three basic types of 
environmental problem in agriculture (Figure 1). One is an 
integral part of the production system. It results from 
human activities based in decisions made by farmers, 



oriented toward particular goals of agricultural production, 
and constrained by a spectrum of policy and economic signals 
generated by society as a whole. Whatever dysfunction 
arises affects the farmer himself and his posterity most 
directly, even when the particular problem spills over into 
adjacent ecosystems. Typical examples are soil degradation 
and biocide resistance in pests. The second type stems from 
factors beyond the direct control of the manager. It 
includes drought, natural disasters, and floods. These may 
have substantial impact on the system, but their solution or 
mitigation is difficult, very expensive, or impossible. The 
influences of the third type are external to agriculture. 
These are the externalities such as agriculture-related 
eutrophication ro pesticide runoff commonly referred to as 
'environmental impacts.' Their resolution is a function of 
political tradeoffs and regulatory strategy. 

The most significant environmental problems in poor 
areas affect the agricultural production system directly. 
This is not because externalities are not as meaningful as 
in developed countries, but rather because poverty and 
population pressure put such a high premium on food 
production that factors which are perceived as externalities 
to production increases are likely to be accepted as part of 
the price of development. In the same way, the 
environmental phenomena beyond the control of the farmer are 
apt to be taken as given (or as 'acts of God'). By 
contrast, a rich developed country is likely to try to 
control some of the external sources which lie within its 
economic and technological capabil ities. Regulations 
typically exist which force the producer at least to attempt 
to deal with the externalities of his production. At the 
same time, the farmer may be able to control phenomena which 
would be beyond the control of the poor farmer in a 
developing country. This is simply as part of the cost of 
doing business. 

Environmental problems of agriculture have a very wide 
range. For a discussion of some of the more important, see 
Golubev -- et al., (1978) or Clapham (in press, b). They may 
also be tremendously disruptive, leading to widespread 
debilitating disease, erosion of the resource base upon 
which agriculture is built, or short-term crop failure. 
They spell personal disaster for large numbers of people in 
many developing countries. But what is a personal problem 
for the small farmer is also multiplied over all producers 
to constitute a national problem of some magnitude in many 
places. The people who are too sick to work cannot pull 
their weight in the development process. The food that is 
not produced is not available to feed either the rural or 
the urban poor. Cash crops that are not harvested are not 
available for export and thus represent a concrete loss for 



the  n a t i o n a l  economy. Environmental dysfunc t ion  may s p e l l  
personal  hardsh ip  fo r  a  l a r g e  propor t ion  of t h e  na t iona l  
popu la t ion ,  a s  well  a s  lower food i n t a k e  and g r e a t e r  
i n s t a b i l i t y  of t h e  food supply f o r  most of t he  r e s t .  I t  
thus  c o n s t i t u t e s  a  major source  of v u l n e r a b i l i t y  for  t he  
e n t i r e  n a t i o n a l  economy. 

Farmers a r e  n e i t h e r  s t u p i d  nor pe rve r se ,  even when they 
a r e  unschooled o r  i l l i t e r a t e .  They do not t r y  t o  cause 
environmental breakdown, al though they may not be aware of 
t h e i r  r o l e  i n  spreading i t .  Their management d e c i s i o n s  
r ep resen t  a  response t o  the  aggregate  of t he  s i g n a l s  they 
r ece ive .  Economic, c u l t u r a l ,  and pol  icy s i g n a l s  may seem 
much more important  than the  environment, e s p e c i a l l y  i f  t he  
f a rmer ' s  pover ty  prec ludes  a  planning horizon beyond t h e  
next h a r v e s t .  Indeed i t  is o f t e n  d i f f i c u l t  t o  d e t e c t  
developing environmental dysfunc t ion  a t  a l l ,  g iven  a l l  of 
the  o the r  changes t h a t  occur wi th in  a  developing 
a g r i c u l t u r a l  system (Clapham and P e s t e l ,  1 9 7 8 ~ )  . Weather 
f l u c t u a t i o n s  confer  a  s t o c h a s t i c  n a t u r e  t o  a g r i c u l t u r a l  
product ion phenomena t h a t  can br ing ou t  problems i n  marginal 
systems dur ing  bad per iods ;  These can p e r s i s t  f o r  yea r s  
a f t e r  t he  o r i g i n a l  s t i m u l u s  has receded ( e .g .  P i c a r d i  and 
S e i f e r t ,  1977) .  

Development and Change 

Environmental problems come hand-in-hand with  change. 
T r a d i t i o n a l  a g r i c u l t u r a l  systems tend g e n e r a l l y  t o  e x i s t  i n  
a  dynamic balance with  t h e  environment, so  t h a t  eco log ica l  
v u l n e r a b i l i t y  is  minimized by t r a d i t i o n s  of s o c i a l  behavior ,  
taboos,  f e s t i v a l s ,  and c l a n  t e r r i t o r i a l i t y .  The 
s i g n i f i c a n c e  of t h e s e  t r a d i t i o n s  has been demonstrated 
convincingly in  t h e  an thropologica l  l i t e r a t u r e  on human 
ecology ( e .g .  Rapoport,  1968) .  Indeed t h e  reason t h a t  such 
systems a r e  t r a d i t i o n a l  is because t h e  balance between human 
a c t i v i t y  and t h e  environment has become s t a b l e  over many 
yea r s .  Any a c t i v i t y ,  p a r t i c u l a r l y  i n  a  vu lnerab le  o r  
c a p r i c i o u s  environment, which d id  not  a l low f o r  balance 
between t h e  needs of  t h e  human popula t ion  and t h e  p a r t i c u l a r  
eco log ica l  c o n d i t i o n s  would never have remained s t a b l e  fo r  a  
s u f f i c i e n t l y  long time t o  be considered t r a d i t i o n a l .  

B u t  r ap id  change i n  a g r i c u l t u r e  gene ra t e s  a  dynamic 
evo lu t ion  of c u l t u r a l  mechanisms wi th in  t h e  r u r a l  
popula t ion .  P a r t  of t h i s  is due t o  t h e  ' l e a r n i n g  curve '  of 
t h e  farmer ,  but  p a r t  is  equa l ly  due t o  t h e  expansion i n  
s e r v i c e s  or  e x p e c t a t i o n s  of governments o r  s o c i e t y  i n  
gene ra l .  A t  t h e  same t ime, t h e r e  a r e  major changes i n  
agroecosystems. Change i n  c u l t u r a l  methods i s  accompanied 
by changes i n  t he  g e n e t i c  makeup of c rop  and noncrop 



populations, the introduction and biogeochemical dynamics of 
nutrients and other biologically active chemicals, and the 
mass movement of soil and water. It is difficult under such 
conditions to differentiate the effects of cultural change 
from the long-term dynamics of the environment, and it is 
often very difficult to assess what is really going on 
(Clapham and Pestel, 1978~). 

Major structural change in the agricultural production 
system is the essence of agricultural development for most 
developing countries. Both indigenous development and 
development projects planned and funded by foreign sources 
imply much more than the installation of fixed capital, 
machinery, and advanced technology. They also bring major 
changes in the way farmers interact with the environment as 
well as with each other. Indeed many international 
development agencies are concerned that their projects 
include among their goals redistribution of income, 
improvement of nutrition, and ecological stability of the 
agricultural production system. These goals are not served 
by documenting the environmental impacts of a project in the 
usual sense. Real development can bring such fundamental 
system change that the ramifications of even rather small 
development projects may be far more significant than the 
primary environmental impacts. 

Developing countries tend to be located in ecologically 
vulnerable areas (Clapham, 1976; Biswas, in press). Any 
sort of change in a complex system at least skirts the 
unknown. Attempts to understand and affect the course of 
such systems requires sophisticated and effective analytical 
techniques which can probe this unknown. But this need not 
mean rigorous mathematical models; such approaches are 
based on our experience in developed countries and are often 
not directed toward the questions appropriate to developing 
countries. Environmental analysis for development means 
understanding of the role of environmental factors in the 
dynamic evolution of the agricultural system induced by the 
development process. In a very practical sense, we do not 
need to know what changes will be brought about in 
ecological communities if we can document that the 
trajectory of agricultural system development is towards 
increasing ecological stability. Neither do we need a 
detailed assessment of the direct environmental impacts of a 
project if the trajectory of the development pattern 
generated by it is towards destabilization due to either 
ecologic or socio-economic causes. 

Some Concrete Environmental Problems of Agriculture - - 



L e t  u s  l ook  b r i e f l y  a t  two t y p i c a l  e n v i r o n m e n t a l  
p rob lems  i n  t h e  c o n t e x t  o f  t h e  p r o d u c t i o n  s y s t e m  o f  which 
t h e y  a r e  p a r t s .  The pu rpose  o f  t h e s e  p a r t i c u l a r  examples  is 
t o  show t h e  s u b t l e t y  which c h a r a c t ' e r i z e s  many e n v i r o n m e n t a l  
p rob lems  and t o  s u g g e s t  t h e  k i n d s  o f  c o n s t r a i n t s  and 
o p p o r t u n i t i e s  which a r i s e  f rom t h e  n a t u r e  o f  t h e  sys t em.  

C o t t o n  Leafworm I n f e s t a t i o n  - i n  Egypt 

The f i r s t  example c o n c e r n s  p e s t  i n f e s t a t i o n  by t h e  
c o t t o n  leafworm,  Spodop te ra  l i t t o r a l i s  ( B o i s d u v a l )  i n  Egypt .  
T h i s  is a  v e r y  s e r i o u s  p e s t  which c a u s e s  a n n u a l  l o s s e s  
runn ing  t o  t e n s  o f  m i l l i o n s  o f  Egyp t i an  pounds.  The i n s e c t  
f l o u r i s h e s  b e c a u s e  i t s  f a v o r e d  f o o d ,  c o t t o n ,  is w i d e l y  
p l a n t e d  i n  t h e  N i l e  V a l l e y ,  and b o t h  c l i m a t e  and 
a g r i c u l t u r a l  c o n d i t i o n s  a l l o w  i t  t o  t h r i v e .  The 
c i r c u m s t a n c e s  which make i t  a  problem a r e  c l e a r l y  under  t h e  
f a r m e r ' s  c o n t r o l ,  and i t s  d i r e c t  e f f e c t s  on him and on t h e  
a g r i c u l t u r a l  economy a r e  s e v e r e .  The c o t t o n  leafworm 
r e p r e s e n t s  an  o b v i o u s  and c o n c r e t e  e n v i r o n m e n t a l  p roblem 
whose r o l e  i n  t h e  dynamics  o f  t h e  p r o d u c t i o n  sys t em a r e  
c l e a r .  

C o t t o n  is  by f a r  t h e  most i m p o r t a n t  c a s h  c r o p  i n  Egypt ,  
and i t s  e x p o r t  a c c o u n t s  f o r  a  v e r y  s u b s t a n t i a l  p o r t i o n  o f  
he r  t o t a l  f o r e i g n  exchange  r e v e n u e s  (46% o f  t o t a l  e x p o r t s ,  
76% of  a g r i c u l t u r a l  e x p o r t s ;  El-Tobgy, 1 9 7 6 ) .  Thus t h e  
p r o d u c t i o n  o f  c o t t o n  is a  m a t t e r  o f  t remendous  n a t i o n a l  
impor t ance ,  and t h e  government  h a s  i n s t i t u t e d  a  number o f  
measu res  t o  i n s u r e  a  h i g h  l e v e l  o f  p r o d u c t i o n .  T h e s e  
c o n t r o l s  i n c l u d e  r e g u l a t i o n  o f  p r o d u c e r  p r i c e s ,  t h e  
p r o v i s i o n  o f  h i g h - q u a l i t y  seed  t o  t h e  p r o d u c e r  by t h e  
government ,  and t h e  e s t a b l i s h m e n t  o f  s t r i c t  2- o r  3-year 
r o t a t i o n s  ( F i g u r e  2 ) .  F u r t h e r m o r e ,  t h e  f i e l d s  a r e  o r g a n i z e d  
s o  t h a t  a  g i v e n  f a r m e r ' s  h o l d i n g s  a r e  s p l i t  among s e v e r a l  
crop-growing u n i t s .  Even i f  a n  i n d i v i d u a l  h a s  b u t  a  few 
h e c t a r e s  i n  h i s  t o t a l  h o l d i n g s ,  t h e y  a r e  l i k e l y  t o  be i n  
s e v e r a l  b l o c k s  a p p o r t i o n e d  r o u g h l y  e q u a l l y  among t h e  
d i f f e r e n t  y e a r - s t a g e s  o f  t h e  r o t a t i o n  scheme. But t h e  
b l o c k s  b e l o n g i n g  t o  a l l  t h e  members o f  a  v i l l a g e  o r  
c o o p e r a t i v e  a r e  a r r a n g e d  s o  t h a t  f i e l d s  i n  t h e  same c r o p  a r e  
c o n t i g u o u s ,  and t h e  s m a l l h o l d i n g s  o f  many i n d i v i d u a l s  a r e ,  
i n  e s s e n c e ,  combined t o  r e semble  a  l a r g e  f i e l d  p l a n t e d  t o  a  
s i n g l e  c r o p .  The c o n t i g u o u s  a r e a  i n  e a c h  c r o p  may t h u s  be 
q u i t e  l a r g e ,  a l l o w i n g  f o r  c e r t a i n  economies  of  s c a l e  f o r  
a c t i v i t i e s  which c a n  be  c a r r i e d  o u t  a t  t h e  v i l l a g e  o r  
c o o p e r a t i v e  l e v e l ,  s u c h  a s  mechanized plowing o r  a e r i a l  
s p r a y i n g  f o r  p e s t  c o n t r o l .  T h i s  sys t em would a p p e a r  t o  be 
an i d e a l  compromise between t h e  r e a l i t i e s  o f  s m a l l  
l a n d h o l d i n g s  and t h e  need f o r  a n  e f f i c i e n t  and modern c o t t o n  
p r o d u c t i o n  sys t em w i t h  minimal l o s s e s  t o  p e s t s .  But  t h e r e  



a r e  p r o b l e m s .  

The o p t i m a l  p l a n t i n g  d a t e  f o r  c o t t o n  v a r i e s  f rom e a r l y  
F e b r u a r y  t o  mid-March, d e p e n d i n g  o n  t h e  p a r t  o f  t h e  c o u n t r y .  
I t  is p r e c e d e d  i n  mos t  a r e a s  by a  c a t c h - c r o p  o f  be r s eem 
c l o v e r  ( T r i f o l i u m  a l e x a n d r i n u m )  f rom wh ich  t h e  f a r m e r  s h o u l d  
take one  o r  t w o  c u t t i n g s  f o r  f o d d e r  b e f o r e  p l o w i n g  h i s  f i e l d  
f o r  c o t t o n .  Berseem c l o v e r  i s  t h e  main  f o r a g e  c r o p  f o r  
l i v e s t o c k ,  and t h e r e  is  a  s u b s t a n t i a l  s h o r t f a l l  o f  f o d d e r  
o v e r  t h e  a n n u a l  c y c l e .  I n d e e d  t h i s  s h o r t a g e  is s o  s e v e r e  
t h a t  f a r m e r s  o f t e n  d e f o l i a t e  t h e i r  c o r n  i n  t h e  summer t o  
f e e d  t h e i r  a n i m a l s ,  e v e n  t h o u g h  t h i s  may c a u s e  s u b s t a n t i a l  
r e d u c t i o n s  i n  c o r n  y i e l d s .  S t i l l ,  t h e  l i m i t a t i o n s  o f  o n e '  o r  
two c u t t i n g s  o f  b e r s e e m  f o r  f o d d e r  p u r p o s e s  would n o t  a p p e a r  
t o o  r e s t r i c t i v e  o n  t h e  s u r f a c e .  The a d j a c e n t  f i e l d s  o f  
f u l l - s e a s o n  c l o v e r  p r e c e d i n g  t h e  summer c o r n  o r  r i c e  c r o p  
p r o v i d e  a l m o s t  80% o f  t h e  h i g h - g r a d e  f o d d e r .  B u t  p r o d u c e r  
p r i c e s  f o r  c o t t o n  a r e  se t  s i g n i f i c a n t l y  l o w e r  t h a n  t h e  w o r l d  
e q u i v a l e n t ,  and t h e  p r o d u c e r  p r i c e  o f  mea t  is n o t  
c o n t r o l l e d .  T h i s  c r e a t e s  a  s t r o n g  i n c e n t i v e  t o  e m p h a s i z e  
f o d d e r  p r o d u c t i o n  a t  t h e  e x p e n s e  o f  c o t t o n ,  and  i t  is q u i t e  
common f o r  p r o d u c e r s  t o  i g n o r e  t h e  r e g u l a t i o n s  g o v e r n i n g  t h e  
c o t t o n  p l a n t i n g  d a t e  and t o  t a k e  a n  a d d i t i o n a l  o n e  o r  two 
c u t t i n g s  ( C o l o r a d o  S t a t e  U n i v e r s i t y ,  1977 ;  Webb, 1 9 7 8 ) .  The 
r e s u l t  is a  d e l a y  i n  c o t t o n  p l a n t i n g  s o  t h a t  i t  h a s  less  
t i m e  i n  t h e  g r o u n d .  Such d e l a y s  i n  p l a n t i n g  c a n  r e s u l t  i n  
s i g n i f i c a n t  r e d u c t i o n s  i n  y i e l d  (Brown, 1 9 5 5 ) .  

The mos t  i m p o r t a n t  p e s t  o n  c o t t o n  i n  t h e  N i l e  V a l l e y  is 
t h e  c o t t o n  l e a fworm.  I t  c a n  c a u s e  t h e  l o s s  o f  ma jo r  
p o r t i o n s  o f  t h e  c o t t o n  c r o p .  I n d e e d ,  t h e  l o s s e s  o f  1 /3  o f  
t h e  c r o p  t o  t h e  l e a fworm i n  1 9 6 1  s p a r k e d  a  m a j o r  c h a n g e  i n  
l a n d  r e f o r m  and t h e  c o o r d i n a t i o n  o f  p l a n t i n g s  i n  f a r m e r s '  
f i e l d s  (E l -Tobgy ,  1 9 7 6 ,  p .  5 6 ) .  But  be r s eem c l o v e r  is t h e  
a l t e r n a t e  h o s t  o f  t h e  c o t t o n  l ea fworm.  Roughly  90% o f  t h e  
a d u l t  moths  o v i p o s i t i n g  on  c o t t o n  i n  t h e  c r i t i c a l  l a t e -  
s p r i n g  g e n e r a t i o n  o f  t h e  l e a fworm h a t c h  f rom pupae  m a t u r e d  
unde r  f u l l - s e a s o n  be r s eem c l o v e r  i n  a d j a c e n t  f i e l d s  which  
w i l l  be p l a n t e d  t o  c o r n  o r  r i c e  i n  J u n e .  R e g u l a t i o n s  e x i s t  
which  p r o h i b i t  t h e  i r r i g a t i o n  o f  c l o v e r  a f t e r  1 0  May. T h e i r  
i n t e n t  is t o  a l l o w  t h e  s o i l  t o  d r y  o u t  and h e a t  up ,  l e a d i n g  
t o  p u p a l  m o r t a l i t y  o f  u p  t o  40%.  But  t h e s e  r e g u l a t i o n s  a re  
n o t  r i g o r o u s l y  e n f o r c e d ,  and t h e i r  b r e a c h  f a v o r s  b o t h  t h e  
l a t e  g r o w t h  o f  c l o v e r  and t h e  s p r i n g  o u t b r e a k  o f  t h e  c o t t o n  
l ea fworm.  

Farm management d e c i s i o n s  a r e  made by i n d i v i d u a l  
f a r m e r s  whose i n t e r e s t s  a r e  b e s t  s e r v e d  by max imiz ing  c l o v e r  
p r o d u c t i o n ,  e v e n  t h o u g h  t h e  n a t i o n a l  i n t e r e s t  a s  e x p r e s s e d  
by t h e  c e n t r a l  gove rnmen t  would b e  b e t t e r  s e r v e d  by 
i n c r e a s i n g  c o t t o n  p r o d u c t i o n .  A s  a  r e s u l t ,  c o t t o n  s u f f e r s  
somewhat g r e a t e r  l o s s e s  t h a n  would b e  e x p e c t e d ,  d u e  t o  



e x c e s s  p e s t  a t t a c k  and d e l a y  i n  p l a n t i n g .  P e s t i c i d e  
a p p l i c a t i o n  must a l s o  be  h i g h e r  t h a n  would o t h e r w i s e  be 
r e q u i r e d ,  and p e s t i c i d e  r e s i s t a n c e  becomes a c c o r d i n g l y  more 
i m p o r t a n t .  The leafworm g e t s  an i m p o r t a n t  head s t a r t  i n  i ts  
d e s t r u c t i o n  of  c o t t o n  because  of  t h e  p r e s e n c e  o f  c l o v e r  
d u r i n g  t h e  c r i t i c a l  p e r i o d  o f  t h e  s p r i n g .  I t s  s p r e a d  is  
h e l p e d  a l o n g  by t h e  f a c t  t h a t  t h e  c o n t i g u o u s  a c r e a g e  i n  
c o t t o n  w i t h i n  a  g i v e n  a r e a  is q u i t e  h i g h .  

Many measu res  migh t  be a b l e  t o  r e d u c e  l o s s e s  t o  p e s t s ,  
i n  p r i n c i p l e .  One o f  t h e s e  is t o  i n c r e a s e  t h e  l e v e l  o f  
s p r a y i n g .  But t h i s  i s  e x p e n s i v e ,  and i t  r e p r e s e n t s  a  d r a i n  
on f o r e i g n  exchange  s t o c k s .  B e f o r e  t h e  a d v e n t  o f  c h e m i c a l  
p e s t i c i d e s ,  i t  was common p r a c t i c e  f o r  l a r g e  numbers o f  
c h i l d r e n  t o  g o  th rough  t h e  f i e l d s  hand-p ick ing  leafworm 
egg-masses .  T h i s  p r a c t i c e  is somewhat l e s s  common t o d a y  
t h a n  i t  used t o  be .  I n  a d d i t i o n  t o  t h e  p e r c e i v e d  
e f f e c t i v e n e s s  o f  c h e m i c a l  i n s e c t i c i d e s ,  t h e  c h i l d r e n  who 
used t o  be t h e  main egg-mass p i c k e r s  a r e  now l i k e l y  t o  be  i n  
s c h o o l .  N e v e r t h e l e s s ,  hand-p ick ing  and chemica l  p e s t  
c o n t r o l  a r e  t h e  two c o n t r o l  mechanisms now a v a i l a b l e ,  and 
b o t h  a r e  c a r r i e d  o u t  a t  r e l a t i v e l y  i n t e n s i v e  r a t e s .  E i t h e r  
c o u l d  be i n c r e a s e d ,  b u t  t h e  p r i c e  would be h i g h ,  and t h e  
m a r g i n a l  e f f e c t  on t h e  leafworm p o p u l a t i o n  would n o t  be  v e r y  
g r e a t .  

The p r o d u c t i o n  sys t em i n  Egypt i s  a  t i g h t l y  c o n s t r a i n e d  
o n e ,  bu t  i t  is n o t  s t a t i c .  I t  is l i m i t e d  by a v a i l a b l e  
t e c h n o l o g y ,  f o r e i g n  exchange  s t o c k s ,  and manpower. Change 
would r e q u i r e  new s t i m u l i  a t  p o i n t s  t o  which t h e  s y s t e m  is  
s e n s i t i v e .  The f e l l a h i n  a r e  c a p a b l e  o f  r e s p o n d i n g  s t r o n g l y  
and q u i c k l y  t o  changes  i n  t h e  s i g n a l s  which e n t e r  t h e i r  
dec i s ion -mak ing  c a l c u l u s .  T h i s  c a n  be s e e n  i n  t h e  a l m o s t  
comple t e  s h i f t  i n  t h e  p l a n t i n g  s e a s o n  f o r  c o r n  i n  upper  
Egypt f o l l o w i n g  t h e  a v a i l a b i l i t y  o f  year - round i r r i g a t i o n  
wa te r  from t h e  High Dam a t  Aswan (El-Tobgy, 1 9 7 6 ) .  But  t h e  
r e l a t i v e  b e n e f i t  o f  f e e d i n g  c l o v e r  t o  l i v e s t o c k  v e r s u s  
c o n c e n t r a t i n g  on c o t t o n  i s  s u c h  t h a t  t h e  r a t i o n a l  b e h a v i o r  
of t h e  fa rmer  is t o  maximize h i s  c l o v e r  p r o d u c t i o n ,  p r o l o n g  
h i s  c a t c h - c r o p  o f  berseem a s  l o n g  a s  p o s s i b l e ,  and p l a n t  h i s  
c o t t o n  a s  l a t e  a s  he cou ld  g e t  away w i t h  i t .  U n t i l  t h i s  
c h a n g e s ,  t h e  r o l e  o f  t h e  c o t t o n  leafworm c a n  be e x p e c t e d  t o  
ho ld  t o  i t s  c u r r e n t  s t a t e .  

The r o o t s  o f  t h e  c o t t o n  leafworm problem i n  Egypt 
e x t e n d  beyond t h e  moth i t s e l f .  They i n c l u d e  t h e  p r i c i n g  
p o l i c i e s  of  t h e  government  which d i s c o u r a g e  i n c e n t i v e  i n  
c o t t o n  p r o d u c t i o n  and i n c r e a s e  demand f o r  meat and d a i r y  
p r o d u c t s .  They i n c l u d e  t h e  r i g i d i t i e s  imposed by t h e  
sha red -b lock  sys t em o f  l a n d  o r g a n i z a t i o n .  They i n c l u d e  t h e  
b e h a v i o r  of t h e  f e l l a h  t o  a  l a r g e  number of  p o l i c y  and 
economic s i g n a l s ,  many o f  which have  n o t h i n g  d i r e c t l y  t o  d o  



w i t h  t h e  c o t t o n  l e a f w o r m .  No amount  o f  s t u d y  o r  e f f o r t s  t o  
c o n t r o l  t h e  l e a f w o r m  is l i k e l y  t o  be a b l e  t o  s o l v e  . t h e  
p r o b l e m  o f  p e s t  a t t a c k  u n l e s s  t h e y  b r i n g  a b o u t  a  c h a n g e  i n  
t h e  way t h a t  t h e  f e l l a h  d e t e r m i n e s  h i s  b e h a v i o r .  And t h e  
o b v i o u s  p o l i c y  o f  a d j u s t i n g  t h e  r e l a t i v e  p r i c e  l e v e l s  t o  
s t r u c t u r e  c h a n g e s  i n  farmers' b e h a v i o r  would  l i k e l y  o p e n  a 
P a n d o r a ' s  box i n  t h e  d e l i c a t e l y  b a l a n c e d  economy o f  E g y p t .  

The E g y p t i a n  c o t t o n  l e a f w o r m  is t y p i c a l  o f  a  c l a s s  o f  
e n v i r o n m e n t a l  p r o b l e m s  which  is w i d e s p r e a d  t h r o u g h o u t  t h e  
w o r l d .  T h a t  t h e r e  is a  p r o b l e m  is c l e a r ,  and  i t s  b e h a v i o r  
c a n  be d o c u m e n t e d .  B u t  t h e  s y s t e m  w h i c h  i n c l u d e s  i t  is 
c o n s t r a i n e d  i n  ways  w h i c h  l i m i t  t h e  e f f e c t i v e n e s s  o f  d i r e c t  
s o l u t i o n s  w h i c h  m i g h t  seem most a p p r o p r i a t e .  I n d e e d  s u c h  
a p p r o a c h e s  may e v e n  ' p a i n t '  t h e  manager  ' i n t o  a  c o r n e r , '  a s  
i t  w e r e ,  and p r e v e n t  him f r o m  r e t u r n i n g  t o  m e a s u r e s  w h i c h  
u s e d  t o  be c o n s i d e r e d  a d e q u a t e  ( H o l l i n g ,  1 9 7 8 ) .  R e a l  
i m p r o v e m e n t s  r e q u i r e  a  c o m p r e h e n s i v e  v i e w  o f  t h e  s y s t e m  
w h i c h  c o n s i d e r s  t h e  b i o l o g i c a l  m a n i f e s t a t i o n s  o f  t h e  p r o b l e m  
a l o n g  w i t h  t h e  n e e d s  a n d  d e c i s i o n  f ramework  o f  t h e  f a r m e r  
and t h e  i n s t r u m e n t s  a v a i l a b l e  t o  t h e  p o l i c y - m a k e r .  O n l y  
t h e n  c a n  a s u f f i c i e n t l y  i m a g i n a t i v e  m i x t u r e  o f  m e a s u r e s  b e  
s u g g e s t e d  t o  move t h e  s y s t e m  f r o m  p o i n t s  t o  w h i c h  i t  i s  
s e n s i t i v e  (see C l a p h a m ,  i n  p r e s s ,  a ,  f o r  s u c h  a n  a n a l y s i s  o f  
t h e  l e a f w o r m  p r o b l e m ) .  

T r a n s m i g r a t i o n  t o  t h e  O u t e r  I s l a n d s  o f  I n d o n e s i a  
-7 - 

A d i f f e r e n t  k i n d  o f  p r o b l e m  is shown by t h e  r e s p o n s e s  
o f  t h e  I n d o n e s i a n  g o v e r n m e n t  t o  t h e  t r e m e n d o u s  p o p u l a t i o n  
p r e s s u r e  w i t h i n  t h e  h e a v i l y  p o p u l a t e d  a r e a s  o f  t h e  c o u n t r y .  
Over  65% o f  t h e  I n d o n e s i a n  p o p u l a t i o n  l i v e s  o n  less t h a n  7% 
of t h e  l a n d  a r e a  o n  t h e  i s l a n d s  o f  J a v a ,  Madura ,  a n d  B a l i  
(Hanson and  K o e s o e b i o n o ,  1 9 7 7 ) .  The s p a r s e l y  p o p u l a t e d  
o u t e r  i s l a n d s  s u c h  as S u m a t r a ,  Kal i m a n t a n ,  and S u l a w e s i  a r e  
s e e n  a s  a  way o f  r e l i e v i n g  t h i s  p r e s s u r e .  B u t  o n e  o f  t h e  
r e a s o n s  t h a t  t h e  i n n e r  i s l a n d s  a r e  a s  h e a v i l y  p o p u l a t e d  as 
t h e y  a r e  is b e c a u s e  t h e i r  s o i l s  a r e  v o l c a n i c a l l y  d e r i v e d  a n d  
i n h e r e n t l y  f e r t i l e .  They c a n  m a i n t a i n  v e r y  h i g h  l e v e l s  o f  
a g r i c u l t u r a l  p r o d u c t i o n ,  a s  t h e y  h a v e  i n d e e d  d o n e  f o r  many 
h u n d r e d s  o f  y e a r s  ( G e e r t z ,  1 9 6 3 ) .  The o u t e r  i s l a n d s ,  o n  t h e  
o t h e r  h a n d ,  a r e  c h a r a c t e r i z e d  by ' p r o b l e m  s o i l s '  w h i c h  a r e  
n o t  a s  f e r t i l e ,  and  w h i c h  a r e  s u b j e c t  t o  r a p i d  d e p l e t i o n  i f  
t h e y  a r e  managed i n  t h e  wrong way. I n  o r d e r  f o r  
t r a n s m i g r a t i o n  t o  b e  s u c c e s s f u l ,  a modus v i v e n d i  w i t h  t h e s e  
p r o b l e m  s o i l s  m u s t  e x i s t ,  s o  t h a t  t r a n s m i g r a n t  p o p u l a t i o n s  
c a n  s u r v i v e  w i t h  a  s t a b l e  a g r i c u l t u r a l  b a s e .  

I t  is n o t  r e a l l y  c l e a r  how t o  u s e  t h e  p r o b l e m  s o i l s  
i n t e n s i v e l y  and  e f f i c i e n t l y .  The d y n a m i c s  o f  t h e  m i n e r a l  
p a r t i c l e s  and  n u t r i e n t s  u n d e r  d i f f e r e n t  c r o p p i n g  r e g i m e s  is 



incompletely understood, and it is very difficult to make - a 
priori recommendations on potentially stable means of 
cultivating them. Pilot projects have suggested several 
potential means of developing a stable agriculture, but the 
degree to which these can be implemented on the outer 
islands themselves is not at all clear. 

Once again, the social dimension of the problem is at 
least as important as the environmental dimension. 
Successful transmigration obviously requires that the people 
who are moved to the outer islands be able to develop a new 
and successful agrarian culture including both cultural 
behavior and the cultivation techniques which are 
appropriate to the area and which can be maintained stably 
under the conditions of the new location. This is by no 
means a simple job, and the literature is replete with 
instances of transmigration in which people have not been 
properly prepared. The cultural base they brought to the new 
areas was not appropriate to it, and they were simply 
incapable of dealing adequately with the new realities. The 
resulting disease or soil degradation quickly left them 
worse off than they had been originally. 

What is required in this case is the simultaneous 
understanding of the behavior of the soil under different 
types of management and the way that potential transmigrants 
respond to the set of signals they perceive and the degree 
to which these signals are able to change under policy 
control. Only then is it possible to identify feasible 
stable alternatives of culture and agriculture. Only then 
is it possible to carry out a successful transmigration 
project. 

In principle, the levels of analytical detail should be 
much higher in this case than with the cotton leafworm. 
Likewise, the ecological factors which must be dealt with 
are broader and more complex. But our knowledge in such 
cases is typically poor. Data on soils and biogeochemical 
phenomena are typically sparse and noisy. The qua1 itative 
information on what might constitute management options is 
not always clear. The level of confidence in an analysis 
made under these conditions is necessarily relatively low. 
On one hand, this would normally mean that one must be much 
more conservative in one's project design. But conservatism 
may not be possible in the Indonesian case because of 
population pressure. If there is a risk inherent in the 
ecological basis of the system, there is also a risk to 
doing nothing, and both of these risks may be considerable. 
It is often necessary to make decisions on the basis of very 
poor information. Given this, it may be necessary to 
identify indicators of potential problems and possible 
solutions. Both the social behavior of a transmigrant 



community and its agricultural resource base can then be 
monitored for many years after the community is established. 
This is virtually the only way to verify the assumptions and 
decisions which were made in the transmigration project and 
to insure that a stable solution to the problem has been 
reached. 

Placement of transmigrant populations in ecologically 
vulnerable areas is typical of a great many environmental 
problems thoughout the world. Only change is certain, and 
the analyst cannot depend on his understanding of the 
situation or the data base available to him. Certain 
aspects of the problem may be well-defined, but others will 
remain fuzzy and ill-defined. Feasible resolution depends 
on the willingness of policy-makers to understand both what 
they know and do not know about the ecological as well as 
the human factors of the change and to try to head off 
specific problems 'on the fly' as they begin to develop. 
Like the cotton leafworm, this requires a comprehensive view 
of the biological, geochemical, socio-economic, and pol icy 
dimensions of the system. But it is less focused, and if 
anything, the stakes are higher. 

An Operational View of Agricultural Systems - -- 
It is most meaningful for our purposes to characterize 

agricultural systems in terms of three domains: the 
environmental, the individual-management, and the policy- 
making. The scope of these domains, as well as their most 
important characteristics, are summarized in Table 1. It 
should be noted that 'environment' is defined here in a 
rather broad and inclusive way. Each of the domains is 
characterized by a relatively well-defined set of phenomena, 
as well as a set of disciplinary approaches (Table 2). 
Nevertheless all three are present in all real-world 
agricultural systems. The geobiological production 
phenomena include crop growth, interactions with pests and 
weeds, nutrient movement within soils, movement of soil 
particles, and the impact of these phenomena on adjacent 
ecosystems and non-crop populations. Farmers are the 
individual managers who over see crops, soils, and related 
factors under their control, and their behavior is directed 
and/or constrained by economic and pol icy signals. 

Each domain can be represented by a series of processes 
with information flowing among them. The domains are also 
connected by a pattern of information flow (Figure 3). 
Producers have instruments by which they manage field crops 
and livestock. They monitor certain geobiological phenomena 
such as crop growth, disease, etc., and these signals enter 
their dec ision-making calculus. Economic and pol icy signals 



transmitted from national governments to producers are also 
considered in producer decision-making. Policy-makers also 
monitor the behavior of farmers (Clapham and Pestel, 1978a- 
c; Clapham, in press, b) 

This view lets us characterize the system in a rapid 
and useful way. Indeed Figure 3 demonstrates that we can 
identify sets of phenomena for all domains which include the 
important behavioral aspects of the system. Furthermore, 
the information flows which connect and thereby control 
these phenomena can also be specified. This picture can be 
viewed as a qualitative overview of the system in some ways 
analogous to a road map. Figure 3 is an extremely schematic 
diagram. If all of the phenomena shown there were 
considered, and if all the information flows between all of 
them were shown, as in a flow chart, the resulting diagram 
would be so complicated as to impossibly confuse and 
frustrate even the most dedicated cartographer. Most of the 
phenomena are affected by several others, and the 
multiplicity of information pathways is exceedingly high. 
Fortunately, we do not need to draw flow charts of the 
entire system. The overall picture can be summarized quite 
adequately in.an extremely compact way which allows a 
straightforward verbal description of the system as a set of 
functional relationships. We do not need to describe this 
procedure in detail at this point; it is described elsewhere 
(Clapham, in press, b ) .  What is important is that the great 
complexity of the multidimensional system can be compressed 
into usable verbal form without needing to resort to the 
arcane and sometimes confusing representational tools of the 
systems analyst. 

Going from the real world to a meaningful 
representation of a complex system is neither a simple nor 
an automatic task. It requires retaining sufficient 
complexity to understand the indirect effects of the 
dynamics of development without becoming confused by the 
complexity. The analyst must determine what is known about 
the system without foundering in a sea of detail or losing 
heart over the inscrutability of the patterns he is trying 
to represent. He must cast his net widely enough at first 
to enable him to be reasonably sure that the most important 
factors are included someplace within it. If his 'net' is a 
qualitative framework which helps to organize relationships 
without needing a lot of detail to do so, then this is a 
feasible task. Simplification and problem-definition can 
then proceed by eliminating relationships that are not 
important rather than by accretion of other problems that 
suddenly appear important. 

Problem definition can be oriented toward the 
particular place and time rather than toward disciplinary 



framework. The re  is no i n s u r a n c e ,  o f  c o u r s e ,  t h a t  t h e  
i m p o r t a n t  p a t h s  w i l l  be i d e n t i f i e d ,  e s p e c i a l l y  f o r  t h e  
i n d i r e c t  e f f e c t s  which span  d i s c i p l i n e s  and must be 
c o n s i d e r e d  f o r  s i t u a t i o n s  which a r e  n o t  w e l l  u n d e r s t o o d .  
But a n a l y s i s  of any  s o r t  must be  o r i e n t e d  toward a n s w e r i n g  
q u e s t i o n s ,  and i t  is n o t  p o s s i b l e  t o  answer a  q u e s t i o n  which 
is n o t  a s k e d .  S t a r t i n g  w i t h  a  b road  q u a l i t a t i v e  framework 
which a t t e m p t s  t o  i n c l u d e  a l l  o f  t h e  r e l e v a n t  domains o f  t h e  
p r o d u c t i o n  sy tem maximizes  t h e  l i k e l i h o o d  t h a t  t h e  q u e s t i o n s  
which a r e  most a p p r o p r i a t e  t o  a  g i v e n  development  p r o j e c t  
w i l l  a t  l e a s t  be a s k e d .  

D i s c u s s i o n  - and C o n c l u s i o n s  

Throughout  t h i s  p a p e r ,  e n v i r o n m e n t a l  p rob lems  o f  
a g r i c u l t u r e  have  been  s e e n  a s  phenomena which a r e  c l o s e l y  
a s s o c i a t e d  w i t h  a g r i c u l t u r a l  deve lopment .  T h e i r  s i g n i f i c a n c e  
stems from t h e i r  r o l e s  b o t h  i n  t h e  a g r i c u l t u r a l  p r o d u c t i o n  
sys t em and i n  t h e  o v e r a l l  dynamic of  t h e  deve lopment  
p r o c e s s .  They a f f e c t  p e o p l e ,  b o t h  a s  i n d i v i d u a l  p r o d u c e r s  
and a s  s o c i e t y .  They a r e  f a r  more t h a n  amen i ty  r e s o u r c e s .  
Because deve lopment  r e p r e s e n t s  change  w i t h i n  t h e  
a g r i c u l t u r a l  s y s t e m ,  t h e  e n v i r o n m e n t a l  and s o c i a l  f a c t o r s  
c o m p r i s i n g  a g r i c u l t u r e  a r e  c l o s e l y  t i e d  t o  e a c h  o t h e r .  
N e i t h e r  t h e  i m p l i c a t i o n s  nor  t h e  mechanism f o r  c o n t r o l  o f  
e c o l o g i c a l  d y s f u n c t i o n  is c l e a r  u n t i l  t h e  r o l e  of  t h e  
e n v i r o n m e n t a l  f a c t o r  is s e e n  c l e a r l y  i n  t h e  c o n t e x t  o f  t h e  
sys t em w i t h i n  which i t  e x i s t s .  A s  a  g e n e r a l  r u l e ,  w e  do  n o t  
need t o  d e s c r i b e  e n v i r o n m e n t a l  p rob lems  u n l e s s  t h i s  h e l p s  u s  
s o l v e  them. S o l u t i o n  t o  s i g n i f i c a n t  p rob lems  r e q u i r e s  
d i r e c t i o n  by p o l i c y  maker s ,  and i t  o f t e n  r e q u i r e s  c h a n g e s  i n  
t h e  behav io r  of i n d i v i d u a l  p r o d u c e r s  which can  b r i n g  a b o u t  
r e a d j u s t m e n t s  w i t h i n  t h e  e n v i r o n m e n t a l  domain. Only when 
t h e  v e r y  c l o s e  l i n k a g e s  o f  a l l  t h r e e  o f  t h e s e  domains  a r e  
s e e n ,  u n d e r s t o o d ,  and d e a l t  w i t h  d o e s  i t  make much s e n s e  t o  
t a l k  abou t  s o l u t i o n s .  

I t  makes no s e n s e  t o  a p p e a l  t o  t h e  long- te rm economic 
r a t i o n a l i t y  of  e c o l o g i c a l l y  s t a b l e  p r o d u c t i o n  i f  a  f a r m e r  is ' 

s o  concerned  w i t h  hav ing  enough t o  e a t  t h a t  h i s  p l a n n i n g  
h o r i z o n  c a n n o t  e x t e n d  beyond t h e  n e x t  h a r v e s t .  I t  is n o t  
r e a s o n a b l e  t o  t a l k  a b o u t  t h e  p r o v i s i o n  of  s e r v i c e s  by 
government  o r  t h e  d i s s e m i n a t i o n  o f  c e r t a i n  p o l i c y  s i g n a l s  i f  
t h e  manpower b a s e  o r  t h e  e d u c a t i o n a l  sys t em of  t h e  c o u n t r y  
is n o t  a b l e  t o  p r o v i d e  t h e  s e r v i c e s ,  o r  i f  t h e  government  
b e l i e v e s  t h a t  c e r t a i n  p o l i c i e s  a r e  a g a i n s t  i t s  own o v e r a l l  
b e s t  i n t e r e s t s .  The s i g n i f i c a n c e  of  e n v i r o n m e n t a l  p rob lems  
o f  a g r i c u l t u r e  r e a c h e s  f a r  beyond e c o l o g i c a l  phenomena. Any 
p r a c t i c a l  a n a l y s i s  o f  t h e  a g r i c u l t u r a l  env i ronmen t  must 
e x p l i c i t l y  r e c o g n i z e  t h e  c u l t u r a l ,  economic ,  and p o l i c y  
b a s e s  of  problems a s  w e l l  a s  t h e i r  e c o l o g i c a l  b a s e .  I t  must 



furthermore recognize that solutions to this problem are 
equally culturally determined. 

The identification, explication, and understanding of 
the higher-order phenomena which are most important for 
environmental problems of agriculture requires a high level 
of analytical sophistication. This does not mean that 
sophisticated mathematical models are necessary or even 
appropriate. Rather it means that the analyst must be 
extraordinarily careful to make sure that the questions 
being examined are the right questions and that the various 
tools that are available are optimally used. Without some 
kind of framework within which to build a comprehensive view 
of the agricultural production system, it is difficult or 
impossible to assess the interconnections between phenomena 
which are most important for system development. Because of 
this, it may not be possible to assess what data are needed 
or how to carry out the analysis for the most meaningful 
purposes. One may even ignore the roots of the problem or 
the keys to opportunities for solutions. 

Creating a qualitative picture of the 
interrelationships among phenomena provides a usable 
perspective from which to judge the likely significance of 
the phenomena and the state of our knowledge about them. 
This perspective can help identify needs for additional 
knowledge and data and then help justify the data 
collection. It can also help identify pressure points to 
which the system may be sensitive, as well as structural 
constraints on possible problem solutions. Its usefulness 
in understanding the broad dimensions of environmental 
problems of agriculture is shown in the two examples given 
earlier in the paper, and Clapham (in press, a) shows how it 
can even suggest some solutions to important problems. 

Summary 

Environmental problems of agriculture constitute some 
of the most complex and significant problems of modern 
times. They 'are found in all countries, but they are most 
prominent -- and most serious -- in developing countries 
located in ecologically vulnerable areas. Their roots 
commonly lie in the culture of the population, the farmers' 
behavior, or the economy of the area. In order to assess 
patterns of agricultural development in general, or to 
assess the implications of development projects, we must 
include the environmental, behavioral, and policy dimensions 
of the agricultural production system into a single 
framework, so that we can understand both the problems as 
narrowly defined and the measures which must be taken in 



order to solve them. One way of doing this is through a 
comprehensive, but qualitative overview of the system. This 
provides a general framework for the analysis, and it can be 
simplified so that a particular problem can be treated in a 
meaningful and adequate fashion. 
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Figure Captions 

Figure 1. Schematic diagram of environmental 
production problems as functions of the sources and 
influences of the phenomena involved. Scale in arbitrary 
units. 
Three groups are identified. I-environmental phenomena 
integral to the production process; 11-Environmental 
phenomena are external to the production process, but have 
their primary effect on agricultural production; Ill-Source 
of the phenomenon is within agriculture, but the primary 
effect is external. 
15 environmental phenomena are shown: 1-Weather 
fluctuation; 2-Earthquakes; 3-Other natural disasters; 
4-Floods; 5-Waterlogging and salinization; 6-Pesticide 
resistance; 7-Agricultural chemical residues in soil; 8-Soil 
fertility; 9-Soil erosion; 10-Pest and weed attack; 11-Soil 
compaction; 12-Genetic vulnerability of crops; 13-Human 
disease; 14-Agriculture-related eutrophication; 
15-Agricultural chemical runoff. 

Figure 2. Schematic diagram of a typical 3-year crop 
rotation in Egypt. 

Figure 3. Schematic representation of agricultural 
production systems. 
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