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PREFACE 

The Task Force  mee t ing  on t h e  Nature  o f  C l i m a t e  and S o c i e t y  
Resea rch ,  4-6 February  1980, was t h e  t h i r d  major  e v e n t  i n  c l i m a t e  
s t u d i e s  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  Appl ied  Systems 
A n a l y s i s .  I n  February  o f  1978, a  meet ing  was h e l d  on  "Carbon 
Diox ide ,  C l imate  and S o c i e t y "  t o  . b r i n g  t o g e t h e r  e x p e r t s  from 
around t h e  wor ld  t o  a s s e s s  t h e  s t a t e  o f  knowledge o n  t h e  p r o s -  
p e c t s  o f  c l i m a t e  change t a k i n g  p l a c e  a s  a  r e s u l t  o f  i n c r e a s i n g  
i n j e c t i o n s  o f  ca rbon  d i o x i d e  i n t o  t h e  a tmosphere  and i n  p a r t i c -  
u l a r  t o  r ev iew work under taken  on t h i s  s u b j e c t  under  t h e  IIASA 
Energy Systems Program. The r e s u l t s  o f  t h i s  c o n f e r e n c e ,  i n c l u d -  
i n g  b o t h  c o n t r i b u t e d  p a p e r s  and recommendations a b o u t  p r u d e n t  
ene rgy  s t r a t e g i e s  and f u r t h e r  needed r e s e a r c h ,  w e r e  e d i t e d  by 
D r .  J i l l  Wi l l i ams  and p u b l i s h e d  i n  t h e  IIASA Proceed ings  S e r i e s .  
I n  A p r i l  o f  1978, IIASA h o s t e d  t h e  c o n j o i n t  s e s s i o n s  o f  t h e  I n t e r -  
n a t i o n a l  Workshop on Cl imate  I s s u e s  o r g a n i z e d  by t h e  Cl imate  
Research  Board of  t h e  US N a t i o n a l  Academy o f  S c i e n c e s  and t h e  
p r e p a r a t o r y  meet ing  f o r  t h e  World Cl imate  Conference  o r g a n i z e d  
p r i m a r i l y  by t h e  World M e t e o r o l o g i c a l  O r g a n i z a t i o n  (WMO) o f  t h e  
Uni ted  Na t ions .  A r e p o r t  on  t h e  Workshop e n t i t l e d  " I n t e r n a t i o n a l  
P e r s p e c t i v e s  on t h e  S tudy  o f  C l i m a t e  and S o c i e t y "  was p r e p a r e d  by 
t h e  Cl imate  Research  Board, w h i l e  t h e  p r o c e e d i n g s  o f  t h e  World 
Cl imate  Conference ,  which was h e l d  i n  Geneva i n  February  1979, 
a r e  a v a i l a b l e  from t h e  WMO. I t  i s  i n  t h e  t r a d i t i o n  o f  t h i s  
i n t e r e s t  i n  c l i m a t i c  i s s u e s  a t  IIASA t h a t  t h e  Task F o r c e  was con- 
vened and t r i e d  t o  advance o u r  knowledge o f  t h e  r e l a t i o n s h i p  o f  
c l i m a t e  t o  s p e c i f i c  a s p e c t s  o f  p h y s i c a l  and s o c i a l  sys tems .  T h i s  
p a p e r  i s  t h e  i n t r o d u c t i o n  and overv iew f o r  t h e  p r o c e e d i n g s  o f  t h e  
Task Force  meet ing .  
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SUMMARY 

The volume of proceedings entitled "Climatic Constraints 
and Human Activities" contains a summary essay and seven invited 
papers from the Task Force meeting on the Nature of Climate 
Society Research convened in February 1980 at the International 
Institute for Applied Systems Analysis in Laxenburg, Austria. 
This, the introductory essay, examines the differences in research 
methods on questions of short-term climate variability and longer- 
term climatic change, identifies some important avenues for re- 
search, and briefly surveys the papers. Ausubel and Meyer-Abich 
take broad looks at climate and public policy. Ausubel offers 
arguments from an economic point of view as to why the atmosphere 
is increasingly associated with developments, like climatic change, 
which are threatening to human activity. The paper by Meyer- 
Abich surveys from a political point of view the reasons that 
regulation of activities which could control or prevent climatic 
change is unlikely to take place, and why adaptation is the most 
likely path to be followed, especially given the current weakness 
of the interdisciplinary analysis of the problem of climatic 
change. The paper by Biswas narrows the focus and illuminates 
the uncertainty associated with one specific but very prominent 
area, the relationship between climate and crops, which one might 
easily assume otherwise to be a more secure area of knowledge. 
Three case study approaches follow, two emphasizing a geographical 
perspective and one a social group. Warrick's historical study 
of the possible "lessening" of drought impacts in the Great Plains 
of the United States emphasizes the need for a clear setting out 
of the hypotheses to be tested in research on the relationship of 
climate and society and the need for improvements of the modeling 
of the overall system. Spitz develops a model of a food producing 
class which is also self-provisioning, that is, where food has a 
dual nature as both a basic need and as merchandise to be traded, 
and explores the significance of drought to such a group, with 



particular reference to Eastern India. Czelnai's paper on the 
Great Plain of the Danube Basin offers interesting insights into 
the extent into which natural systems have already been trans- 
formed by man and proposes ways in which sensitivity and vulner- 
ability to climatic factors may be defined and explored. Finally, 
Sergin proposes a method of estimating plausible patterns of 
climatic change based on the similarity between seasonal changes 
and climatic changes of physical fields on longer time scales. 



INTRODUCTION AND OVERVIEW 

Jesse Ausubel and A s i t  K. B i s w a s  

THE PROBLEM 

Cl ima te ,  d e f i n e d  a s  e i t h e r  t h e  expec t ed  o r  t h e  obse rved  
s t a t i s t i c a l  c h a r a c t e r  o f  weather o v e r  some s p e c i f i e d  p e r i o d ,  
v a r i e s  on  a l l  t i m e  s c a l e s .  I ndeed ,  c l i m a t e  i s  perhaps  t h e  
most v a r i a b l e  a s p e c t  o f  o u r  n a t u r a l  environment .  C l i m a t i c  
v a r i a b i l i t y  t h u s  i n t r o d u c e s  an i m p o r t a n t  s t o c h a s t i c  e lement  
i n t o  t h o s e  human a c t i v i t i e s ,  such  a s  a g r i c u l t u r e  and w a t e r  
r e s o u r c e  management, t h a t  it i n f l u e n c e s .  The ext reme c l i -  
m a t i c  e v e n t s  t h a t  a r e  i n e v i t a b l e  consequences  o f  t h i s  v a r i -  
a b i l i t y  pose  p a r t i c u l a r l y  g r e a t  r i s k s  to  t h e  s u c c e s s f u l  
f u n c t i o n i n g  of t h e s e  a c t i v i t i e s .  Moreover, t h e r e  i s  r ea son  
t o  b e l i e v e  t h a t  human a c t i v i t i e s  themse lves  may l e a d  t o  long- 
t e r m  c l i m a t i c  changes ,  w i t h  a t t e n d a n t  changes  i n  t h e  s ta t i s -  
t i c a l  c h a r a c t e r i s t i c s  of  climate and t h e  r e t u r n  p e r i o d s  f o r  
d e f i n e d  r i s k s .  

S tudy of  c l i m a t e  and i t s  i n t e r a c t i o n s  w i t h  s o c i e t y  i s  
mot iva ted  by two g e n e r a l  conce rns .  F i r s t ,  i n  complex, i n -  
c r e a s i n g l y  s t r a i n e d ,  i n t e r l i n k e d ,  and r a p i d l y  e v o l v i n g  eco- 
nomic sy s t ems ,  c l i m a t i c  v a r i a b i l i t y  poses  s i g n i f i c a n t  and 
changing r i s k s .  The r e t u r n  p e r i o d s  for  ext reme c l i m a t i c  
e v e n t s  such  a s  d r o u g h t s  a r e  l ong  r e l a t i v e  t o  t h e  c u r r e n t  de- 
ve lopmenta l  t i m e  s c a l e  o f  s o c i e t y .  Thus, t h e  d i s a s t r o u s  
S a h e l i a n  d rough t  of  1968-1973 p r e s s e d  upon a f a r  d i f f e r e n t  
s o c i e t y  t h a n  d i d  t h e  e a r l i e r  d r o u g h t s  of t h e  c e n t u r y ,  and 
o l d  rel ief  p l a n s  and measures were  l a r g e l y  i n a p p r o p r i a t e .  
Ana ly s i s  i s  t h e r e f o r e  d e s i r a b l e  t o  unde r s t and  t h e  s e n s i t i v -  
i t i e s  and r i s k s  i n  economic and developmenta l  p o l i c i e s  t h a t  
may l i e  unno t i c ed  u n t i l  a f t e r  some climatic shock o r  disaster 
ha s  r e v e a l e d  them i n  a  most u n d e s i r a b l e  way. Second, it h a s  
become e v i d e n t  t h a t  human a c t i v i t i e s  may l e a d  t o  g l o b a l  c l i -  
m a t i c  changes .  A p a r t i c u l a r  concern  is  t h e  i n j e c t i o n  o f  
ca rbon  d i o x i d e  i n t o  t h e  a tmosphere  a s  a consequence  o f  f o s s i l  
f u e l  combustion.  While o t h e r  a s p e c t s  o f  t h e  g l o b a l  ca rbon  
c y c l e  are a l s o  ex t remely  i m p o r t a n t  from t h e  p o i n t  of view 



of potential climatic change, it is this link of climate to 
energy policy that probably accounts for the largest share 
of interest in climate in industrialized countries. 

Climate is a classic multidisciplinary problem. Its 
study ranges from mathematical and physical sciences, through 
biological and ecological investigation, to economic and po- 
litical issues. It is at one extreme a subject for basic 
geophysical field research and computer modeling and at the 
other an applied question of immediate importance to policy 
makers concerned with disaster relief, agricultural policy, 
and so forth. During recent years, attention from both the 
scientific and policy-making communities has been given to 
climate, and recommendations about programs of research and 
action have been made. 

COOPERATION AMONG ORGANIZATIONS 

The World Climate Conference (Geneva, February 1979), 
to which IIASA actively contributed, called for further study 
of the climate system and of the relationship of climate and 
human activities. A World Climate Program has been approved 
by the World Meteorological Organization (WMO) and should 
serve as the coordinator of the activities of several inter- 
national organizations, both governmental and nongovernmen- 
tal. With respect to the study of the dynamics of climate, 
it is expected that an activity growing out of the Global 
Atmospheric Research Program (GARP) of WMO and the Interna- 
tional Council of Scientific Unions (ICSU) will be most sig- 
nificant. With respect to supporting study of the impacts 
of climate on human activities, the United Nations Environ- 
ment Programme (UNEP) is expected to play a leading role. 
The Scientific Committee on Problems of the Environment 
(SCOPE) of ICSU has also shown interest in this area and is 
planning future activities. A number of other international 
organizations have also expressed interest in climate, as 
have numerous academic and scientific institutes in countries 
of IIASA's National Member Organizations (NMOs). In February 
1980 IIASA's Resources and Environment Area held a Task 
Force Meeting on the Nature of Climate and Society Research. 
The meeting provided an opportunity for IIASA to coordinate 
its activities with the various interested groups and to 
identify important research topics in the area of climate 
and human activities in general and for IIASA in particular. 

In response to comments from individual scientists and 
the NMOs, emphasis of climate activity at IIASA has moved 
from the study of global climate models and the establish- 
ment of links with major modeling institutions to an empha- 
sis on applied questions relating climate to human activi- 
ties. These questions include anlysis of human activity which 
may influence the climate and the impact of short-term climatic 
variation and long-term climatic change on the environment 
and human activity. The Task Force Meeting and the associ- 
ated planning process also raised the question of the scale 
of climate activity within IIASA. At one time climate was . 



be ing  cons ide red  a s  t h e  b a s i s  o f  a  p o s s i b l e  "Program," a 
q u i t e  l a r g e  e f f o r t .  However, i n t e r n a l  and e x t e r n a l  groups  
concur red  t h a t  c l i m a t e  is  n o t  a  s u i t a b l e  s u b j e c t  f o r  a  major 
IIASA program. The more modest i d e a  o f  deve lop ing  a  c o r e  
a c t i v i t y  d e a l i n g  w i t h  c l i m a t e  w i t h i n  IIASA1s Resources  and 
Environment Area and of u s i n g  c l i m a t e  a s  a  " c r o s s - c u t t i n g  
theme" was p r e f e r r e d .  Given i t s  m u l t i d i s c i p l i n a r y  c h a r a c t e r ,  
c l i m a t e  might be  an  i n t e l l i g e n t  " u s e r "  o f  o t h e r  IIASA re- 
sea r ch .  But what t y p e s  of  problems and t i m e  s c a l e s  shou ld  
be  emphasized? 

VARIABILITY OR CHANGE? 

I n  l ook ing  a t  r e s e a r c h  on t h e  r e l a t i o n s h i p  o f  c l i m a t e  
and human- a c t i v i t i e s ,  one o f  t h e  f i r s t  d i s t i n c t i o n s  which 
can be  made i s  on t h e  b a s i s  o f  t i m e  s c a l e .  Fo r  purposes  o f  
s t udy ing  t h e  impact  o f  c l i m a t e  on human a c t i v i t y  w e  may t h i n k  
of  " c l i m a t i c  v a r i a b i l i t y "  a s  be ing  e s s e n t i a l l y  d e s c r i p t i v e  
o f  sho r t - t e rm  phenomena, t h a t  i s  t h e  i n t e r n a l  v a r i a b i l i t y  
a s s o c i a t e d  w i t h  any g iven  r e f e r e n c e  p e r i o d  o f  t i m e .  The 
g r e a t  v a r i a b i l i t y  o f  c l i m a t e  o f t e n  mi s l eads  peop l e  i n t o  
t h i n k i n g  t h a t  a  r e a l  "change" o f  c l i m a t e  i s  i n  p r o g r e s s .  
However, by change w e  r e f e r  t o  a  l a s t i n g  impu l s ive  change 
o r  c o n s i s t e n t  t r e n d  i n  t h e  c e n t r a l  tendency of  c l i m a t e .  
Studying t h e  e f f e c t s  o f  v a r i a b i l i t y  abou t  a  c e n t r a l  tendency 
i s ,  i n  impor t an t  r e s p e c t s ,  d i f f e r e n t  from s t u d y i n g  t h e  ef.- 
f e c t s  o f  a  long-term change i n  c e n t r a l  tendency.  

To c l a r i f y  t h e  d i s t i n c t i o n ,  r e s e a r c h  on c l i m a t i c  v a r i -  
a b i l i t y  r e f e r s  p r i m a r i l y  t o  s e a s o n a l  o r  annua l  v a r i a t i o n ,  
which m a n i f e s t s  i t s e l f  a s  p e r i o d s  o f  d rough t ,  unusua l l y  c o l d  
w i n t e r s  and s h o r t  summers, o r  o t h e r  c o n s e q u e n t i a l  d e v i a t i o n s  
from e s t i m a t e s  o f  average  v a l u e s  o f  impor tan t  c l i m a t i c  ele- 
ments.  The s t r u c t u r e  o f  work i n  t h i s  f i e l d  t e n d s  t o  be t o  
model a g r i c u l t u r a l  sys tems ,  wa t e r  r e s o u r c e  sy s t ems ,  o r  re- 
g i o n a l  economies, and s t u d y  t h e  e f f e c t s  of  some c l i m a t i c  i m -  
p u l s e  o r  shock.  There i s  c o n s i d e r a b l e  p o s s i b i l i t y  f o r  h i s -  
t o r i c a l  o r  e m p i r i c a l  work h e r e .  F ind ings  on t h e  r o l e  o f  
v a r i a b i l i t y  a r e  o f  i n t e r e s t  t o  t h o s e  who work on problems 
o f  n u t r i t i o n ,  p r i c e  f l u c t u a t i o n s ,  ba l ance  o f  t r a d e ,  d i s a s t e r  
r e l i e f ,  and c i v i l  de f ence  and t o  me teo ro log i ca l  and hydro- 
l o g i c a l  s e r v i c e s  engaged i n  moni to r ing  and f o r e c a s t i n g .  Some 
e x i s t i n g  geophys ica l  and econometr ic  models might  b e  adap ted  
f o r  p o l i c y  purposes .  While r e s e a r c h  on t h e  problems a s s o c i -  
a t e d  w i t h  v a r i a b i l i t y  t e n d s  t o  focus  p r i m a r i l y  on sho r t - t e rm  
r e sponses ,  c r i t i c a l  s i t u a t i o n s ,  such a s  t h o s e  a r i s i n g  w i t h  
d rough t ,  a l s o  o f f e r  e x c e l l e n t  o p p o r t u n i t i e s  t o  l e a r n  abou t  
unde r ly ing  long-term s t r u c t u r a l  f e a t u r e s  o f  s o c i a l  sys tems .  

I f  a  c l i m a t i c  change should  occu r  on a  t i m e  s c a l e  r e l e -  
v a n t  t o  a p p l i e d  r e s e a r c h ,  f o r  example, an i n c r e a s e  o f  t h e  
g l o b a l  mean tempera tu re  o f  between 2 OC and 5 OC o v e r  t h e  
n e x t  4 0  t o  1 0 0  y e a r s ,  i t  i s  l i k e l y  t o  be t h e  r e s u l t  o f  human 
a c t i v i t y .  Thus, i n  l ook ing  a t  c l i m a t i c  change and human ac-  
t i v i t i e s ,  w e  a r e  i n t e r e s t e d  i n  e v a l u a t i n g  b o t h  p o t e n t i a l  
sou rce s  o f  t h e  change,  and t h e  consequences o f  t h e  change.  



Having identified possible causes of climatic change, such 
as carbon dioxide, oxides of nitrogen, and chlorofluorometh- 
anes, one can look at three strategies of response: preven- 
tion (stopping emissions), compensation (allowing the emis- 
sion and then trying to reduce climatic change in some other 
way, for example, planting fast-growing trees to absorb in- 
creasing atmospheric C02), and adaption to an accepted cli- 
matic change, as predicted by numerical models of the climate 
system or described by historic analogues. 

If there is a possibility of controlling the specific 
cause of possible climatic change, then research is likely 
to focus on prevention and compensation. For each potential 
source of climatic change it may be possible to a greater or 
lesser extent to undertake cost-benefit or risk-benefit stud- 
ies. For example, one may look at the value of using the 
stratosphere for waste disposal versus the effects of climat- 
ic change, the value of using certain fuels versus the ef- 
fects of climatic change, and so on. Such studies would 
desirably be embedded in a larger context of, for example, 
comparative risks associated with energy strategies or agri- 
cultural technologies. 

However, it is not necessary to identify a specific 
cause in order to commence examination of the impacts of 
climatic change. Indeed, one line of argument is that in 
the course of the 1970s meteorologists and atmospheric chem- 
ists have steadily presented evidence of threats to climate. 
Some of these have subsequently been reevaluated as probably 
not dangerous, for example, stratospheric flight, but the 
likelihood that some pervasive, cumulative human activity 
will change the climate appears to be growing. 

In order to gain a better understanding of the potential 
dimensions of such environmental change, as well as to im- 
prove methods to understand it as it is specified more 
clearly, one might alternatively simply postulate a drastic . 
change (or "scenario") and explore its meaning. Whatever 
the cause of a long-term change, the factors and the policies 
and actions available for consideration will not be the same 
set as those for variability. Most importantly, as one is 
faced with thinking generations ahead, technological change 
becomes a dominating feature in the analysis, as well as the 
underlying ethical issue of human interest and responsibility 
in nature. More specifically, for example, questions of hu- 
man migration, large-scale capital investments, and environ- 
mental preservation may change significantly as functions of 
the time scale being considered. 

Of course, whether or not a cause is posited, much 
greater uncertainty will also characterize the long-range 
evaluation of the relationship of changing climate to, for 
example, agriculture or ecology, and ensuing social, economic, 
and political analysis will be very tentative. Existing eco- 
nomic models are unlikely to be useful, but certain aspects 
of economic theory may shed light on the problem. For 



example, i s s u e s  of  common p rope r ty  and i n t e r g e n e r a t i o n a l  
e q u i t y  a r i s e ,  and i n s i g h t s  i n t o  d e s i r a b l e  and f e a s i b l e  pol-  
i c i e s  may be gained through c o n s i d e r a t i o n  o f  f a c t o r s  such a s  
these .  The p o l i c y  o r i e n t a t i o n  of s tudy ing  c l i m a t i c  change 
w i l l  d i f f e r  from t h a t  of v a r i a b i l i t y  t o  t h e  e x t e n t  t h a t  t h e  
work on c l i m a t i c  change w i l l  be  more d i r e c t e d  toward those  
i n t e r e s t e d  i n  long-term planning i n  s o c i e t y  and q u e s t i o n s  o f  
choice  o f  energy p a t h ,  environmental  p r e s e r v a t i o n ,  and s o  
f o r t h .  

While t h e r e  a r e  methodological  d i f f e r e n c e s  a s s o c i a t e d  
wi th  t h e  d i f f e r e n t  t i m e  s c a l e s  o f  t h e s e  two c a t e g o r i e s  o f  
r e sea rch ,  it does n o t  make sense  t o  i n v e s t i g a t e  them e n t i r e l y  
independent ly  of one ano the r .  A s  Cze lna i  p o i n t s  o u t  i n  h i s  
paper i n  t h e s e  proceedings ,  t h e  impact of  a slow and g radua l  
c l i m a t i c  change on s o c i e t y  and economy w i l l  probably appear 
i n  t h e  shape of d i f f i c u l t i e s  caused by t h e  changing recur -  
rence t i m e  of extreme v a l u e s  on which impor t an t  des igns  a r e  
based. Any assessment  o f  long-term impacts must t h e r e f o r e  
be accompanied by s tudy  of t h e  impacts of sho r t - t e rm v a r i -  
a b i l i t y .  Moreover, t h e  shor t - te rm v a r i a b i l i t y  i s  u s u a l l y  
much l a r g e r  t han  t h e  r a t e  o f  long-term changes ,  and t h e  com- 
bined e f f e c t s  of  s h o r t -  and long-term v a r i a t i o n s  may a l s o  
become a new source  of d i f f i c u l t y .  F i n a l l y ,  d e c i s i o n s  re- 
q u i r e d  f o r  shor t - te rm problems may be  i n  c o n f l i c t  w i th  t h o s e  
f o r  long-term problems, s o  some coord ina t ion  between those  
d e a l i n g  wi th  t h e  two g e n e r a l  a r e a s  i s  d e s i r a b l e .  C l e a r l y ,  
i n  t h e  end,s tudies  of t h e  two k inds  of problems a r e  comple- 
mentary. Indeed,  s tudy ing  t h e  e f f e c t s  of  v a r i a b i l i t y  may be 
one of  t h e  b e t t e r  ways of  coming t o  unders tand t h e  magnitude 
of  t h e  e f f e c t s  o f  a p o s s i b l e  l a r g e - s c a l e ,  longer- term change. 

IMPORTANT AVENUES OF RESEARCH 

On t h e  b a s i s  o f  t h e  Task Force Meeting and a s s o c i a t e d  
a c t i v i t i e s ,  a  number of  d i r e c t i o n s  f o r  f u t u r e  r e s e a r c h  were 
i d e n t i f i e d .  These i n c l u d e  ( 1 )  improving t h e  c l i m a t o l o g i c a l  
b a s i s  f o r  s t u d i e s  of  t h e  e f f e c t s  of c l i m a t i c  v a r i a b i l i t y  and 
change, (2 )  s p e c i f y i n g  b e t t e r  from t h e  p o i n t  of  view of eco- 
nomic geography where f u t u r e  i n j e c t i o n s  of C 0 2  may o r i g i n a t e ,  
( 3 )  exp lo r ing  i s s u e s  involved i n  l i n k i n g  " p h y s i c a l "  and "so- 
cioeconomic" models i n  a problem o r i e n t e d  i n t e g r a t i o n ,  ( 4 )  
developing knowledge of t h e  r e l a t i o n s h i p  of  c l i m a t e  t o  water  
and food on a s e c t o r a l  b a s i s ,  and ( 5 )  developing knowledge 
of t h e  i r l t e r a c t i o n s  of c l i m a t e  and human a c t i v i t i e s  from a 
n a t i o n a l  o r  r e g i o n a l  pe r spec t ive .  A b r i e f  d e s c r i p t i o n  of 
each of  t h e s e  r e s e a r c h  a r e a s  fo l lows .  

( 1 )  S t u d i e s  o f  t h e  i n t e r a c t i o n  o f  c l i m a t e  and human 
a c t i v i t i e s  must be founded on t h e  b e s t  p o s s i b l e  c l imato log-  
i c a l  b a s i s ,  w i th  r e s p e c t  t o  bo th  c l i m a t i c  v a r i a b i l i t y  and 
change. A number of  u s e f u l  a c t i v i t i e s  might be  under taken 
i n  t h i s  f i e l d  by c l i m a t o l o g i s t s  and atmospher ic  modelers 
working i n  c o n s u l t a t i o n  wi th  a g r i c u l t u r a l i s t s ,  wa te r  r e source  
e x p e r t s ,  geographers ,  economists,  and o t h e r s .  An i n i t i a l  
a c t i v i t y  might be  development of  a d a t a  base  on p l a u s i b l e  



p a t t e r n s  of c l i m a t i c  change through t h e  nex t  cen tu ry  and on 
models of c l i m a t i c  v a r i a b i l i t y  s u i t a b l e  f o r  use  i n  "impact" 
ana lyses .  Pre l iminary  s c e n a r i o s  o f  c l i m a t i c  change might be 
developed based on reviews o f  worldwide r e s e a r c h  and on con- 
s i d e r a t i o n  of c r i t i c a l  s c i e n t i f i c  i s s u e s  such a s  ocean- 
atmosphere coupl ing  and r o l e  of  s o i l  and biomass i n  t h e  ca r -  
bon c y c l e .  There i s  a  growing amount o f  r e s e a r c h  d e r i v i n g  
s c e n a r i o s  f o r  f u t u r e  c l i m a t e  based bo th  on numerical  modeling 
us ing  g e n e r a l  c i r c u l a t i o n  models and on t h e  u s e  of p a s t  p e r i -  
ods a s  analogues f o r  t h e  f u t u r e  (see, f o r  example, t h e  paper  
by Se rg in  i n  t h e s e  p roceed ings ) .  A s  t h e  a v a i l a b l e  m a t e r i a l  
grows, it w i l l  become u s e f u l  t o  engage i n  comparisons of  pro- 
j e c t i o n s  of c l i m a t i c  change and t o  a t t e m p t  t o  improve t h e  
r e a l i s m  of  t h e s e  p r o j e c t i o n s ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  
a p p l i c a b l e  t ime and space  scales. With r e s p e c t  t o  s t u d i e s  
of t h e  r o l e  of c l i m a t i c v a r i a b i l i t y ,  c e r t a i n  k inds  o f  s t a t i s -  
t i ca l  s t u d i e s  of climate may provide  a u s e f u l  framework. 
Again, t h e s e  must be  designed i n  such a  way t h a t  t h e  " u s e r "  
d i s c i p l i n e s  w i l l  be a b l e  t o  apply them. 

( 2 )  S t r a t e g i e s  o f  response  t o  t h e  C 0 2  i s s u e  must be  
concerned wi th  t h e  n a t i o n a l  o r  r e g i o n a l  o r i g i n  of C 0 2  e m i s -  
s i o n s  and t h e  r a t e  a t  which C 0 2  may be expected t o  be  i n j e c t e d  
by v a r i o u s  groups i n t o  t h e  atmosphere. The rate a t  which C 0 2  
i s  i n j e c t e d  i s  a c r i t i c a l  de te rminant  o f  t h e  r a t e  o f  t h e  pro- 
j e c t e d  c l i m a t i c  change. Choice of  p o s s i b l e  p reven t ion  o r  
compensation s t r a t e g i e s  may be  l a r g e l y  determined by who i s  
i n j e c t i n g  C 0 2  i n t o  t h e  atmosphere and how f a s t .  I t  i s  nec- 
e s s a r y  t o  review, compare, and f u r t h e r  d e t a i l  p r o j e c t i o n s  o f  
f u t u r e  C 0 2  i n j e c t i o n s  i n t o  t h e  atmosphere,  p r i m a r i l y  i n j e c -  
t i o n s  from f o s s i l  f u e l  combustion. Most s t u d i e s  have taken  
a  "demand" approach t o  t h e  problem, hypo thes i z ing  g l o b a l  de- 
mand f o r  energy and then  working back through f u e l  mix t o  
C 0 2  i n j e c t i o n .  I t  i s  a l s o  necessary  t o  look  a t  t h e  supply 
s i d e  o f  t h e  ques t ion .  Who has  t h e  carbon r e s e r v e s  and re- 
sources?  How qu ick ly  can t h e s e  be  e x t r a c t e d  and conver ted  
t o  C02? To what e x t e n t  can t h e  in format ion  on "carbon 
wea l th"  ( s t o c k s  of carbon c o n v e r t i b l e  t o  a tmospher ic  C 0 2  on 
a  t i m e  s c a l e  of  about  100 y e a r s )  be i n t e g r a t e d  w i t h  models 
of energy demand t o  g i v e  a  p i c t u r e  o f  t h e  g e o p o l i t i c a l  and 
economic s t r u c t u r e  of a  C 0 2  problem? What can we l e a r n  about  
t h e  r e l a t i v e  d e s i r a b i l i t y  and l i k e l i h o o d  of  p r e v e n t i v e ,  com- 
pensa to ry ,  and a d a p t i v e  s t r a t e g i e s  t o  C02-induced c l i m a t i c  
change by c l a r i f y i n g  p o s s i b l e  q u a n t i t i e s  and sou rces  o f  fu-  
t u r e  i n j e c t i o n s ?  A r e  t h e r e  i s s u e s  o f  l i a b i l i t y  and d i s t r i b -  
u t i v e  j u s t i c e ?  

(3 )  Understanding t h e  r e l a t i o n s h i p  of  c l i m a t e  and human 
a c t i v i t i e s  i s  i n h e r e n t l y  m u l t i d i s c i p l i n a r y .  A problem o r i -  
en t ed  i n t e g r a t i o n  of  s c i e n c e s  i s  r e q u i r e d ,  b u t  o f t e n  t h e  con- 
t r i b u t i o n s  o f  i n d i v i d u a l  d i s c i p l i n e s  are such t h a t  t hey  re- 
main i s o l a t e d  and u n t r a n s l a t a b l e  o r  u n t r a n s l a t e d  i n t o  terms 
of ano the r  d i s c i p l i n e ,  much less i n t o  w p o l i t i c a l  f a c t s . "  
(See t h e  paper  by Meyer-Abich i n  t h e s e  proceedings . )  For  
example, b r i n g i n g  t o g e t h e r  n a t u r a l  and socioeconomic models 
i nvo lves  many problems. E x i s t i n g  models u s u a l l y  cover  



subsystems.  P r e s e n t  s i m u l a t i o n  models o f  t h e  atmosphere a t  
one extreme of  t h e  spect rum and economet r ic  models a t  t h e  
o t h e r  o f f e r  q u i t e  d i f f e r e n t  approaches  t o  modeling problems,  
and t h e r e  i s  l i t t l e  p o s s i b i l i t y  o f  i n t e r a c t i o n  among them. 
S i m i l a r l y ,  crop-Climate models r e q u i r e  more development and 
comparison o f  r e s u l t s  b e f o r e  t h e y  can  b e  r e l i a b l y  u t i l i z e d  
i n  c o n j u n c t i o n  w i t h  e i t h e r  more s o p h i s t i c a t e d  models o f  c l i -  
mate o r  o f  t h e  a g r i c u l t u r a l  s e c t o r .  (See  t h e  pape r  by Biswas 
i n  t h e s e  p roceed ings . )  I s s u e s  i nvo lved  i n  j o i n i n g  t h e  v a r i -  
ous  " p h y s i c a l "  and "socioeconomic" models shou ld  be  exp lo red .  
The purpose  o f  t h e  e x p l o r a t i o n s  would b e  t o  deve lop  methods 
f o r  e v e n t u a l l y  l i n k i n g  socioeconomic models and e m p i r i c a l  o r  
dynamic models o f  climatic v a r i a b i l i t y  and change t o  s t u d y  
s e n s i t i v i t y ,  r i s k  l e v e l s ,  and p o l i c y  o p t i o n s  i n  sound i n t e -  
g r a t e d  a s se s smen t s .  N e w  approaches  may b e  needed.  For  ex- 
ample, it h a s  been sugges t ed  t h a t  i n  s t u d y i n g  t h e  d i f f e r e n -  
t i a l  impact  o f  d rough t  on s o c i e t i e s ,  r e c e n t  s t r u c t u r a l  t he -  
o r i e s ,  such  a s  t h e  t h e o r y  o f  d i s s i p a t i v e  sys tems ,  may p r e s e n t  
a promis ing avenue t o  b e  exp lo red .  While some o f  t h e  work 
i n  t h i s  a r e a  i s  t h e o r e t i c a l ,  it may a l s o  be  l i n k e d  t o  con- 
crete c a s e  s t u d i e s .  F i n a l l y ,  it shou ld  b e  p o i n t e d  o u t  t h a t  
t r y i n g  t o  g r a s p  t h e  f u n c t i o n a l  circle o f  s c i e n c e  and economy 
r a i s e s  fundamenta l  e t h i c a l  i s s u e s  i n  t h e  ph i losophy  of n a t u r e .  
U l t i m a t e l y ,  t h i s  k ind  o f  r e s e a r c h  i s  n o t  meant merely  t o  h e l p  
g e n e r a t e  r e l i a b l e  numerical  a s se s smen t s ,  b u t  a l s o  t o  h e l p  us  
judge what i s  good o r  bad w i t h  r e s p e c t  t o  n a t u r e .  

( 4 )  I n  c e r t a i n  r e s p e c t s  it may be  p o s s i b l e  t o  a r r i v e  
a t  t h e  most c o n c r e t e  r e s u l t s  by l i m i t i n g  t h e  f i e l d  o f  s t u d y  
t o  c l i m a t e  and one  impor t an t  n a t u r a l  o r  socioeconomic s e c t o r .  
Food and w a t e r  appear  t o  b e  t h e  s e c t o r s  w i t h  t h e  h i g h e s t  p r i -  
o r i t y ,  b u t  i n t e r e s t i n g  work might  b e  under taken  w i t h  r e s p e c t  
t o  ecology and o t h e r  s e c t o r s .  I n  t h i s  k ind  o f  work , fo r  exam- 
p l e ,  a g r i c u l t u r a l  models might  be  used t o  t e s t  " c l i m a t i c  
shocks" t o  t h e  food sys tem,  o r  c l i m a t i c  v a r i a b i l i t y  might  be  
exp lo red  as an  environmenta l  c o n s t r a i n t  t o  a g r i c u l t u r e .  Sim- 
i l a r l y ,  t h e  connec t ion  o f  c l i m a t i c  v a r i a b i l i t y  and i s s u e s  o f  
w a t e r  supp ly  and q u a l i t y  have n o t  been f u l l y  e x p l o r e d .  

( 5 )  Ra ther  t han  a s e c t o r a l  approach,  it is  a l s o  p o s s i -  
b l e  t o  unde r t ake  a n a l y s i s  o f  t h e  i n t e r a c t i o n s  between c l i m a t e  
and human a c t i v i t i e s  from a n a t i o n a l  o r  r e g i o n a l  p e r s p e c t i v e .  
Such s t u d i e s  o f f e r  a c o n t i n u i n g  s o u r c e  o f  i d e a s  a b o u t  t h e  
k ind  o f  problems and s i t u a t i o n s  a model might  be  asked  t o  
r e p r e s e n t ,  a s  w e l l  a s  o f f e r i n g  c o n c r e t e  e x p l o r a t i o n s  o f  pol -  
i c y  d e c i s i o n s .  A number o f  t h e s e  s t u d i e s  have been c a r r i e d  
o u t ,  b u t  no c r i t i c a l  r ev iews ,  which would emphasize methods,  
t h e o r e t i c a l  frameworks, and u n d e r l y i n g  hypotheses ,  have been 
made. Subsequen t ly ,  it might  be  u s e f u l  t o  t r y  t o  b r i n g  t o -  
g e t h e r  r e s e a r c h e r s  i n  t h i s  a r e a ,  f o r  example, by c r e a t i o n  
o f  a network o f  c a s e  s t u d i e s  i n  d i f f e r e n t  g e o g r a p h i c a l  a r e a s .  
An example o f  a s p e c i f i c  t o p i c  i s  u s e s  and l i m i t a t i o n s  o f  
c rop-c l imate  models i n  such s t u d i e s .  



SUMMARY OF CONTRIBUTIONS 

I n  "Economics i n  t h e  A i r :  An In t roduc t ion  t o  Economic 
I s sues  o f  t h e  Atmosphere and C l i m a t e , "  Ausubel sugges t s  t h a t  
f o r  most purposes n a t i o n s  cont inue  t o  t r e a t  t h e  atmosphere 
a s  i f  it i s  e n d l e s s l y  a s s i m i l a t i v e  and r e s i l i e n t .  Because 
many of  t h e  consequences o f  t h e  use o f  t h e  atmosphere a r e  
f e l t  f a r  away i n  space and t i m e ,  and because most o f  t h e  uses  
of  t h e  atmosphere c a r r y  no p r i c e ,  t h e  atmosphere remains one 
of  a  c l a s s  of  environmental  goods t h a t  p r e s e n t  economic sys- 
tems encourage heavy use  o f .  So, f o r  example, households 
and f i rms  normally d i spose  of  t h e i r  s u l f u r  and carbon r e s i d -  
u a l s  n o t  by scrubbing them from emissions b u t  by pouring them 
f r e e l y  i n t o  t h e  atmosphere. 

I n  t h e  p a s t  1 0  yea r s ,  a  series o f  " t h r e a t s "  t o  t h e  a t -  
mosphere has  been posed by t h e  f i n d i n g s  of  n a t u r a l  s c i e n t i s t s .  
Regardless o f  t h e  s e r i o u s n e s s  of any p a r t i c u l a r  i s s u e  a t  t h e  
p r e s e n t  time, t h e  out look  is  t h a t  over  t h e  n e x t  50 t o  1 0 0  
yea r s ,  t h e  atmosphere, i nc lud ing  climate, w i l l  ' j o i n  t h e  ranks 
of  d r a s t i c a l l y  a l t e r e d  a s p e c t s  o f  t h e  e a r t h t s  environment. 
No such t h i n g  a s  a  " fo reve r  wi ld"  p o s i t i o n  can r e a l i s t i c a l l y  
be  argued f o r  t h e  atmosphere. S o c i e t a l  cho ices  wi th  r e s p e c t  
t o  t h e  atmosphere w i l l  a lmost never be  whether o r  n o t  t o  have 
an a c t i v i t y ,  b u t  t o  determine a t  what l e v e l  an a c t i v i t y  
should be undertaken and how one a c t i v i t y  should be balanced 
a g a i n s t  another .  

C o n f l i c t s  tend  t o  p r o l i f e r a t e  i n  a  s e t t i n g  where no 
competing p a r t y  o r  i n t e r e s t  group i s  r e a l l y  informed about  
t h e  s c i e n t i f i c  s t a t u s  o r  economic va lue  o f  t h e  r e sources  i n  
ques t ion .  In  t r y i n g  t o  d e v i s e  s a t i s f a c t o r y  long-term, i n t e r -  
n a t i o n a l  p o l i c i e s  f o r  a  g l o b a l  commons such a s  t h e  atmosphere, 
t h e r e  is  an u rgen t  need f o r  b e t t e r  information and a n a l y t i c a l  
c r i t e r i a  and b e t t e r  s h a r i n g  o f  these .  Indeed, o u r  knowledge 
needs t o  be d ramat i ca l ly  improved, i f  w e  a r e  e v e r  t o  be a b l e  
t o  apply e f f i c i e n c y  c r i t e r i a  t o  t h e  e n t i r e  set  of u s e s  of  t h e  
atmosphere i n  o r d e r  t o  a l low cons ide ra t ion  o f  t h e  we l fa re  i m -  
p l i c a t i o n s  o f  t r ade -o f f s  between a l t e r n a t i v e  uses  o r  groups 
o f  uses.  I n  t h e  p a s t ,  t h e  uses  and u s e r s  o f  t h e  atmosphere 
have been independent enough s o  t h a t  they need n o t  be consid- 
e red  i n  a  h o l i s t i c  way. However, t h e  s u b j e c t  o f  atmospheric 
po l i cy  is now matur ing t o  t h e  p o i n t  where a  comprehensive, 
long- te rm, in tegra ted  examination o f  t h e  f u t u r e  r e l a t i o n s h i p  
of t h e  atmosphere and human a c t i v i t i e s  may be warranted.  I n  
t h i s  r e s p e c t ,  t h e  atmosphere appears  t o  be fo l lowing  t h e  ten-  
dency i n  resource  management t o  o rgan ize  f u n c t i o n a l l y  de f ined  
u n i t s  ac ross  s p a t i a l  o r  phys ica l  regimes. 

While it i s  t r u e  t h a t  t h e  t r a d e - o f f s  which may eventu- 
a l l y  need t o  be made may be p r i m a r i l y  f u n c t i o n s  o f  s o c i e t a l  
purpose (energy,  food, and s o  f o r t h )  r a t h e r  than  competing 
uses  of  a  n a t u r a l  system, t h e  n a t u r a l  system probably s t i l l  
o f f e r s  an e x c e l l e n t  oppor tun i ty  f o r  app l i ed  r e sea rch  and 
p o l i c y  a n a l y s i s .  Given t h e  s c i e n t i f i c  and economic uncer- 
t a i n t i e s  about  many o f  t h e  uses  of  t h e  atmosphere, and t h e  



s t r u c t u r e  o f  c o n t r o l  and management of  t h e  a tmosphere ,  o r  
l a c k  o f  i t ,  b o t h  n a t i o n a l l y  and i n t e r n a t i o n a l l y ,  it i s  h a r d .  
t o  b e l i e v e  t h a t  s o c i e t y  w i l l  be a b l e  t o  come t o  g r i p s  i n  a  
d e c i s i v e  way w i t h  major a tmospher ic  i s s u e s ,  such  a s  cl imatic 
change , in  t h e  n e x t  decade.  But ,  r a t h e r  t h a n  a c c e p t  t h i s  sit-  
u a t i o n  one may beg in  e f f o r t s  t o  avo id  an  e v e r  more i r r a t i o -  
n a l l y  e x p l o i t e d  and degraded atmosphere.  

I n  "Chalk on t h e  White Wall? - On t h e  Trans format ion  
o f  C l i m a t o l o g i c a l  F a c t s  i n t o  P o l i t i c a l  F a c t s , "  Meyer-Abich 
a sks  what k inds  o f  p o l i t i c a l  a c t i o n s  can be  conce ived  i n  re- 
sponse  t o  c l i m a t o l o g i c a l  developments s o  t h a t  f a c t s  abou t  
c l i m a t e  exp re s sed  i n  t h e  language and terms o f  t h e  s c i e n c e s  
may change t h e  p o l i t i c a l  s i t u a t i o n ,  and t h e r e b y  become p o l i t -  
i c a l  f a c t s .  I n  p r i n c i p l e ,  t h e r e  a r e  t h r e e  o p t i o n s :  preven- 
t i o n ,  compensation,  and a d a p t a t i o n .  While u l t i m a t e l y  t h e s e  
o p t i o n s  may b e  b a s i c a l l y  e q u i v a l e n t ,  Meyer-Abich shows t h a t  
from a  p o l i t i c a l  p o i n t  of  view p reven t ion  and compensation 
( o r  abatement)  a r e  much less p r a c t i c a l  t h a n  a d a p t a t i o n .  I n  
p a r t i c u l a r ,  a d a p t a t i o n  a l l ows  one t o  c o n f i n e  o n e s e l f  t o  t h e  
leas t  marg ina l  a c t i o n  i n  t h e  p r e s e n t  and t o  d e f e r  expenses  
most d i s t a n t l y  i n t o  t h e  f u t u r e .  Adapta t ion  a l s o  does  n o t  
r e q u i r e  long-term i n t e r n a t i o n a l  coope ra t i on  o r  agreement on 
long-range g o a l s .  Adap ta t i on ,  t h u s ,  f o r  t h e  t i m e  b e i n g  i s  
t h e  most r a t i o n a l  p o l i t i c a l  o p t i o n .  Given t h i s  assessment  
o f  t h e  i s s u e  o f  c l i m a t i c  change and t h e  s p e c i f i c  c h a r a c t e r -  
i s t ics  o f  an a d a p t i v e  s t r a t e g y ,  t h e  c l i m a t e  problem, para -  
d o x i c a l l y ,  t e n d s  t o  f a d e  o u t  compared t o  t h e  a l r e a d y  e x i s t i n g  
ex t remely  s e r i o u s  problems o f  t h e  p o l i t i c s  o f  development and 
i n d u s t r i a l  change. 

Biswas, i n  "Crop-Climate Models: A Review o f  t h e  S t a t e  
o f  t h e  A r t , "  l ooks  a t  an  a r e a  t h a t  i s  a t  t h e  c e n t e r  o f  t h e  
i s s u e  o f  c l i m a t e  and human a c t i v i t i e s ,  s i n c e  it i s  wide ly  
agreed  t h a t ,  b a r r i n g  a  c a t a s t r o p h i c  occu r r ence  l i k e  t h e  c o l -  
l a p s e  o f  t h e  West A n t a r c t i c  Ice S h e e t ,  t h e  most i m p o r t a n t  
and v u l n e r a b l e  human a c t i v i t y  w i t h  r e s p e c t  t o  b o t h  c l i m a t i c  
v a r i a b i l i t y  and change i s  a g r i c u l t u r e .  Biswas p o i n t s  o u t  
t h a t  t h e r e  a r e  two b a s i c  approaches  t o  t h e  q u e s t i o n  o f  t h e  
e f f e c t s  o f  c l i m a t i c  f l u c t u a t i o n s  on a g r i c u l t u r a l  p roduc t i on .  
One i s  d e t a i l e d  e c o l o g i c a l  s t u d y  which t r i e s  t o  unde r s t and  
t h e  d i f f e r e n t  de t e rmin ing  p h y s i c a l  p r o c e s s e s  i nvo lved  and t o  
a s s e s s  t h e  behav io r  o f  c rops  under  d i f f e r e n t  s p e c i f i c  condi-  
t i o n s .  I n  c o n t r a s t ,  "c rop-c l imate  models" a t t e m p t  t o  r e l a t e  
c l i m a t i c  v a r i a b l e s  t o  p roduc t i on  d a t a  th rough  s t a t i s t i c a l  
t e chn iques .  Most c rop-c l imate  models developed s o  f a r  a r e  
based on m u l t i p l e  r e g r e s s i o n  and u s e  e m p i r i c a l  r e l a t i o n s h i p s  
d e r i v e d  from h i s t o r i c a l  c r o p  y i e l d  2nd c l i m a t e  d a t a  t o  p re -  
d i c t  p o t e n t i a l  f u t u r e  y i e l d s  from d i f f e r e n t  c l i m a t e  s c e n a r i o s .  

Following a  review of t h e  major models f o r  d i f f e r e n t  
c rops  and geog raph i ca l  l o c a t i o n s  (Thompson, Haigh, W i l l i a m s ) ,  
Biswas p o i n t s  o u t  some o f  t h e  major problems.  Among t h e s e  
problems are t h e  black-box s t r u c t u r e  o f  t h e  models ,  t h e  f a c t  
t h a t  t h e  c o e f f i c i e n t s  d e r i v e d  a r e  s t a t i s t i c a l  e s t i m a t e s  and 
n o t  u n i v e r s a l  constan.ks,  t h e  n o n l i n e a r i t y  o f  t h e  r e l a t i o n s  



between crop  y i e l d s  and d i f f e r e n t  climatic v a r i a b l e s ,  t h e  
assumption t h a t  t h e  independent meteoro logica l  v a r i a b l e s  a r e  
n o t  c l o s e l y  r e l a t e d  t o  one another ,  and t h e  d i f f i c u l t y  of 
s e p a r a t i n g  f a c t o r s  o f  management, technology,  and climate. 
While crop-climate models provide  some i n t e r e s t i n g  i n s i g h t s ,  
Biswas concludes t h a t  f u r t h e r  developments, bo th  i n . t e r m s  of  
modeling s o p h i s t i c a t i o n  and i n  ou r  unders tanding o f  t h e  in-  
t e r r e l a t i o n s h i p s  among t h e  d i f f e r e n t  processes  involved (es- 
p e c i a l l y  w i t h  r e s p e c t  t o  more s p e c i f i c  time p e r i o d s ) ,  a r e  
e s s e n t i a l  b e f o r e  t h e  p o t e n t i a l  o f  t h e  models can be f u l l y  
r e a l i z e d  and t h e  models used i n  decision-making and' p lanning 
processes .  

Warrick's r e p o r t ,  "Drought i n  t h e  Great  P l a i n s :  A Case 
Study of Research on Climate and Soc ie ty  i n  t h e  U.S.," sets 
o u t  an important  hypothes is  about  t h e  r o l e  of  c l i m a t e  i n  
r e l a t i o n  t o  human a c t i v i t i e s  and tests it w i t h  s p e c i f i c  h i s -  
t o r i c a l  r e sea rch  o f f e r e d  i n  t h e  framework of  two models o f  
c l ima te - soc ie ty  i n t e r a c t i o n s .  The hypothes is  s t a t e s  t h a t  
p e r s i s t e n t  and a d a p t i v e  s o c i e t i e s ,  through t h e i r  technology 
and s o c i a l  o r g a n i z a t i o n ,  lessen t h e  impacts o f  r e c u r r e n t  
c l i m a t e  f l u c t u a t i o n s  o f  s i m i l a r  magnitude on t h e  r e s i d e n t  
popula t ion  and i n d i r e c t l y  on t h e  e n t i r e  s o c i e t y .  Th i s  " l e s s -  
ening" hypothes is  i s  i n v e s t i g a t e d  i n  r e l a t i o n  t o  both a s i m -  
p l e  s t a t i c  model o f  c l i m a t i c  impacts i n  which a climatic 
even t  (drought)  a f f e c t s  some s e c t o r  of  s o c i e t y  ( a g r i c u l t u r a l  
product ion)  and "causes"  s o c i e t a l  impacts.  A more s o p h i s t i -  
c a t e d  dynamic model is  a l s o  d iscussed .  I n  t h i s  model pa t -  
t e r n s  o f  response a l t e r  e i t h e r  p h y s i c a l  systems, s o c i a l  sys-  
t e m s ,  o r  bo th ,  and i n  s o  doing t ransform t h e  i n t e r a c t i o n  of  
climate and s o c i e t y  o v e r  t i m e .  Thus t h e  s o c i a l  b a s i s  o f  
v u l n e r a b i l i t y  and t h e  dynamics o f  adjustment  may be explored.  

The pre l iminary  r e s u l t s  of  t h e  Great  P l a i n s  c a s e  s t u d y  
o f f e r  s u b s t a n t i a l  evidence o f  suppor t  f o r  t h e  hypothes is  o f  
l e s s e n i n g  impacts.  Although t h e r e  a r e  d i f f i c u l t i e s  i n  ac- 
count ing  f o r  d i f f e r e n c e s  i n  t h e  s e v e r i t y  o f  drought  and i n  
s e p a r a t i n g  i t s  e f f e c t s  from more e x t e r n a l  economic effects,  
t h e  o v e r a l l  p i c t u r e  which is emerging is  one o f  p r o g r e s s i v e l y  
l e s sened  impact upon l o c a l  a g r i c u l t u r a l  r e s i d e n t s .  Mean- 
whi le ,  t h e  p a t t e r n  of impact has  s h i f t e d  t o  encompass a 
broader  s o c i a l  network, a s  r educ t ion  of  l o c a l  stress has  
been accompanied by w i l l i n g n e s s  t o  spread  c o s t s  throughout  
s o c i e t y .  However, wh i l e  t h e  s o c i e t a l  impacts d imin i sh ,  it 
i s  n o t  c l e a r  t h a t  t h i s  r educ t ion  r e s u l t s  from a l e s s e n i n g  
i n  t h e  drought-yield  l i nkage .  The d a t a  a r e  ambiguous, and 
t h i s  p o i n t  i n v i t e s  connect ion wi th  m a t e r i a l  i n  t h e  papers  
by Biswas and Czelnai .  Warrick sugges t s  t e n t a t i v e l y  t h a t  
t h e  bulk o f  l e s s e n i n g  has  n o t  occur red  because o f  t h e  tech-  
n o l o g i c a l  mechanisms and changed farm o p e r a t i o n s  t h a t  i n t e r -  
vene between drought and y i e l d s ,  b u t  r a t h e r  it is  more l i k e l y  
t h a t  l e s s e n i n g  has  occur red  from i n t e r v e n t i o n  between y i e l d  
d e c l i n e s  and s o c i e t a l  wel l -being,  t h a t  is ,  through programs 
of  r e s e r v e s ,  insurance ,  and s o  f o r t h .  



While Warrick e x p l o r e s  p r i m a r i l y  e f f e c t s  changing 
through t i m e ,  S p i t z ,  i n  h i s  paper  "Drought and S e l f -  
P r o v i s i o n i n g , "  l ooks  a t  d i s t r i b u t i v e  e f f e c t s  o f  c l i m a t i c  
v a r i a b i l i t y  on s p e c i f i c  s o c i a l  groups .  S p i t z ,  drawing exam- 
p l e s  from Ind i an  d a t a ,  t a k e s  a s  h i s  s u b j e c t  a  s o c i a l  sys tem 
of  c e r e a l  p roduc t i on  i n  which consumption by t h e  p roducer ,  
o r  s e l f - p r o v i s i o n i n g ,  p l a y s  a major r o l e .  H e  examines t h e  
impact  o f  s h o r t f a l l s  i n  p roduc t i on  depending on t h e  s i z e  o f  
domest ic  s t o c k s  and  r e l a t i v e  s t r e n g t h  o f  t h e  f o r c e s  o f  ex- 
t r a c t i o n  o f  food from t h e  household  ( food  a s  ' a  commodity) 
and t h e  f o r c e s  of r e t e n t i o n  o f  food i n  t h e  household ( food  a s  
a  b a s i c  n e e d ) .  I t  i s  t h i s  d u a l  n a t u r e  o f  food,  o f t e n  i gno red  
i n  microeconomic a n a l y s i s ,  t h a t  i n  many poor a r e a s  accoun t s  
f o r  t h e  extreme s e n s i t i v i t y  t o  v a r i a t i o n s  i n  p roduc t i on  and 
makes l i n e a r  a n a l y s i s  o f  a g r i c u l t u r a l  crises o f  l i t t l e  v a l u e .  
Moreover, t h o s e  a l r e a d y  r e l a t i v e l y  poor  w i t h i n  t h e  s e l f -  
p r o v i s i o n i n g  economy, namely t h o s e  w i t h  s m a l l  c a r ry -ove r  
s t o c k s ,  a r e  a f f e c t e d  most s e v e r e l y .  The lower t h e  n u t r i -  
t i o n a l  l e v e l  o f  a g iven  group a t  t h e  o u t s e t  o f  a  d rough t ,  
t h e  more it i s  l i k e l y  t o  be  reduced by t h e  d rought .  I n  t h e  
case of  a  f a l l  i n  p roduc t ion  i n t ended  f o r  s e l f - p r o v i s i o n i n g  
and i n  t h e  absence  o f  any means o f  exchange f o r  p r o c u r i n g  a 
l i v i n g ,  t h o s e  w i t h o u t  r e s e r v e s  a r e  f o r c e d  t o  e m i g r a t e ,  w h i l e  
t h o s e  w i t h  g r e a t e r  and more d i v e r s i f i e d  r e s o u r c e s  may f i n d  
t h a t  d rough t  e n a b l e s  changes t o  be  made even more t o  t h e i r  
advantage through f a v o r a b l e  p r i c e s  f o r  f a c t o r s  o f  p roduc t i on .  
The p o t e n t i a l  f o r  c o n f l i c t  i n  a  d rought  s i t u a t i o n  i n  a  s e l f -  
p r o v i s i o n i n g  s o c i e t y  i s  t h u s  clear, a s  t h e  v u l n e r a b i l i t y  and 
r e s i l i e n c e  o f  d i f f e r e n t  e lements  o f  t h e  s o c i a l  and economic 
sys tem are t e s t e d  i n  t h e  s t r u g g l e  f o r  s o c i a l  c o n t r o l  o f  re- 
serves. 

I n  "Cl imate  and Soc i e ty :  The Great P l a i n  o f  t h e  Danube 
Bas in , "  Cze lna i  e x p l o r e s  t h i s  a r e a  a s  a  p o s s i b l e  c a n d i d a t e  
w i t h i n  e a s t e r n - c e n t r a l  Europe f o r  c l o s e r  s t udy  o f  t h e  i n t e r -  
f a c e  between climate and human a c t i v i t i e s  i n  developed coun- 
tries. I t  appea r s  t o  b e  an i n t e r e s t i n g  c h o i c e  f o r  s t u d y  be- 
c ause  it is  a  food-surplus  a r e a  w i t h  good a v a i l a b i l i t y  o f  
d a t a  and d i s t i n c t i v e  c l i m a t i c  f e a t u r e s .  Cze lna i  o f f e r s  some 
g e n e r a l  remarks abou t  t h e  s t r a t i f i c a t i o n  of  c l i m a t i c  impac t s ,  
and reviews s o c i e t a l  ad ju s tmen t  s t r a t e g i e s  i n  t h e  l i g h t  o f  
a  p o s s i b l e  range  o f  responses  t o  a  " s i n g l e  p u l s e "  sho r t - t e rm  
c l i m a t i c  f o r c i n g .  The env i ronmenta l  h i s t o r y  o f  t h e  Great 
P l a i n  i s  b r i e f l y  o u t l i n e d  w i t h  s p e c i a l  r e g a r d  t o  t h e  f a c t o r s  
t h a t  have shaped t h e  h y d r o c l i m a t i c  regime o f  t h e  a r e a .  
Cze lna i  t hen  d i s c u s s e s  some o f  t h e  r e l a t i o n s h i p s  o f  c l i m a t e  
and economy i n  connec t ion  w i t h  a g r i c u l t u r e ,  which he  es t i -  
mates c o n t r i b u t e s  by i t s e l f  6 0 %  o f  t h e  o v e r a l l  cl imatic sen- 
s i t i v i t y  o f  t h e  socioeconomic sys tems w i t h i n  t h e  geog raph i ca l  
a r e a .  I t  i s  shown t h a t  t h e  p r e v a i l i n g  n e g a t i v e  w a t e r  b a l a n c e  
reduces  t h e  n a t u r a l  a g r o - c l i m a t i c  p o t e n t i a l  by some 50%.  
This  means t h a t  an i n t e n s i v e  a g r i c u l t u r a l  sys tem,  w i t h  irri- 
g a t i o n ,  cou ld  double  t h e  p r o d u c t i v i t y .  However, it a p p e a r s  
t h a t  w i t h  p r e s e n t  p r i c e s  such a  sys tem would n o t  b e  c o s t -  
e f f e c t i v e  and,  moreover, would p robab ly  i n c r e a s e  t h e  c l i m a t i c  
s e n s i t i v i t y  o f  t h e  a r e a .  F i n a l l y ,  it is  sugges t ed  t h a t  a  



pervasive cooling, or an increasing of the recurrence of low 
temperatures, could be particularly detrimental to a broad 
range of plant culture. 

As mentioned earlier, one of the needs in the area of 
research on climate and human activities is for improved 
information on plausible patterns of climatic change. 
Sergin's research on estimating climatic fields based on the 
similarity of seasonal and longer-term climatic variations 
offers a promising method for doing this, as well as some 
tentative results. The present state of development re- 
stricts the applicability of general circulation models for 
determining regional changes in the geographical pattern of 
temperature, precipitation, and winds. . The use of past pe- 
riods as analogues of the future, or a "similarity method" 
as Sergin describes his related approach, allows the possi- 
bility of using past instrumental records of climate to gain 
insight into possible futures. The similarity method does 
not offer a way of forecasting. However, the theory of sim- 
ilarity does provide a method for estimating fields of meteo- 
rological elements for new, given climatic states. 

In his paper, Sergin outlines the theory of the simi- 
larity of states of global atmospheric circulation in the 
course of seasonal and longer-term climatic changes and shows 
that seasonal variations in the fields of meteorological ele- 
ments can be taken as a physical model of climatic variations 
in the average annual field. If an atmosphere with a given 
seasonal course of boundary conditions is regarded as an ex- 
perimental unit, then by applying the rules of the theory of 
similarity one can obtain basic quantitative estimates char- 
acterizing the average annual fields of various climatic 
states. A new state may be characterized by the specifica- 
tion of one pair of numbers-, namely the average atmospheric 
temperature in the hemisphere and the temperature difference 
between the equator and the pole. Sergin makes experimental 
estimates for a warming and a cooling of the average annual 
surface temperature by 2 OC. While the average climate of 
the warmer epoch is characterized by greater humidity, cloud- 
iness, and precipitation, the distribution of changes is un- 
even, and many arid areas become drier. In contrast, in the 
cooler epoch the amount of precipitation increases in most 
of the arid regions. Estimates such as these may prove use- 
ful in evaluating the significance of the effects of human 
activities upon the climate. However,.,we must keep in mind 
that in making use of natural fluctuations we are assuming 
that, given similar boundary conditions, there are broad 
similarities in the way the atmosphere responds to different 
types of forcing. 


