
Economics in the Air: An 
Introduction to Economic Issues of 
the Atmosphere and Climate

Ausubel, J.H.

IIASA Working Paper

WP-80-092

May 1980 



Ausubel, J.H. (1980) Economics in the Air: An Introduction to Economic Issues of the Atmosphere and Climate. IIASA 

Working Paper. WP-80-092 Copyright © 1980 by the author(s). http://pure.iiasa.ac.at/1377/ 

Working Papers on work of the International Institute for Applied Systems Analysis receive only limited review. Views or 

opinions expressed herein do not necessarily represent those of the Institute, its National Member Organizations, or other 

organizations supporting the work. All rights reserved. Permission to make digital or hard copies of all or part of this work 

for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial 

advantage. All copies must bear this notice and the full citation on the first page. For other purposes, to republish, to post on 

servers or to redistribute to lists, permission must be sought by contacting repository@iiasa.ac.at 

mailto:repository@iiasa.ac.at


NOT FOR QUOTATION 
WITHOUT PERMISSION 
OF THE AUTHOR 

ECONOMICS I N  THE A I R :  

A-n I n t r o d u c t i o n  t o  Economic I s s u e s  
o f  t h e  Atmosphere and C l i m a t e  

Jesse H.  Ausube l  

Working Papers  a r e  i n t e r i m  r e p o r t s  on work o f  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  A p p l i e d  Sys tems  A n a l y s i s  
and have  r e c e i v e d  o n l y  l i m i t e d  review. V i e w s  or  
o p i n i o n s  e x p r e s s e d  h e r e i n  d o  n o t  n e c e s s a r i l y  r e p r e -  
s e n t  t h o s e  o f  t h e  I n s t i t u t e  o r  o f  i t s  N a t i o n a l  Member 
O r g a n i z a t i o n s .  

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS 
A - 2 3 6 1  Laxenburg ,  A u s t r i a  



14any of the problems societies face today are not limited 
in accordance with the boundaries of the traditional scientific 
disciplines. This situation holds especially true for environ- 
mental problems. While on the one hand economic activity is the 
principal cause of environmental problems, economic analysis is 
increasingly called upon to be an arbiter of problems which have 
in turn been studied by, for example, atmospheric scientists, 
ecologists, geographers, and agronomists. Just as economists 
often have difficulty understanding the results of research in 
the natural sciences, the framework and possibilities for economic 
analysis are often poorly understood by natural scientists, engi- 
neers, and others when they undertake joint studies of problems 
which require an integrated multidisciplinary approach. Such 
mutual lack of comprehension has been evident, for example, in 
recent efforts toward analysis of the effects of long-term climatic 
change. This paper is intended as an introductory, but broadly 
inclusive essay for investigators setting out on the study of 
various aspects of atmospheric issues for which economic analysis 
may be relevant. 

The research for this paper was undertaken at IIASA as part 
of the Global Climate Task in the Resources and Environment Area 
during the summer of 1 9 7 9  and the early part of 1 9 8 0 .  



ECONOMICS IN THE AIR -- 
An Introduction to Economic Issues of the Atmosphere 
and Climate 
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I s  i t  conce ivabZe . . . tha t  a  s c i e n t i f i c  c a l c u l u s  ex-  
i s t s  for d e c i d i n g  what i n c r e a s e s  o f  env i ronmenta l  
d i s r u p t i o n s  and f r equenc ies  o f  d i s e a s e  a re  a c c e p t -  
a b l e  i n  exchange f o r  such-and-such advantages o f  
i n d u s t r i a l i z a t i o n ,  and what are n o t ?  

We w i l l  never  be  ab le  t o  judge what i s  good o r  bad 
w i t h  r e s p e c t  t o  na tu re  i f  we do n o t  from t h e  o u t s e t  
s t a r t  w i t h  cr normat ive  concep t  o f  na tu re ,  i n c l u d i n g  
t h e  r e c o g n i t i o n  o f  na tu re  a s  our  own na tu re .  
(Meyer-Abich, 1 9 7 9 )  

INTRODUCTION 

The atmosphere is obviously recognized as an asset to 
society. Yet, long after this asset has begun in certain 
respects to become scarce and valuable, societies continue 
to treat the atmosphere as if itwere limitless and endlessly 
assimilative. Because for most purposes the atmosphere 
carries no price, and because many of the consequences of 
use of the.atmosphere are felt far away in space and time, 
individuals and industries use it with freedom, rarely econ- 
omizing on it as one normally would with a conventional fac- 
tor of production. Of course, the atmosphere is one of a 
class of environmental goods which has been treated this way. 
As Kneese and Schultz ( 1 9 7 5 : l )  have commented: 

To an important extent the nation's economic and 
social structure has been conditioned by the fact 
that, historically, we have paid little attention 
to the problems of the environment. Goods and 
services have not commanded a price ta cover the 
real environmental costs that their production and 
use imposed on society. As a consequence, we have 
enjoyed cheap automobiles, paper, chemicals, food, 
energy, and a host of other products while suffer- 
ing a deteriorated environment. 



And now, f o r  example, c l ima t i c  change may t ake  p lace  because 
t h e  i n s t i t u t i o n a l  arrangements of s o c i e t i e s  encourage heavy 
use of environmental a s s e t s .  

But, j u s t  a s  t h e  c o s t s  of a de te r i o ra ted  environment 
a r e  r e a l ,  so  a r e  t h e  c o s t s  of t h e  a l t e r n a t i v e .  In  most c i r -  
cumstances, t h e  va lue of resources t h a t  might be d i r e c t e d  
toward con t ro l l i ng  emissions i n t o  t h e  atmosphere w i l l  no t  be 
a v a i l a b l e  f o r  meeting t h e  o the r  wants of s o c i e t i e s .  I t  i s  
no t  merely a ques t ion  of captur ing  p r o f i t s  from o i l  and coa l  
companies, bu t  o f  a l t e r e d  and probably h igher  p r i c e s  and 
t axes  which everyone w i l l  be paying f o r  a modified o r  d i f -  
f e r e n t  set of commodities, some of which a r e  environmental.  
Thus, making po l icy  wi th  r espec t  t o  c l ima te  o r  o the r  aspec ts  
of t h e  atmospheric environment conf ron ts  us,  e s p e c i a l l y  a s  
h igher  l e v e l s  of con t ro l  a r e  proposed, wi th  choices between 
environmental q u a l i t y  and o the r  aspec ts  of t h e  s tandard of 
l i v i ng .  There is  obviously no such th ing  a s  a " fo rever  wi ld" 
pos i t i on  wi th r espec t  t o  t h e  atmosphere. The s o c i e t a l  choice 
wi th  r espec t  t o  t h e  atmosphere is almost never whether o r  
no t  t o  have an a c t i v i t y ,  but  t o  determine up t o  what l e v e l  
a p a r t i c u l a r  a c t i v i t y  should be undertaken, and how one ac- 
t i v i t y  should be balanced aga ins t  another .  

While s t r ugg les  over we l l - i den t i f i ed  wealth a r e  a l l  t oo  
ev iden t ,  it i s  a l s o  t r u e ,  a s  Wilkinson (1979 :254 )  has com- 
mented, t h a t  from an economic po in t  of view 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 pa r t y  o r  in-  
t e r e s t  group is  accura te l y  informed about t h e  va lue of re-  
sources i n  ques t ion .  I n  t r y i n g  t o  dec ide how much, i f  any, 
of an atmospheric a c t i v i t y  should be undertaken, t h i s  problem 
of a lack  of in format ion i s  severe.  A t  a bas i c  l e v e l  t h e r e  
i s  a need t o  improve a n a l y t i c a l  c r i t e r i a  f o r  use of atmos- 
pher i c  resources.  There is  a need, wi th r espec t  t o  c e r t a i n  
c r u c i a l  uses,  t o  develop these  one by one, on a p a r t i a l  
bas is .  There may a l s o  be a need f o r  a broader a n a l y t i c a l  
approach, which permi ts  t h e  simultaneous determinat ion of 
t h e  va lue of many a c t i v i t i e s  r e l a t e d  t o  t h e  atmosphere, i f  
economic c r i t e r i a  a r e  t o  be app l ied  t o  t h e  e n t i r e  set of 
uses  of t h e  atmosphere i n  o rder  t o  al low us t o  cons ider  t h e  
we l fa re  imp l ica t ions  of t r adeo f f s  between a l t e r n a t i v e  uses  
o r  groups of uses.  

This paper is an in t roduc t ion  t o  i ssues  and concepts i n  
economics which a r e  r e l evan t  t o  exp la in ing  t h e  cu r ren t  con- 
d i t i o n  of t h e  atmosphere and t o  some perspec t ives  which may 
be use fu l  i n  advancing management of atmospheric resources .  
I t  i s  an at tempt  a t  breadth and inc lus iveness ,  and a s  such 
may be in format ive p r imar i l y  f o r  researchers  from d i s c i p l i n e s  
o t h e r  than economics, o r  a s  pre l iminary mate r ia l  t o  t h e  more 
soph i s t i ca ted  and d e t a i l e d  ana l ys i s  r e l a t e d  t o  atmospheric 
problems which i s  cu r ren t l y  being conducted by Kneese, Lave, 
Ayres, and o the rs .  The paper begins wi th  a d i scuss ion  of 
t h e  concept of common proper ty ,  and a survey i n  t h e  framework 
of na t i ona l  income account ing of what t h e  uses of  t h e  atmos- 
phere a r e .  Then, it examines some of t h e  problems economic 
ana l ys i s  has wi th  eva lua t ing  t h e  atmosphere, l a rge l y  because 



of problems of e x t e r n a l i t i e s  and t echn i ca l  d i f f i c u l t i e s  i n  
a r r i v i ng  a t  cons i s t en t  and r e l i a b l e  c o s t  and bene f i t  e s t i -  
mates. Imp l ica t ions  f o r  a l l o c a t i v e  e f f i c i ency  and equ i t y  
a r e  d iscussed.  F i na l l y ,  t h e  paper looks b r i e f l y  a t  t h e  po- 
t e n t i a l  app l i ca t i on  of dec is ion  a n a l y s i s  f o r  t h e  major con- 
f l i c t i n g  uses of t h e  atmosphere and concludes by examining 
var ious obs tac l es  t o  t he  improvement of atmospheric manage- 
ment. 

THE ATMOSPHERIC COMMON 

I n  r ecen t  yea rs  d iscuss ions  i n  i n t e r n a t i o n a l  law and 
economics have f requen t l y  r e f e r r e d  t o  problems of "common 
proper ty  resources"  and " the  g loba l  commons." What a r e  
these  concepts? Do they  shed l i g h t  on t h e  cond i t ion  and 
problems of t h e  atmosphere? 

F i r s t ,  l e t  us look b r i e f l y  a t  t he  h i s t o r y  of t h e  term 
"commons." Commons o r i g i n a l l y  r e f e r r e d  t o  a form of land 
tenure  widespread dur ing  t h e  Middle Ages i n  England and i n  
con t i nen ta l  Europe. This  form of land tenure  probably re- 
f l e c t e d  elements of anc ien t  p rac t i ces  o r  customs which had 
survived t he  Roman conquest of nor thern  Europe and were 
maintained, i n  p a r t i a l  form, on feuda l  e s t a t e s .  A s  Schauer 
( 1 9 7 7 : 6 9 )  desc r ibes  it: 

Areas of t h e  feuda l  e s t a t e  (were) more o r  l e s s  
permanently s e t  a s i d e  f o r  cont inu ing common use. 
These included f o r e s t s ,  pas tu res ,  ponds, streams, 
and wastelands. Although t hese  a reas  remained 
under the  p o l i t i c a l  and l e g a l  a u t h o r i t y o f t h e  feuda l  
l o rd  and/or o t h e r  c i v i l  au tho r i t y ,  custom reserved 
them f o r  spec i f i ed  uses by a l l  t he  i nhab i t an t s  of 
t he  e s t a t e .  Customary uses included t h e  ga ther ing  
of wi ld vegetables and f r u i t s ,  lumber, f u e l ,  water ,  
d i r t ,  s tones  as  wel l  a s  pasturage,  f i sh i ng ,  and 
fowling. Commons a l s o  provided housing s i t e s  f o r  
t h e  l and less  poor, ando f fe red  l oca t i ons  f o r  s o c i a l  
and r e c r e a t i o n a l  a c t i v i t y  of t h e  community. 

A s  t hese  lands  and t h e i r  assoc ia ted  resources became more 
va luable,  o r  i n  economic terms, s c a r c i t i e s  a rose  r e l a t i v e  
t o  t h e  demands being made, t h e  customary forms of j u r i sd i c -  
t i o n  and land use began t o  break down. I n  t h e  case  of 
land,  t h e  usua l  response was t o  carve up t h e  a rea  i n  ques- 
t i o n  and t r a n s f e r  ownership t o  ind iv idua ls .  This was t h e  
main c h a r a c t e r i s t i c  of t h e  so-ca l led "enc losure movement" 
i n  England. The feuda l  commons b a s i c a l l y  succumbed t o  pres- 
sures  of populat ion and income encouraged by technologies 
which made p r o f i t a b l e  c u l t i v a t i o n  poss ib le  i n  prev ious ly  
undes i rab le  a reas .  

While t h e  h i s t o r i c a l  land commons have a l l  but  d isap-  
peared, t h e  concept of commons has been used inc reas ing ly  
t o  r e f e r  t o  var ious  o the r  shared resources ,  f o r  example, 



r i v e r  systems and l akes .  A number of such common p rope r t y  
resources-major r i v e r  systems, some in land  l a k e s  and s e a s ,  
Antarc t ica-are shared by s e v e r a l  na t i ons .  Some a r e ,  o r  a r e  
p o t e n t i a l l y ,  shared by a l l  na t i ons .  These a r e  t h e  g r e a t  
"g loba l "  commons-the oceans,  t h e  atmosphere, t h e  electromag- 
n e t i c  spectrum, and o u t e r  space. But t h e s e  g l o b a l  commons 
a r e  no t  q u i t e  t h e  same a s  t h e  t r a d i t i o n a l  commons, a s  w e l l  
a s  being d i v e r s e  among themselves. The dominating sense of 
them i s  n o t  t h a t  they a r e  t h e  p rope r t y  o f  some i d e n t i f i a b l e  
i n d i v i d u a l  e n t i t y  and s u b j e c t  t o  use  by a  t r a d i t i o n a l  commu- 
n i t y ,  bu t  t h a t  t hey  a r e  p a r t  of t h e  "common h e r i t a g e "  of a l l  
na t i ons  and people,  e i t h e r  i n  terms of  e s t a b l i s h e d  o r  a n t i c -  
i p a t e d  access.  The g l o b a l  commons may be used by a l l  na t i ons  
bu t  a r e  t h e  p rope r t y  of none. 

C lea r l y ,  each common a r e a  has d i s t i n c t i v e  c h a r a c t e r i s -  
t i c s .  For example, t h e  f l u i d  realms, t h e  oceans and atmos- 
phere,  have been regarded i n  a  way somewhat d i f f e r e n t  from 
common a g r i c u l t u r a l  lands .  

Ubiqui ty has c r e a t e d  f e e l i n g s  which a r e  deeply  
ingra ined  i n  t h e  human exper ience  a g a i n s t  exclu- 
s i v e  ownership of l a r g e  p a r t s  of t h e s e  realms. 
I n t e r n a t i o n a l  law has r e f l e c t e d  t h i s  sen t iment  
i n  t h e  du rab le  d o c t r i n e  t h a t  t h e s e  realms a r e  
r e s  n u l l i u s ,  t h e  p roper ty  of no-one (Brown, e t  
aZ. 1977:5). 

Thus t h e  regime which p r e v a i l e d  on t h e  h igh s e a s  was 
one i n  which p roper ty  per  se  d id  n o t  e x i s t .  But, whi le  t h e  
seas themselves were t h e  p roper ty  of no-one, t h e  c a p a c i t i e s  
of t h e  s e a s ,  which were assumed t o  be un l im i ted ,  w e r e  a 
t h i n g  he ld  i n  common, a  r e s  communist a v a i l a b l e  f o r  anyone's 
e x p l o i t a t i o n .  Freedom of access  f o r  t r a n s p o r t a t i o n ,  f i s h -  
e r i e s ,  waste d i s p o s a l ,  and s o  f o r t h ,  could be maintained 
a lmost  w i thou t  any group r e s t r i c t i n g  access  t o  o t h e r s  f o r  
t h e s e  o r  f o r  o t h e r  purposes. While t h e  resou rces  were lit- 
t l e  managed, and s a i d  t o  be t h e  p rope r t y  o f  no-one ( o r  any- 
o n e ) ,  it i s  n o t  c o r r e c t  t o  say  t h a t  t h e  oceans were ungov- 
erned.  A s  Wilkinson (1979:251) has noted,  one of  t h e  con- 
d i t i o n s  f o r  t h e  maintenance of t h i s  system w a s  t h e  m i l i t a r y  
and economic domination of  t h e  world by those  powers b e s t  
served by open access.  I n  t h e  c a s e  of  t h e  oceans,  t h i s  r o l e  
was played l a r g e l y  by t h e  B r i t i s h .  There has been no par-  
a l l e l  i n  t h e  atmosphere t o  t h e  B r i t i s h  r o l e  on t h e  oceans. 

Where t h e  atmospherehas been l e s s  p o l i t i c a l l y  s a l i e n t  and 
organized than  t h e  oceans,  u n t i l  t h e  20th cen tury  atmospher ic 
p o l i t i c s  and law reserved t h e  atmosphere a s  an  open space 
s i m i l a r  i n  impor tant  r e s p e c t s  t o  t h e  ocean. One may say 
t h a t  t h e  atmospher ic regime m e t  t h e  c o n d i t i o n s  proposed by 
Wilkinson i n  t h a t  t h e  heavy use rs  of t h e  atmosphere, f o r  
example, t hose  involved i n  t h e  c o a l  economy, were na t i ons  
o r  f i rms  we l l  served by open access ,  and they were m i l i t a r i l y  



and economically dominant. A second cond i t ion  o f fe red  by 
Wilkinson f o r  t h e  maintenance of a  system of open a c c e s s ' t o  
t h e  seas  was t h e  slow evo lu t ion  of technology f o r  i n d u s t r i a l ,  
t r anspo r t a t i on ,  and m i l i t a r y  purposes, and, indeed, many of 
t h e  techniques which under l i e  p resent  use and e x p l o i t a t i o n  
of t he  atmosphere were s im i l a r l y  l i t t l e  used o r  unknown un- 
til t h i s  century .  

A s  use has i n t e n s i f i e d  and t h e  need has grownto en farce ,  
f o r  example, po l l u t i on  con t ro l  and t r a f f i c  separa t ion ,  t h e r e  
has  been a  movement o f  "enc losure"  wi th r espec t  t o  t h e  oceans 
and atmosphere comparable t o  what took p lace  w i th  common ag- 
r i c u l t u r a l  lands.  Coasta l  s t a t e s  have inc reas ing ly  asse r t ed  
l e g a l ,  p o l i t i c a l ,  and economic con t ro l  of  nearby marine a reas  
i n  t h e  case of t h e  oceans, and i n  t h e  case of t h e  atmosphere, 
na t ions  have increased t h e i r  c la ims t o  over ly ing  a i r space  i n  
var ious  respec ts .  I f  p a r t s ,  o r  c h a r a c t e r i s t i c s ,  of  t h e  a t -  
mosphere a r e  being "enc losed,"  can t h e  atmosphere s t i l l  
meaningful ly be considered a  common e i t h e r  a t  a  g loba l  o r  
na t i ona l  l e v e l ?  

I n  h i s  e f f o r t  t o  de f i ne  a  common f o r  ou te r  space, 
Schauer ( 1 9 7 7 : 6 9 )  p o s t u l a t e s  four  requirements: 

( 1 )  a  common must e x i s t  w i th in  and as  a  p a r t  of a  
wider r u l e  o r  custom; 

( 2 )  a  common must be i d e n t i f i e d  by p r a c t i c a l  laws o r  
r u l e s  which d i s t i ngu i sh  it from what is  no t  a  common; 

( 3 )  a common must be open t o  community o r  pub l i c  use 
and c losed t o  exc lus ive  appropr ia t ion ;  

( 4 )  a  common must be, by na ture  o r  a s  a  r e s u l t  o f  
laws o r  r u l e s  app l ied  t h e r e t o ,  i n  such a  cond i t ion  t h a t  use  
by some does no t  preclude o r  s i g n i f i c a n t l y  i n t e r f e r e  w i th  
use by o the rs .  

While r ese rva t i ons  may be expressed wi th respec t  t o  t h e  a t -  
mosphere f o r  a l l  four  of  t hese  pos tu l a tes ,  one may argue 
t h a t  t h e  atmosphere s t i l l  mainta ins much of t he  cha rac te r  of 
a  common. Of course,  both t h e  j u r i s d i c t i o n a l  s c a l e  and t h e  
degree t o  which t he  atmosphere i s  a  commons vary wi th  r espec t  
t o  the  uses of t h e  atmosphere under cons idera t ion .  That is ,  
with r espec t  t o  carbon d iox ide  emissions and c l imate  change, 
we may need t o  th ink  of t h e  atmosphere a s  a  g l oba l  common, 
bu t  wi th r espec t  t o  another  case of  waste d i sposa l ,  o r  a  
d i f f e r e n t  use,  t h e  atmosphere may be considered a s  t h e  prop- 
e r t y ,  o r  shared resource,  of a  smal le r  community. 

I n  cons ider ing t h e  f i r s t  of Schauer 's  requirements,  one 
may po in t  t o  t h e  growing body, both na t i ona l l y  and in te rna-  
t i o n a l l y ,  of what may be c a l l e d  " a i r  law." A t  t h e  na t iona l  
l e v e l  t h i s  is  o f t en  i n  t h e  form of ambient a i r  q u a l i t y  s tan-  
dards and emissions s tandards .  The imp l ica t ion  of  much of 
t h i s  body of ma te r ia l  i s  c l e a r l y  t h a t  t h e  atmosphere i s  t o  



be t r e a t e d  a s  a  commons. I n  a  s i m i l a r  fash ion  (and perhaps 
equa l ly  problemat ic)  we f i nd  a  growing body of  case  law, 
t r e a t i e s ,  and dec la ra t i ons  among na t ions  about t h e  atmosphere. 
The e a r l i e s t  important  event  i n  t h e  i n t e r n a t i o n a l  contex t  
was t h e  " T r a i l  S m e l t e r  Case," a  case  of transboundary a i r  
po l l u t i on  invo lv ing  t h e  US and Canada. A number of r e l evan t  
doc t r i nes  emerged from t h e  United Nations Conference on Human 
Environment, he ld i n  Stockholm i n  1972: 

P r i n c i p l e  21-calls on s t a t e s  t o  ensure t h a t  a c t i v i t i e s  
w i th in  t h e i r  j u r i s d i c t i o n  o r  con t ro l  do no t  cause damage t o .  
t h e  environment of o t h e r  s t a t e s  o r  a reas  beyond t h e  l i m i t s  
of t h e i r  na t i ona l  j u r i sd i c t i on .  

P r i n c i p l e  22-cal ls on s t a t e s  t o  cooperate t o  develop 
i n t e r n a t i o n a l  law regard ing  l i a b i l i t y  and compensation f o r  
v ic t ims of po l l u t i on  and o the r  environmental damage. 

Recommendation 7 0  c a l l s  f o r  s t a t e s  t o :  
eva lua te  c a r e f u l l y  t h e  l i ke l i hood  and magnitude of 
c l ima t i c  e f f e c t s  from a  contemplated a c t i o n ,  and 
t o  d isseminate these  f i nd ings  t o  t h e  maximum ex ten t  
f e a s i b l e  be fo re  embarking on such a c t i v i t i e s ;  

consu l t  f u l l y  w i th  o the r  i n t e r e s t e d  s t a t e s  when 
a c t i v i t i e s  car ry ing  a  r i s k  of such e f f e c t s  a r e  
being contemplated o r  implemented. (Quoted i n  
Kellogg and Mead, eds., 1977:82). 

More recen t l y  one may c i t e  t h e  Nordic A i r  Po l l u t i on  Conven- 
t i o n ,  var ious  agreements on weather mod i f i ca t ion ,  and e f f o r t s  
t o  p repare   r raft Pr i nc i p l es  of Conduct i n  t h e  ~ i e l d  of t h e  
Environment f o r  t h e  Guidance of S t a t e s  i n  t h e  Conservation 
and Harmonious U t i l i z a t i o n  of Natura l  Resources Shared by 
Two o r  More S ta tes . "  (Adede 1979 and UNEP 1978.) 

The second requirement of a  p r a c t i c a l  d e l i m i t a t i o n  of 
space is  no t  nea t l y  f u l f i l l e d  by t h e  atmosphere. There a r e  
d i f f i c u l t i e s  i n  spec i f y ing  where t h e  atmospheric common 
begins and ends. One might roughly suggest  t h a t  t h e  atmos- 
pher i c  commons begins beyond h igh ly  def ined l o c a l  environ- 
ments, i s  quest ionab le  above an a l t i t u d e  of 50  mi les ,  and 
may, i n  some sense,  be "s t ronger "  where assoc ia ted  wi th  
o the r  common resources ,  f o r  example, over a  na t i ona l  park o r  
over  t h e h i g h  seas .  For t h e  lower po r t i on  of t h e  atmosphere 
( t h e  t roposphere) and t h e  l o c a l  atmospheric environment, t o  
such an ex ten t  a s  t h e  d i s t i n c t i o n  may be drawn, l e g a l  con- 
t r o l  and r i g h t s  of use have been es tab l i shed  on a  munic ipal ,  
p rov i nc i a l ,  o r  na t i ona l  s c a l e .  I n  t h e  upper atmosphere 
( s t r a tosphe re )  con t ro l  and r i g h t s  have n o t  been c l e a r l y  es- 
tab l i shed .  Again, t h e  na tu re  of t h e  use of t h e  atmosphere 
is c r u c i a l .  For example, w i th  regard t o  c e r t a i n  s p a t i a l  
uses of t h e  atmosphere, l i k e  a i r  t r a n s p o r t ,  access  t o  t h e  
atmospheric environment i s  under t h e  con t ro l  of t h e  sover- 
e ign ty  d i r e c t l y  underneath it by prov is ions  of common law 
and i n t e r n a t i o n a l  t r e a t y .  Indeed, f o r  c e r t a i n  purposes, 



acco rd ing  t o  Schach te r  (1977:75) "...we are accustomed t o  
t h e  l e g a l  p r i n c i p l e  t h a t  t h e  a i r s p a c e  o v e r  a c o u n t r y  i s  p a r t  
of i t s  n a t i o n a l  t e r r i t o r y  and e n t i r e l y  under i t s  c o n t r o l . "  
But t h i s  s t i l l  l e a v e s  d e f i n i t i o n  of  ownership f a r  f rom com- 
p l e t e .  S p e c i f i c a l l y ,  how does one a l l o t  t h e  atmosphere o v e r  
t h e  oceans  o r  t h e  upper  atmosphere? I n  c o n c l u s i o n ,  one can  
on l y  say  t h a t  f o r  c e r t a i n  purposes and problems,  t h e  atmos- 
phere  i s  a g l o b a l  common, f o r  o t h e r  p robab ly  a n a t i o n a l  
commonl, f o r  o t h e r s  perhaps  a l o c a l  common, and f o r  o t h e r s  
it s t i l l  remains  unde f ined .  And w i t h  t h e  i n t r o d u c t i o n  o f  
nove l  r e g u l a t o r y  d e v i c e s ,  l i k e  marke tab le  em iss ion  p e r m i t s ,  
new c a t e g o r i e s  may y e t  need t o  be c r e a t e d .  

S c h a u e r ' s  t h i r d  p o s t u l a t e ,  t h a t  a common is  necessa r -  
i l y  open t o  c o r n u n i t y  u s e  and c l o s e d  t o  e x c l u s i v e  app rop r i -  
a t i o n ,  w e l l  s u i t s  t h e  e s s e n t i a l  p h y s i c a l  c h a r a c t e r  of  t h e  
atmosphere. The a tmosphere i s  mabi le ,  n o n d i v i s i b l e ,  and h a s  
l i t t l e  n a t u r a l  b a s i s  f o r  be ing  appor t ioned .  I t  is  imposs ib l e  
t o  s e p a r a t e  t h e  atmosphere i n t o  p h y s i c a l l y  o r  b i o l o g i c a l l y  
un ique c o n t e n t s  o v e r  e a c h  sove re ign t y .  From t h e  p o i n t  of  
view o f  was te  d i s p o s a l ,  it i s  clear t h a t  mix ing t a k e s  p l a c e  
on geog raph i ca l  s c a l e s  which have l i t t l e  o r  n o t h i n g  t o  do 
w i th  p o l i t i c a l  o r  l e g a l  boundar ies .  S i m i l a r l y ,  l o c a l  sup- 
p l i e s  o f  climate a r e  i n d i s s o c i a b l e  f u n c t i o n s  o f  t h e  g l o b a l  
climate system. Even l o c a l  weather  c o n d i t i o n s ,  which may 
appear  t o  "be long"  t o  a p a r t i c u l a r  a r e a ,  e s p e c i a l l y  where 
n a t u r a l  b a r r i e r s  are impo r tan t  f e a t u r e s ,  a r e  s e l f - c o n t a i n e d  
on l y  i n  a v e r y  l i m i t e d  s e n s e ,  as no l o c a l  p a t t e r n s  are de- 
coup led from l a r g e r  c i r c u l a t i o n s .  

While t h e  p h y s i c a l  c h a r a c t e r  o f  t h e  a tmosphere under- 
mines any a t t emp t  a t  a p p r o p r i a t i o n ,  f i r m s  might  be  s a i d  t o  
be evo l v i ng  i n  e f f e c t  a c e r t a i n  s o r t  of p r o p r i e t a r y  r i g h t  
by o b t a i n i n g  leases and pe rm i t s ,  o r  even by conforming t o  
c e r t a i n  s t a n d a r d s .  However, ownership i n  t h e  more power fu l  
s e n s e  of  " e x c l u s i v e  a u t h o r i t y  t o  d i s p o s e  o f ,  c o n f e r  r i g h t s  
t o ,  o r  o t h e r w i s e  a f f e c t  t h e  c o n d i t i o n s  o f  some t h i n g  o r  
p l a c e "  (Brown e t  aZ. 1977: 10) i s  remain ing e i t h e r  i n  t h e  
hands of  t h e  community o r  i n  t h e  hands o f  no-one. Another 
way o f  e x p r e s s i n g  S c h a u e r ' s  t h i r d  requ i rement  is  t h a t  t h e  
atmosphere may be s a i d  t o  conform, t o  a c o n s i d e r a b l e  e x t e n t ,  
t o  t h e  economis t ' s  c r i t e r ia  f o r  a c o l l e c t i v e  o r  p u b l i c  good: 
j o i n t  a v a i l a b i l i t y ,  non-exclus ion,  and n o n - d i v i s i b i l i t y .  
There is  open a c c e s s  and f r e e  use  f o r  most pu rposes :  no 
i n d i v i d u a l  o r  f i r m  owns t h e  atmosphere, ve ry  few can  be de- 
n i e d  e n t r y ,  and t h e r e  i s  l i t t l e  c o l l e c t i o n  o f  economic r e n t  
f o r  i t s  use.  

Schaue r ' s  f i n a l  requ i rement  i s  n o t  o n l y  a p a r t  of t h e  
d e f i n i t i o n  of  a common,, b u t  a l s o  a c o n d i t i o n  f o r  i t s  main- 
tenance .  I n  e f f e c t ,  it s a y s  t h a t  a common must e i t h e r  be 
so  r i c h  as t o  accommodate a l l  i t s  u s e r s  w i t hou t  c o n f l i c t  o r  
t h a t  it must be s u c c e s s f u l l y  r e g u l a t e d .  Why is t h i s  f i n a l  
q u a l i f i c a t i o n  needed? The answer is t h a t  t h e  dynamic o f  t h e  
p r e v i o u s  p o s t u l a t e  o f  open a c c e s s  i s  what Hardin (1968) a p t l y  
c a l l e d  "The Tradegy of t he  Commons." P7hat is  t h i s  t r agedy  
and does  it have any a p p l i c a b i l i t y  t o  t h e  atmosphere? 



In general, one sees that, historically, norms of open 
access and free use which traditionally characterize the 
use of commons are incompatible with resource scarcities, 
and that these norms give way to various forms of allocative 
regimes. Problems have arisen primarily because already 
accessible regions and resources of commons are being ex- 
ploited more intensively. Conditions of abundance change 
to conditions of scarcity, and resources are severely de- 
spoiled or depleted. Problems have also arisen sometimes 
because scientific and technical developments have made it 
possible to exploit previously inaccessible portions of the 
earth's common resources. As Brown e t  aZ. (1977:22) have 
commented, if the supply were inexhaustible or infinitely 
elastic, increase in demand would simply cause greater ex- 
traction or utilization of a particular resource, often 
through the development of technologies to reach previously 
inaccessible supplies. However, in some categories, like 
fishing, demand for the resource has jeen rising at a rate 
which is substantially greater than the supply, and, thus, 
the applications of new technology may have served only to 
accelerate the depletion of the supply. 

The recognition of scarcity of common resources and the 
increasing possibilities for the abuse of land and non-land 
environments have "increased the impetus for extended na- 
tional ownership to assure supplies and control of at least 
adjacent areas, and, on the other hand, have stimulated dis- 
cussions of forms of international ownership as a means of 
assuring responsible national and private use." (Brown et  
aZ. 1977:10.! 

In general, as Morse ( 1 977 )- argues, technological 
change, crowding, environmental degradation, and the growth 
of complex interdependencies have created new problems of 
managing common property in society, both nationally and 
internationally. 

In the case of atmospheric resources, the supply is be- 
coming increasingly scarce not only because of the charac- 
teristics of each resource use, but also because the uses 
are not independent-nor are their supply conditions. For 
example, consider the use of the atmosphere as a medium of 
transport. Use of the spatial characteristics of the atmos- 
phere for transportation is not one that consumes, or des- 
troys, the spatial characteristics with use. However, con- 
gestion problems do arise, and users have to be coordinated. 
Moreover, use of the atmosphere for transportation may in- 
terfere with other uses. For example, at one time it was 
believed that theresiduals associated with stratospheric 
transport would diminish the capacity of the atmosphere to 
shield the biosphere from damaging ultraviolet radiation. 
Another conflict and potential scarcity arises from the use 
of the atmosphere as a receptacle for waste and as a modula- 
tor of the supply of climate. Climate is depletable from 
an economic point of view: the supply availajle and suitable 
for productive activity may augment or diminish. One does 



not o r d i n a r i l y  t h ink  of weather and c l ima te  a s  s c a r c e  com- 
mod i t ies ,  but  it can be argued t h a t  i n  many p a r t s  of  t h e  
globe t h e  demand f o r  c e r t a i n  k inds of weather and c l imate  
r e g u l a r l y  exceeds t h e  supply. While t h e r e  a r e  n a t u r a l  var -  
i a t i o n s  of t h e  supply of  c l ima te  on a l l  t i m e  s c a l e s ,  i n  t h e  
l a s t  decade a s e r i e s  of  human a c t i v i t i e s  invo lv ing  t h e  a t -  
mosphere a s  a  r e c e p t a c l e  f o r  waste ( f o r  NOzr  CFMs, C02, d u s t ,  
and so f o r t h )  has r a i s e d  t h e  s p e c t e r  of a  long-term c l i m a t i c  
change. Here then  is  a f a s c i n a t i n g  t r a d e o f f  between func- 
t i o n s  of  t h e  atmosphere a s  a  r e c e p t a c l e  f o r  waste and a s  a  
" supp l i e r "  of  c l imate .  There a r e  o t h e r  impor tant  t r a d e o f f s  
invo lv ing use o f  t h e  atmosphere f o r  waste d i s p o s a l ,  f o r  ex- 
ample, w i th  c l e a n  (hea l thy )  a i r  and w i th  c l e a r  ( a e s t h e t i c a l l y  
p leas ing )  a i r .  

So aga in ,  w e  f i n d  t h a t  according t o  which use  is under 
cons ide ra t i on ,  t h e  atmosphere i s  t o  vary ing degrees  a com- 
mon- For c e r t a i n  purposes,  l i k e  t h e  supply of oxygen, it 
remains "by na tu re "  i n  a cond i t i on  t h a t  use by some does n o t  
prec lude or  s i g n i f i c a n t l y  i n t e r f e r e  w i th  use by o t h e r s .  For 
some purposes,  l i k e  a i r  t r a n s p o r t ,  t h i s  i s  t r u e  a s  a  r e s u l t  
of r u l e s  and l a w s  app l i ed  t o  it. For o t h e r  purposes,  p r i n -  
c i p a l l y  t hose  r e l a t i n g  t o  waste d i s p o s a l ,  t h e  atmosphere may 
mani fest  growing characteristicsofthetragedyof t h e  commons, 
where t h e r e  i s  a d e t e r i o r a t i o n  of q u a l i t y  o r  decrease i n  
supply. The commons c h a r a c t e r i s t i c s  of t h e  atmosphere may 
then  exp la in  a good d e a l  about i t s  c u r r e n t  s t a t e  and have 
impor tant  imp l i ca t i ons  f o r  a t tempts  a t  management. 

Meanwhile, p o l i c i e s  f o r  t h e  most p a r t  con t inue  t o  t r e a t  
t h e  atmospher ic common a s  i f  i t s  supply were i n f i n i t e l y  
e l a s t i c ,  t h a t  is ,  a s  i f  t h e r e  were no expec ta t i ons  of f u t u r e  
p r i c e s  changes. "A l loca t ions"  t a k e  p l a c e  most o f t e n  on t h e  
b a s i s  of  u n i l a t e r a l  app rop r ia t i on ,  or ,  i n  some c a s e s ,  by 
more widely agreed methods of determin ing r i g h t s  and use. 
P r i o r i t y  tends  t o  go t o  f i r s t  and c u r r e n t  u s e r s ,  and impor- 
t a n t  a t t r i b u t e s ,  i nc lud ing"nonexc ludab i l i t y ,  absence o f  con- 
ges t i on ,  and something t h a t  might be c a l l e d  renewab i l i t y  
( i . e . ,  t h e  a s s e t  recovers  so t h a t  use  by one i n d i v i d u a l  does 
no t  impair  t h e  a s s e t  f o r  use by o t h e r s ) , "  ( K r u t i l l a  and 
F i she r  1977:23) a r e  d imin ish ing.  What economists usua l l y  
suggest  i n  such c a s e s  i s  a mechanism f o r  r a t i o n i n g  t h e  re- 
source,  ending f r e e  and u n r e s t r i c t e d  access  f o r  a l l .  What 
i s  happening, p a r t i c u l a r l y  a t  t h e  i n t e r n a t i o n a l  l e v e l ?  While 
t h e  "Law of t h e  Seas"  has been t h e  s u b j e c t  of  much debate ,  
t h e  atmosphere has rece ived  much s o f t e r  and vaguer t rea tment  
t o  date .  

C l e a r l y ,  t h e  p r i n c i p l e s  and recommendations f o r  u t i l i z -  
a t i o n o f t h e  atmospher ic commonoffered i n t e r n a t i o n a l l y  so f a r  
a r e  very noncommittal. But then ,  a s  Daly (1975) p o i n t s  o u t ,  
t o  say t h a t  anyone whose use of a  common proper ty  resource  
damages o t h e r s  should a c t u a l l y  be l i a b l e  f o r  t h a t  damage i s ,  
i m p l i c i t l y ,  a  s ta tement  o f  who should own t h a t  resource .  And 
t h a t  t h e  i s s u e ,  a s  w e  have seen he re ,  i s  o f t e n  unresolved.  



Is t h e  app rop r ia te  s o c i a l  response t o  t h e  need t o  manage o r  
a l l o c a t e  t h e  resou rce  t o  conver t  common proper ty  i n t o  p r i -  
va te  p roper ty  o r  i n t o  more d e f i n i t i v e  pub l i c  p roper ty?  And, 
i f  p u b l i c ,  a t  w h a t , s c a l e ?  The more people who a r e  inc luded 
i n  Schauer 's  phase "use by o t h e r s , "  t h e  more t h e  tens ions  
t h a t  a r i s e  between p o s t u l a t e s  about open access  and nondes- 
t r u c t i v e  use. "Who i s  inc luded i n  per, communis-all t hose  
now l i v i n g ,  o r  a l l  t hose  now l i v i n g  p l u s  a l l  t hose  s t i l l  t o  
come? Does t h e  p r e s e n t  genera t ion  own t h e  resou rces  out-  
r i g h t  o r  only i n  t r u s t  f o r  f u t u r e  genera t ions?"  (Bruwn e t  
aZ. 1979:8.) 

AN ATMOSPHERIC SECTOR? 

Is it p o s s i b l e  t o  conceive of an  "atmospher ic s e c t o r "  
i n  t h e  economy? Pontecorvo and Wilkinson (1977) have been 
developing a s e c t o r a l  approach t o  t h e  oceans w i t h i n  a na- 
t i o n a l  income account ing framework w i th  i n t e r e s t i n g  r e s u l t s  
(see a l s o  Nathan e t  aZ. 1974).  Could a s i m i l a r  a n a l y s i s  
succeed f o r  t h e  atmosphere? It i s  n o t  d i f f i c u l t  t o  see 
t h a t  i n  some senses  t h e  atmosphere may be regarded a s  a com- 
modity o r  a bundle of economic goods, bu t  it remains t o  be 
seen whether some s o r t  of "atmospher ic s e c t o r "  may be u s e f u l  
i n  examining e i t h e r  t h e  r e l a t i o n s h i p  between an  atmospher ic 
s e c t o r  and t h e  rest of t h e  economy, o r  t h e  r e l a t i o n s h i p  be- 
tween subsec to rs  w i t h i n  an atmospher ic s e c t o r .  I n  o r d e r  t o  
b u i l d  a u s e f u l  a n a l y t i c a l  t o o l ,  it would be necessary  f i r s t  
t o  i d e n t i f y  t h e  economic uses  o r  resou rces  of t h e  atmosphere. 
I n  o t h e r  words, what s tocks  o r  f lows of weal th a r e  assoc i -  
a ted  wi th t h e  atmosphere? One must have some c l a s s i f i c a t i o n  
scheme. Let  us  exp lo re  t h e  p o s s i b i l i t y  of  an atmospher ic 
s e c t o r  us ing  two genera l  c a t e g o r i e s  of  economic a c t i v i t y :  
t hose  which e x t r a c t  o r  c a p t u r e  resources  ( l i v i n g ,  energy,  
minera l ,  water ,  e t c . )  from t h e  atmosphere o r  r e l a t e  p r i m a r i l y  
t o  i t s  chemical c o n s t i t u e n t s ,  and those  which r e q u i r e  t h e  
phys i ca l  use  of atmospher ic space ( t r a n s p o r t a t i o n ,  waste d i s -  
posa l ,  e t c . )  . 

How does t h e  no t i on  of  e x t r a c t i n g  o r  c a p t u r i n g  resources  
apply t o  t h e  atmosphere? C e r t a i n  minera l  resou rces ,  f o r  ex- 
ample, n i t r o g e n  and oxygen, might be regarded a s  p a r t  of an 
e x t r a c t a b l e  atmospher ic s tock  of weal th.  I n  a d d i t i o n ,  i t 
might be argued t h a t  c l i m a t i c  v a r i a b l e s  ought t o  be inc luded.  
C l imat ic  v a r i a b l e s  a r e  o r d i n a r i l y  n o t  viewed a s  d i r e c t  fac-  
t o r s  of product ion,  s u b j e c t  t o  manipulat ion by t h e  use r .  
" I ns tead ,  t h e s e  v a r i a b l e s  ope ra te  through changes i n  t h e  pro- 
duc t ion  f u n c t i o n ,  and thus ,  a f f e c t  t h e  l e v e l  of ou tpu t  by 
changing t h e  p r o d u c t i v i t i e s  of t h e  d i r e c t  f a c t o r s  of  produc- 
t i o n  o r  by a f f e c t i n g  t h e  cho ice  of t h e  product ion process 
employed." (Crocker (d lArge)  1975, s e c t i o n  3 :  8 4 . )  Nonethe- 
l e s s ,  it may be p o s s i b l e  t o  conceive o f  c l ima te  a s  resou rces  
of mat te r  and energy cap tured  from t h e  atmosphere. 



Meteoro log is ts  usua l l y  t a l k  a s  i f  c l ima te  is  simply a 
s e t  of s t a t i s t i c s ,  r a t h e r  than anything t ang ib l e  which can 
be regarded as  a resource.  Yet, i f  an economist were t o  
desc r ibe  weather modi f icat ion t o  a meteoro log is t  a s  an a t -  
tempt t o  b r ing  about an enhancement o r  r e d i s t r i b u t i o n  of 
c l ima t i c  resources ,  I t h ink  it would be an acceptab le  s t a t e -  
ment. From an economic po in t  of view, c l ima te  i s  mat ter  and 
energy organized i n  a c e r t a i n  way. I f  a c l ima to l og i s t  were 
t o  say t o  a farmer t h a t  t h e  c l imate  i s  going t o  change, t h e  
farmer could i n t e r p r e t  t h i s  t o  mean t h a t  d e l i v e r i e s  of mat- 
t e r  and energy may be going t o  change i n  quan t i t y ,  t ime, 
and p lace ,  i n  ways s im i l a r  t o  how supp l ies  of f e r t i l i z e r  o r  
gaso l ine  might change. 

Of course,  t h e  c l ima t i c  va r i ab l es  a r e  n o t  exc lus ive  t o  
t h e  atmosphere. Various cons t i t uen t s  come i n t o  and o u t  of 
t h e  atmosphere; f o r  example, i n  t h e  hydrologic cyc le ,  water 
goes i n t o  and ou t  o f  t he  ocean, land su r face ,  and so  f o r t h .  
Indeed, c l imate  v a r i a b i l i t y  and change a r e  func t ions  of t h e  
o v e r a l l  " c l ima t i c  system," of which t h e  atmosphere i s  only  
one component. However, on time sca les  of i n t e r e s t  from an 
economic po in t  o f  view, say,  months t o  seve ra l  genera t ions ,  
c l ima t i c  va r i ab l es  may be t r e a t e d  p r imar i l y  a s  a t t r i b u t e s  
of an atmosphere-centered system. From a s c i e n t i f i c  p o i n t  
of view, t h i s  i s  no t  e n t i r e l y  co r rec t ,  a s  short- term clima- 
t i c  v a r i a b i l i t y  and longer-term change may on t hese  time 
sca les  be a func t ion  o f ,  f o r  example, behavior of t h e  oceans 
o r  t h e  sun, bu t  f o r  purposes of economic a n a l y s i s  t h e  var ia -  
t i o n s  i n  t h e  supply of c l ima te  and p o t e n t i a l  changes can 
s t i l l  convenient ly  be regarded a s  func t ions  of n a t u r a l  a t -  
mospheric turbulence and a s  consequences of o t he r  human uses  
of t h e  atmosphere. Exceptions t o  t h i s ,  a s  they a r e  more 
d e f i n i t i v e l y  expla ined,  could be t r e a t e d  separa te l y .  Clear ly ,  
a s a t i s f a c t o r y  d e f i n i t i o n  of c l imate  f o r  purposes of economic 
ana l ys i s  has not  y e t  been a r r i ved  a t ,  and it is a quest ion  
which warrants  f u r t h e r  examination. One i n t e r e s t i n g  approach 
may be t o  explore t h e  economic meaning of c l ima te  through 
von Weizsaecker ls ( 1 9 7 1 )  resource  t r i a d  of mat te r ,  energy, 
and informat ion,  through which c l imate  c u t s  i n  an unusual 
way. However, f o r  the  time being l e t  us use t h e  idea 
sketched above. 

I n  i den t i f y i ng  uses  of t h e  atmosphere f o r  p o t e n t i a l  
eva luat ion,  one must a l s o  i nev i t ab l y  caut ion  t h a t  i f  one were 
t o  eva lua te  completely t h e  uses ,  t h e i r  va lue would be in-  
ca l cu l ab le  o r  i n f i n i t e ,  because t h e  atmosphere i s  a necessary 
component f o r  l i f e .  The e n t i r e  supply of 6 x 1 0 "  tons  of 
a i r  may no t  be ind ispensab le ,  but  every a d u l t  human must 
b rea th  about 30 t o  35 l b s  of it each day t o  e x t r a c t  t he  oxy- 
gen necessary f o r  l i f e .  So, we must look f o r  uses f o r  which 
i n  some sense economics is  re levan t .  

Is t h e r e  a non - t r i v i a l  sense i n  which t he  atmosphere 
can be regarded e i t h e r  a s  a source of minera ls  o r  from t h e  
po in t  of view of i t s  chemical cons t i t uen t s?  While "c lean"  
a i r  may be a complex and d i f f i c u l t  term t o  de f ine ,  i f  t h e  



atmosphere does n o t  prov ide a c e r t a i n  l e v e l  o r  amount of  
t h i s ,  t h e r e  can be s e r i o u s  h e a l t h  e f f e c t s ,  and, t h u s ,  sup- 
p l i e s  may be d iscussed i n  economic terms. Another minera l  
t h e  atmosphere p rov ides ,  a l though perhaps i n a  t r i v i a l  sense,  
i s  n i t rogen.  Fixed n i t rogen ,  mostly i n  t h e  form of syn the t -  
i c  ammonia, i s  compacted by i n d u s t r i a l  p rocesses  from t h e  
atmosphere's gaseous supply i n  enormous q u a n t i t i e s  f o r  ag- 
r i c u l t u r a l  f e r t i l i z e r s .  However, t h i s  n i t rogen ,  which com- 
poses about  7 8 %  of t h e  atmosphere, i s  i n  such p l e n t i f u l  
supply ( p r i c e  e s s e n t i a l l y  z e r o ) ,  t h a t  a n a l y s i s  may be super- 
f luous.  Another set of f unc t i ons  o f  t h e  atmosphere r e l a t e s  
t o  i t s  r o l e  a s  a p r o t e c t i v e  s h i e l d .  The ozone l a y e r ,  f o r  
example, a c t s  a s  an impor tant  s h i e l d  a g a i n s t  incoming u l t r a -  
v i o l e t  rays .  This i s  no t  an  e x t r a c t i v e  r o l e ,  narrowly 
de f ined ,  b u t  a s  a func t i on  of t h e  chemical composi t ion o f  
t h e  atmosphere, it may be l e f t  i n  our f i r s t  ca tegory .  The 
weather and c l i m a t e  v a r i a b l e s ,  p r i n c i p a l l y  r a i n ,  i n s o l a t i o n ,  
and wind, may be regarded a s  e i t h e r  mineral  o r  energy re-  
sources.  F i n a l l y ,  one could  a t t r i b u t e  b i r d s  t o  a ca tegory  
of  t h e  l i v i n g  resources  o f  t h e  atmosphere. 

U s e s  of t h e  atmosphere emphasizing phys i ca l  space in-  
c lude t h e  var ious  func t i ons  of t h e  atmosphere a s  a medium, 
a s ,  f o r  example, f o r  t r a n s p o r t i n g  people and goods, o r  
s i g n a l s .  The uses  f o r  t r a n s p o r t  would a l s o  i nc lude  m i l i t a r y  
uses ,  f o r  example, f o r  reconnaisance,  and f o r  t e s t i n g  and 
d e l i v e r y  of weapons. A s i m i l a r  use  i s  a s  t h e  medium o f  de- 
p a r t u r e  t o  and e n t r y  from o u t e r  space. 

C e r t a i n l y  t h e  most impor tant  and d i f f i c u l t  s p a t i a l  use 
of  t h e  atmosphere, from an economic p o i n t  of view, i s  a s  a 
r e c e p t a c l e  f o r  waste.  The r o l e  of t h e  atmosphere a s  a re -  
c e p t a c l e  f o r  waste was taken f o r  g ran ted  f a r  many years .  
The q u a n t i t i e s  involved were r e l a t i v e l y  modest and geograph- 
i c a l l y  d i s t r i b u t e d ,  and t h e  substances themselves w e r e  
usua l l y  n o t  i n h e r e n t l y  very  dangerous. Under such cond i t i ons ,  
tak ing  advantage o f  t h e  atmosphere's capac i t y  t o  t r a n s p o r t ,  
d i l u t e ,  and absorb wastes was g e n e r a l l y  a h e a l t h  way of d i s -  
posing of them, f o r  both humans and t h e  environment. However, 
i n  a modern economy, waste d i s p o s a l  becomes a s e r i o u s  and 
pervas ive  phenomena, r a t h e r  than  a t r i v i a l  and excep t i ona l  
one. The c o n t r i b u t o r s  a r e  var ious :  t r a n s p o r t a t i o n ,  s t a t i o n -  
a r y  f u e l  combustion, i n d u s t r i a l  processes,  and a g r i c u l t u r a l  
burning.  Some produc ts  a r e  i n t e n t i o n a l l y  d isposed,  and some 
a r e  r e s i d u a l s ,  from both i n te rmed ia te  product ion p rocesses  
and f i n a l  consumption. There a r e  primary p o l l u t a n t s :  d u s t ,  
soo t ,  ash ,  and smoke. There a r e  secondary p o l l u t a n t s :  
hydrocarbons, and ox ides  of n i t rogen ,  s u l f u r ,  and carbon. 

With r e s p e c t  t o  t h e  atmosphere, t h e  immensity of  t h e  
problem o f  waste d i s p o s a l  can be impress ive ly  i l l u s t r a t e d  
w i th  carbon. The e a r t h  harbors  enormous r e s e r v o i r s  of car -  
bon i n  t h e  form of g a s ,  o i l ,  c o a l ,  and biomass. These under- 
go combustion, p r i m a r i l y  t o  produce energy f o r  human uses ,  
and a s  t h e  carbon from t h e s e  r e s e r v o i r s  is ''consumed" by 
t h e  economy, it must be "disposed" of i n  t h e  atmosphere, 



oceans,  and b iosphere .  The apparent  i n e v i t a b i l i t y  of t h e  
e x p l o i t a t i o n  of t h e  e a r t h ' s  carbon weal th  and concomitant  
t r a n s f e r  o f  huge volumes of  carbon d i o x i d e  t o  t h e  atmosphere 
pose oge of t h e  most i n t e r e s t i n g  q u e s t i o n s  a s  t o  what t h e  
p r e s e n t  s t a t e  of o u r  atmosphere and i t s  c l i m a t e  a r e  worth. 
I f  one w e r e  t o  app ly  some s o r t  o f  " r e s i d u a l s  g e n e r a t o r "  t o  
our  c u r r e n t  economic and t e c h n i c a l  p rocesses  and e x t r a p o l a t e  
decades i n t o  t h e  f u t u r e  a s  has been done f o r  carbon d iox ide ,  
many o t h e r  ominous q u a n t i t i e s  would undoubtedly appear  des- 
t i n e d  t o  f i n d  a home i n  t h e  atmosphere. 

U s e  f o r  d i s p o s a l  o f  wastes a l s o  r a i s e s  an i s s u e  which 
one f a m i l i a r l y  con f ron ts  i n  i d e n t i f y i n g  t h e  v a l u e  of n a t u r a l  
environments: t h e r e  i s  a tendency t o  rega rd  t h e s e  envi ron-  
ments a s  having v a l u e  on l y  when they  a r e  assumed t o  o f f e r  a 
f u t u r e  s t o r e  of e x t r a c t i o n ,  o r ,  i n  t h i s  c a s e ,  of a s s i m i l a -  
t i o n .  Problems a r e  o f t e n  cons idered i n  t e r m s  o f  t h e  op t ima l  
r a t e  of d e p l e t i o n .  However, r esou rces  may a l s o  have ano ther  
va lue ,  r e a l i z e d  on l y  i f  they  a r e  l e f t  a l one .  There i s  a 
v a l u e  from an und is t rubed  environment.  An impor tan t  set of 
s p a t i a l  uses  r e l a t e s  t o  such "envi ronmental"  o r  ameni ty  
f u n c t i o n s .  The atmosphere is  an impor tan t  s o u r c e o f  a e s t h e t i c  
and r e c r e a t i o n a l  va lues .  Even when l e f t  a l one ,  one may as -  
sume t h e  atmosphere i s  genera t i ng  a s e r v i c e ,  which i s  de- 
graded by t h e  accumulat ion of wastes.  Amenity and a s e t h e t i c  
va lues  may be pe rce i ved  i n  t e r m s  of  wage d i f f e r e n t i a l s  and 
l and  va lues .  Indeed,  one r e c e n t  s tudy  (Kneese and W i l l i a m s  
1 9 8 0 )  sugges ts  t h a t  ma in ta in ing  a tmospher ic  v i s i b i l i t y  may 
be t h e  key c o n s t r a i n t  t o  development of energy r e s o u r c e s  i n  
t h e  southwestern  p a r t  of t h e  United States. Some f e a t u r e s  
of weather and c l i m a t e ,  i nc lud ing  nu isance  c o s t s  o f  snow re- 
moval and so  f o r t h ,  might a l s o  be ana lyzed i n  some s o r t  of  
framework o f  amenity (and d isamen i ty )  uses .  

While one can t e n t a t i v e l y  i d e n t i f y  a range  o f  uses  o f  
t h e  atmosphere (see Table  1 ) ,  would it be p o s s i b l e  and use- 
f u l  t o  a r range  t h e s e  i n t o  some s o r t  o f  "a-tmospheric s e c t o r "  
i n  t h e  s t y l e  of n a t i o n a l  income accounts? Nat iona l  income 
accounts  have t r a d i t i o n a l l y  sought  s p a t i a l  u n i t y  by coun t ry  
o r  p o l i t i c a l  e n t i t y ,  and f o r  purposes o f  p o l i c y  a n a l y s i s  
they  a r e  d i v i d e d i n t o  p roduc t ion  s e c t o r s ,  u s u a l l y  de f i ned  by 
purposes o f  i n t e r m e d i a t e  p roduc t ion  and f i n a l  consumption. 
An atmospher ic  s e c t o r  cou ld  be seen a s  a f u r t h e r  s t e p  i n  
deve lop ing t h e  two-dimensional s p a t i a l  and p roduc t  ma t r i x  of 
economic accounts  which d e s c r i b e  t h e  economy ( c f .  Pontecorvo 
and Wilkinson 1 9 7 7 ) .  To i nc lude  an a tmospher ic  s e c t o r  con- 
s i s t e n t l y  i n  t h e  l a r g e r  set  of n a t i o n a l  accoun ts ,  it would 
be necessary  t o  i d e n t i f y  which product  s e c t o r s  have a c t i v -  
i t i e s  o r i g i n a t i n g  i n  bo th  t h e  atmospher ic  and non-atmospheric 
s p a t i a l  s e c t o r s  and i d e n t i f y  what p o r t i o n  of each p roduc t  
s e c t o r ' s  o u t p u t  i s  due t o  t h e  atmospher ic  s e c t o r .  The a t -  
mospheric s e c t o r  might be de f i ned  a s  t h e  e lement o f  t h e  over -  
a l l  p roduc t ion  v e c t o r  c o n t a i n i n g  those  goods and s e r v i c e s  
whose va lue  added can be d i r e c t l y  i d e n t i f i e d  w i t h  e i t h e r  an 
e x t r a c t i v e  o r  s p a t i a l  use of t h e  atmosphere,  o r  more b road ly ,  
which d i r e c t l y  u t i l i z e  some c h a r a c t e r i s t i c  of t h e  atmosphere 
a s  an  i n p u t  i n  t h e i r  p roduc t ion  f unc t i on .  



Table 1 .  An Atmospheric Sector-Outl ine. 

- 

Major Div is ions A c t i v i t i e s  

I Resource  E x t r a c t i o n  o r  Cap tu re  

A Energy Resources 

B Mineral Resources 

C Living Resources 

II S p a t i a l  A c t i v i t i e s  

A Commerce and t r a n s p o r t  

B Commercial and o the r  

C Construct ion 

D Government 
( f e d e r a l ,  s t a t e ,  l o c a l )  

I nso la t i on  
Wind 

Rain ( N e t  Evaporat ion) 
Nitrogen 
Oxygen and ozone 
co2 
Birds 

A i r  t r anspo r t ,  s e r v i c e  and 
handl ing;  depar tu re  t o  and 
en t r y  from ou te r  space 

Recreat ion and s p o r t s  
(amenity, a e s t h e t i c )  
S c i e n t i f i c  research  
Waste d i sposa l  
Communication 

A i rpor t  f a c i l i t i e s  
A i r c r a f t  

Nat ional  s e c u r i t y  
Admin is t ra t ion of a i r  

con t ro l  
Weather f o recas t i ng  
Transpor ta t ion  enforcement 

C lea r l y ,  some va lue  added from product ion which is iden- 
t i f i e d  wi th  t h e  atmosphere takes  p lace  on land. The a i r c r a f t  
indus t ry  might be a c a s e  of  t h i s .  Indeed, because of  t h e  
interdependence of economic and phys ica l  systems, a l l  s o r t s  
of a c t i v i t i e s  might be s a i d  t o  owe t h e i r  ex i s tence  t o  t h e  
atmosphere. So, i t i s  necessary t o  l i m i t  t h e  d e f i n i t i o n  of 
t h e  sec to r  i n  some meaningful way. The o v e r a l l  measurement 
system would need t o  adhere t o  consis tency and independence 
cond i t ions .  Imposing a cons i s t en t  s p a t i a l  d e f i n i t i o n  ac ross  
product ive subsec tors  might be d i f f i c u l t .  

To accomplish t he  a c t u a l  measurement of income assoc i -  
a ted  wi th some s a t i s f a c t o r i l y  def ined atmospheric s e c t o r ,  it 
would be necessary t o  spec i f y  t h e  method se lec ted  f o r  evalu- 
a t i o n  of each s e c t o r ,  and a d j u s t  f o r  poss ib le  non-equivalence 
of methods. The need f o r  adjustment r a i s e s  problems from 
seve ra l  po i n t s  of view. La te r ,  some problems r e l a t i n g  t o  
eva lua t ion  techniques f o r  c l ima te  w i l l  be d iscussed.  These 
a r e  l a rge l y  problems of  d i f f e r e n t  c o s t  measures. But, t h e r e  



a r e  a l s o  q u e s t i o n s  abou t  what and where i n  t h e  p roduc t ion  
p rocess  t o  measure. These can be i l l u s t r a t e d  by cons ide r i ng  
t h e  d i f f i c u l t i e s  invo lved i n  e v a l u a t i n g  t h e  atmosphere a s  a 
r e c e p t a c l e  f o r  waste .  

F i r s t ,  t h e r e  is t h e  ques t i on  of what is waste,  o r  a t  
what p o i n t  r e s i d u a l s  need t o  be accounted f o r  economical ly .  
Wastes may be d e f i n e d  i n  c o n t r a s t  t o  "p roduc ts . "  From an 
economic p o i n t  o f  view, p roduc ts  can be s o l d  a t  p o s i t i v e  
p r i c e s ,  wh i le  was tes  cannot ,  o r  t h e  c o s t  o f  recovery  i s  more 
than  t h e  va lue  of t h e  recovered m a t e r i a l  (Page 1977) .  Pol- 
l u t i o n  goes beyond mere waste. Rothenberg (1970:35) charac-  
t e r i z e s  it as "a  competing and d i s s i m i l a r  use  o f  t h e  envi -  
ronment which a l t e r s  t h e  c h a r a c t e r i s t i c s  o f  t h e  env i ronmenta l  
r esou rces  i n  a way t h a t  i s  i n  some sense  d e s t r u c t i v e ,  and i n  
which t h e r e  i s  a u n i - d i r e c t i o n a l  f low o f  t h e  c o s t s  a s s o c i a t e d  
wi th  resou rce  e x p l o i t a t i o n . "  Thus, by t h e s e  d e f i n i t i o n s ,  
C 0 2 ,  u n t i l  i t s  consequences a r e  b e t t e r  unders tood,  should n o t  
be l a b e l e d  a p o l l u t a n t .  Un fo r tuna te ly ,  t h e  d i s t i n c t i o n  be- 
tween c o n s t r u c t i v e  and d e s t r u c t i v e  uses  i s  o f t e n  n o t  c l e a r  
c u t .  Moreover, w i t h  s lowly accumulat ing l o n g - l a s t i n g  resi- 
d u a l s  it may be d i f f i c u l t  t o  use  an account ing  framework 
o r i e n t e d  toward a s s e s s i n g  annual  f lows o f  weal th .  

Obviously,  some d i r e c t  c o s t s  o f  waste c o l l e c t i o n ,  t r e a t -  
ment, and d i s p o s i t i o n  can  be i d e n t i f i e d  and es t ima ted .  Put- 
t i n g  a s i d e  f o r  t h e  moment concern abou t  a l t e r a t i o n  o f  t h e  
weather and climate o r  p o l l u t i o n  of t h e  a tmosphere tone  cou ld  
measure t h e  economic a c t i v i t y  d e r i v i n g  from t h e  use  o f  t h e  
atmosphere a s  a r e c e p t a c l e  f o r  waste by t h e  sum o f  t h e  cap i -  
t a l  and l a b o r  employed i n  dumping. Th is  might be r e l a t i v e l y  
sma l l ,  c o n s i s t i n g  mainly of t h e  c o s t s  o f  p i p i n g  was tes  ( v i a  
chimneys) i n t o  t h e  atmosphere. The v a l u e  de r i ved  from t h i s  
use  of t h e  atmosphere would be a p ropo r t i on  of t h e  opportun- 
i t y  c o s t  of a l t e r n a t i v e  s i tes and modes o f  d i s p o s a l ,  which 
could be very  l a r g e .  

However, t h e r e  a r e  arguments t o  be made about  whether 
t h e s e  dumping a c t i v i t i e s  should t hen  be p a r t  o f  t h e  atmos- 
p h e r i c  s e c t o r .  One could argue f o r  t h e  i n c l u s i o n  o f  indus- 
t r ies which d i spose  o f  gaseous o r  thermal  was tes  because 
they  u t i l i z e  a s p a t i a l  c h a r a c t e r i s t i c  o f  t h e  atmosphere a s  
an i n p u t  i n  t h e i r  p roduc t ion  p rocesses .  On t h e  o t h e r  hand, 
o n e c o u l d a r g u e  f o r  exc lus ion  because t h e  use  of t h e  zone may 
n o t  be necessary  f o r  t h e  s u r v i v a l  o f  t h e  i n d u s t r i e s  i n  ques- 
t i o n .  I f  access  t o  t h e  atmosphere were r e s t r i c t e d ,  t h e  i n -  
d u s t r i e s  would remain i n  p roduc t ion  by us ing  a l t e r n a t i v e  
non-atmospheric d i s p o s a l  t echno log ies .  The economic a c t i v i t y  
genera ted  by employment of r e s o u r c e s  i n  defend ing any spec- 
i f i c  q u a l i t y  s tanda rd  f o r  t h e  atmosphere cou ld ,  a t  l e a s t  i n  
t heo ry ,  be measured i n  t h e  n a t i o n a l  accoun ts  framework 
e i t h e r  by ( a )  t h e  i n c r e a s e  i n  t h e  g r o s s  p roduc t  o r i g i n a t i n g  
i n  t h e  d i s p o s a l  a c t i v i t i e s ,  i f  t h e  waste c o s t s  w e r e  i n t e r n a -  
l i z e d  i n t o  t h e  c o s t  s t r u c t u r e ,  o r  ( b )  i n  t h e  e x t e r n a l i z e d  
c o s t s  of c l ean ing  up ( o r  o therw ise  compensat ing) t h e  a i r .  An 
economic r e n t  f o r  t h e  atmosphere would on ly  be r e a l i z e d  i f  
t h e  e x t e r n a l i z e d  c o s t  i s  l e s s .  



An i n t e r e s t i n g  conceptual  v a r i a n t  of t h i s  has been pro- 
posed by Ayres (1979:120). He suggests  t h e  c r e a t i o n  of an 
"abatement s e c t o r , "  which accepts  g ross  r e s i d u a l  ou tpu ts  
from o the r  s e c t o r s  a s  inpu ts ,  even i f  no process ing is  actu-  
a l l y  c a r r i e d  ou t .  The r e s i d u a l s  would correspond, i n  some 
cases ,  t o  product ion s e c t o r s  ( i n d u s t r i a l  was tes ) ,  and i n  
o the rs  t o  f i n a l  p r i v a t e  consumption (household was tes ) .  
Precaut ions aga ins t  double counting could be taken by a t t r i -  
but ing a  negat ive  p r i c e  t o  t h e  r es i dua l s  a s  inpu ts .  But, i f  
w e  look a t  a  genera l  equ i l ib r ium model inc lud ing  environ- 
mental l i n k s  (Maeler 1974) ,  w e  immediately see  t h e  d i f f i c u l t y  
of a  c o n s i s t e n t ,  un i f i ed  atmospheric sec to r .  The atmosphere 
i s  no t  simply l oca ted  i n  t h e  macroeconomic model (see Figure 
1 ) .  

For seve ra l  reasons,  then,  a r r i v i n g  a t  good, c o n s i s t e n t ,  
o v e r a l l  measures of t h e  l e v e l  o f  economic a c t i v i t y  generated 
by us ing t h e  atmosphere a s  a  dump i s  complex. I n  add i t i on  
t o  t h e  absence of a  framework of ana l ys i s ,  no t  enough is  
known about t h e  volume and c h a r a c t e r i s t i c s  of  waste d i sposa l  
i n  t h e  atmosphere. P a r t l y  t h i s  i s  due t o  moni tor ing expense 
and d i f f i c u l t i e s ,  p a r t l y  it is  due t o  t h e  f a c t  t h a t  one i s  
dea l ing  w i th  d i ve r se  sources coming from both product ion and 
consumption processes.  Also t h e  "need" o r  d e s i r e  t o  know 
about t h e  amount of d i sposa l  va r i es .  Consequences, t o  t h e  
ex ten t  they a r e  known, depend heavi ly  on t h e  na tu re  of t h e  
p a r t i c u l a r  waste ma te r i a l s ,  and t h e i r  quan t i t y  and s p a t i a l  
concent ra t ion  and d i s t r i b u t i o n .  One more d i f f i c u l t y  may be 
added t o  t h e  d i f f i c u l t i e s  so  f a r  mentioned. Suppose w e  
wanted t o  know t h e  c o s t s  of holding waste d i sposa l  t o  some 
spec i f i ed  l e v e l  t h a t  may be " t o l e r a b l e , "  what would t o l e r a b l e  
l i m i t s  of contamination be? I f  An ta rc t i c  o r  pr imeval stand- 
a rds  of p u r i t y  a r e  app l ied ,  t h e  va lue  of t h e  atmosphere w i l l  
again be v i r t u a l l y  l imit less. I f  s tandards  assoc ia ted  w i th  
t h e  var ious  uses a r e  app l ied ,  t h e  c o s t s  w i l l  vary from p lace 
t o  p lace  and from t i m e  t o  t i m e  according t o  t h e  uses  t o  
which t h e  atmosphere i s  pu t ,  but  t h i s  does suggest  encourag- 
ing ly  t h a t  some m o r e  modest measurements can be use fu l l y  
achieved. 

One must conclude, then,  t h a t  it appears a t  t h i s  f i r s t  
exp lo ra t i on  of  a  f u l l  na t i ona l  income approach t o  an "atmos- 
pher ic  s e c t o r , "  t h a t  such an idea remains f a r  away, and per-  
haps impossible t o  r e a l i z e  f u l l y .  However, such a  no t ion ,  
and i t s  f u r t h e r  d e f i n i t i o n ,  espec ia l l y  w i th  r espec t  t o  waste 
d i sposa l ,  may s t i l l  be f r u i t f u l  t o  pursue. 

EXTERNALITIES AND ALLOCATIVE EFFICIENCY 

A s  w e  have mentioned, t h e r e  i s  a tendency toward over- 
exp lo i t a t i on  and degradat ion of common proper ty  resources.  
A s  long a s  t he  resources ,  inc lud ing a s s i m i l a t i v e  capac i t y ,  
o f  t h e  atmosphere w e r e  f o r  a l l  p r a c t i c a l  purposes un l im i ted ,  
t h e r e  was no conf ron ta t ion  w i th  t h e  problem of  how t o  ass ign  
them. A s  soon a s  s c a r c i t y  becomes a  problem, a  p r i n c i p l e  is  
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needed to determine how scarce goods will be used. Thus, 
the basic allocation problem is the determination of the 
socially optimal level of atmospheric goods in all relevant 
dimensions. One strategy, which we will explore here, is 
for economic efficiency to govern all allocations. This 
discussion is phrased in terms of a market economy, but the 
underlying issue of externalities is endemic to all economic 
activity, although in centrally planned economies it may not 
manifest itself primarily as a shortcoming of the price sys- 
tem. 

The general efficiency rule is that more atmospheric 
goods should be provided up tothepoint at which additional 
social benefits no longer exceed additional costs. If pro- 
ducers, users of the atmosphere, maximize profits while tak- 
ing into account "externalities," optimal production alloca- 
tion can be achieved. Problems arise, however, because the 
atmosphere is characterized by elusive externalities, and 
the absence of information provided automatically in market 
transfers sometimes makes it difficult even to determine the 
magnitude of the relevant benefits and costs. What are these 
externalities which tend to be omitted from the decision 
calculus and confuse the optimal management of atmospheric 
resources? 

"Externalities" is a term used to describe effects on 
persons or firms who are not directly party to a decision 
leading to an activity. While the definition has been much 
argued, and remains in debate, we may offer a variety of 
descriptions which give a good feeling for the notion. Ex- 
ternalities are the side effects, or spillovers, associated 
with human behavior, ranging from minor impingements on 
amenities to major irreversible effects on life. An exter- 
nality is said to exist whenever an output of one economic 
agent appears as an input in the consumption or production 
vector of another, without accompanying payment (Holtermann 
1972) . 

Externalities arise whenever the value of an obiec- 
tive function, for example, the profits of a f i k  
or the happiness of an individual, depends upon the 
unintended or incidental by-products of some activ- 
ity of others (Lin 1976: 1 ) . 

Heller and Starrett (1976:lO) have emphasized the aspect of 
markets. 

One can think of externalities as nearly synonymous 
with the existence of markets. We define an exter- 
nality to be a situation in which the private econ- 
omy lacks sufficient incentives to create a potential 
market in some good and the nonexistence of this 
market results in losses of Pareto efficiency. 

For Heller and Starret, the relevant market failures consist 
of: 



( 1 )  d i f f i c u l t i e s  i n  d e f i n i n g  p r i v a t e  p roper ty  o r  nonex- 
c l us i veness  of  commodities; 

( 2 )  noncompet i t ive behavior  ; 

( 3 )  nonconvex i t ies  i n  t r a n s a c t i o n s  sets; 

( 4 )  imper fec t  o r  incomplete in format ion.  

What do t h e s e  market f a i l u r e s  mean? They mean t h a t  
commodities c h a r a c t e r i z e d  by e x t e r n a l i t i e s  w i l l  e i t h e r  n o t  
have p r i c e s  o r  t h e  p r i c e s  w i l l  i n  some sense  be i n c o r r e c t .  
The r e s u l t  i s  t h a t ,  as Pigou (1932) po in ted  o u t ,  e x t e r n a l -  
i t i e s  appear  a s  one o f  t h e  c h i e f  causes  o f  d ivergence between 
" p r i v a t e  n e t  product "  and " s o c i a l  n e t  product ."  A s  Kneese 
and Schu l tz  ( 1 9 7  5) have argued,  

The problem i s  n o t  t h a t  t h e  p r i c e  system does n o t  
work-it works w i th  marvelous e f f i c i e n c y  b u t  i n  
t h e  wrong d i r e c t i o n .  When t h e  s i g n a l  it sends 
o u t  i n d i c a t e s  t h a t  a i r  and water  a r e  f r e e  goods, 
thousands of  f i r m s  and m i l l i o n s  of  consumers bend 
t h e i r  e f f o r t s  t o  use those  cheap resou rces .  And 
s o  elect r ic  u t i l i t i e s  d i spose  of  t h e i r  s u l f u r  
r e s i d u a l s  from c o a l  and o i l  n o t  by sc rubb ing . them 
from t h e i r  s t a c k s  o r  by o t h e r  expens ive means b u t  
by pour ing them f r e e l y  i n t o  t h e  atmosphere ... And 
consumers avo id  t h e  c o s t  o f  e l i m i n a t i n g  hydrocarbon 
emiss ions by d e p o s i t i n g  them i n  t h e  a i r .  

and : 

I n  most c i rcumstances t h e  p r i c e  system prov ides  
i n c e n t i v e s  f o r  economizing on s c a r c e  resou rces .  
Those who use such resources  must pay f o r  them, 
a t  a  p r i c e  t h a t  r e f l e c t s  s c a r c i t y .  Goods whose 
p roduc t ion  r e q u i r e s  scarce resou rces  i n  l a r g e  
amounts a r e  expens ive compared w i th  t h o s e  t h a t  
do n o t ,  s o c o n s u m p t i o n o f t h e  former is discouraged 
and use o f  t h e  l a t t e r  is  encouraged. Bus iness 
f i rms ,  mot ivated by t h e  sea rch  f o r  p r o f i t s -  
indeed,  by t h e  need t o  survive-seek ways t o  
minimize t h e  use of c o s t l y  resou rces  i n  t h e i r  
p roduc t ion  p rocesses .  But s i n c e  t h e  waste- 
a s s i m i l a t i n g  c a p a c i t i e s  of  a i r  and water  a s  
common p rope r t y  resou rces  do n o t  command a p r i c e ,  
t h e  p r i v a t e  market system encourages t h e i r  over- 
use r a t h e r  t han  t h e i r  conserva t ion .  

and : 

The f r e e  use  of  t h e  a i r  and water  a s  dumps f o r  
r e s i d u a l s ,  t h e r e f o r e ,  c r e a t e s  a  s i t u a t i o n  i n  
which t h e  c o s t s  and t h e  p r i c e s  o f  goods and ser- 
v i c e s  d i ve rge  i n  vary ing degrees  from t h e  t r u e  
c o s t s  t h a t  t h e i r  product ion and consumption 



impose upon soc ie ty .  The g r e a t e r  t h e  environ- 
mental damage caused by r es i dua l s  from any 
p a r t i c u l a r  product ion o r  consumption a c t i v i t y ,  
t h e  g r e a t e r  t h e  divergence. 

I t  i s  easy t o  see t h e  extreme ex te rna l  diseconomy of 
severa l  uses of t h e  atmosphere. "Po l l u t i on "  i n  a  modern 
i n d u s t r i a l  economy is t h e  a l l  t oo  pervas ive consequence of  
product ion and consumption a c t i v i t i e s  of v i r t u a l l y  a l l  f i rms 
and households. The degree of e x t e r n a l i t y  of po l l u t i on  may 
vary. Imagine t h e  d i f f e r e n t  responses t o  a f i rm dumping i t s  
wastes on to  i t s  own proper ty ,  d i r e c t l y  on to  someone's garden, 
o r  i n t o  t h e  atmosphere. While t h e  diseconomy i s  obvious i n  
a l l  cases-consumption of po l l u t i on  obviously reduces t h e  
u t i l i t y  of consumers o r  t h e  p r o f i t s  of  producers-the degree 
of e x t e r n a l i t y  a l lows varying pe rs i s t ence  of d ivergence of 
p r i v a t e  and s o c i a l  c o s t  and vary ing amounts of  i n t e r f e rence  
w i th  e f f o r t s  a t  opt imal  a l l o ca t i on .  But, t h e  ques t ion  of 
e x t e r n a l i t i e s  i s  not  j u s t  one of remembering t o  inc lude 
some of  t h e  o f t e n  omit ted negat ive  element i n  t h e  dec is ion  
ca lcu lus .  In  c e r t a i n  cases  t h e  ex te rna l  c o s t s  may be q u i t e  
ambiguous. For example, t he  s o c i a l  c o s t s  of a  p o t e n t i a l  
c l ima te -a l te r ing  a c t i v i t y ,  such a s  t h e  use of CFM-powered 
spray cans,  may be made up of d i s t i n c t  components, p r i v a t e  
c o s t s ,  such a s  those f o r  labor  and c a p i t a l  goods which a r e  
d i r e c t l y  used i n  t h e  c r e a t i o n  o f t h e p r o d u c t ,  and ex te rna l  
cos t s ,  which a r e  probably no t  only unmeasured, bu t  a l s o  
could inc lude,  i n  theory ,  e i t h e r  t h e  reduced o r  increas.ed 
(and r e d i s t r i b u t e d )  ou tpu t  of t h e  economy a s  a r e s u l t  of 
c l imate  change. 

J u s t  a s  t he re  a r e  negat ive  and ambiguous e x t e r n a l i t i e s  
assoc ia ted  wi th  t he  atmosphere, t h e r e  a r e  a l s o  many respec ts  
i n  which t h e  atmosphere, o r  t h e  use of it, i s  a pub l i c  good. 
Consider an a r ray  of a l l  poss ib le  goods and se rv fces  running 
from pure p r i v a t e  goods, where proper ty  i s  p r i v a t e a n d a c c e s s  
i s  l im i ted  by r i g h t s  which a r e  bought and so ld ,  t o  common 
proper ty  w i th  open access .  One of t h e  p r i n c i p a l  d i s t i ngu ish -  
i ng  c h a r a c t e r i s t i c s  i s  t h e  degree of e x t e r n a l i t y  involved i n  
theLr product ion and consumption. A pub l i c  good i s  t h e  ser- 
v i ce  provided by a common-property resource  under cond i t i ons  
of no exc lus ion (o r  where t he  d i f f i c u l t y  o r  c o s t l i n e s s  of  
exc lus ion i s  p roh ib i t i ve )  and demand i n s u f f i c i e n t  t o  gener- 
a t e  congest ion o r  marginal resource cos t s .  I t  i s  t h e  pos i -  
t i v e  l i m i t i n g  case o r  extreme of an e x t e r n a l i t y .  Environ- 
mental q u a l i t y  i s  very c l ose  t o  a pure pub l i c  good. Once 
provided f o r  one, it can be enjoyed by o the rs  i n  s o c i e t y  a t  
almost no cos t .  But, l i k e  po l l u t i on  and o the r  negat ive  
e x t e r n a l i t i e s ,  t h e  p o s i t i v e  e x t e r n a l i t i e s  assoc ia ted  wi th  
t h e  atmosphere, inc lud ing  i t s  hea l t h ,  amenity, and poss ib l y  
c l i m a t i c  va lues ,  have tended no t  t o  pass through markets o r  
be included i n  eva lua t ion  a c t i v i t i e s .  Of course,  t h e  devel-  
opment of a i r  q u a l i t y  s tandards  rep resen ts  a change i n  t h i s  
s i t u a t i o n .  



One way o r  another  then ,  one wishes t o  " i n t e r n a l i z e "  
e x t e r n a l  c o s t s  ( o r  b e n e f i t s ) .  S tay ing  f o r  t h e  moment wi th 
t h e  example o f  negat ive  e x t e r n a l i t i e s  of  product ion processes,  
one wants t o  induce t h e  i ncen t i ve  of t h e  f i r m  t o  i n c r e a s e  
( o r  reduce)  product ion t o  t h e  p o i n t  where p r i c e  equa ls  in -  
t e r n a l  marginal  c o s t s  and environmental  c o s t s .  "Transfer-  
r i n g  s o c i a l  c o s t s  t o  t h e  respons ib le  f i rms  could se rve  two 
purposes: I t  could l e a d  t h e  f i r m  t o  reduce t h e  p o l l u t i o n  
aspec ts  of  i t s  a c t i v i t i e s  o r ,  a s  t h e  i n t e r n a l i z e d  c o s t s  a r e  
passed on i n  h igher  p r i c e s ,  it could  s i g n a l  consumers, t o  
s h i f t  away from po l l u t i on - in tens i ve  products ,  o r  both" (Page 
1973:6). There a r e  s e v e r a l  s t r a t e g i e s  t o  t r y  t o  b r i n g  about  
t h e  i n t e r n a l i z a t i o n  of  c o s t s  and opt imal  a l l o c a t i o n  under 
cond i t i ons  of  e x t e r n a l i t i e s .  One school  (Coase 1960) has 
emphasized p r i v a t e  barga in ing.  Another group has p r e f e r r e d  
governmental ly imposed t a x  o r  subs idy schemes f o r  ach iev ing 
e f f i c i e n t  resource  a l l o c a t i o n ,  e s p e c i a l l y  where decen t ra l -  
i zed  barga in ing  i s  expensive o r  imposs ib le .  

Bas i ca l l y ,  t h e  barga in ing s o l u t i o n  c a l l s  f o r  t h e  f o r -  
mation of  a  new market. Are markets f o r  t h e  uses of  t h e  
atmosphere f e a s i b l e ?  The f a c t  t h a t  such markets genera l l y  
do n o t  e x i s t  sugges ts  t h a t  they a r e  no t  f e a s i b l e .  However, 
t h e r e  a r e  i n d i c a t i o n s  t h i s  s i t u a t i o n  may be changing. I n  
LongBeach, C a l i f o r n i a ,  t h e r e  has been a c t i v i t y  which resem- 
b l e s  t h e  c r e a t i o n  of  a  p o l l u t i o n  r i g h t s  market (New York 
T i m e s ,  1 August 1977) .  Firms a r e  being g iven t h e  i n c e n t i v e  
of seek ing t h e  lowest  c o s t  a l t e r n a t i v e  i n  buying and t r e a t -  
i n g  a  c e r t a i n  amount of p o l l u t i o n  from e x i s t i n g  waste 
sources ,  which they can ba lance a g a i n s t  new d ischarges .  But, 
genera l l y ,  t h e  s i t u a t i o n  i s  d i f f i c u l t .  Those who wish t o  
buy reduced a i r  p o l l u t i o n  a r e  u s u a l l y  n o t  a b l e  t o  c a l l  f o r t h  
a  supply response.  Th is  k ind of market s o l u t i o n  r e q u i r e s  
t h e  e x i s t e n c e  of  en fo rceab le  p rope r t y  r i g h t s  t o  t h e  environ- 
mental resource ,  and t h e  p o s s i b i l i t y  of c o n t r a c t u a l  agree-  
ments between p a r t i e s  a f f e c t e d  by t h e  ex te rna l i t y  and t h o s e  
respons ib le  f o r  i t s  c r e a t i o n .  

Moreover, t h e  es tab l i shment  of p roper ty  r i g h t s  may n o t  
succeed i n  reso l v ing  t h e  e x t e r n a l i t y  problem. A reason 
o f t e n  c i t e d  i s  t h a t  t h e  t r a n s a c t i o n  c o s t s  may exceed t h e  per  
u n i t  p o t e n t i a l  p r o f i t ,  f o r  example, i n  c a s e s  of  waste d i s -  
posal .  The l i k e l i h o o d  of market f a i l u r e  i s  g r e a t e r  t h e  
l a r g e r  t h e  number o f  p a r t i e s  involved i n  t h e  e x t e r n a l i t y  
r e l a t i o n s h i p ,  and t h e  more complex t h e  r e l a t i o n s h i p s  a r e .  
I n  any case ,  whenever exc lus ion  is c o s t l y  o r  imposs ib le ,  
p roper ty  r i g h t s  a r e  d i f f i c u l t  t o  d e f i n e  meaningful ly ,  and 
t h i s  i s  t h e  case  w i t h  r e s p e c t  t o  most uses of t h e  atmosphere. 
I n  f a c t ,  by d e f i n i t i o n  of t h e  atmosphere a s  a  p u b l i c  good 
f o r  s e l e c t e d  purposes,  exc lus ion  i s  an unacceptable p o l i c y  
f o r  c e r t a i n  a c t i v i t i e s .  He l le r  and S t a r r e t t  (1976) p o i n t  
o u t  t h a t  when exc lus ion  i s  undes i rab le ,  w e  should c l e a r l y  
n o t  e s t a b l i s h  a  market by ass ign ing  p roper ty  r i g h t s  t o  any 
phys ica l  commodity. Thus, wi th  many of  t h e  a t t r i b u t e s  o f  
t h e  atmosphere, w e  have tended t o  f i n d  va r ious  o t h e r  forms 
o f  r e g u l a t i o n  r a t h e r  than developing p r i v a t e  markets. 



S t i l l ,  it i s  i n t r i g u i n g  t o  cons ide r  whether,  f o r  example, a  
C 0 2  market cou ld  f unc t i on .  

I t  i s  c l e a r  t h a t  t h e  widespread and p e r s i s t e n t  presence 
o f  e x t e r n a l i t i e s  i s  a  major o b s t a c l e  t o  ach iev ing  an  e f f i c -  
i e n t  a l l o c a t i o n  o f  a tmospher ic  resou rces .  But l e t  us  p u t  
a s i d e  t h i s  problem f o r  a  moment, and see what c o s t  and bene- 
f i t  e s t i m a t e s  might  s t i l l  be undertaken and whether they 
might s t i l l  l e a d  us  c l o s e r  t o  an op t ima l  t r ea tmen t  o f  t h e  
atmosphere. 

MEASURING ATMOSPHERIC COSTS AND VALUES 

W e  have been sugges t i ng  i n  t h i s  paper t h a t ,  from an  
economic p o i n t  o f  v iew, t h e  i d e a l  t r ea tmen t  o f  t h e  atmos- 
phere would i d e n t i f y  i t s  h i g h e s t  v a l u e  i n  a l t e r n a t i v e  uses .  
Resources would be a l l o c a t e d  t o  t hose  u s e s  i n  which s o c i a l  
b e n e f i t s  exceed s o c i a l  c o s t s .  E f f i c i e n c y  would be achieved 
by pursu ing  t h e s e  a c t i v i t i e s  t o  t h e  p o i n t  a t  which s o c i a l  
b e n e f i t s  cease  t o  exceed t h e  s o c i a l  c o s t s  a t  t h e  margin. 
Presumably, t h e  atmosphere can accommodate s e v e r a l  uses ,  
a l though,  a s  w e  have seen ,  t h e r e  may be c o n f l i c t s  among cer- 
t a i n  uses  o r  a t t r i b u t e s  of t h e  atmosphere. Because o f  t h e  
p o t e n t i a l  o f  c e r t a i n  uses  o f  t h e  atmosphere t o  change t h e  
supply o f  a tmospher ic  resou rces  f o r  o t h e r  purposes ,  f o r  be t -  
ter  o r  f o r  worse, a s  w i t h  waste  d i s p o s a l  a f f e c t i n g  t h e  sup- 
p l y  o f  c l i m a t e ,  it i s  d e s i r a b l e  n o t  on ly  t o  ana l yze  c u r r e n t  
uses  o f  t h e  atmosphere and i n c l u d e  o r  d i scou rage  them ac- 
c o r d i n g i t o  t h e  e f f i c i e n c y  c r i t e r i o n ,  b u t  a l s o  t o  compare t h e  
c u r r e n t  ensemble of u s e s  w i th  d i f f e r e n t  p o t e n t i a l  p a t t e r n s  
o f  u t i l i z a t i o n .  

I n  o r d e r  t o  a r r i v e  a t  a  h i g h e s t  o r  op t ima l  v a l u e  o f  u s e  
o f  t h e  atmosphere, one t h u s  needs t o  know t h e  b e n e f i t s  and 
c o s t s  o f  t h e  v a r i o u s  uses ,  bo th  t h e  c u r r e n t  ones ,  which i n -  
c l udes  t h e  "p roduc t ion"  o f  ou r  p r e s e n t  c o n f i g u r a t i o n  of 
macro- and micro-c l imates,  and o t h e r  f e a s i b l e  ones.  What 
i s  t h e  p r e s e n t  s t a t e  o f  measurement o f  uses  o f  t h e  atmos- 
phere? Can it approach t h e  c e r t a i n t y  o r  knowledge needed 
f o r  an op t ima l  a l l o c a t i o n ?  

A s  w e  have seen ,  t h e r e  i s  l i t t l e  d i r e c t  measurement o f  
t h e  f low of wea l th  a s s o c i a t e d  w i th  uses  o f  t h e  atmosphere, 
and t h i s  i s  t r u e o f  envi ronmental  i n t a n g i b l e s  i n  g e n e r a l  
(Coomber and Biswas 1973) .  However, wh i le  t h e r e  may be no 
d i r e c t  market  f o r  a i r  q u a l i t y  o r  c l i m a t e ,  t h e r e  a r e  i n d i r e c t  
ones,  f o r  example, f o r  t h e  s i tes  which exper ience  t h e  rele- 
v a n t  c o n d i t i o n s .  To i l l u s t r a t e ,  an i n d i v i d u a l  contemplat ing 
m ig ra t i on  t o  an a r e a  w i th  atmosphere N 1 ,  f a c e s  a  l e v e l  o f  
p e r  capita a i r  p o l l u t i o n  c o s t s  o f  C 1 ,  o r  t h e  average a i r  
p o l l u t i o n  c o s t  l e v e l  a s s o c i a t e d  w i th  d e n s i t y  N. If he moves 
t o  t h e  c i t y ,  he w i l l  have t o  pay t h e  amount C 1  ( p l u s  some 
sma l l  amount added f o r  h i s  own marg ina l  c o n t r i b u t i o n )  e i t h e r  
i n  t h e  form of p o l l u t i o n  p reven t ion  c o s t s ,  journey t o  work 
o r ,  f o r  example, i n  t h e  form of  o u t r i g h t  we l f a re  damage t o  



h i s  h e a l t h  and p rope r t y .  H e  w i l l  r a t i o n a l l y  m ig ra te  t o  t h e  
c i t y  a t  t h i s  d e n s i t y  l e v e l  on ly  i f  a s u f f i c i e n t l y  h igh  wage 
d i f f e r e n t i a l  o r  o t h e r  n e t  advantage of l i v i n g  i n  t h e  c i t y  
compensates him by a t  l e a s t  anamount o f  C1. C l e a r l y ,  people  
w i l l  pay t o  avo id  a i r  and c l i m a t e s  t h a t  a r e  n o t  a t t r a c t i v e  
by t r a v e l l i n g  long d i s t a n c e s ,  purchas ing f i l t r a t i o n  systems, 
ven tu r i ng  o u t s i d e  a s  l i t t l e  a s  p o s s i b l e ,  e t c .  Among o t h e r s ,  
Hoch (1975) has exp lo red  t h i s  s i t u a t i o n  w i th  r e s p e c t  t o  c l i -  
mate, wh i l e  Seneca and Tauss ig  (1979) e x p l a i n  t h e  argument 
i n  g r e a t e r  d e t a i l  w i t h  r e s p e c t  t o  a i r  p o l l u t i o n .  

With r e s p e c t  t o  a tmospher ic  goods, it can t h u s  be s a i d  
t h a t  i n  purchas ing a s i te ,  an i n d i v i d u a l  i s  assu red  t h e  pro- 
v i s i o n  o f  t h e  nonmarketed s e r v i c e  a s  an a t t r i b u t e  o f  t h e  
s i te .  There i s  a k ind  o f  weak complementar i ty  between t h e  
p u b l i c  good and a p r i v a t e  good, w i t h  an obse rvab le  l i nkage .  
The problem i s  t o  know t h e  r e l a t i o n  between o b j e c t i v e  mea- 
s u r e s  o f  t h e  l e v e l  o f  t h e  s e r v i c e s  of t h e  env i ronmenta l  
common p rope r t y  resou rce  a t  a s i t e  and t h e  i n d i v i d u a l ' s  
pe rcep t i on  and e v a l u a t i o n  o f  them. I n  concept ,  one can a r -  
r i v e  a t  t h i s  r e l a t i o n  because it should be p o s s i b l e  t o  mea- 
s u r e  t h e  marg ina l  c o s t s  o f  meet ing c e r t a i n  l e v e l s  o f  resi- 
d u a l s  abatement and thereby  i n c r e a s e  ( o r  dec rease )  t h e  
a v a i l a b i l i t y  of t h e  s e r v i c e s  o f  t h e  env i ronmenta l  r esou rce .  
I n  p r a c t i c e ,  t h i s  k ind o f  a n a l y s i s  t u r n s  o u t  t o  be somewhat 
more d i f f i c u l t  and complex t han  expected.  W e  s h a l l  i l l u s -  
t r a t e  t h e  problem w i t h  a d i s c u s s i o n  o f  c o s t  measures and 
p r o p e r t y  r i g h t s .  

While one l i n e  o f  argument (Coas'e 1960) has it t h a t  re- 
source  a l l o c a t i o n ,  e x p l i c i t l y ,  and resou rce  v a l u a t i o n ,  i m -  
p l i c i t l y ,  a r e  i n v a r i a n t  w i th  r e s p e c t  t o  p rope r t y  r i g h t s ,  
v a r i a t i o n  i n  va lue  cor responding i n  gene ra l  t o  d i f f e r e n t  
ass ignments  o f  p rope r t y  r i g h t s  can be demonstrated.  I n  f a c t ,  
w i t h  r e s p e c t  t o  uses  of t h e  atmosphere, t h e r e  a r e  a t  l e a s t  
t h r e e  t h e o r e t i c a l l y  c o r r e c t  measures of c o s t .  I f  i t i s  ac- ' 

cep ted  t h a t  t h e r e  a r e  s e v e r a l  p o t e n t i a l l y  s i g n i f i c a n t l y  d i f -  
f e r e n t  measures of t h e  va lues  of t h e s e  u s e s ,  t h e  q u e s t i o n  
of which i s  a p p r o p r i a t e  n a t u r a l l y  a r i s e s ,  a s  w e l l  a s  t h e  
q u e s t i o n  o f  how t o  combine and compare. F i r s t ,  l e t  us look  
a t  t h e  d i f f e r e n t  measures o f  c o s t s .  

One way o f  a s s e s s i n g  t h e  va lue  o f  t h i n g s  l i k e  c l i m a t e  
and a i r  q u a l i t y  i s  by a "wi l l ingness- to-pay"  (TJTP) c r i t e r i o n .  
For example, t h e  demand curve  f o r  c l e a n  a i r  may be es t ima ted  
a s  t h e  measure of t h e  w i l l i n g n e s s  of t h e  popu la t i on  t o  g i v e  
up income f o r  c l e a n e r  a i r .  Such an e s t i m a t e  depends on t h e  
assumpt ion t h a t  t h e  p u b l i c  must pay f o r  t h e  p rope r t y  r i g h t s  
t o  envi ronmental  r esou rces .  I f  t h e  waste  d i s p o s e r  has t h e  
i n i t i a l  p roper ty  r i g h t ,  t h e n  t h e  consumer, w i th  a g iven  bud- 
g e t  l i n e ,  would be w i l l i n g  t o  pay an amount which would 
l e a v e  him j u s t  a s  w e l l  o f f  a s  be fo re  t h e  t r a n s a c t i o n  f o r  t h e  
r i g h t  t o  use  ( p a r t  o f )  t h e  s i t e  f o r  i t s  amenity s e r v i c e .  
C l e a r l y ,  t h i s  measure i s  n o t  on ly  a f u n c t i o n  o f  w i l l i n g n e s s  
t o  pay, b u t  a b i l i t y  t o  pay. I t  i s  bounded by income. While 
t h e r e  may be some in fo rmat ion  on t h i s  k ind o f  t r a n s a c t i o n ,  



in general WTP involves not only the curre.nt costs of re- 
sources, but also intrinsic preferences or preferences not 
currently expressed in markets by individuals (d 'Arge 1975) . 

Now, alternatively, begin from the plausible assumption 
that property rights to the atmosphere (air quality, climate, 
etc.) reside in the general public and cannot be appropria- 
ted by any private parties without adequate compensation. 
Then, one asks, what is the minimum amount all individuals 
would collectively be willing to accept as compensation to 
give up their rights to all higher (better) levels of supply. 
While the WTP seeks to determine the maximum amount the con- 
sumer would be willing to pay to remain in the original re- 
gime, this measure of "opportunity cost," here in particular 
a "willingness-to-sell," (WTS),  seeks to determine the min- 
imum compensatory income necessary to render a consumer in- 
different. The amount the consumer would accept is largely 
independent of his income and typically would exceed the 
amount he is willing to pay. The difference between oppor- 
tunity cost and willingness to pay is in the presumption 
regarding property rights, that is, on whom the burden for 
compensation is to fall. Opportunity cost measures presume 
the consumer is to be compensated. Willingness-to-pay mea- 
sures, conversely, presume that the consumer is to'pay com- 
pensation to prevent a change. 

A third theoretically valid measure of value is alter- 
native cost. Alternative cost tries to estimate how much 
it would cost to provide an equivalent bundle of goods and 
services by some other means. For example, in the area of 
water resources, how much would it cost to implement pro- 
grams and construct required facilities to meet a region's 
postulated needs during some future period if the climate 
changed? The difference between net willingness to pay and 
alternative cost is shown in Figure 2. 

Adverse shift in 
climate 

Price 

Alternative 
cost = abcd 

net WTP = abd 

I I !  
I 

Q1 Qo Quantity/Unit Time 

Figure 2. 



The essential difference between the opportunity 
cost and alternative cost measures is in the ap- 
plicable constraint. In calculating opportunity 
cost measures, the individual is constrained to 
be indifferent; in calculating alternative-cost 
measures, he is constrained to the same consump- 
tion pattern (at least to a subset of the same 
consumption pattern)(Anderson e t  aZ. 1975, sec- 
tion 4 : 5 ! .  

One is inclined to think thatthepossibilities for em- 
pirical estimation of alternative cost measures is much 
greater than that of opportunity cost measures (both WTP and 
WTS).  While estimation of alternative cost measures requires 
determination of the ways in which consumers can combine 
goods and services to produce utility-yielding characteris- 
tics, this kind of determination is probably less difficult 
than learning about the basic consumer valuation of the 
characteristics themselves. 

In addition to conflicts arising because there may be 
several conceptually satisfactory, but quantitatively vary- 
ing, ways of measuring the uses of the atmosphere, the mea- 
surement itself will be drastically inhibited .by data diffi- 
culties. As Anderson e t  aZ. (dlArge 1975, section 4 : 6 )  have 
written, 

Without knowledqe of individuals' utility func- 
tions or direct-experimentation, it is strictly 
impossible to evaluate either opportunity cost 
or willingness to pay measures. Use of measures 
of consumer surplus obtained from empirically 
estimated demand functions to estimate willing- 
ness to pay, as is well known, is only an 
approximation-and not always a very good one. 

Numerical solutions will tend to come from disturbingly sim- 
plified cases, and they may be very sensitive to error in 
functional specification and assumed parameter values. 

Moreover, as one estimates the value of the various 
uses, or performs "impact studies" of climate change, the 
various different valuation methods will be used, out of - 
necessity. This will be on account of inadequacy or limited 
availability of data in certain cases, but in others because 
a good measure for one type of use, for example, the amenity 
services of clean air, may be a poor measure for another type 
of use, for example, climatic resources needed in rice pro- 
duction. Because different sets of measures will be used to 
derive approximations of losses and benefits, consistency 
among the measures will be difficult to achieve. In some 
cases, it may be that the difference between using different 
measures would be trivially small; but in others, it might 
be significant. Ploreoever, realistically, no examination 
will be comprehensive. In an examination of the value of 
present climate for agriculture, important crops are likely 



t o  be l e f t  o u t  o r  on ly  poor ly  cons idered.  A s  one looks  a t  
changing ensembles of  uses ,  impor tant  e f f e c t s  w i l l  n o t  be 
a n t i c i p a t e d .  Thus, it w i l l  be very  d i f f i c u l t  t o  sum t h e  

- 

uses of t h e  atmosphere and c l ima te  a t  any given t ime,  much 
l e s s  compare one summation a g a i n s t  ano ther .  

Moreover, a l l  t h e  measures w e  have t a l k e d  about  a r e  
e s s e n t i a l l y  ones which hold a t  t h e  margin, t h a t  is ,  f o r  s m a l l  
changes i n  p r i c e  and q u a n t i t y .  A s  changes become l a r g e r ,  o r  
a s  they  i n t e r a c t ,  t h e  v a l i d i t y  o f  t h e  whole measurement pro- 
j e c t  comes more and more i n t o  ques t i on .  Never the less ,  it 
may be t h a t  f o r  c e r t a i n  po l i cy  d e c i s i o n s ,  t h e  in fo rmat ion  a t  
t h e  margin i s  a l l  t h a t  i s  necessary .  While f o r  op t ima l  con- 
t r o l  it i s  d e s i r a b l e  t o  have in fo rmat ion  about a l l  t h e  s tocks  
and f lows of wea l th  a s s o c i a t e d  w i th  t h e  atmosphere, f o r  ce r -  
t a i n  d e c i s i o n s  much more r e s t r i c t e d  in fo rmat ion  may be use- 
f u l .  But t h e r e  is  no g e t t i n g  around t h e  f a c t  t h a t  f o r  t h e  
l a r g e r  i s s u e s ,  l i k e  t h o s e  r e l a t i n g  t o  human a c t i v i t i e s  and 
c l ima te  change, one would l i k e  a  grand p iece  of  a n a l y s i s :  a  
f i g u r e  f o r  damages, which would be a summary number over  
many c rops ,  s e c t o r s ,  and geographic a r e a s ,  which would be a 
func t i on  p r i m a r i l y  of a  vec to r  of c l i m a t e  v a r i a b l e s ,  which 
i n  t u r n  would be a func t i on  of  a  v e c t o r  o f  accumulated e m i s -  
s i o n  components, and secondar i l y  of d i r e c t  e f f e c t s  of t h e  
emissions;  and a l s o  a summary f i g u r e  f o r  b e n e f i t s ,  which 
would be a func t i on  of (a)  t h e  vec to r  of c l i m a t e  v a r i a b l e s ,  
which would be a func t i on  of t h e  emission component v e c t o r ,  
(b )  d i r e c t  b e n e f i t s  a s s o c i a t e d  w i th  t h e  emiss ions,  l i k e  f e r -  
t i l i z a t i o n  of  t h e  atmosphere from C02, and perhaps ( c )  some 
s o r t  of consumer s u r p l u s  measure a s s o c i a t e d  w i t h  emiss ion 
producing a c t i v i t i e s ,  such a s  t h e  use of f o s s i l  f u e l s ,  o r  
o t h e r  means of i nc lud ing  c o s t s  o f  p revent ion  o r  abatement i n  
t h e  c a l c u l a t i o n .  

F i n a l l y ,  t h e r e  a r e  t h e  uses  of t h e  atmosphere which a r e  
d i f f i c u l t  t o  monetize a t  a l l .  Some a s p e c t s  of n a t u r e  and 
human a c t i v i t y  a r e  simply n o t  well-denominated by money, 
whi le f o r  impor tant  changes, which may t a k e  p lace  i n  t h e  en- 
vironment, people may n o t  be a b l e  t o  have w e l l - a r t i c u l a t e d  
p re fe rences ,  even i f  t h e  changes a r e  fo reseen,  which o f t e n  
they a r e  no t .  

I f  n o t  d issuaded from c e r t a i n  ambi t ions by t h e  d i f f i -  
c u l t y  of t h e  measurement t a s k ,  one can s t i l l  add t h a t  even 
w i th  a c c u r a t e  and d e t a i l e d  in format ion f o r  economic manage- 
ment of t h e  atmosphere t h e r e  would be perp lex ing  ques t i ons  
from t h e  p o i n t  of view of "atmospher ic op t im iza t ion . "  Some 
r e c e n t  genera l  equ i l i b r i um models have taken t h e  s t e p  of  
seek ing op t ima l  p o l i c i e s  f o r  economic growth i n  t h e  presence 
of resou rce  c o n s t r a i n t s  and a degradable environment, where 
t h e  degradat ion  i s  a func t i on  of t h e  r a t e  of e x t r a c t i o n  and 
consumption. A degradable environment is  roughly equ iva len t  
t o  c a l l i n g  t h e  environment an exhaus t i b le  resource .  For 
c e r t a i n  purposes one can t h i n k  o f  t h e  atmosphere i n  t h e s e  
terms. For example, t h e  atmosphere might be thought of a s  
having an e l a s t i c i t y  w i th  r e s p e c t  t o  c l i m a t e  a s  a  r e s u l t  o f  



human modification. In the extreme, if human activity were 
to change the climate of earth to that of, say, Venus, 
clearly it would be equivalent to exhaustion of climate re- 
sources. If one thinks that there is some sort of ceiling 
then to the use of the atmosphere as a receptacle of waste, 
whether it is for climatic, health, or other reasons, such 
a model might apply. 

In general, one would expect that extraction and con- 
sumption will be discouraged by environmental disamenity 
(or negative climate change) costs. But, this is not neces- 
sarily the case. In one exploration by d'Arge and Kogiku 
(1973) a rather discouraging result is obtained. Consump- 
tion should be sufficient to equate the marginal utility (or 
shadow price) of consumption to the marginal disutility of 
the associated waste output, which is assumed to increase as 
the density of accumulated wastes increases. Consequently, 
optimal consumption is initially lower when the pollution 
level is lower. Later it rises as people consume faster to 
compensate for the disamenity of a high cumulative pollution 
level. A potential analogy with C02 is easy for us to imagine. 
Carbon is extracted and changes the climate as it is trans- 
ferred to the atmospheric reservoir. The more the climate 
changes, the more carbon is extracted to compensate for the 
changing climate, and the faster the climate changes in turn. 
This result, symptomatic of some short run optimization, 
shows that even good information on the uses of the atmos- 
phere might lead to socially unsatisfactory management of 
the atmosphere. Even if one could treat C02 as a big pro- 
gramming problem, distributional questions would have to be 
faced. What appears optimal here, today, may very well not 
be desirable in another place, tomorrow. 

DISTRIBUTIVE ISSUES 

Up to this point we have examined the problems of ex- 
ploitation of atmospheric resources from the point of view 
of allocative efficiency. However, there is another major 
criterion for the formulation of social policy, namely, 
equity. Are the income distributional impacts of use of the 
atmosphere an issue, or are they insignificant enough to be 
safely ignored? The problem here is the traditional one in 
welfare economics. Any project or policy is likely to re- 
sult in gains for some individuals, or groups, and losses 
for others. Schemes of efficient allocation basically try 
to add, algebraically, all the gains and losses over all the 
affected individuals to determine the net gain from each of 
the alternative uses of an area's resources. Thus 

... underlying any policy prescription from a 
benefit-cost analysis of a resource use is the 
potential Pareto, or Kaldor-Hicks criterion, 
according to which a project is efficient, and 
presumably therefore desirable, if the gains 
exceed the losses, so that the gainers could 



compensate t h e  l o s e r s  and r e t a i n  a  r e s i d u a l  ga in .  
Of course,  t h i s  i s  not  s a t i s f a c t o r y  t o  one who is 
concerned about t h e  ac tua l  d i s t r i b u t i o n  of ga ins  
and l o s s e s  from a l t e r n a t i v e  use of an environment 
o r  any o the r  resource  ( K r u t i l l a  and F isher  1977: 
28-29). 

Under such ci rcumstances, t h e  po l i cy  maker must select a  de- 
g ree  of e f f i c i e n c y ,  a s ,  f o r  example, measured by ou tpu t  
foregone, which he i s  w i l l i n g  t o  t r a d e  o f f  t o  a c h i e v e a g i v e n  
d i s t r i b u t i o n a l  ob jec t i ve .  

While atmospheric resources may be widespread and open 
f o r  most purposes, they  s t i l l  tend t o  be s u b j e c t  t o  more 
concentrated use by c e r t a i n  s p e c i f i c  groups. A s  with most 
resources,  bene f i t s  from us ing those of t h e  atmosphere tend 
t o  be a l l oca ted  i n  p ropor t ion  t o  t h e  quan t i t y  consumed, and 
consumption has been e s s e n t i a l l y  on a  f i rst-come, f i r s t -  
served bas i s .  Thus, ques t ions  of equ i t y  of  atmospheric ex- 
p l o i t a t i o n  depend both on t h e  equ i t y  of t h e  present  d i s t r i -  
but ion and of proposed a l t e r n a t i v e  pa t t e rns .  What can be 
s a i d  about t h e  d i s t r i b u t i o n a l  e f f e c t s ,  both i n  t i m e  and 
space, of t h e  p resen t  and a l t e r n a t i v e  s i t u a t i o n s ?  

To i l l u s t r a t e  t h i s ,  l e t  us look a t  d i s t r i b u t i v e  e f f e c t s  
of t h e  p resen t  climate and a  po l i cy  t o  prevent  a  C02-induced 
c l ima t i c  change. P resen t  c l imates  have obviously favored 
human se t t l emen t  and economic a c t i v i t y  i n  some regions more 
than o the rs .  Those who cu r ren t l y  l i v e  i n  p l easan t  and fav- 
o rab le  c l imates  w i l l  p laus ib l y  ga in  more from r e s t r i c t i n g  
C 0 2  than those who do no t .  A t  t h e  same t ime,  prevent ing 
c l ima t i c  change w i l l  r a i s e  t h e  c o s t s  of those goods and ser- 
v ices  whose product ion,  o r  consumption, may have con t r i bu ted  
t o  a  change of c l imate .  The p r i c e  of e l e c t r i c i t y  may r ise, 
as  u t i l i t i e s  swi tch f u e l  sources.  Machinery wi th  C 0 2  con t ro l  
equipment may be more expensive t o  own and opera te ,  and pro- 
pe r t y  taxes  may r ise a s  mun ic ipa l i t i es  cons t ruc t  and opera te  
C 0 2  scrubbers.  Overa l l ,  c o s t s  of c l imate  conservat ion w i l l  
probably resemble exc i se  taxes ,  wi th  t h e  heav ies t  taxes  f a l -  
l i n g  on goods whose product ion "po l l u tes "  most. The c o s t s  
of c l ima te  conservat ion w i l l  be widely borne by ind iv idua ls ,  
a s  producers,  consumers, and taxpayers.  

A per iod  of adjustment t o  a  c l imate  conse rva t i on i s t  
pos i t i on  could br ing  o t h e r  k inds of cos t s .  Some f i rms ,  f ind-  
i ng  t h a t  they simply cannot a f fo rd  t h e  c o s t s ,  may have t o  
cease opera t ion  and go o u t  of bus iness.  Indeed, some indus- 
tr ies inc lud ing  ones l i k e  coa l  mining around which whole 
communities may be based, might have t o  c l ose  down important  
f a c i l i t i e s .  I n  c o n t r a s t ,  some a reas  may have prepared f o r  
modi f icat ions of t h e i r  c l imate.  Thei r  investments may prove 
wor th less,  whi le  they s t i l l  have t o  pay h igher  p r i c e s  re- 
qu i red  t o  cover t h e  c o s t s  of producing goods elsewhere under 
cond i t ions  which do no t  lead t o  c l imate  change. 



Obviously, t h e  b e n e f i t s  of c l ima te  conserva t ion  w i l l  
n o t  be d i s t r i b u t e d  equa l l y .  For t hose  who make windmi l ls  o r  
nuc lea r  power p l a n t s ,  it may prove a bonanza, whi le  f o r  some 
p o r t i o n s ~ f t h e  l a b o r  f o r c e  and some l o c a l i t i e s  t h e r e  w i l l  be 
p a i n f u l  t r a n s i t i o n  c o s t s .  However, a t  p r e s e n t  we have almost  
no in format ion i n  s e v e r a l  r e s p e c t s  about what t h e  d i s t r i b u -  
t i o n  of  b e n e f i t s  and l o s s e s  w i l l  be. One can make guesses  
based on geographica l  a n a l y s i s  about  where people  s tand  t o  
ga in  o r  l ose .  But w i l l  t h e  poor s u f f e r  more than  t h e  r i c h ?  
W i l l  t h e  u r b a n i t e  c a r e  l e s s  than t h e  suburban i te  who spends 
s o  much e f f o r t  on a green lawn? O r  w i l l  he p r e f e r  an easy- 
to-care-for  c a c t u s  o r  a t r o p i c a l  f e r n  t o  t o d a y ' s  temperate 
vegeta t ion?  I n  t h e  long  run ,  i n d u s t r i a l i z e d  economies should 
be a b l e  t o  absorb t h e  l a b o r  and c a p i t a l  d i sp laced  by t h e s e  
ad justments tand va r ious  forms of a s s i s t a n c e  can be dev ised 
t o  e a s e  t h e  adjustment p rocess ,  b u t  c l i m a t e  conse rva t i on  
could a l t e r  t h e  d i s t r i b u t i o n  of income, even i f  bo th  b e n e f i t s  
and l o s s e s  a r e  widely d i s t r i b u t e d .  Would it a l t e r  t h e  d i s -  
t r i b u t i o n  more o r  l e s s  than  c l ima te  change? 

What is t h e  d i s t r i b u t i v e  s i t u a t i o n  a t  t h e  i n t e r n a t i o n a l  
l e v e l ?  We have s a i d  t h a t  t h e  n e t  b e n e f i t s  of atmospher ic 
use presumably accrue  p r i n c i p a l l y  t o  t h e  n a t i o n s  t h a t  produce 
and consume such s e r v i c e s .  Th is  sugges ts  t h a t  t h e  p r i n c i p a l  
n a t i o n a l  b e n e f i c i a r i e s  of  t h e  C02 i n c r e a s e ,  a t  l e a s t  i n  t h e  
s h o r t  te rm,  a r e  those  c o u n t r i e s  engaged i n  carbon e x t r a c t i o n ,  
t r a d e ,  and combustion. I f  we reason t h a t  t h e r e  i s  a b e n e f i t  - 
a s s o c i a t e d  w i th  t h e  product ion of C02 emiss ions,  it becomes 
i n t e r e s t i n g  t o  ask what i s  t h e  p r e s e n t  o r i g i n  by reg ion  of  
such emissions.  Fol lowing Pearson (1979:271), my es t ima t ion  
of t h e  d i s t r i b u t i o n  of emiss ions from burning of  f o s s i l  f u e l s  
and cement product ion can be seen i n  Table 2 .  S i m i l a r l y ,  
one may look a t  t h e  world d i s t r i b u t i o n  of c o a l  resou rces  a s  
a proxy measure of p o t e n t i a l  c o n t r i b u t i o n  t o  an extremely 
s e r i o u s  C02 scenar io  ( s e e  Table 3 ) .  C lea r l y ,  t h e  benef i -  
c i a r i e s  o f  t h e  product ion of C02 from an enormously en la rged 
c o a l  economy a r e  very unevenly d i s t r i b u t e d .  

Table 2 .  C02 emission by reg ion :  1973 

Developed Developing C e n t r a l l y  World 
c o u n t r i e s  coun t r i es  planned 

economies 

T o t a l  carbon 
conver ted t o  2.67 0.48 1.37 4.5 
C02 i n  G t  

Percentage 
world t o t a l s  59 1 1  30 100 



Table 3. World Distribution of Coal Resources (in lo9 tce) . 

Greater than 1012 tce Between 10" and 10 l 2  tce Between 10" and 1011 tce Between 10' and 10" tce 
(1,000 x lo9 tce) (100 and 1,000 x 10' tce) (10 and 100 x lo9 tce) (1 and 10 x 10' tce) 

USSR 4,860 Australia 262 India 57.0 G D R ~  9.4 
USA 2,570 F RG 247 South Africa 57.0 Japan 8.5 
China 1,438 U K 163 Czechoslovakia 17.5 Columbia 8.3 

Poland 126 Yugoslaviaa 10.9 Zimbabwe 7.1 
Canada 115 Brazil 10.0 Mexico 5.5 
Botswana 100 Swazi land 5.0 

Chile 4.6 
lndonesiaa 3.7 
HungarF 3.5 
Turkey 3.3 
Netherlands 2.9 
France 2.3 
Spain 2.3 
North Korea 2.0 
Romania 1.8 
Bangladesh 1.6 
Venezuela 1.6 
Peru 1.0 

a 
Mostly lignite. 

Source: Based on data after 1h!orld Energy Conference (1978). 



The p r i n c i p a l  l o s e r s ,  if any, w i l l  be t h o s e  s o c i e t i e s  
i n  which economic a c t i v i t y  w i l l  be a d v e r s e l y  a f f e c t e d  by c l i -  
ma t i c  change, and t h o s e ,  i n  t h e  c a s e  of a  p r e v e n t i v e  s t r a t e g y  
o f  c l i m a t e  conse rva t i on ,  who a r e  l e f t  ho ld i ng  unt ransformed 
s t o c k s  o f  carbon.  Thus, t h e  q u e s t i o n  of  e q u i t y  appea rs  aga in :  
is it j u s t  f o r  t h o s e  favored  by geograph ic  endowment o r  tech-  
n o l o g i c a l  c a p a b i l i t y  t o  a c t  u n i l a t e r a l l y  (by  s t i m u l a t i n g  t h e  
carbon economy) w i t h o u t  be ing  he ld  accoun tab le  f o r  consequen- 
ces t o  o t h e r  u s e r s  o f  the atmosphere? Such a c t i o n ,  may, f o r  
example, r a i s e  t h e  p r i c e  t o  o t h e r s  o f  a c c e s s  t o  p r e f e r r e d  
s u p p l i e s  ( t h rough  a  need t o  s h i f t  a g r i c u l t u r e  t o  a r e a s  w i t h -  
o u t  e q u a l l y  good i n f r a s t r u c t u r e ) ,  use  up t h o s e  s u p p l i e s  (by 
i n c r e a s i n g  s c a r c i t y  o f  tempera te  c l i m a t e s  f o r  a g r i c u l t u r e ) ,  
o r  degrade  t h e  q u a l i t y  o f  f u t u r e  s u p p l i e s  ( f o r  example, by 
i n c r e a s i n g  v a r i a b i l i t y  o f  c l i m a t e ) .  Those who canno t  them- 
s e l v e s  e x p l o i t  a tmospher i c  r e s o u r c e s ,  p a r t i c u l a r l y  a s  a  re- 
c e p t a c l e  f o r  was te ,  may seek  t o  o b t a i n  r e n t  f rom t h o s e  who 
can ,  o r  a t  l e a s t  s h a r e  t h e  b e n e f i t s  w i t h  them. O r ,  t hey  may 
t r y  t o  f o r e s t a l l  the use o f  t h e  r e s o u r c e ,  u n t i l  t hey  can  de- 
ve lop  t h e i r  own e x p l o i t a t i o n  c a p a b i l i t y .  

I s s u e s  o f  d i s t r i b u t i v e  j u s t i c e  have assumed growing i m -  
po r tance  i n  arguments abou t  i n t e r n a t i o n a l  o r d e r  d u r i n g  r e c e n t  
y e a r s .  A s  d lA rge  and Kneese ( 1973 )  have po in ted  ou t :  

No n a t i o n  w i l l  e a s i l y  a c c e p t  i n t e r n a t i o n a l  ag ree-  
ments on e n t i t l e m e n t  o f  u n i v e r s a l  common p r o p e r t y  
r e s o u r c e s  w i t hou t  compensat ing payments t o  r e t a i n  
i t s  p e r c e p t i o n  o f  n a t i o n a l  wea l th .  I n  consequence,  
t h e  c lassical  answer t o  e x t e r n a l i t y  problems o f  
i n t e r n a l i z i n g  t h e  decis ion-making p rocess  f o r  t h e  
r e s o u r c e  i s  n o t  e a s i l y  t r a n s f e r a b l e  t o  t h e s e  t r a n s -  
n a t i o n a l  problems. A new o v e r r i d i n g  e lement  o f  
d i s t r i b u t i o n a l  g a i n s  and l o s s e s  must be s imu l tan -  
eous l y  inc luded  i n  e f f i c i e n c y  c o n s i d e r a t i o n s .  

The e f f i c i e n t  a l l o c a t i o n  o f  t h e  u s e s  of t h e  atmosphere a t  
t h e  n a t i o n a l  l e v e l  w i l l  probab ly  n o t  r e s o l v e  t h e  d i s t r i b u -  
t i o n a l  i m p l i c a t i o n s  o f  c l i m a t e  change s a t i s f a c t o r i l y  f rom a n  
i n t e r n a t i o n a l  p o i n t  of  v iew, and perhaps n o t  f rom a n a t i o n a l  
p o i n t  o f  view e i t h e r .  

Lurk ing i n  t h i s  d i s c u s s i o n  i s  t h e  second major  f e a t u r e  
o f  t h e  d i s t r i b u t i o n  q u e s t i o n ,  i n t e r t e m p o r a l  f a i r n e s s .  Th i s  
is a  s e r i o u s  q u e s t i o n  w i t h  r e s p e c t  t o  use of  t h e  atmosphere. 
The atmosphere i s  n o t  o n l y  j o i n t l y  va lued  by many communit ies 
and n a t i o n s  b u t  a l s o  by many g e n e r a t i o n s ,  and i n  the  c o n t e x t  
of  t h e  b r i e f  h i s t o r y  o f  i n d u s t r i a l  c i v i l i z a t i o n  t h e  l i f e  of  
some a tmospher i c  problems may be ve ry  long .  When t h e  p r e s e n t  
g e n e r a t i o n  e v a l u a t e s  a l t e r n a t i v e  uses  o f  t h e  atmosphere,  it 
i s  making judgments abou t  t h e  w e l f a r e  o f  f u t u r e  g e n e r a t i o n s  
r e l a t i v e  t o  t h e  w e l f a r e  o f  t h e  c u r r e n t  g e n e r a t i o n .  On t h e  
one hand, measures taken  today may reduce t h e  consumption 
l e v e l  o f  t h o s e  p r e s e n t l y  a l i v e  and r a i s e  t h e  consumption 
l e v e l  o f  t hose  n o t  y e t  born .  On t h e  o t h e r  hand, c u r r e n t  de- 
c i s i o n s  may i n d i c a t e  s o c i e t y ' s  w i l l i n g n e s s  t o  t r a n s f e r  poten-  
t i a l l y  c a t a s t r o p h i c  o r  r i s k y  p rospec t s  t o  f u t u r e  g e n e r a t i o n s .  



As Krutilla and Fisher (1977:39) point out: 

Some of the distinctive and challenging problems 
for valuation and allocation of the resources of 
natural environments are dynamic. Clearly, if 
decisions with respect to the use of these re- 
sources are impossible to reverse in a way that 
ordinary economic decisions are not, effects over 
long periods of time must be considered. 

The problem here is similar to the one of choosing the cor- 
rect social rate of discount, an indicator of society's 
willinqness to transfer income or wealth over time. This 
is an extensively argued question in economics, often revol- 
ving around the determination of the discount rate for public 
projects. As Pigou (1932) first suggested, the conservation 
of exhaustible natural resources might be achieved through 
lowering of the discount rate in evaluation of projects in- 
volving their exploitation. Why should this question of 
discount rates be at issue? 

It is conventionally argued that the market-determined 
rate of discount (interest) is partially determined by the 
private time preferences of the present generation of indi- 
viduals. Thereare, of course, important ethical implications 
to the fact that only the present generation of humans par- 
ticipates in the decisions as to what proportion of the 
natural endowment will be preserved for the future. There 
is a rampant assymetry in this intergenerational distribution 
decision which makes its bias dangerous to forget. In ad- 
dition, one may cite the lively debate in philosophy, invol- 
ving Singer and others (Singer 1977; Singer and Regan 1976), 
about the rights of animals. In fact, the questions of en- 
vironmental preservation and species habitat and distribution 
may turn out to be major ones, as problems such as climatic 
change and acid rain could have drastic implications for 
national parks, wildlife preserves, and so forth. Such is- 
sues aside, it may be expected that 

... individuals with finite life expectancies, 
among other things, are likely to be guided in 
their private consumption decisions in a manner 
that is not necessrarily optimal for a society 
that has a collective commitment to life in 
perpetuity. Accordingly, the supply of funds 
available for investment is at least influenced 
by private time preferences that depart from 
what might be a collectively determined social 
time preference. The rate of discount will be 
too high and the level of investment too low to 
make adequate provision for future generations 
(Krutilla and Fisher 1977 : 6 1 ) . 

(Of course, we do find counters to this tendency, for exam- 
ple, in the setting aside of parks and in the behavior of 
some firms, such as timber companies, which may be planting 
trees that grow. on an 80 year cycle.) 



Two f a c t o r s  f u r t h e r  compl icate t h e  ques t i on  of economic 
eva lua t i on  of  t h e  f u t u r e .  The f i r s t  i s  uncer ta in t y .  I n  
many c a s e s ,  of which t h e  atmosphere i s  exemplary, in format ion 
about b e n e f i t s  and c o s t s  of a l t e r n a t i v e  uses  i s  extremely 
poor,  due both t o  t h e  long  per iod o f  t ime over  which p ro jec -  
t i o n s  a r e  needed and t o  t e c h n i c a l  eva lua t i on  problems, such 
a s  a r e  connected wi th  common p rope r t y  resources  and extern-  
a l i t i e s ,  a s  w e l l  a s  t o  u n c e r t a i n t i e s  t r a n s f e r r e d  from t h e  
phys i ca l  sc iences .  The second f a c t o r  is  i r r e v e r s i b i l i t y .  
I n  some sense,  of  course ,  a l l  human a c t i o n s  a r e  i r r e v e r s i b l e ,  
but  t h e  term does cap tu re  a  p a r t i c u l a r  q u a l i t y  of  a  subse t  
of d e c i s i o n  s i t u a t i o n s .  I f ,  f o r  example, a  n a t u r a l  environ- 
ment, once developed o r  used, cannot f o r  some combinat ion of  
geophys ica l ,  e c o l o g i c a l ,  and f i n a n c i a l  reasons  be r e s t o r e d ,  
then t h e  a p p r o p r i a t e  s o c i a l  a t t i t u d e  toward d e c i s i o n s  re- 
gard ing it should i n  some way be d i f f e r e n t .  

What makes i r r e v e r s i b i l i t i e s  important? A s  Wilen ' ' 
(d tArge 1975, s e c t i o n  2:113) has  w r i t t e n :  

I n  a world of  p e r f e c t  c e r t a i n t y ,  whether t h e  con- 
sequences of a  p a r t i c u l a r  a c t i o n  were i r r e v e r s i b l e  
would n o t  r e a l l y  ma t te r .  I n  such a p e r f e c t l y  cer -  
t a i n  world, d e c i s i o n  makers would know t h e  p re fe r -  
ences of p resen t  and f u t u r e  genera t i ons ,  t h e  
phys i ca l  p rocesses  t h a t  t ake  p lace  o u t s i d e  of t h e  
s o c i a l  systems sphere,  and t h e  l inkages  between 
phys i ca l  and s o c i a l  systems. Decis ions could  then 
be made t h a t  maximize n e t  s o c i a l  b e n e f i t s  over  t h e  
e n t i r e  p lanning hor izon;  and hence, no d e c i s i o n  
would ever  r e q u i r e  r e v e r s a l  of i t s  consequences. 

With t h e  atmosphere ( indeed,  w i th  s o c i e t y ) ,  t h e  r u l e  i s  t h a t  
in format ion i s  uncer ta in ,  both w i th  regard  t o  phys i ca l  con- 
sequences and economic eva lua t i on .  The u n c e r t a i n t i e s  would 
be of l i t t l e  consequence if t h e  e f f e c t s  of  a  "wrong" o r  in-  
e f f i c i e n t  dec i s ion  can be qu ick ly  o r  cheaply reversed.  
Losses might even be recovered;  t h e  o v e r a l l  n e t  from t h e  
sequence of wrong d e c i s i o n s  p lus  c o r r e c t i v e  p o l i c i e s  could 
be p o s i t i v e .  However, i f  t h e  r e s u l t s  of an a c t i o n  a r e  ir- 
r e v e r s i b l e ,  t h e  p o s s i b i l i t y  of a  l o s s  i n  p e r p e t u i t y  c l e a r l y  
i nc reases .  But s t i l l ,  t h e  l o s s  might be of t r i v i a l  dimen- 
s ions .  Thus, i t  i s  impor tant  t h a t  t h e  c o s t s  of t h e  i n c o r r e c t  
i r r e v e r s i b l e  dec i s ion  be p o t e n t i a l l y  l a r g e .  

I n  t h e  c a s e  of t h e  atmosphere, phys i ca l  s c i e n t i s t s  have 
presented t h e  pub l i c  w i th  a  s e r i e s  of  " t h r e a t s "  over  t h e  
l a s t  decade. P o s s i b i l i t i e s  o f  very  l a r g e  s c a l e  c o s t s  t o  
h e a l t h  were a t  one t ime connected t o  s t r a t o s p h e r i c  f l i g h t .  
More r e c e n t l y  t h e  p r i n c i p a l  p o t e n t i a l  t h r e a t  has been a r ise 
of sea  l e v e l  a s  a  consequence o f  changes i n  p o l a r  i c e  caused 
by extreme c l i m a t i c  change from i n c r e a s e s  i n  atmospher ic ca r -  
bon d iox ide .  Indeed, t h e  consensus of a  d i s t i n g u i s h e d  group 
of s c i e n t i s t s  a t  a  r e c e n t  workshop (AAAS, Annapol is,  1979) 
was t h a t  a  s c i e n t i f i c a l l y  d e f e n s i b l e  c a s e  can be made t h a t  
t h e  p o s s i b i l i t y  of  d i s i n t e g r a t i o n  of p a r t s  of t h e  A n t a r c t i c  



i c e  shee t  should be taken se r i ous l y ,  through t h e r e  i s  no 
immediate cause f o r  alarm. While t h e  p a r t i c u l a r  causes of 
d i sas t r ous  pe r tu rba t ions  of t h e  atmosphere may come and go, 
it is ,  unfor tunate ly ,  a l l  too  convincing t h a t  something very 
dangerous may be going i n t o  t h e  a i r .  Thus, wi th  r espec t  t o  
t h e  atmosphere, t h e  two cond i t ions  which a r e  important  f o r  
i r r e v e r s i b i l i t i e s ,  namely t h e  lack  of good informat ion and 
p o t e n t i a l l y  l a r g e  c o s t s ,  hold. The s i gn i f i cance  of i r r eve rs -  
i b i l i t y  is f u r t h e r  heightened, i n  t h i s  case ,  by t h e  f a c t  t h a t  
t h e  atmosphere has common proper ty  c h a r a c t e r i s t i c s :  people 
a r e  no t  i n  a  pos i t i on  t o  r e j e c t  any consequences they do no t  
l i k e .  They w i l l  be shared. 

Arrow and F isher  ( 1  974) have argued t h a t  t h i s  f e a t u r e  
of  i r r e v e r s i b i l i t y  evokes an op t ion  value.  The passage of 
t i m e  may r e s u l t  i n  new informat ion about t h e  c o s t s  o r  bene- 
f i t s  of a l t e r n a t i v e  uses of an environment, and t h i s  know- 
ledge may inform t h e  eventua l  dec is ion  i f  t h e  dec i s i on  t o  
develop o r  use has been defer red .  In  c o n t r a s t ,  s i nce  devel-  
opment is  no t  r e v e r s i b l e ,  once a dec is ion  t o  develop has been 
made, it cannot be a f f ec ted  by t h e  presenceof  new informat ion 
which suggests  t h a t  it would be a mistake i n  t h e  f u t u re .  
The ana l ys i s  of Arrow and F ischer  (1974) shows t h a t  i n  cases  
of i r r e v e r s i b i l i t y  t h e r e  is  a p o s i t i v e  op t ion  va lue t o  re -  
f r a i n i n g  from development. Other formulat ions suggest  t h a t  
t h i s  op t ion  va lue can be regarded a s  a r i s k  premium. (See 
a l s o  Schneider and Mesirow 1976, on an i dea  of "g lobal  in-  
surance. " )  I n t u i t i v e l y ,  it i s  easy t o  understand such ideas  
a s  being ind , ica t ive  of t h e  need f o r  p o l i c i e s  which can com- 
pensate f o r  t h e  asymmetric imp l ica t ions  of in te r tempora l  de- 
c i s i o n  s i t u a t i o n s .  

An example which cap tu res  t h e  problems of d iscount ing ,  
uncer ta in ty ,  and i r r e v e r s i b i l i t y ,  may e a s i l y  be presented 
f o r  C 0 2 .  A t  presen t ,  it i s  very poss ib le  t h a t  ca l cu l a t i ons  
us ing a p o s i t i v e  d iscount  r a t e  ( t h e  U S  Department of Trans- 
p o r t a t i o n ' s  Cl imat ic  Impact Assessment Program used 3 ,  5,  
and 8 % )  would y i e l d  t he  r e s u l t  t h a t  t h e  "p ro jec t "  of burning 
up a v a i l a b l e  f o s s i l  f u e l  rese rves  f o r  t h e  next  4 0  years  and 
using t h e  atmosphere a s  a r ecep tac l e  f o r  waste would be a t -  
t r a c t i v e :  ne t  ga ins  would exceed cos t s .  According t o  Kaldor- 
Hicks o r  Pare to  c r i t e r i a  t h e  p ro j ec t  should be undertaken, 
because t h e  ga ine rs  would compensate t h e  l o s e r s  and s t i l l  
have something l e f t  over. With t h e  p ro j ec t  t h e r e  i s  a re- 
a l l o c a t i o n  of goods t h a t  would make everyone b e t t e r  o f f .  
However, a s  t he  p resen t  va lue  c r i t e r i o n  s l i d e s  forward 
through t i m e ,  f u t u r e  genera t ions  may be inc reas ing ly  less 
des i rous  o f t h e p r o j e c t ,  e i t h e r  because of i ts  c o s t s  o r  be- 
cause they p re fe r  t h e  s e r v i c e s  provided by t h e  unused envi-  
ronment. 

A t  some t i m e  ( t l )  i n  t h e  f u t u re ,  b e n e f i t s  from t h e  pro- 
j e c t  a r e  l e s s  than b e n e f i t s  from foregoing it. The ga ine rs  
from not having t h e  p r o j e c t  could compensate t h e  l o s e r s ,  



a l l  t hose  who would b e n e f i t  from having t h e  p r o j e c t .  I t  may 
even be p o s s i b l e  t h a t  t h e  g a i n e r s  cou ld  compensate a l l  t h o s e  
b e n e f i t i n g  i n  t h e  per iod  between t h e  p r e s e n t  and t h i s  f u t u r e  
dec i s ion .  Were barga in ing  p o s s i b l e ,  conceivab ly  t h e  f u t u r e  
gene ra t i on  cou ld  compensate t h e  p r e s e n t  f o r  n o t  ~ u r s u i n g  a  
p r o j e c t  which would o the rw ise  prov ide n e t  b e n e f i t s ,  espec i -  
a l l y  i n  t h e  per iod  between now and t i .  A s  i n  t h e  f i r s t  case ,  
t h e r e  e x i s t s  a  r e a l l o c a t i o n  of  goods t h a t  would make every- 
one b e t t e r  o f f ,  on ly  now it i s  wi thout  t h e  p r o j e c t .  Thus, 
under such c o n d i t i o n s ,  i n te r tempora l  we l fa re  t e s t s  can  y i e l d  
ambiguous r e s u l t s .  

The foregoing d i s c u s s i o n  is no t  meant t o  d im in i sh  t h e  
v a l i d i t y  o f  d iscount ing .  Discount ing is  merely an impl ica-  
t i o n  o f ,  a s  Koopmans (1979:7) has pu t  it, t h e  

. . .s imple f a c t  ( t h a t )  -shor t  of c a p i t a l  s a t u r a t i o n -  
s o c i e t y  can temporar i l y  c u r t a i l  t h e  p roduc t ion  of 
c u r r e n t  consumption goods by t r a n s f e r r i n g  some fac -  
t o r s  of product ion t o  t h e  format ion of a d d i t i o n a l  
s u i t a b l e  c a p i t a l  goods, i n  such a  way a s  t o  r e t u r n  
a  m u l t i p l e  ( > I )  o f t h e  same u n i t  bundle o f  consump- 
t i o n  goods i n  t h e  f u t u r e .  

The confus ion and d i f f i c u l t y  a r i s e s  because, i n  p r a c t i c e ,  
a s  Koopmans goes on t o  p o i n t  o u t ,  p r e s e n t  v a l u e s  tend  t o  re- 
f l e c t  a c u r i o u s  mix tu re  of  t h e  p r e s e n t  p re fe rence  between 
consumption and p roduc t ion ,  an  assumption about  sav ings  be- 
hav ior  of coming g e n e r a t i o n s ,  and an i n t e r t e m p o r a l  e t h i c a l  
r u l e .  I t  i s  t h e  i n te r tempora l  e t h i c a l  r u l e ,  perhaps unquan- 
t i f i a b l e  i n  some r e s p e c t s ,  t h a t  i n  ba lanc ing  r i s k s  t o  human 
l i f e  i n  t h e  p r e s e n t  and i n  t h e  f u t u r e  one i s  i n c l i n e d  t o  
f e e l  t h a t  equa l  numbers o f  l i v e s  should r e c e i v e  equa l  weight ,  
making t h e  " p r e s e n t  va lue"  of f u t u r e  human l i f e  independent 
of  t h e  t i m e  a t  which i t  is  l i v e d ,  i n  c o n t r a s t  t o  t h e  p r e s e n t  
va lue  of  a  bundle o f  consumption goods, t h a t  s p e c i a l l y  com- 
p l i c a t e s  t h e  e v a l u a t i o n  p rocess .  

C l e z r l y  t hen ,  one can a rgue  t h a t  resou rce  d e p l e t i o n  and 
t h e  f u t u r e  long-term q u a l i t y  of  t h e  environment, i n  t h i s  
c a s e  r e l a t i n g  p r i m a r i l y  t o  t h e  use of t h e  atmosphere a s  a  
r e c e p t a c l e  f o r  waste,  a r e  n o t  merely problems of market  f a i l -  
u r e ,  b u t  d i s t r i b u t i o n a l  problems. They may be even more 
d i f f i c u l t  than  i n t e r n a l i z i n g  c o s t ,  because people and n a t i o n s  
w i l l  no t  ag ree  on t h e  d i s t r i b u t i o n a l  c r i t e r i a  f o r  s o c i e t i e s .  
Should t h e  c r i t e r i a  emphasize maximizat ion of r e t u r n s  t o  t h e  
i n t e r n a t i o n a l  community? Conservat ion of n a t u r a l  resources?  
Pass ing  on a  s t o c k  of environmental  weal th  p e r  capita a t  
l e a s t  equa l  i n  va lue  t o  t h e  one which was i n h e r i t e d ?  O r ,  i n  
c o n t r a s t ,  pass ing  on a  legacy of i n f r a s t r u c t u r e  from develop- 
ment which w i l l  minimize t h e  " l o s s "  from environmental  change? 
The d e c i s i o n  r u l e s  and t h e  popula t ion t o  which they  apply  
remain open ques t i ons .  



DECIS ION ANALYSIS 

When faced wi th major atmospheric po l i cy  ques t ions  such 
as  t h e  t h r e a t s  t o  t h e  ozone l aye r  o r  c l ima t i c  change, i s  it 
poss ib le  t h a t  dec is ion  ana l ys i s  would be app l i cab le  t o  choos- 
i ng  among t h e  uses of t h e  atmosphere? The t r a d i t i o n a l  method 
of dec is ion  ana l ys i s  e s s e n t i a l l y  c o n s i s t s  of determining t h e  
monetary va lue of each p o t e n t i a l  s t a t e  of t h e  atmosphere (o r  
ensemble of u s e s ) ,  o r  some o the r  kind of s o c i a l  i n d i c a t o r  o r  
set of them ( l i v e s  l o s t ,  o r  l i f e  span, f o r  example) and 
weighting it by t h e  p robab i l i t y  t h a t  t h e  s t a t e  w i l l  occur.  
What would one need t o  do t h i s ?  To begin wi th ,  one would 
want d e t a i l e d  cu r ren t  and pro jec ted  informat ion on t h e  use 
of t h e  atmosphere, a s ,  f o r  example, a  r ecep tac l e  f o r  t h e  
s p e c i f i c  waste. Then one would want v a l i d  r e l a t i ~ n s h i p s  
about r a t e s  of r es i dua l s  emission (and accumulat ion) and a t -  
mospheric e f f e c t s .  Then, one would need informat ion on t h e  
c o s t  of r s s i d u a l s  con t ro l  and regu la t i on ,  and of course,  one 
would need a  complete and conc ise  es t ima te  of c o s t s  and bene- 
f i t s  evolv ing through t i m e  from atmospheric changes according 
t o  t h e  d i f f e r e n t  l e v e l s  of use of t he  atmosphere a s  a  s ink  
f o r  t h e  waste. 

A l l  t h i s  i s  t o  say,  t h a t  one would l i k e  t o  f o resee  every 
poss ib le  event  and know a l l  t h e  r e l evan t  c h a r a c t e r i s t i c s  of 
a l l  poss ib le  evolv ing a l t e r n a t i v e  s t a t e s .  O r ,  a s  Fischhoff  
e t  aZ. (1979:18) have w r i t t en ,  dec i s i on  ana l ys i s  assumes- 

... a l l  poss ib le  events  and a l l  s i g n i f i c a n t  conse- 
quences.can be enumerated i n  advance, t h a t  meaning- 
f u l  p robab i l i t y ,  c o s t ,  and b e n e f i t  va lues can be 
obta ined and assigned t o  them; and t h a t  t h e  o f t e n  
d i s p a r a t e  cos t s  and b e n e f i t s  can somehow be made 
comparable t o  one another .  

What i s  t h e  s i t u a t i o n  wi th  t h e  atmosphere? C lea r l y  w e  
must make dec is ions  "wi thout knowing every p o t e n t i a l  event  
o r ,  a t  bes t ,  knowing only a  few c h a r a c t e r i s t i c s  of p o t e n t i a l  
s t a t e s "  (Wilen (d'Arge) sec t i on  2:114). I n  f a c t ,  t h e  under- 
l y ing  assumptions, wi th  r espec t  t o  a l l o c a t i o n s  of t h e  atmos- 
phere,  must be a t  t h e  oppos i te  end of t h e  spectrum f o r  what 
i s  d e s i r a b l e  f o r  dec is ion  ana lys i s .  Our p resen t  knowledge 
of our use of  t h e  atmosphere and t h e  va lue of t hese  uses ,  
inc lud ing  c l imate ,  i s  very poor. It would be d i f f i c u l t  s i m -  
p l y  t o  come t o  a  cons i s t en t  es t ima te  of t h e  va lue of our  
cu r ren t  p rac t i ces .  A s  we t r y  t o  es t ima te  and eva lua te  cumu- 
l a t i v e  uses o r  changing uses ,  t h e  t r a n s f e r  func t ions  between 
cause and e f f e c t  a r e  sub jec t  t o  extreme uncer ta in ty  a t  t h e  
t i m e s  t h e  dec is ions  a r e  being o r  w i l l  be made. Indeed, t h e  
assumptions w e  must make a r e  a l l  of cont inu ing uncer ta in ty .  
For example, wi th  respec t  t o  c l imate :  

- t h e r e  a r e  l a r g e  u n c e r t a i n t i e s  i n  t h e  e f f e c t s  on 
c l ima te  of var ious  emissions. I t  i s  sometimes 
assumed t h a t  r eso lu t i on  of these  unce r t a i n t i es  
would make t h e  quest ion  of dec id ing  on how t o  
use t h e  atmosphere easy;  bu t  a l a s ,  



- t h e r e  a r e  l a r g e  u n c e r t a i n t i e s  abou t  t r a n s l a t i n g  
t h e  e f f e c t s  of changed c l i m a t e  and a tmospher ic  
composi t ion i n t o  e f f e c t s  on t h e  managed and un- 
managed b iosphere  and o t h e r  a s p e c t s  o f  t h e  
environment ; and 

- t h e r e  a r e  l a r g e  u n c e r t a i n t i e s  abou t  how s o c i e t i e s  
and economies would r e a c t  t o  t h e s e  changes,  es- 
p e c i a l l y  i n  a  dynamic c o n t e x t  o f  o t h e r  major world 
developments and techno log i ca l  change; and - it is  q u i t e  p o s s i b l e  t h a t  none o f  t h e s e  substan-  
t i a l  u n c e r t a i n t i e s  w i l l  be reduced i n  t h e  nex t  
decade. 

I n  o t h e r  words, t h e  o f t e n  assumed p rocess  of l e a r n i n g  over  
t i m e  may be  i r r e l e v a n t .  I t  i s  p o s s i b l e  w e  w i l l  f a c e  v i r t u -  
a l l y  t h e  same d e c i s i o n  i n  10 y e a r s  t h a t  w e  f a c e  now, w i t h  
on ly  s l i g h t l y  more r e l i a b l e  in format ion.  

While a l l  o f  t h e s e  problems undermine d e c i s i o n  making 
based on t h e  e s t i m a t i o n o f  t h e  va lue  of u s e s  o f  t h e  atmosphere, 
t h e r e  i s  a  companion problem t h a t  i s  o f t e n  ignored .  Suppose 
w e  have, i n  some sense ,  a  good e s t i m a t e  o f  t h e  va lue  of con- 
t i n u i n g  t o  p u t  C 0 2  i n  t h e  atmosphere, a  f o r e c a s t  o f  t h e  c l i -  
mate 50 yea rs  from today ,  a  good d e a l  of in fo rmat ion  a b ~ u t  ' 

r e d i s t r i b u t i o n  o f  b i o t a ,  and s o  f o r t h .  There would s t i l l  be 
an enormously d i f f i c u l t  i s s u e  of e v a l u a t i n g  u s e  f o r  climate- 
changing waste  d i s p o s a l .  People can ha rd l y  be s a i d  t o  have 
w e l l  a r t i c u l a t e d  p re fe rences  about  t h e  uses  o f  t h e  atmosphere. 
A s  Fischhof f  e t  aZ. (1979:33) have po in ted  o u t ,  on new and 
complex i s s u e s  p e o p l e ' s  va lues  may i n  some fundamental sense  
be incoheren t .  They may be un fam i l i a r  w i t h  t h e  terms ( s o c i a l  
d i s c o u n t  r a t e s ,  m in i scu le  p r o b a b i l i t i e s ,  megadeaths) i n  which 
t h e  i s s u e s  a r e  formula ted,  and they  may no t  even know how t o  
begin t h i nk ing  abou t  some i s s u e s  (g radua l  r ise i n  s e a  l e v e l ) .  
They may have c o n t r a d i c t o r y  va lues  ( d e s i r e  f o r  env i ronmenta l  
p r e s e r v a t i o n  and d e s i r e  f o r  energy- in tens ive  e x i s t e n c e ) ,  and 
v a c i l l a t e  between incompat ib le ,  b u t  s t r o n g l y  he ld  p o s i t i o n s  
(need f o r  r e g u l a t i o n  and importance o f  minimal government).  
F i n a l l y ,  " t h e i r  views may change over  t i m e  ( say ,  a s  t h e  hour 
of d e c i s i o n  o r  t h e  consequence i t s e l f  draws n e a r ) ,  and they  
may n o t  know which view should form t h e  b a s i s  of a  dec i s i on . "  
I n  f a c t ,  people  occupy d i f f e r e n t  r o l e s  i n  l i f e  which w i l l  
con t inue  t o  produce c l e a r - c u t  b u t  i n c o n s i s t e n t  o r  c o n f l i c t i n g  
va lues .  

Is t h e r e  s t i l l  some method s o c i e t y  can app ly  t o  t h e  
k inds  o f  a tmospher ic  p o l i c y  i s s u e s  w e  have mentioned? Some 
way t o  t r y  t o  va lue  t h e  consequences o f  d e c i s i o n s  i nvo l v i ng  
p o t e n t i a l l y  seve re  o r  even c a t a s t r o p h i c  outcomes, when t h e  
outcomes can on l y  be b a r e l y  sketched,  i f  a t  a l l ,  and probab- 
i l i t i e s  of such outcomes a r e  unknown o r  a n t i c i p a t e d  t o  be 
low? I t  may be p o s s i b l e  t o  u t i l i z e  a  h y p o t h e t i c a l  set  of 
outcomes and p r o b a b i l i t i e s  t o  g e t  a  f e e l i n g  f o r  t h e  problem. 
A f t e r  a l 1 , d o i n g  no th ing  about  ana lyz ing  and comparing t h e  
uses  of t h e  atmosphere i s  e f f e c t i v e l y  t h e  same a s  d e r i v i n g  
an expected va lue  measure f o r  t h e  q u e s t i o n  by weighing t h e  



"unknown" outcomes with a zero probability, and present con- 
cern over issues is evidence of unwillingness to do that. 
Normally, "decision analysis attempts to accommodate the un- 
certainties inherent in the assessment of problems and of 
the variables involved through the judicious use of sensi- 
tivity analysis." The calculations of expected costs and 
benefits are repeated using alternative values of some 
troublesome probability, cost, or benefit. If each reanaly- 
sis produces the same relative preponderance of expected 
costs and benefits, then it is argued that these particular 
differences do not matter. (Fischhoff et aZ. 1979:19.)  But 
with respect to the atmosphere and climate change, there may 
be a danger than even if one does not make unrealistic as- 
sumptions about the availability of data needed to complete 
the analysis, the decision analysis may begin to attain some 
kind of autonomous reality on its own. Thus, in this area 
decision analysis may be illustrative and helpful in some 
way, for example, in eliciting or helping to form preferen- 
ces, but it will be far from a basis on which a decision 
could actually be made. 

POLICY AND MANAGEMENT 

A policy discussion must concern itself both with ap- 
propriate techniques for incentive and control and with in- 
stitutions for formation and implementation of these tech- 
niques. While almost all atmospheric policy issues may 
eventually involve the design of a regulatory mechanism to 
promote more rational management of atmospheric resources, 
the economist's conventional wisdom about external effects, 
equity, and social policy may be followed in many ways, ac- 
cording to the specific characteristics of the problem and 
the atmosphere in general. Moreover, because the history 
of regulation of the atmosphere, to the extent that there 
is one, has not been one of clear management goals, proper 
regulations, and adequate information, it is worthwhile to 
look broadly at possibilities. Given the nature of the 
users, receptors, sources, and characteristics of the exter- 
nalities in question, what are the available strategies? 
And what level and kind of government should determine and 
enforce controls? In fact, should it at all? As Mead (1979 :  
356) has pointed out, 

... the presence of a net externality is not a 
sufficient justification for government inter- 
vention. The costs of correction, including 
the costs added in the legislative compromise 
process and actual administration ..., must be 
less than the cost of the net externality to 
be corrected. Failure to meet this test will 
lead to even greater misallocation. 

There are a variety of approaches for achieving partic- 
ular goals with respect to the atmosphere. Focusing on is- 
sues with respect to waste disposal, one can suggest follow- 
ing Kneese and Schultz ( 1 9 7 5 ) :  



- Change the  way economic a c t i v i t y  i s  c a r r i e d  ou t  
so  t h a t  it genera tes  l e s s  r es i dua l  t o  begin wi th ,  
f o r  example, s h i f t  away from f o s s i l  f u e l s .  

- Trea t  t he  r e s i d u a l  a s  it emerges so a s  t o  render 
it l e s s  harmful,  f o r  example, use c a t a l y t i c  con- 
v e r t e r s  on automobiles. 

- Inc rease t h e  capac i t y  of t h e  environment t o  
absorb r es i dua l s ,  o r  change d ischarge po in t s  i n  
a  way t h a t  does l e s s  damage t o  s o c i e t y ,  f o r  ex- 
ample, do no t  a l low emissions i n  the  s t r a tosphe re  
o r  p l a n t  t r e e s  t o  absorb CO2. 

- Diver t  t h e  r e s i d u a l  t o  a  d i f f e r e n t  environmental 
medium. For example, dump C02 i n t o  t h e  deep 
ocean. - Make soc ie t y  l e s s  dependent on (products  which 
a r e  damaged by wastes accumulating i n )  t h e  a t -  
mosphere, f o r  example, s h i f t  resources from 
c l imate-sens i t i ve  a c t i v i t i e s  t o  c l imate- 
i n s e n s i t i v e  a c t i v i t i e s .  

The number of s p e c i f i c  p o l i c i e s  t o  implement these  ap- 
proaches i s  q u i t e  l a r g e ,  but  t h e  types of  p o l i c i e s  t r a d i -  
t i o n a l l y  considered and d iscussed by economists a r e  compar- 
a t i v e l y  few i n  number. Daly ( (d lArge)  sec t ion  2:  127 ) ,  f o l -  
lowing Kneese and Bower (1968) ,  o f f e r s  t h i s  l i s t  of genera l  
a l t e r n a t i v e s :  

- t o  do nothing,  a l lowing vo luntary  nego t ia t i ons  
t o  ma te r ia l i ze  aided by s p e c i f i c a t i o n  of p roper ty  
r i g h t s  ( i . e . ,  ass ign ing  l i a b i l i t y  f o r  damages) 

- system of charges,  f o r  example, i n  t h e  form of 
an e f f l u e n t  t a x  - payment of subs id ies  t o  d iscourage t h e  c r e a t i o n  
of t h e  ex te rna l  e f f e c t s ,  f o r  example, subs id i z ing  
t h e  i n s t a l l a t i o n  of abatement equipment - enforcement of q u a l i t y  s tandards  f o r  t h e  environ- 
ment and/or quan t i t y  s tandards  regard ing,  f o r  
example, t h e  amounts of  p a r t i c u l a r  e f f l u e n t s  - auct ion ing  of a  predetermined quan t i t y  of r i g h t s  
w i th  r espec t  t o  t h e  p a r t i c u l a r  a c t i v i t y  being 
considered - merger o r  o the r  form of c o a l i t i o n  between i n f l i c -  
t o r  and receptor  

- var ious  hybr id schemes involv ing some combination 
o r  combinations of t h e  above techniques 

While a  wide a r r a y  of con t ro l  techniques and p o l i c i e s  
may be ava i l ab l e ,  few a r e  l i k e l y  t o  s a t i s f a c t o r i l y  f u l f i l l  
t h e  var ious  performance c r i t e r i a  which may be proposed. 
F i r s t ,  we have emphasized a l l o c a t i v e  e f f i c i ency .  To produce 
economic e f f i c i ency ,  t h e  t a x  o r  e f f l u e n t  charge (o r  o t h e r  
se l ec ted  method of r egu la t i on )  has t o  be s e t  t o  equal  t h e  
marginal ex te rna l  damage caused by e f f l u e n t s .  This presup- 
poses knowledge an t h e  p a r t  of t h e  regu la tory  body, o f t h e  
p rec i se  na tu re  of t h e  damage func t ion ,  and of t h e  c o s t s  of  
regu la t i on .  I t  i s ,  t hus ,  d i f f i c u l t  i n  many cases ,  f o r  ex- 
ample, C 0 2 ,  t o  imagine adopt ion of such a  scheme. This  a l s o  



r a i s e s  a second i s sue ,  t h a t  of f l e x i b i l i t y .  What con t ro l  
techniques a r e  capable of responding t o  changing s i t u a t i o n s ,  
so  t h a t  w e  a r e  no t  locked i n t o  a choice which i t s e l f  may be 
charac te r i zed  by lack  of good informat ion on c o s t s  o r  conse- 
quences? For example, dumping C 0 2  i n t o  t h e  deep ocean may 
appear d e s i r a b l e  a t  t h e  moment, but  it may only  be because 
t h e  r i s k s  have no t  been explored. A t h i r d  c r i t e r i o n  revolves 
around e f f ec t i veness  and en fo rceab i l i t y .  Seneca and Taussig 
(1979 :74 )  exp la in  t h e  d i f f i c u l t i e s  here:  

Consider t h e  problem of  sanc t ions  a g a i n s t  lawbreak- 
ers i n  any hypo the t i ca l  market f o r  a i r  p o l l u t i o n  
r i g h t s .  That i s ,  suppose t h a t  con t rac t s  t o  provide 
c leaner  a i r  w e r e  somehow negot ia ted  i n  s p i t e  of 
t h e  l a r g e  informat ion and t r ansac t i on  c o s t s  d iscus-  
sed above. Successfu l  de l i ve ry  of c lean  a i r  t o  
buyers would depend c r i t i c a l l y  on t h e  a b i l i t y  of 
t h e  po l i ce  and t h e  cou r t s  t o  enforce t h e  t e r m s  of 
such con t rac t s .  E f fec t i ve  enforcement would depend 
among o the r  th ings ,  on de tec t i on  of innumerable 
p o t e n t i a l  v i o l a t o r s  on t he  s e l l e r s '  s i d e  of t h e  
con t rac t s .  Enforcement probably would be proh ib i -  
t i v e l y  expensive, espec ia l l y  i f  t h e  genera l  pub l i c  
f e e l s  t h a t  everyone has an i na l i enab le  r i g h t  t o  burn 
h i s  g a r b a g e o r d r i v e  h i s  c a r  and re fuses  t o  cooperate 
wi th  law enforcement o f f i c i a l s .  

Moreover, t h e  ques t ion  of enforcement r a i s e s  aga in  t h e  
bas ic  i s s u e  t h a t  p a r t  o f  t h e  process of r egu la t i on  is  spec- 
i f i c a t i o n  of t h e  ownership and r u l e s  f o r  exchangeof proper ty .  
The se lec t i on  of r u l e s  and i n s t i t u t i o n s  t o  guide t h e  use of 
atmospheric resources ,  no mat ter  how e f f i c i e n t l y  and f a i r l y  
it may be done, cannot be accomplished wi thout  new encroach- 
ments on common proper ty  resources  which some may be re luc-  
t a n t  t o  see f u r t h e r  de f ined o r  enclosed. The i n t r i n s i c a l l y  
mu l t i na t iona l  cha rac te r  of many of t he  e x t e r n a l i t i e s  assoc i -  
a t ed  wi th t h e  use of t h e  atmosphere f u r t h e r  suggests  t h e  
l im i ted  a p p l i c a b i l i t y  of much of t h e  l i t e r a t u r e o n  regu la t i on  
i n  economics. This l i t e r a t u r e  usua l l y  assumes t h e  ex i s tence  
of a  governmental e n t i t y  wi th  both t h e  in format ion and auth- 
o r i t y  t o  r egu la te  e f f i c i e n t l y  t h e  a c t i v i t y  i n  ques t ion .  
Taxation powers, f o r  example, a r e  o f t en  assumed, f o r  purposes 
of d i scuss ion ,  of p o t e n t i a l  na t i ona l  p o l i c i e s .  I n t e r -  
na t i ona l l y ,  t h e r e  i s  almost no power t o  t a x  f i rms o r  i nd i -  
v idua ls  w i th in  na t ions .  Moreoever, suggest ions of such 
au tho r i t y  a r e  almost always received a s  an unwelcome a t t a c k  
on t h e  sovere ignty  of na t ions .  

The ex is tence  of an e f f e c t i v e  i n t e r n a t i o n a l  organiza- 
t i o n  t o  concern i t s e l f  w i th  t h e  management of t h e  atmosphere 
might, i n  some respec t s ,  be des i r ab le .  Unfortunately,  t h e  
h i s t o r y  of i n t e r n a t i o n a l  o rgan iza t ions  and a look a t  analo- 
gous a r e a s ,  such a s  t h e  oceans, suggest  t h a t  progress i n  
t h i s  r espec t  i s  uncer ta in  and l i k e l y  t o  be slow, and, indeed, 
developments a r e  p o t e n t i a l l y  reg ress ive ,  both from a techni -  
c a l  and a managerial s tandpoint .  This i s  no t  t o  suggest  t h a t  



i n t e r e s t e d  o rgan iza t i ons ,  such as t h e  UN Environment Program, 
t h e  I n t e r n a t i o n a l  Counci l  o f  S c i e n t i f i c  Unions ( I C S U ) ,  and 
t h e  World Meteorological  Organizat ion (WMO) a r e  l ack ing  i n  
t a l e n t  o r  incapab le  of i n f l uenc ing  events .  I t  i s  t o  suggest ,  
however, t h a t  t h e  powers p r e s e n t l y  a v a i l a b l e  t o  t h e s e  bodies 
w i l l  n o t  a s s u r e  e f f i c i e n t  o r  e q u i t a b l e  use of t h e  atmosphere 
i n  t h e  senses  w e  have been d i scuss ing .  Because t h e  fun- 
damental l e g a l  and p o l i t i c a l  e n t i t i e s  of t h e  world a r e  sov- 
e r e i g n  n a t i o n s ,  r e g u l a t i o n  must a lmost  c e r t a i n l y  begin w i th  
n a t i o n a l  mechanisms and cooperat ion among t h e  n a t i o n s  who 
a r e  t h e  most concerned and concent ra ted u s e r s  of t h e  atmos- 
phere. But, t h i s  j u s t  r e t u r n s  us t o  t h e  d i scou rag ing  s i t u -  
a t i o n  of con f ron t i ng  g l o b a l  i s s u e s  w i th  fragmentary n a t i o n a l  
resources .  

While t h e r e  a r e  s p e c i f i c  problems of p o l i c y  des ign  a s  
d iscussed s o  f a r ,  t h e r e  i s  a l s o  t h e  broad ques t i on  whether 
w e  a r e  cons ider ing  i s s u e s  from t h e  c o r r e c t  p o i n t  of view. 
The tendency i n  resou rce  management has been 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  a c r o s s  s p a t i a l  o r  phys i ca l  re -  
gimes. But, is  it b e s t  t o  o rgan ize  management p r i m a r i l y  
around g e o p o l i t i c a l  "space" ( t h e  oceans,  atmosphere, Antarc- 
t i c a ,  o u t e r  space)  r a t h e r  t han  around t h e  f u n c t i o n a l  a r e a s  
(waste d i s p o s a l ,  e t c . ) ?  I t  should be noted t h a t  t h i s  i s  an 
i s s u e  both a t  t h e  g loba l  and n a t i o n a l  l e v e l ,  where concepts  
l i k e  "ocean management" have no t  always ;served we l l .  
Some have argued t h a t  a s  i s s u e s  and r e l a t i o n s h i p s  become 
more complexly l i n k e d ,  t h e  t r a d e o f f s  and cho ices  must be 
made i n  a  way t h a t  i s  impeded by d e f i n i n g  i n s t i t u t i o n s  i n  . 

s p a t i a l  terms. Morse ( 1  9 7 7 :  1 8 )  proposes,  

... it would be b e t t e r  t o  l i n k  i s s u e s  v i a  regimes 
according t o  t h e  purposes t h e  i s s u e s  a r e  t o  be 
p u t  o r  t h e  uses  made of  them (e.g. ,  " i n d u s t r i a l  
p o l i c y , "  o r  " p r o t e i n " )  r a t h e r  than accord ing t o  
a  " n a t u r a l  system" i n t o  which they seem t o  f a l l  
(e.g. ,  g r a i n s ,  oceans,  popu la t ion ,  t r a d e ,  e t c . ) .  

C e r t a i n l y ,  C 0 2  is an i s s u e  of competing uses  of t h e  atmos- 
phere,  bu t  it is a l s o  an i s s u e  of energy pa ths ,  and of waste 
d i s p o s a l ,  and it may be more impor tant  t o  redes ign  p o l i c i e s  
from t h e s e  p o i n t s  o f  view than from t h e  s p a t i a l  p o i n t  of 
view. 

Th is  c r i t i q u e  does n o t  mean t h e r e  i s  no p l a c e  f o r  some- 
th ing  l i k e  "atmospher ic management" o r  a t tempts  a t  opt imiz-  
a t i o n  of t h e  uses  of  t h e  atmosphere. I t  sugges ts ,  r a t h e r ,  
t h a t  d i f f e r e n t  t ypes  and degrees  of interdependence o f  is- 
sues  c a l l  f o r  d i f f e r e n t  k inds  of regimes. Some regimes w i l l  
simply aim a t  problem d e f i n i t i o n ,  some a t  s t a n d a r d i z a t i o n  
and harmonizat ion of p o l i c i e s ,  whi le  o t h e r s  may, i n  f a c t ,  
need t o  p lay  a  dominant r o l e  i n  managing a c t i v i t i e s .  While 
t h e  s p a t i a l  o rgan iza t i on  may be a  p a r t i c u l a r l y  convenient  
way of con f ron t ing  governments w i th  i s s u e s ,  t h e  i s s u e s  w i l l  
probably most o f  t h e  t i m e  need t o  be cons idered i n  terms of  
broader po l i cy  bundles.  And implementat ion of r e l e v a n t  



dec is ions  (on energy, land-use po l icy ,  and s o  f o r t h )  may 
take  p lace  through q u i t e  d i f f e r e n t  mechanisms. 

Morse suggests  t h e r e  i s  a  cont inu ing need f o r  evalua- 
t i o n  of l inkages of a c t i v i t i e s  so  a s  no t  t o  c r e a t e  a  mul t i -  
purpose s p a t i a l  regime which is  i n  p r a c t i c e  merely e c l e c t i c .  
A s p a t i a l  regime can se rve  use fu l l y  i n  d e l i m i t a t i o n  of pro- 
pe r t y  r i g h t s ,  determining r i g h t s  of access  and l i m i t s  of 
e x p l o i t a t i o n  of resources  i n  shared a reas  t h a t  a r e  charac- 
t e r i z e d  by in terdependent  r e l a t i onsh ips .  Having f u l f i l l e d  
t h i s  purpose, such a  regime may become of ques t ionab le  va lue.  
Morse (1977:19) g i ves  t h e  fo l lowing case  of f unc t i ona l  ver-  
sus  s p a t i a l  c o n f l i c t :  

A food regime, f o r  example, would invo lve some 
ocean space quest ions  ( f i s h e r i e s ) ,  some t r a d e  
i s s u e s  (commodity agreements) and investment 
i s s u e s  i f  i t s  main purpose were t o  assume mini- 
mal equ i t y  i n  t h e  d i s t r i b u t i o n  of food, The 
development of an adequate food regime would be 
impeded by t h e  establ ishment  of an a l l -  
encompassing "ocean space" regime. I n  terms of 
" func t ions , "  some aspec t s  of ocean space would 
r e q u i r e  l i t t l e  more than regu la to ry  mechanisms- 
e.g.,  t h e  es tab l i shment  and maintenance of 
t r a f f i c  pa t te rns . . .  

I n  t h e  end, one might have a  f a u l t y  commons and a  dysfunc- 
t i o n a l  management p r i n c i p l e  by simply emphasizing ocean 
space. There i s  no r e s o l u t i o n  t o  t h e  debate o t h e r  than,  a s  
Morse suggests ,  t o  cont inue t o  eva lua te  where t h e  l i nkages  
i n  s p a t i a l  terms a r e  so s t rong  t h a t  management from t h a t  
po in t  of view should dominate. I n  any case ,  one form of 
management need no t  prec lude t h e  o the r .  D i f fe ren t  ang les  
of a u t h o r i t y  and func t ion ,  i f  coord inated,  might se rve  wel l .  

I n  conc lus ion,  one does g e t  a  sense from t h e  broad k ind 
of survey o f fe red  i n  t h i s  paper t h a t  seve ra l  i s s u e s  r e l a t i n g  
t o  t h e  atmosphere have no t  rece ived s u f f i c i e n t  a t t e n t i o n ,  
d e f i n i t i o n ,  and comparison, and methods f o r  development of 
r e l evan t  informat ion and r e s o l u t i o n  of c o n f l i c t s  a r e  insu f -  
f i c i e n t l y  advanced. The most d i f f i c u l t  ques t ions  a l l  revo lve  
around t h e  massive r e t u r n  of r e s i d u a l s  t o  t h e  environment. 
The i n s t i t u t i o n s  of p r i v a t e  proper ty  and exchange t h a t  a r e  
normally used f o r  determining t h e  va lue  of resources  and 
prov id ing incen t i ves  f o r  t h e i r  e f f i c i e n t  a l l o c a t i o n  do no t ,  
and perhaps cannot ,  f unc t ion  success fu l l y  f o r  t h i s  purpose 
w i th  r e s p e c t  t o  t h e  atmosphere, a s  t h e  atmosphere mainta ins 
many of t h e  c h a r a c t e r i s t i c s  of a  common proper ty  resource ,  
a t  g loba l  and lower l eve l s .  The problem i s  compounded by 
t h e  very poor informat ion a v a i l a b l e  and by equ i t y  ques t ions ,  
of s p a t i a l ,  a s  wel l  a s ,  i n t e rgene ra t i ona l  cha rac te r .  

Some exper ts  have argued t h a t  a  p a r t i a l  s o l u t i o n  t o  t h e  
problem l i e s  i n  g iv ing  pre ference t o  nondamaging uses of 
common proper ty  resources  over damaging ones. Page (1973) 
has advanced an argument f o r  j u s t i f y i n g  a  h ie ra rchyo f  r i g h t s  



based on t h e  d i f f e r e n c e  between r i g h t s  t o  t h e  u s e  o f  t h e  
s e r v i c e s  o f  a  common p r o p e r t y  r e s o u r c e  which does  n o t  impa i r  
i t s  subs tance ,  and r i g h t s  t o  consumption, preempt ion,  o r  de- 
s t r u c t i o n  o f  t h e  r e s o u r c e  i t s e l f .  While t h e r e  are d i f f i c u l -  
t i es  a b o u t  i n f o rma t i on  h e r e ,  and a m b i g u i t i e s  may ar ise,  a s ,  
f o r  example, w i t h  t h e  c o n t e n t i o n  t h a t  i n  some a r e a s  climate 
change may produce b e n e f i t s ,  t h i s  would s e e m  t o  be a  persua-  
s i v e  argument ,  a s  l ong  as t h e r e  is  some con f i dence  i n  e v i -  
dence o r  f o r e c a s t s  of  d e t r i m e n t a l  e f f e c t s .  A s  K r u t i l l a  and 
F i s h e r  (1977)  comment, such arguments t a k e  one o u t  o f  econ- 
omics and i n t o  e t h i c s .  

Of c o u r s e ,  it i s  p r e c i s e l y  t h e  e t h i c a l  i s s u e s  which are 
among t h e  most compe l l i ng  reasons  f o r  coming t o  terms w i t h  
problems l i k e  cl imat ic change, a c i d  r a i n ,  and d e s t r u c t i o n  o f  
t h e  ozone l a y e r ,  s i n c e  caus ing  t h e s e  problems i s  c l e a r l y  
n o t  c o n s i s t e n t  w i t h  most concep ts  of env i ronmenta l  s teward-  
s h i p  o r  t h e  p rope r  r e l a t i o n s h i p  o f  man t o  n a t u r e .  But t h e s e  
concep ts  are p h i l o s o p h i c a l  and n o t  economis t i c ,  and i n  s p i t e  
of t h e  inadequacy o f  economic a n a l y s i s  o f  t h e  atmosphere,  
much o f  t h e  b a t t l e  o v e r  management o f  a tmospher i c  r e -  
sou rces  w i l l  be f ough t  o u t  on economic (and p o l i t i c a l )  is- 
s u e s  and n o t  e t h i c a l  ones.  Reducing r e s i d u a l s  i s  expens ive .  
I t  w i l l  add t o  t h e  c o s t s  of  p roduc t i on ,  s l o w  e x p l o i t a t i o n  o f  
r e s o u r c e s ,  and u l t i m a t e l y  appear  i n  t h e  form o f h i g h e r p r i c e s  
f o r  consumers. Moreover, t h e  c o s t s  o f  r e s i d u a l s  c o n t r o l  
t end  t o  r ise s t e e p l y  a s  t a r g e t s  f o r  env i ronmenta l  p reserva-  
t i o n  become more amb i t i ous .  

Given t h e  s c i e n t i f i c  and economic u n c e r t a i n t i e s  abou t  
many of  t h e  u s e s  o f  t h e  atmosphere,  and t h e  s t r u c t u r e  of  
c o n t r o l  and management, o r  l a c k  o f  it, both  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 is  ha rd  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  atmos- 
p h e r i c  i s s u e s  i n . t h e  n e x t  decade.  Even suppos ing,  f o r  ex- 
ample, unan imi ty  among a tmospher i c  s c i e n t i s t s  a b o u t  t h e  
s e v e r i t y  of  C02 e f f e c t s ,  much advanced work on t h e  impacts  
of  c l i m a t e  change and C02 enr ichment  of  t h e  atmosphere from 
e c o l o g i s t s ,  ag ronomis ts ,  and o t h e r s ,  and more r e l i a b l e  a n a l -  
y s i s  from economis ts ,  t h e  unde r l y i ng  s t r u c t u r a l  and ph i l o -  
s o p h i c a l  r easons  f o r  p r e s e n t  p o l i c i e s  toward e x p l o i t a t i o n  
of a tmospher i c  r e s o u r c e s  might  w e l l  r u l e  o u t  s u c c e s s f u l  pre-  
v e n t i v e  o r  compensatory a c t i o n .  None the less ,  it is  n o t  a  
waste o f  e f f o r t  t o  examine t h e  p o s s i b i l i t i e s  f o r  v a r i o u s  
c o n t r o l  t echn iques  f o r  a tmospher i c  i s s u e s ,  and f o r  v i a b l e  
n a t i o n a l  and i n t e r n a t i o n a l  r e g u l a t i o n .  But ,  it may be a s  
impo r tan t  t o  c o n t i n u e  t o  t h i n k  abou t  l i v i n g  w i t h ,  and ad- 
j u s t i n g  t o ,  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.  
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