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ABSTRACT



The gl obal comons represents a class of environnental problens
that require international cooperation. @ obal environnenta
probl ens ari se because the actions of sone individuals or
governments in one location hold serious inplications for

i ndi vi dual s and governnents in other |ocations. There are gl oba
envi ronnent al policy probl ens because adversel y-affected

i ndi vidual s (and governnents) attenpt to alter the behaviors of
t hose responsi bl e for gl obal pollution

W devel op a framework with which to anal yze such gl oba
environnental problems. Qur goal is to craft a resource
managenent policy that will satisfy both those who seek a change
and those who prefer the current situation. This environnenta
incentive policy will align the interests of the two parties.
Incentive alignment is the policy problemin the gl obal comons.
That is, we nmust find ways to align interests through realigning
i ncentives for individual and group behavi ors.

FOREWORD

Thi s Working Paper is a product of the Environmental and Natural
Resources Policy and Training (EPAT) Project funded by the United
States Agency for International Devel opment (USAID). EPAT is
part of USAID s effort to provide environnental policy

i nformation to policymakers and practitioners in devel opi ng
countries. The objective is to encourage the adoption of
econom ¢ policies for pronoting sustainable use of natura
resources and enhanci ng environnental quality.

EPAT Working Papers are witten for devel opnent professionals and
pol i cymakers in devel opi ng countries who are responsible for

est abl i shing and i npl enenting policies on the sustainable use of
natural resources and for civil servants, project officers, and
researchers who are directly involved in the inplenmentation of
devel opnent activities.

Thi s Working Paper deals with a class of environnental problens,
call ed the global commons, that require internationa

cooperation. They arise because the actions of individuals or
governnments in one |location hold serious inplications of

i ndi vidual s and governnents in other |ocations. This paper

devel ops a franmework for analyzing such problens. The goal is to
craft an environnmental incentive policy that will align the
interests of both those who seek change and those who prefer the
current situation. Policymakers may find incentive alignment to
be a useful strategy for nodifying individual and group behaviors
in order to deal with the problens of the global comons.

The contribution of USAID toward witing, printing, and
distributing this docunent is estimated to be $8,000. The
docunent is being distributed to nore than 2,000 policymakers and



professionals in devel oping countries. W will assess its
ef fecti veness by soliciting the views of recipients. An
eval uation sheet is enclosed with each mailing of EPAT
publications for that purpose.
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A BARGAI NI NG FRAMEWORK FOR THE GLOBAL COMMONS

The gl obal comons represents an environnental problem area that
requires international cooperation (Brom ey and Cochrane 1993).
I ndi vi dual and governnental actions in one |ocation cause gl oba
envi ronnent al probl ens and seriously inpact individuals and
governments in other |ocations. Certain natural resource use
threatens individual (and state) interests. There are globa
envi ronnent al policy probl ens because adversel y-affected

i ndi vidual s (and governnents) attenpt to alter the behaviors of
gl obal polluters.

W devel op a franmework with which policymakers can anal yze such
gl obal environnental problens. Qur goal is to craft a resource



managenent policy that will satisfy both those who seek a change
and those who prefer the current situation. This environnenta
incentive policy will align the interests of the two parties.
Incentive alignment is the policy problemin the gl obal comons.
That is, we must find ways to align interests by realigning

i ncentives for individual and group behavi ors.

THE EMPI Rl CAL PROBLEM

We will focus on greenhouse gas emi ssions and their relationship
to the world's forests. The link between the earth's atnobsphere
and forests is direct and critical to sustaining life. The
interests of one group is at odds with the interests of another
Those who harvest trees and clear land for settlenent in the
Amazon Forest, for exanple, stand agai nst those who seek to
protect the forests.

The problemis global. For exanple, it has been estinmated that:
"...South and Southeast Asia contribute about 25% of the carbon
di oxi de em ssi ons caused by burni ng wood, or about 6% of tota
car bon di oxi de em ssions (Archer and Ichord 1989: 13)."

The industrial world--with its fossil-fuel driven factories and
aut onobil es--is a mgjor contributor to the total annua
producti on of greenhouse gases. It is reasonable to suggest that
the wealthy citizens of the industrial North wish to protect the
Amazoni an "lungs of the earth"” so it can process the carbon

di oxi de that arises fromour self-indulgent lifestyle. Tropica
forests have becone a free waste-processing facility for richer
nati ons--Japan and European and North Anerican countries.

Human activities in the industrialized world generate | arge
gquantities of greenhouse gases. Tropical forests serve an

i nportant function by processing nuch of those gases. However,
land uses in the agricultural tropics threaten the sustainability
of that forest cover. These |and-use decisions |link agricultura
nations with industrialized nations and their activities.

Current energy consunption in the industrialized world inposes
demands on the biosphere's resources, and tropical |and-use
activities threaten the sustainability of those resources.
People in the industrialized North want to protect tropica
forests to maintain the forests' ability to process their

i ncreasi ng greenhouse gas production

Figure 1 shows the problemin sinplified terms. (Gaph will not
transfer on internet. Please wite to the author for a hard
copy. See address at beginning of this paper.) In panel (a), Gs
represents total greenhouse gas production fromagricultura
countries located in the southern hem sphere. Gn represents
total greenhouse gas production fromnore industrialized
econom es primarily in Europe, North Anerica, and Japan. For
simplicity we will refer to these two general zones as North and



South or N and S.

G represents the total |evel of greenhouse gas production that

wi || not change the atnosphere's chem stry. Call & the
sust ai nabl e greenhouse gas level. The figure shows gas
production fromindustrial nations holding constant into the
foreseeable future. The figure also shows greenhouse gas
production in the agricultural South increasing as those nations
advance economically and as factories and aut onobil es beconme nore
conmon. Devel opi ng countries' increased reliance on fossi

fuel s can seriously inpact carbon gas em ssion | evels unless they
al so change their technol ogy. For instance,

"...China's ratio of CO2 em ssions to gross national product
(G\NP) is roughly five times that of Japan.... |If China were to
achi eve even 60% of Japanese efficiency and carbon intensity
levels in its new energy-produci ng and energy-consum ng
infrastructure, it could inprove this ratio substantially in a
relatively short time. The one major hurdle is obtaining the
techni cal information, managenent assi stance, and capita
required to pronote nore efficient and | ess polluting supply and
use of energy and other natural resources [Nitze 1990: 608]."

The line | abel ed G shows total greenhouse gas production over
time (where G= G1 + Gs). The cross-hatched region in panel (a)
shows excess gas production that the earth cannot absorb (G >
G). Here one sees the threat to both the industrial North and
the agricul tural Sout h.

International efforts to inpose a global production limt at G
woul d nmeet opposition fromcitizens in industrial nations because
it would threaten their lifestyles. The industrialized world

m ght argue that increased greenhouse gas production fromthe
newy industrialized agricultural South has "created the
problem™ Simlarly, alimt on total production concerns those
in the agricultural South because it the industrial North m ght
receive a nore favorable allocation. Citizens in the
agricultural South mght argue that the rich wish to limt their
(the southerner's) industrial anbitions.

There is sonething even nore threatening in panel (a). Line G-
traces the earth's absorbent capacity for greenhouse gases
assum ng that industrializing southern tropical forests wll

i nclude clearing and burning. That is, & is no |onger the |ong-
run sustai nabl e capacity to process greenhouse gases. Cearing
Amazoni an forests drives the absorbent capacity down to G- . The
shaded region in panel (a) shows the processing deficit resulting
fromland use changes in the southern agrarian nations.

Toget her, the two marked areas between G and G- show that excess
greenhouse gases may significantly change the gl obal clinate.

Panel (b) illustrates a policy that cuts excess production. To
do this, the industrial North nust reduce total greenhouse gas
production at the sane rate as the newy industrial South

i ncreases production. Then total greenhouse gas production from
both regi ons matches the predicted absorbent capacity (G = G).
As the South industrializes, it reduces forest cover so the



actual processing capacity is less than predicted (G- < G = §.
A processing deficit still exists. As drawn, the industrial
North, because of stricter environnental policies, has cut its
total greenhouse gas production below that in the newy

i ndustrial South.

In panel (c), we do not assunme nassive forest clearing in the

i ndustrializing South or that conpensating reforestation occurs
inthe North. So G renmains the absorbent greenhouse gas
capacity, and total global production matches that capacity. The
hard part remains. How do we restructure international resource
managenment policy to achieve the result in panel (c)?

There are two aspects of this challenge. First, there is the
probl em of agreement between these two artificial regions,

"North" and "South." That is difficult enough. The second
problemw || concern changi ng behaviors of individuals within the
two regions. To avoid discussing differing interests anong
countries, we will regard the "North" (N) as one state and the
"South" (S) as another. This does not change the nature of the
basi ¢ bargai ning problembut sinplifies it by reducing the nunber
of policy units.

To sinplify further, the policy problemof the global conmons is
finding incentives that will align the interests and, thus,

i ndi vi dual behaviors in the North and South. That alignnment of
interests will becone apparent when individuals agree to choices
that will reduce two tendencies. The first tendency is one that
threatens the earth's capacity to process greenhouse gases. In
this paper, we consider the world' s forests essential to that

gl obal absorbent capacity. For sinplicity, we will focus on the
Sout hern deforestation problem

The second tendency is one that threatens to increase tota
greenhouse gas production in both regions. Notice that the
physi cal aspects of atnospheric chemistry link individuals in
both regions. Mre individual greenhouse gas production in the
North, or South, increases the econom c value of the forests.

H gher total greenhouse gas production in both hem spheres will
reduce absorbent capacity. The resulting accelerated climte
change will inpose greater costs on the world. To avoid that
climate change, the two regions will need to undertake expensive
alternatives to the forests' processing capacity. Continuing to
reduce the Amazoni an forest and hol ding total greenhouse gas
production at its present level, w thout other conpensating
reforestation, will carry serious costs.

We assune that tropical and other forests provide a resource
service, waste assimlation, at a |ower cost than alternative
technol ogies. The only "cost” of using the forests for this
purpose is preserving them The cost then is that peopl e cannot
use the forest area in alternative ways and still maintain it.
We are assunming that tropical forests are inportant assets in
their own right, besides acting as greenhouse gas processors.

The policy problemrequires introducing an action-forcing event.



Wthout it, there is no reason the current resource nanagenent
policy cannot continue despite increasing evidence of higher
greenhouse gas concentrations. W will begin by assum ng that
one of the governnents (either Nor S) determnes that it is
desirable to stabilize greenhouse gas production so tota
producti on bal ances with the earth's processing capacity. Pane
(c), figure 1 shows G = G. The governnent could make this
deci si on autonompusly or be "forced"” into the decision by a
rising internal political force. |In Novenber 1990, in Geneva,
several industrial world governnments agreed to stabilize tota
greenhouse gas production. The 1992 Rio Earth Summit carried
this commitnent one step further

AGENCY THECORY AND Bl LATERAL NEGOTI ATI ONS

One possi bl e mechani sm for addressi ng greenhouse gas problens is
to i magi ne that sone international organization, for exanple the
United Nations, receives the authority to inpose em ssions
standards on all nations. Because of the historical experience
wi th mandates from such organi zati ons, we need to be cautious
about the prospects for successfully enforcing em ssion

st andar ds.

Anot her nethod is to approach the greenhouse gas problemin a
bar gai ning framework. W follow this argunent and apply the
econom ¢ nodel of agency (explained below) to the global commons
problem The usual exanples in agency theory concern the

probl enms of team production where nmonitoring costs of individua
efforts are high. The standard enpl oynent contract enbodies the
essence of the agency problem In this paper, we will apply
agency theory both to the relationship between individuals and
the state and to the relationship between one state and anot her

The logic for this approach is straightforward. The |ega
foundati ons of an econony define a domain of individual choice
for each of us. The presunption is that on the whole, these
mllions of independent choices will be in the "public interest.”
This insight of Adam Snmith and a policy of non-interference stil
requires that we recognize that markets cannot function w thout a
clear and precise definition of who owns what (property rights),
who may do what to whom (civil and crimnal |aw, and who nust
pay whomto protect their interests (contract law). (So called
"free markets" are clearly not free of collective definition of

t he choi ce range open to market participants (Brom ey 1989).)

Assune that it is the government of N that seeks a new resource
managenment policy to achi eve sustai nabl e greenhouse gas
production as in figure 1 panel (c). |In agency theory, we talk
of the principal and of the agent. It is the problemfor the
principal to design an incentive policy that will align the
agent's interests with the principal's.



Consider a sinple exanple. A famly may wi sh to have a

nei ghbor's child weed their garden. However, the child will be
working while the famly is away for three weeks. The gardener
is the principal; the child is the agent. The gardener problem
is to design an incentive scheme that will align the child's
interests with the gardener's own interests. Put nore directly,
t he gardener wi shes to design a conpensation systemso the child
will carry out that task exactly as the gardener w shes.

| magi ne the gardener says to the child: "I will pay you $1.00 per
day to weed ny garden. When | return in three weeks | expect to
find the garden weed free. | will then pay you for the tota
days you worked." It is obvious that this schenme has an inherent
i ncentive alignnent problem The gardener wants to have the
garden weeded at the |east possible cost. The child wants to
earn as much noney as possible. A person can easily imagine that
t he youngster has a strong incentive to inflate the actual tine
involved. It is also possible that this paynent schenme will

i nfl uence how aggressively the child works. The child may report
days wor ked honestly, but how hard did she actually work during
those days? O, she may pull the weeds on the final day of the
gardener's absence, neaning that the garden is weed free but that
the plants are stunted. This payment schene | eaves the gardener
bearing all the uncertainty.

An alternative, but inpractical, payment schene would be to pay
the child a "piece rate,” an amount per weed pulled. The

nmoni toring costs of this approach are prohibitive. The obvious
conpromi se is to pay her for the entire job. Both the child and
the gardener will share the uncertainty. The gardener nust
estimate, from experience, how many hours the job m ght take.
The child nust also calculate the estimated hours. To maxim ze
ear ni ngs per hour, the child has an incentive to work fast.
However, the gardener has an incentive not to underestimate.

O herwise the child will not accept the job or may work so fast
as to be careless. This conprom se aligns the interests of both.

The gardener wants to have a weed-free garden and pay a
"reasonabl e price" for it. The child wants to earn a fair wage
yet have enough tine to do the job well.

Many such services--1|eaf raking, |awn now ng, and house painting-
-operate precisely on this basis. The policy problemin garden
weeding is to align the interests of the principal (the gardener)
and the agent (the weeder). Agency theory deals with precisely
this problem whether applied to gardeners, honme owners, business
owners, or state governnents.

Returning to the gl obal commons problem consider the governnment
of N that faces two "agency" problens. The first is to induce
its own citizens to alter their behavior in produci ng greenhouse
gases. Call this the donmestic policy problemfor N. The second
agency problem concerns the governnment of S. That is, how can

t he governnment of N induce the governnent of Sto limt

i ndi vidual citizens' choices (individual decisionnmakers) in S?
Call this the international policy problem This hierarchica



agency problem has two "agents"--the governnent of S and the
citizens in S. That is, the governnent of Nis the principal to
its own citizens as well as to the governnent of S. Note that

t he governnment of S, besides being an agent for the governnent of
N, is a principal for its ow citizens (who are, in turn, agents
to the governnment of S)

Governnent of N
Principal to its citizens and to S

Citizens in N
Agents to N

Governnent of S
Agent to N, Principal to its citizens

Citizens in S
Agents to S

Wthin this hierarchical problem we assign to the governnent of
N the role of ultimate principal, recognizing that wealth affords
N greater freedomin action. Thus, the event that forces action
and leads to a policy initiative will nost likely be found in N

This event may be that scientists in N have di scovered that
trends in atnmospheric greenhouse gas |evels may seriously inpact
life, particularly in the industrialized world. This revelation
focuses public attention, in N, on the issue. The result is that
t he governnment of N declares that it seeks to change the resource
managenent policy that over produces greenhouse gases.

VWil e there may be public concern about greenhouse gas
production, we assunme it is uninportant to many individua
citizens of both Nand S. This is because an individua
contributes only mninmally to the problem It is the cunulative
effect that concerns us. There is no great incentive for an

i ndividual to alter behavior. Indeed, there may be strong
incentives in other directions, particularly in S. The
government may want to increase econom c devel opnent at the
expense of the tropical forests (and their processing services).
That policy would al so i ncrease greenhouse gas production through
accel erated industrialization.

As the principal, the government of Nis not only challenged to
nmodify the mllions of individual decisions within N but to do
the sane within S. The difference lies in the inability of the
government of N to devel op direct behavior nodifying policies in
S. Cenerally, wthout applying direct physical force against S,
t he governnment of N may only devel op policies that affect S at
the border. The government of N must work through the governnent
of S to encourage policies that require internal enforcenent or
other action. Therefore, the government of N faces both a
donmestic and an international problem



THE DQVESTI C POLI CY PROBLEM

Initially, certain individuals in N can ignore the interests of
others in N who care about total greenhouse gas production. In
nore formal |anguage, we would say that those concerned about
hi gh greenhouse gas production have no rights, while those well
served by the current resource managenent policy have privil ege
(Brom ey 1991: 17). By privilege we nean individuals can act

wi thout regard for others. |If those alarnmed about greenhouse
gases were to take |legal action to prevent continued eni ssions,
the court would say, "Sorry, there is no | aw agai nst the

gr eenhouse gas production. You have no right to seek relief.”

Current resource nmanagenent policy is that the air is an open
access resource. Anyone who wi shes to partake of its services
may do so freely. The costs that arise from greenhouse gas

em ssions are of little concern to those responsible. O course,
some citizens in N care about such emi ssions. They have tried to
pressure their governnent to change the current resource policy.
As noted, the court told themthat they had no right to prevent
such em ssi ons.

We can define the donestic policy problemconcerning greenhouse
gas em ssions in ternms of a change in the air resource policy.
Those now in a situation of no right gain a right, and those now
with privilege gain, instead, duty. That is, the policy changes
the econony's legal structure so that those with air em ssion
privileges acquire a duty to consider the harmtheir em ssions
are causing others. The state may set limts on gas em ssion

l[imts or ban themaltogether. It may require conpensation for
greenhouse gas em ssions, perhaps in taxes. The state may al so
of fer subsidies to encourage change to cl eaner technologies. In

t he | anguage of resource policies, the state can use various
actions to create rights and correspondi ng duties. They include:

*aright to be free of em ssions and a duty to refrain from
emtting them

* aright to conpensation and a duty to pay it,

* aright to receive funds to purchase cl eaner equi prent and a
duty to provide those funds by payi ng taxes.

In each case, the governnent's aimis to alter the resource
policy structure to realign incentives and encourage particul ar
actions.

Consi der the air em ssions policy exanple in southern California.

It incorporates a variety of incentive realignment nmeasures. The
state established a greenhouse gas em ssions ceiling for firms
but permtted themto neet this ceiling several ways. The Anobco
oi | conpany del ayed reducing its own em ssions by purchasing

ol der, heavily polluting autonobiles fromindividuals. This
enabl ed the individuals to purchase newer and cl eaner cars. By



elimnating Anoco's privilege to emt greenhouse gases and by
replacing that privilege with a duty to respect newy established
rights to be free of such gases, the governnent redefined Anoco's
econom ¢ environment. The governnent did not, however, sinmply
specify levels of gas particular Amoco factories could enmit.
Instead, it specified a broad emissions I[imt that Amoco was free
to neet in several ways. Anoco found it cheaper to cut em ssions
fromolder polluting autonmobiles than to refit its refineries.
Amoco nmet the goal, of both citizens and the governnent, at a
presumably | ower cost than they could have if the governnent
sinmply mandated that all em ssions reductions take place in Anbco
factories.

In the precedi ng agency exanples, the principal could manipul ate
the agent's actions by offering or w thhol ding various forns of

payment. It was the paynment formthat was particularly
interesting. By changing the form of paynent the principal was
able to minimze nonitoring and enforcenment costs. |In donestic

policy, the governnent of N faces a simlar problem VWhile it
can enact a resource policy with new rights and duties, its form
wi || have inportant nonitoring and enforcenent inplications.
Consi der a hypot hetical exanple in which the governnent fails to
gi ve adequate attention to nonitoring and enforcement costs.

Suppose the government requires people to stop driving their
aut onobi l es once they emt a certain anount of em ssions that
year. The advantages of cheating, particularly for the poor who
could not easily afford to purchase cl eaner cars, would be great.

To enforce such a policy, the governnment would need to take three
steps. It nust require neters on all vehicles. It nust inspect
all vehicles to assure that people did not operate them beyond
the mandated limt. And it mnmust conduct additional inspections
to assure that vehicle operators did not tanper wi th em ssions
meters. The cost of such a policy would be prohibitive.

As an alternative to em ssions managenent at the individua
vehi cl e owner |evel, government might alter incentives to vehicle
manuf acturers. The governnment night require manufacturers to
install catalytic convertors to reduce em ssions. And it could
easily nonitor their presence before vehicles are sold. O
course, that does not conpletely elimnate nonitoring and
enforcenent problenms. Not only would the new policy require
frequent exhaust inspection, but the governnent nmay al so | evy
stiff fines on those who di sconnect (or tanper with) their
vehicle's catalytic converter. These inspections and litigations
have costs that the public nmust pay to maintain the resource

policy.

THE | NTERNATI ONAL POLI CY PROBLEM

Two general strategies are available to N at the internationa



level. One involves the creation of an authority that could
mandat e and enforce policies in both Nand S. The authority of
this organi zati on woul d supersede that of both the N and S
governments. The policy actions available to this organization
would be little different fromthose previously nmentioned. This
approach woul d end the hierarchical nature of the agency problem
since this authority would not need to work through the
governments of Nand S. It could presumably inplenment policies
directly affecting individuals in both states. The absence of
this organi zation, and the difficulties faced by internationa
bodi es such as the United Nations, reveals the difficulties of
establishing an authority that presently sovereign states would
accept as a ruling body.

Wthout an international authority, the problemof the gl oba
commons remains hierarchical. To change individual behaviors in
S, the government of N needs to work through the government of S.

The governnment of N does not have the authority to change the
behavior of citizens in S. So, policy nethods appropriate to the
government of N in donmestic policy are not available. W nust
find new nethods to align incentives. Decisionmakers mnust
coordinate the policies within Nw th policies between N and S.
They nust consider the problenms S will face when inplenenting
such policies at its own citizens' level. W consider two
aspects of this problem the first relates to efficiency
concerns, and the second relates to a possible hierarchica

bar gai ni ng sol ution

Ef ficiency

In figure 2, we consider the rel ationship between actions in N
and S. (G aph will not transfer on internet. Please wite to
the author for a hard copy. See address at beginning of this
paper.) Consider panel (a) of figure 2. Here we show, as in
figure 1, the earth's sustainable assimlative capacity for
greenhouse gases, G'. The curve Gh shows em ssions over tine in
N assum ng N begins effective domestic policies. Notice that the
policy path in Nis a function of the policy path in S, and vice
versa. That is:

* if the total production of greenhouse gases (&) has been
identified as the policy target,

* then it follows, by definition, that G*| &G = G - (,

* where Gs* is the policy target |evel of greenhouse gas
production in S, and

* where & is fixed because the area of tropical and other
forests remains constant at its current |evel.

W will assunme that an integral part of any policy agreenent
between N and S entails maintaining the earth's assimlative



capacity at present levels by preserving existing forests. W,
therefore, leave it to others to argue the questionable nerits of
relying on "backstop” technol ogies that m ght replace the earth's
forests. W also assune for the nmonent that S responds to the
em ssions level of Nto neet policy goal G, |eaving aside for
the monent why S nmight do so

The distance (G - G1) between the two curves in panel (a) of
figure 2 represents the assimlative capacity for greenhouse
gases available for use by individuals in S. Notice that should
t he governnment of N have a nore | ax policy regardi ng greenhouse
gases, then the production path Gh' applies. The obvious
inplication is that total production of greenhouse gases fromS
must be significantly less under Gh' than would be possible in N

That is, total "allowabl e"greenhouse gas production fromS is now
gi ven by:

G*Ie' =G - &'

where &' > Gn

Panel (b) of figure 2 shows these two situations as Gs*| Gh and as
Gs*| G1r'. These two functions suggest a policy domain for the two
governnments. If we think of:

* the function G as depicting the nost |ax feasible policy
outcome in N,

* and the function G1 as depicting the nost severe yet stil
feasible policy outcome in N

* then these two outcones represent, in essence, the range of
bar gai ni ng open to the government of Nin its discussions with
t he government of S.

By simlar |ogic, the governnent of Swill regard the two
functions Gs*| Gh and Gs*| Gn' as defining its own bargaining
domain, given the two constraints that:

* the total area of tropical and other forests remains at its
current |evel, and

* Sresponds to Nto neet the G policy.

Anot her way to regard this bargai ni ng domai n between Gs*| Gh and
Gs*|G1' is to consider the difference in costs that will fall
upon individuals in Sif the governments of both Nand Stry to
set a resource managenent policy in S as a function of G rather
than of Gh. W show that extra cost in panel (c) of figure 2.

W& may expect that this anmount represents the mninmumwllingness
to accept conpensation on the part of the governnent of S for
adopti ng a sustai nabl e resource managenent policy regardi ng
greenhouse gases. That is, if the governnent of Sis to preserve
its tropical forests and require its citizens to reduce
greenhouse gas production, it will insist that the governnent of
N recogni ze the costs of pursuing a nore stringent policy that
fits N s donestic policy.



In panel (c) of figure 2 C(Gs*|Gn), the | ower curve, represents
baseline costs within S of maintaining the tropical forests in
their rather pristine condition to process greenhouse gases. W
base this | ower-cost view on the assunption that a G1 em ssions
policy exists in N Then S nust absorb its forest preservation
costs but can pursue a | ax greenhouse gas em ssion policy. |If,
however, N pursues a less stringent em ssions policy of G, then
S nmust absorb hi gher em ssions control costs to neet the overal
em ssions policy of G. The upper curve in panel (c) of figure 2
represents higher costs in S. The difference in costs is the
extra anount S is likely to demand fromN.  This woul d happen if
t he governnment of N fails to inpose upon its own citizens a
strict em ssion reduction policy. These higher costs in S result
fromNs failure to do all it can to solve the greenhouse gas
probl em

Figure 3 shows the bargai ning domain for the governments of both
Nand S. (Gaph will not transfer on internet. Please wite to
the author for a hard copy. See address at beginning of this
paper.) In panel (a), we show the present-val ued costs of
various reduction levels in the total greenhouse gas production
fromS. As greenhouse gas em ssions increase along the

hori zontal axis, the present-valued cost of em ssions reduction
decreases along the vertical axis. Figure 3 also shows the fixed
tropi cal forest maintenance cost to S at a level of Ts. [In pane
(b), we show the same relationship for N though we assune Nis
not incurring its own forest maintenance costs. W show the
sustai nabl e em ssions policy G for both states. It is a
function of the forest cover Ts. Thus, if we alter the |evel of
forest cover in S, then the positioning of G also would change.

The rel ati onship between figures 2 and 3 is critical for policy
fornmul ati on between N and S. W can see this by placing panels
(a) and (b) of figure 3 together. Invert panel (a) and place it
on top of panel (b) so that the cost curves are tangent. The
hori zontal dinmension then is equal to policy limt G. A ong the
| ower abscissa (N&), the far right point (&) shows the
situation if N could use all of the greenhouse gas assimlative
capacity. Individuals in S would not have any access to that
assimlative capacity. Simlarly, along the upper abscissa (SG)
we see the situation again at G if S could use the entire

at nospheric assimlative capacity. This assumes Nwll not emt
any greenhouse gas. The left and right ordi nates show,
respectively, the present-valued costs to N and S fromreductions
in their citizens' greenhouse gas production

We can next consider the two | evels of greenhouse gas production
within N frombefore. W continue to assune that Swill maintain
its forests at a level Ts as in panel (a), now represented by the
dashed horizontal line in panel (c). W also continue assuning
that Swll respond to em ssions fromN to neet policy goal G.
Thus emi ssions fromS are determned by em ssions fromN If N
pursues a rather |ax greenhouse gas policy, earlier referred to
as &', it will be necessary for S to pursue a very restrictive
policy of Gs*|Gh' with inplied costs for S of C(Gs*|&G'). This
donmestic policy is very expensive for S (reading down the right
ordinate) but cheap for N (reading up the left ordinate) since



N s costs will be only C(Gh'). Alternatively, if N pursues a
nore restrictive donmestic policy reginme, earlier referred to as
G, then N s costs will be nuch higher, C(G1), while costs to S
will be considerably less, C(Gs*|Gn).

The cooperative efficient policy to pursue is one in which

margi nal (not total) costs of enmission reduction are the sane
between the two countries. W define efficiency as that |evel of
em ssions where neither state is willing to pay the anount
required to induce the other to reduce em ssions further. Since
the curves Cn and Cs are the total costs of enission abatenent,
we know that their slopes are the nmargi nal cost of greenhouse gas
abatement. W also know there is a unique point at which the

sl opes of Cn and Cs are identical when & is satisfied (along a
vertical line through the box). This is also the point of
tangency between Cn and Cs when we align panels (a) and (b) as in
panel (c). That point yields the efficient |evel of reduced
greenhouse gas production for the two states. For N the
efficient production |level (or, conversely, abatenent) is at G."

Hence the efficient level for em ssion reductions in Sis at
Gs*|Gh." Here C(G1") shows the costs for N, while C(Gs*| &™)
shows the costs to S. There is no other possible cross-state
producti on and abatenent distribution that will cost less. O
course "efficiency" as deternmined here is silent about each
region's capacity to incur these reduced production costs.

Feasibility

And this brings us back to our hierarchical principal-agent
problem W have repeatedly assuned that Swill follow a policy
of maintaining its forests at a level Ts and respond to N s

em ssions level to satisfy the policy G-. But it may not be in
the interest of Sto do so unless N takes further action

We assune that N is the principal in seeking a new resource
managenent policy nore to its liking and that S is the agent.

But of course the government of S is also the principal regarding
its own citizens. The early resource managenent policy, in which
N nust persuade the citizens and governnment of S to incur costs
of C(Gs|Gn"), requires sone sustainable agreenment. N nust be
able to count on S ensuring that its new environmental policies
both sustain the tropical forests and persuade or require its
citizens to reduce their total greenhouse gas production

As noted earlier, unlike domestic policy for N (or S)
i nternational policy has no authority systemthat can force the
government of S to abide by the interests of the government of N

But, the two governments have nmutual interests. The problem here
is to explore their nature and extent. Let us assune that the
government of S has scant interest in preserving the tropical

bi omass. Preserving such forests may not allow the government to
earn |l arge anounts of foreign exchange. Biomass preservation



al so may force the governnent of S to undertake other econonic
devel opnent policies to address the problens of |andl ess peasants
want i ng new | and.

I ndeed, preserving tropical forests may require the governnent of
S to seize large estates of wealthy ranchers and redistribute
themto the |l andl ess. The tropical frontier provides a "safety
val ve" allowi ng the governnent of Sto offer land to the poor

wi t hout confronting the | anded gentry.

Preserving the present tropical forest cover is largely a goal of
the principal not the agent. The problemis that the forest of
interest to the principal (N lies within the sovereign territory
of the agent (S). We nust renenber that this "problent woul d not
be so pressing if the principal had not already cut nost of its
own donestic forests. W have assuned there is no notivation
within Sto preserve the forest at the level Ts specified in
figure 3 panels (a) and (c). Figure 3 panel (c) is the sane as
figure 4 panel (a), with the addition of a new, |ower |evel
tropical forest cover, Ts-, that S nust maintain. (Gaph wll

not transfer on internet. Please wite to the author for a hard
copy. See address at beginning of this paper.) The governnent
of N could persuade S to preserve its forests at the higher |evel
TS by paying C(Ts) - C(Ts-). Further payment of C(Gs*| G") -
C(Ts) also would be necessary to persuade S to reduce em ssions
to the efficient level. W are assuming S otherwi se would be
unwilling to take em ssions-reduction nmeasures. Finally, N would
acquire costs C(Gh") to persuade or conpel its own citizens to
reduce emissions to the efficient sustainable |evel.

Figure 4 panel (b) shows the outcone if N does not adopt a policy
of payments to S. Wthout paynents, S permits deforestation
until Ts-. Because of the reduced forest cover, enissions can
only be sustained at level G-, which results in a reduced domain
of choice. To achieve its goal of emi ssion sustainability

wi t hout paying S, N nmust now i ncur costs C(Gn-) to persuade its
own citizens to reduce emissions. Note that if C(Gn-) is greater
than C(Gs*|G1") - C(Ts-) + C(G1"), then N nust persuade S to
preserve its forests.

W coul d have as easily drawn panel (b) so the cost curve for S
intersected the C(Ts-) line outside the box. Wthout paynents
fromN, S alone would emt nore than the sustainabl e greenhouse
gas quantity. This latter situation presumably woul d have nuch
har sher consequences for N. Perhaps N would need to begin a
reforestation policy to conpensate.

The government of N need not rely exclusively on inducenent
policies toward S, however. Figure 4 panel (c) shows a punitive
policy, perhaps including trade sanctions, inposed by Nif S
refuses to preserve its forests w thout inducenents. Assum ng
the trade volune with S is inconsequential to N, but inmportant to
S, the panel suggests high costs of C(Ps) to S fromthe sanctions
but only the smaller costs of C(Pn) to N Note the assunption
inplicit in panel (c) that S would preserve even | ess forest once
sanctions are inmposed. This would reduce further the di nensions
of the policy arena.



W& have abstracted from nmany additional costs that m ght fal

upon N fromthis further reduction in tropical forest cover.

They woul d include the natural forest value to citizens of N or
any eventual pharnmaceutical value from destroyed species. These
addi ti onal costs weaken the credibility of Ns threat of punitive
sanctions. The costs of this sanction policy to N (if inposed)
are at least C(Pn) + C(G1|P), assuming that S will not cooperate
with N while sanctions are in force.

The hope of N, of course, nmust be that its threat is credible. S
would then find it hel pful to avoid punitive sanctions by
preserving its forests voluntarily, while Nwuld incur little if
any cost. If N may incur great costs in inmposing sanctions on S,
S will probably not believe the threat.

Figure 3 suggests a policy that seens the npbst palatable. It
preserves the forest and entails a politically acceptable
transfer of funds fromwealthy Nto the less-wealthy S. This
path preserves the earth's dimnishing forests at present |evels.

It also takes into account a wide variety of benefits--intrinsic,
pharmaceutical, and others--that all the earth's citizens receive
when we naintain those forests. It seens reasonable that the
government of S might want increased economic aid to pronote
econom ¢ opportunities for its landless poor. That is, foreign
aid may be useful in making the difficult choice between seizing
haci endas and savaging the forest. Simlarly, if preserving the
forests inplies confronting the powerful tinber concessionaires,
it is possible that S could use paynents fromN to redirect these
contractors into other work.

It may be that the area of nmutual interests is too restricted to
acconpl i sh what the principal (N seeks. Perhaps politica
pressure on the government of S to continue its tinber
concessions is too severe for paynents (or policy concessions)
fromNto overcone. |If the exported (S) tinmber is inported into
N, the solution is straightforward. The governnment of N could
decide to ban exports fromS. This would be consistent with the
situation proposed in figure 4 panel (c). |I1f, however, S exports
tinmber to a third country, the governnent of Nwll need to
negotiate with that third region. Such punitive policies are the
| ast resort because they create "winners"” and "losers.” The
essence of international policy is seeking results that allow al
governments to view their new positions as "w nners."

CONCLUSI ONS

Agency theory provides a set of organizing concepts to define the
nature of the policy problemin the gl obal cormons. W see the

i nportant difference between donestic policy in the two states.
W al so see al so how the domestic conponent of the two states



i nfornms and defines the international sphere. The interests of
the principal drive the bargaining process. Yet, we see that the
domain for new rules on enmissions really depends on the two
political entities (N and S) and their individual citizens
interests and inportance. It is a mistake to inmagi ne that
governments sinply order their citizens around. Indeed, recent
failure of the USSR s econony suggests that unl ess governnents
get the incentives right, individual choices of the citizens can
be counterproductive.

The policy problemin the global conmons is realigning interests
by redesi gning donmestic and international institutiona
arrangenents that result in new behaviors. It is not a matter of
directing individual decisionmakers. Such a policy requires huge
nmoni toring costs. The powerful incentives for defecting fromthe
new y-i nposed policy make these nonitoring costs necessary.

Rat her, the ideal policy is one that uses inducenents to change

t he individual choices of mllions of people. When people change
their behaviors in produci ng and processi ng greenhouse gas, we
will solve the problemof the gl obal conmmons. There is no magic
wand that will produce a new international policy. Currently
there is no all-powerful supra-state to inpose a new
institutional policy that will affect the daily lives of millions
who farmor work in the South's energing industrial centers or
those who live in the already industrialized North's cities.
There is only the long process of changing incentives to alter

i ndi vi dual s' choi ces.

In the authoritative work on international policies, Young talks
of three possible origins of policy formation - spontaneous,
negoti ated, and inmposed (Young, 1989). This discussion has
focused on the second and third origins. It is possible that the
governnments of N and S both will cone to realize the seriousness
of greenhouse gases and begin to change their domestic policies
accordingly. This would represent the spontaneous case. That
case is not very interesting for the problens of the gl oba
commons. It suggests that governnents will imediately recognize
t he probl em of greenhouse gases and i ndependently solve it.

VWhile this would be a wonderful situation, it is also not very
realistic. Independent states have different interests in how
their citizens' behaviors relate to the natural environnment and,
hence, the gl obal compns. So the second two sources--
negoti ati on and inposition--are much nore likely. These two

cl asses of international policy origins have included the nature
of the approach followed here.

Young al so points to the obvious result that negotiated and

i nposed regi mes usually avoid the tenptations offered by changi ng
ci rcunmst ances. Spontaneous policies are only as durable as the
separate calculations of the interests of the respective parties.

In that sense, this approach, based on agency theory, offers a
conceptual guide to solve the problens of the gl obal comons.
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