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Negotiation and Optimality in an Economic Modd of Global Climate Change

HansW. Gottinger

Abstract.

We suggest atwo-country , two-sector moded as abasis for the control of global climate change in
which the dynamic time path of the world economy is andyzed under the provison that the outcomes
of anegotiation game generate the globa optima solution.

JEL Classfication DO,D6,H4,Q3

Negotiation and Optimality in an Economic Modd of Global Climate Change



HansW. Gottinger

1. Introduction

In arelated work (Gottinger, 1998, chapt.7) we have explored conditions under which the time path of
the world economy and climate may be acyclica or even chaotic, in atwo-sector competitive
equilibrium model. There are two mgor sets of questions that were |eft unanswered:

(1) What are the characteritics of the optimal time path of the world economy and climate? In
particular, will the optimd time path converge to asteady state? (2) What will happen if the
governments decide to correct the problem of globa warming? Specificdly, will they be able to achieve
globd (Pareto) optimality in competitive economies?

The purpose of this paper is to answer these questions . Using a two-country, two-sector genera
equilibrium modd, it is shown that the globa optima time path of outputs and temperature will converge
to a unique steady State provided that consumers care enough about the future. To answer the second
st of questions, we study the equilibrium outcome in a bargaining game where two countries negotiate
an agreement on future consumption and production plans for the purpose of correcting the problem of
globa warming. It is demonstrated that the agreement that arises from such a negotiation process
achieves globa optimdlity. It isdso shown that the agreement can be implemented in decentralized
economies by a system of taxes and transfers.

While mogt of the discussion in the literature about globa environmenta problems by economigts points
out the importance of internationa cooperation in coping with these problems (see, for example, Barrett
1990, Nordhaus 1990), there is few forma economic modeling of these issuesin the literature.
Examplesinclude Barrett (1992), Heal (1993), Radner (1998) and Uzawa (1999). [Various game
tools have been employed to gpproach a solution, here] By employing recent advances in non-
cooperative bargaining theory, the agreement between two and more countries is derived endogenoudy
through awell specified bargaining procedure.

The paper is organized as follows. Section 2 describes the economic and naturd environments of the
model. Section 3 studies the characteritics of the global optimal path of temperature and outputs by
solving aworld planner’s problem. Sections 4 and 5 demonstrate how the globa optimaity can be
achieved through an agreement negotiated by the two governments and the characteristics of such an
agreement. It is shown in Section 6 that such an agreement can be implemented in decentralized
economies by means of a system of taxes and internationd transfers. Section 7 summarizes the
conclusons.

2. The Background: Economic and Natural Environment
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In this section, the production, consumption, and climatic aspects of the model are specified. Asina
previous paper (Gottinger, 1998) we shall consder aworld that consists of two countries. The two
countries have the same preferences, the same production technology, the same climate, but (maybe)
different population sizes. Two goods can be produced, one of which isan agricultural good and the
other a manufactured good. The productivity of the agricultura sector is affected by the globa
temperature. The manufacturing activities, on the other hand, affect temperature level.

The forma specification of the model follows.

Time, denoted t, is discrete and the horizon isinfinite: t T {0,1,...}.

The world conssts of two countries: Country H and Country F. Population in each country is
constant over time.

L et the Sze of the world population be normalized to one country. Country H has a population of "sze"
a while Country F has 1 - a . Population isimmobile between countries. The two countries are
assumed to have identical production technology, identical preferences and identica climate. In what
follows, the production and consumption size of the modd is pecified for Country H. The variables of
Country F which will be denoted by attaching a superscript *** can be specified in the same way.

On the production side of the world, two non-storable goods are produced: an agriculturad good and a
manufactured good, with quantities being denoted by S, and S; for H. Goods can be transported at zero
cost.

Thereisafixed continuum of firmsin each industry in each country. Hence both indudtries are perfectly
compstitive. Labor isthe only input of production. At each date a representative firminindustry i (i = 1,
2) in Country H choosesthe level of employment in the indugtry, f .

The production technology of both goods exhibits congtant return to scale. The productivity of labor in
the manufacturing sector does not depend on climate and is denoted by b. Country H’s output of the
manufacturing sector a dete t can then be written as Sy = bf 4. In the agricultura sector, however, the
productivity of labor depends on one aspect of the climate, namely the global temperature. Let a(t o)
denote the productivity coefficient of the agriculturd sector, i.e,

Si=al(t)fy, wheret, isthe world average temperature leved in period t. It is assumed that

aty) >0 at)>0ifty<t anda(t )<Oift,>t ;a(t ,) =0; and &(t,) <O. t,, denotes the
"naturd” temperature levd, i.e, the level a which the globa temperature would stay in the absence of
any manufacturing activities. T issome critica level of temperature for the agriculture sector, t, <T . t,
(>T) isthe temperature leve a which the agricultural productivity equals zero. Therefore, by
assumption the agricultural productivity is pogitive when there have been no manufacturing activities. A
higher level of temperature improves the agriculturd productivity aslong as the temperature is below the
critical vdueT . Astemperature level exceedsT , however, higher temperature will reduce the
productivity of the agricultura sector. The agricultura productivity eventualy approaches zero as
temperature leve reachest .



The consumer side of the economy comprises a fixed continuum of identica consumers. A
representative consumer is endowed with one unit of |abor endowment which is supplied indagticaly.
He has no initid wedlth. His preference over consumption of the agriculturad good and the manufactured
good to date t, denoted by C;; and Cx, respectively, is represented by the utility function

a iobtU(Clt ,Cy,), Where U() sttisfies:

(A1) U(C,,C,) T C?sttidfieslimg,,Us(C1,Co) = + ¥ , limcan 0 Uo(C1,C,) = +¥ and that U(0,0)
= 0’

(A2) U(C,,C,) is concave and homogenous of degree g.

(A3) Uiz(C1,Cy) 2 0.

The law of motion of the globa average temperature is characterized by avariation of the zero-
dimensiond climate sysem model presented in Dickinson (1986):

tt+1:(:|-—c)(tt'tn)"'tn“Lg(S'zt"'S*Zt) 2.1
wherecl (0,1),g()T C% g(0)=0,¢()>0andg*(.) £0.

(2.1) states that the manufacturing activities raise temperature. When temperature is above its natura
leve, t,, nature has the ability of absorbing a percentage of the excess greenhouse gases and cooling
down the climate towardsits naturd level a arate c. Sinceitisassumedthat t,, < T, Sarting from the
point of time where no manufacturing activities had taken place in the past "some' manufacturing
activitieswould be good for the production of the agriculture good by assumption.

Without loss of generdity, we choose the unit of temperature level such that t,= 0.

3. The Global Optimal Solution

In this section, the problem faced by a hypothetica "world government” is presented and solved. It is
demonstrated that the sequence of optimal outputs converges to a unique steady state aslong as
consumers care enough about the future. The world welfare possibility frontier is derived.

The objective of the world government is to maximize the weighted sum of per capita utilities of the two
countries over an infinitetime horizon. Lety (<1) denote the weight attached to H's per capitawelfare
and 1-y ,theweight attached to F s per capitawelfare. Let Ly, L, be the [abor input alocated to
sector i (i =1, 2). The world government problem can then be written as.

¥

M * *
V20 crcrtita, 8 BYYU(Cy,Cy) +(1- y)U(Cy Chi} (31)
t=0
aCy+(1-a)Cy = alt;)Ly =Sy + Sy (3.2)
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aCyu+ (1-a)Cp=bly=Sy+Sy (3.3)
Ly+La=1 (3.4)
tur= (L -t +g(Sa+ Sy) (35)
andt,1 [0, ty) given. b isthe discount factor in't.
In the above problem, given the sequence of the world outputs { Sy + S, , Sx + S } 1o » the dlocation

of the consumption goods among the two countriesis a satic problem and is governed by the following
standard first-order conditions:

Y Ui(CuCa) = (1-y ) ——Ui(Cy Cx) (3.6)
y Uy (Cit,Ca) = (1-y ) Ux(Cy .Cn) (3.7)

1-a

1-a

Define w = lTy a__ Noticethaa w=1if y =a. (3.6)-(3.7) together with the assumption of
homogeneity on U(), of degree g (g<1), implies

Ciu= SH;SHL (3.8)
a+(l- a)we
Cy = M (3.9)
a+(l- ayw
S, +S:
C,= —2& 2 (3.10)

a+(1- a)wﬁ

W (S, +S,) (3.12)
a+(l-aw™

*
C2t_

Since g() is monotonically increasing in its argument, one can defineitsinverse function G() =
g(). (3.5) can be written as

Sa+ Sy =G(tu - (1—c) t) (3.12)



The assumption on g() impliesthat G(0) =0, G' () >0and G*() 3 0.

Using (3.2)-(3.4), (3.8)-(3.12) and the homogeneity property of U('), one can rewrite (3.1) as

L
1-

Witay) = M3y (—— ) 9+ (Ly) (— )9,
a+(l-aw a+(-a)w-e

& bUfat )(1- %G(t o (- O ), Gt - - O, ] (313)

t=0

Noticethat if y =a, W(toy )isindependent of y and a.. Therefore, we can define W(t) ° W(t;a).

Proposition 3.1. Assume (A.1)-(A.2). The globa optimal sequence of outputs { Sy, + Sy, ,Sx +
Su} foisindependentof y and 1-y .

Proof: The solution to (3.13) is the same as the solution to
_ Max S t 1
W(to) = (1.5¢, & b'Ulalt (L= TGt (1- 0)t), Bt g~ (1 O] (3.14)
t=0

whichisindependent of y .

The assumption of homogeneity of U(") iscrucid to obtaining Proposition 3.1. The homogeneity of U()
implies that in any period the two countries will consume the two goods at the same proportion. When
the weight parameter y changes, what the world planner has to do is reducing the consumption of both
goods in one country and increasing the consumption of both goods in the other country by the same
proportion, leaving the optima world output mix unchanged.

Proposition 3.1 suggests that the sequence of optimal temperature can be solved from (3.14).

Define

V(t: te) =U[at)(1— (Ub)G(tws - (L—c) ty)), Gtw) - (1—C) ty)] (3.15)

In order to gpply the technique of dynamic programming, we define two sets. Let T denote the set of
feasble vauesfor the gate varidblet,. T = [0, t ] by definition. Let G(t) be the set of feasible values
for the state variable next period given the current statet T T. (3.3)-(3.5) impliesthat G (t ) =[(1-¢) t ,

min{(1-c)t +g(b), t ,}]. Let A bethegraphof G.

A={@t,t),T TxT:tT G({t)} (3.16)



The following assumptions are needed in establishing the concavity of V():

9SS

A4 1-g

B e

(A5 - at)a'(t) S 1 _
(@t)® 1-g9

Lemma 3.2. T isaconvex subset of R (red line), and the correspondence G. T ® T is nonempty,
compact-valued and continuous. Furthermore, G is convex in the sensethat, for any g1 (0,1) and t, ty,
I T,t.0 Gty andt, T G(ty) implies

qt , +(-o)t, T Gata+ (1-o)te].
Proof: Obvious from the definition of T and G.

Lemma 3.3. Assume (A1)-(A5). ThefunctionV : A ® R iscontinuous, bounded and strictly concave.
Furthermore, V is continuoudy differentiable in the interior of A.

Proof: The continuity and differentiability of V is obvious given (A1) and the specifications of
g(.) and &.). V(.) is bounded below by 0 and bounded above by U(a(T ),b).

Vo=Uu () (%)Z[G'(-)2 - 2U12(-)%G'(-)]2 - %Ulz(-)ClG”(-)
- g
] Ay wey, 9 1
Ua()) bG () -Ux()C,G" (I 'S T g <0 (3.17)

It can be shown that V1,V 2, — Vlz2 > 0 given (A1)-(A5). Therefore, V(t:ti.1) isconcavein (tit ).

Congder the functiond equation

W(t)= t“.g'qagg [V(t,t")+bwW(t")] (3.18)

Proposition 3.4. Assume (A1)-(A5). There exists a continuous, single-vaued function h, (t) that solves
the functiond equation (3.18). Furthermore, W is bounded and strictly concave.

Proof: Lemmas 3.2 and 3.3 establish conditions needed to apply Theorems 4.6 and 4.8 in Stokey and
L ucas (1989).

Proposition 3.5. Assume (A1)-(A5). tw1 = hy (t¢) solves(3.14).



Proof: Since W(t) is bounded, limey b"W(t) = 0. The result follows from Theorem 4.3 of Stokey and
Lucas (1989).

Thefirgt order condition to (3.18) can be written as
-Vz(tt, tt+]_) = bWt(t t+l): bV1 (t t+1, tt+2) (319)

Propositions 3.4 and 3.5 state that the solution to (3.19), .1 = hg(ty), is continuoudy differentiable and
that W(t) is concave.

Lemma 3.6. Assume (A1)-(A5). Thereexiststs1 (0, t,) suchthat ts= hy(ts).
Proof. Subdtitute t for twi (i = 0,1,2) in (3.19)
'Vz(t Sy ts) = bVl (t S, ts) (3.20)

Using (3.15) one can rewrite (3.20) as.

a(ts)  Up(alts)(l- b G(cts)), G(ct)) ]

[1-b(1-0)]G'(cty [ b U, (a(t )(1- b 'G(cty)),G(ct )

(3.21)

= ba(ty (1-%G(cts»

Denote the left-hand side of (3.21) by LHS and the right-hand side by RHS. Since &(0)>0 and G(0) =

. Uy
0,then'S, +S; >0and S, + S, =0if t, =0, which impliesthat lim s o 202

=+ ¥. Notice both
U,()

G'() and & (.) arefinite. Therefore, LHS<O<RHS ast s approaches 0.

U,()
Us()

a(t,) =0impliestha S+ S, =0 andthat S, + S’,>0if ts=t,.ThusliMmey
Hence, LHS > 0> RHS ast approachest .

By continuity thereexiststs T (0, t,) such that (3.21) holds.

Lemma 3.7. Assume (A1)-(A5). Thereexists b< 1 sothatif b >b, t sisunique

Proof: The strict concavity of V impliesthet there existsa b < | sothat bV + Vs, +(1 + b)Vy,
<Ofordl b > b. Therefore, for dl be (b ,1), Va(t,t ) +bVy(t,t) isadecreasing functionin t, which
impliesthat t s is unique.
L emma 3.8. Assume (A1)-(A5). Thereexists b < 1sothat if b>b , h, (t) has no periodic point of
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period n3 2.

Proof: This result is essentidly the same as Lemma 3 in Deneckere and Pelikan (1986). Since
V(t,t*) isdrictly concave and h, (t) is continuous, Deneckere and Pdlikan’s (1986) proof can be
directly applied with proper changesin notations.

Proposition 3.9. Assume (A1)-(A5). Thereexists b <1sothetif b > p , {htj)(t)} T=1 convergesto a
unique steady dtate, ts, fordl to e [0, ty).

Proof: hy(t) is a continuous function that maps [0, t ] into itsalf. Define b = max(b ,b ). The result
follows Lemmas 3.7 and 3.8 and the main theorem in Coppel (1955).

Proposition 3.9 states that the globa optimal temperature will converge to a unique steedy state in the
long-run provided that consumers care enough about the future.

Given the sequence of optimal temperatures, the sequence of optima outputs can be determined
accordingly using (3.2)-(3.4) and (3.12). Next we shdl study how the optimal outputs are allocated
among the two countries. Specificaly, we shdl find out how the per capitawefare of each country

vaieswithy . Definep® § ¥,b'U(C, C,) andp’ © § ¥ ,b'U(Cy Cy).p andp” arethe

discounted sum of the per capita utility for H and F, respectively. Using (3.8)-(3.11) and homogeneity
of U(.), one obtains

P=(— 1 )ow(t,) (322)
a+(1- a)we
p = (— Y yowty) (323)
a+(l-aywe

Givento, W(t o) isaconstant. Thevalue of p and p”dependson y

Proposition 3.10 . Assume (A1)-(A5). p =p = W(ty)ify =a.
p>p ify >a.
p<p’ify <a.

Proof: Obvious from (3.22) and (3.23)
If the world government assigns the welfare weight in proportion to the country’ s population size, every
citizen in the world will enjoy the same level of welfare. If a country is assumed aweight thet islarger

than her proportion in the world population, however, acitizen in this country will have ahigher welfare
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level than in the other country.

It is easy to verify that asy increases, p increasesbut p” decreases. Therefore, we can define "the
world welfare possibility frontier” by p* = u*(p) where u”(p) is solved from (3.22) and (3.23):

. . 1 1
p =u (p)=(1-a)(W(ty)- ap?)? (3.24)

Itisclear that p” isdecressingin p. Noticethat if g = 1, (3.24) isalinear function
that can be written as

ap+(l-a)p’ = W(to) (3.25)
4. Negotiation

In the next two sections, the outcome of a negotiation process between the two countries are studied. In
these two sections, the assumption of competitive economies is abandoned temporarily and is replaced
by the assumption that there is a centra planner in each country. The two central planners can
negodtiate a binding agreement on future production and consumption plans. The equilibrium outcome of
this negatiation processis derived in Section 4 while the properties of the equilibrium outcome is
andyzed in Section 5.

Consider aworld where competitive equilibrium has been prevailing in the past. To Smplify andyss,
assume that the world has reached a steady state under competitive equilibrium (as derived in Gottinger
(1999)). Let t . denote the Steady State temperature under competitive equilibrium. to =t by
assumption. Assume that in each country, thereisacentra planner who has the authority to choose
consumption and production plans for the citizensin his country. The objective function of the centra
planner isto maximize the per capita utility of his citizens over an infinite time horizon. The centrd
planners are identified by the country they represent (ie. H or F)

Suppose that in period 0, the two planners suddenly redlize the importance and urgency of the globa
warming problem and decide to negotiate an agreement on future production and consumption plans
over an infinite time horizon for both countries. F immediately replies”Yes’ or "No”. If F says”Yes’,
an agreement is reached and the two planners will implement the agreement from period O on. If F
replies”No”, the planners will continue to alow the competitive equilibrium to prevail in period O and
wait until period 1 when the second round of negotiation begins. At the beginning of period 1, the same
process is repeated except that now F makes a proposal to which H immediately replies, and so on.
We shdl seek the subgame perfect equilibrium of this game, as outlined by Fudenberg and Tirole
(1989).

Defirep(s) © & ;' U(Cy Cp)and p* (9° & | b'U(Cy; Co).p(s) and p* (9) are the payoffs
received by the two countries in a subgame starting from period s (s=0,1,2,.... ). In any subgame
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garting from period s (s=0,2,4,....), the problem faced by H is.
Max p (s) (4.1)

subject to (3.2) - (3.5) and
pP*©° P (4.2)

where p~ isthe minimum payoff that H believes F must obtain in a subgame perfect equilibrium. The
problem faced by F in any subgame starting from period s(s=1, 3, ....) issymmetric to the problem
(4.1) — (4.2) faced by H.

Proposition 4.1. Assume (A.1) — (A.5). Any subgame perfect equilibrium in this game is globdly
optimdl.
Proof: It can be verified that the problem (4.1) — (4.2) generates the same st of first —order conditions

as the world planner’s problem (3.1) with appropriately chosen y . Therefore, the proposal made by H
or Fin any subgame is globaly optimal

Therefore, any subgame perfect equilibrium must be a point on the world welfare possihility frontier as
given by (3.24). In other words any subgeme perfect equilibrium will generate the sequence of optima

world outputs, denoted by { Sm + Slt ,S2t +SZt}t -
Letp and p be the subgame perfect equilibrium payoff to H and F, respectively. Suppose the
sequence { Clt ,C2t ,Clt,CZt}t_ yildsapayoff p toH and p” to F. (3.8) — (3.11) and Proposition

4.1 imply that Ci, Cit (i =1,2) are proportiond to the world output of good i. Definel as Country H's
share of consumption of good i in the world total output of good i, i.e.

aéit =I (éit +§t) (4.3)
Then,
(1-a)Ci= (- 1)(S;+Sy) (4.4)

Usng (4.3) — (4.4) and the homogeneity assumption of utility function, one obtains

~

é U(élt’éZt) — 1- a)g| g
b ab

W&, Cy)  a%a-1)e (45)

which implies thet

11



| = ap” (4.6)

1
~

ap’ +(1- a)(p’)’

Therefore, if we are given a pair of equilibrium payoffs (P, p "), we can uncover the sequence of

consumptions that are implied by these payoffs. Hence we can characterize the outcome of the game by
the equilibrium payoffs.

The subgame perfect equilibrium in this game can be derived by usng smilar alguments asin Sutton
(1986). Let U (>0) be the per period utility a consumer obtains under the competitive steady state. U is
the same for both countries since the two countries have the same per capita consumption level under
competitive equilibrium. If the world stayed in the competitive equilibrium forever, the payoff received
by each country would be § {-ob't = T.

W(to) > T by the definition of W(t ).

For the smplicity of notation, we define W © W(t ().

Let pr, be the maximum payoff H will obtain in any subgame perfect equilibrium. Therefore, p, isaso
the maximum payoff H will obtain in the subgame perfect equilibrium thet sarts from period 2. It is
obviousthat p, must be greater than the payoff received from staying in competitive equilibrium. In

other words, pm > 71 T

Now consider period 1. If H rgjects a proposal made by F, he obtains U in period 1, plusbp, at
maximum in the future. Hence, any proposal that gives H a payoff higher than U + bp, will certainly be
accepted, which implies that the minimum payoff F will obtain in period 1is

u' (T +bpm).

In period 0, F will rgject any proposal that offers him a payoff smaller than T +bu” (T+ bp.,), which
meens thet the maximum payoff H will obtainis u™*[u+bu* (T+bp,,)] . Therefore, by the definition
Of pm!

pm=u"""[(U+bu’ (U +bp,,)] (7
Alternatively,

u’(pp) =U+bu’ (U +bpy,)] (4.8)

It can be shown that (4.8) holds when p, is defined ingtead as the minimum payoff H recavesina
subgame perfect equilibrium. Therefore (4.8) characterizes the subgame perfect equilibrium in this game.

12



Proposition 4.2. Assume (A.1) — (A.5). The unique subgame perfect equilibrium in thisgameis
characterized by

)9 - b[W? - a(u+bp)? 9= (1-a)oU (4.9)

A

and p3

Proof: (4.9) is obtained by rewriting (4.8) using (3.24). Define the |eft-hand-side of (4.9) as F(p). For

3 1.Uu
P 1%

= 2 5
F (p)=—2P" ab(U+bp)* g (4.10)
(WF-aph) e (W a(@+bp) ]S
Since,
F(—L 1) = (1- b)(W? - a(——1)%)% > (1- a)%T (4.11)
1- b 1- b
and
o7 1
F(ﬂ) =bW][1- £+b)3]g <0<(1- a)’tu, (4.12)
a’d w

there exists aunique p that satisfies (4.9) for p 2 4. T.

5. Negotiation : Further Analysis

The game presented in Section 4 differs from the standard Rubinstein bargaining game in two aspects.
Firg, the two players are two countries with possibly different population sizes rather than two
individuals. Second, the tatus quo yields positive payoffs to both players. This section is devoted to the
investigation of the question that how these differences affect the bargaining solution. We shal start with
the andlysis on the specia case where the utility function is homogenous of degree one (g =1), followed
by an intuitive discusson of the results. We then derive the ana ogous results for the more generd case g
e (0,1].

If g =1, the subgame perfect equilibrium can be solved explicitly from (4.9), together with
(3.29)

13



W, a@+b)-1_

(5.1)
a(l+b) a(l- b?)

B =

. bW a(l+b)-1 _
+ u

b (1- a)l+b) (1- a)@- b?) (52)

In the standard Rubingtein bargaining game with identical time discount factors and linear bargaining
frontier, the player that moves first obtains alarger share of the ”pie’ than the other player. In this

mode, however, it is not dways the case. From (5.1) and (5.2) one can verify tha wheng=1,p >

W> p' ifa<:p <W< p ifa>-tandp = p =Wifa=-L . Theequilibrium per

1+b 1+b 1+b
capitawefare of acountry depends on her relaive population Sze. Infact, when g=1,

dp 1 a
b1

da a?(l+b)  1- o) < 3

dp” _ b oo
da  (1- a)?(1+ b)ON 6% G4

In other words, the per capitawelfare of acountry is decreasing in her relative population size.
One might wonder what will happen to the aggregate wdfare of a country as the relative population Sze
changes.

d@p) . U .4 (55)

da 1-b '
d@-ayp) _ u _, 6
da 1-b '

Therefore, the aggregate welfare of a country isincreasing in her relative population size.

In the standard Rubinstein game, the disagreement point is (0.0). In this model, however, a planner
obtains apositive U for the period of no agreement is reached. While T is caculated endogenoudy from
the competitive equilibrium of the modd, it is exogenous to the bargaining game in question. Therefore,
we can perform comparative saticson (5.1) and (5.2) to find out how U affects equilibrium outcomers.
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1.
>0,a> 35

}=0,a =, (5.7)

1
<O,a<l+b.

dp_a(l+b)-1
du  a(l- b?)

That is, Country H’s payoff isincreesingin U if a ># andisdecreasingin U if a <lle.Thereverse

istrue for Country F.

The above results can be portrayed in Figures 5.1 —5.2. In Figure 5.1, (1-b)p and (1-b)p” arethe
average per period payoffs measured in terms of per capity welfare of H and F, respectively. FF isthe
welfare posshility frontier. D isthe disagreement point. R isthe bargaining solution. The dope of DR is
% . In Figure 5.1 DR is below the 45° line, which correspondsto thecase a <-L- . If a >-1-, DRis

1+b 1+b "’
above the 45° line, asillustrated in Figure 5.2.
6. Decentralization

In Section 4, the negotiation outcome is derived under the assumption that the two planners have the
authority to choose consumption and production plans for their countries. How can governmentsin the
two countries implement such an agreement in decentraized economies?

The agreement negotiated by the two planners specifies a sequence of consumption and production
plans

% élt, 6:2t, éIt &;t , |:1t,|: 2t, é’l: "'éi ,ém +§;t }Tzo
Since the two countries have identical production technology and identical climate, the location of
production can be chosen arbitrarily. The implementation of the agreement in competitive economiesis
to devise a system of tax and internationd transfers so that the competitive equilibrium generates the
same sequence of outputs and consumption for the two countries as required by the agreement.

Congdder atax/transfer system where there is aworldwide pollution tax on the unit cost of the
meanufacturing production and a country specific lump-sum tax (transfer) on (to) consumers. The tota
revenue from the pollution tax is digtributed equaly among the world resdentsin alump-sum fashion.
The revenue from the lump-sum tax on the consumers of one country is used to finance the lump-sum
trandfer to the consumersin the other country. Let h; be the period t world pollution tax rate. Set

hy= BB~ )G (t+1) Us(Sua*Sit Sarna+Saa)
at)G'(t) U, (Sy +Sk,Sa;, +Sat)
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U 5 (Sis1+Sit1 Sorst *S21) At

= ]
U 1(Slt +1 +S.Lt+1 SZt +1 +SZt +1) b
bUA++§r+é++’\*+ r
2B B B B ) L) 6
U1 (S +Sy, Spt +54 a(t)G'(t)
Definer ; and r: as the lump-sum tax (transfer) in Country H and Country F,
respectively
T a UZ(élt éZt) e & A
e = (Sy +Sy - Cyp) + ——=—=—(Sy, tSx-Cx) (6.2)
U1 (Cy, Cat)
* ~ ot 3 ~ K UZ(é*,éZ*) ~ ~ % Ak
Fe= (S +Sy - Cy) + n = (Sa, +S5¢ - Cy) (6.3)

U (Cy Cop)

The sequencesof hy, ryand r t can be cdculated using the consumption and production sequences

specified by the agreement. h, isthe same in both countries so that the pollution tax will not cause price
digparities across countries. It is easy to verify that

ar +(l-a) =0 (6.4)

Proposition 6.1. Assume (A.1) — (A.5). The agreement by the two central planners can be
implemented in competitive economies by the tax/transfer system specified above.

Proof: The idea behind this proof isto show that given the tax/transfer system, the competitive
equilibrium yields the same optimization conditions as the world planner’ s problem. We shdl prove the
result in terms of the competitive equilibrium in Country H. The competitive equilibrium in Country Fis
completely symmetric. Let w; denote the period t wage rate in Country H and P; the period t rdative
price of the manufactured good in terms of the consumption good. Since thereis no capita good in this
mode, the firms' objective isto maximize their profitsin each period. The optimization problem of a
representative firm in the agricultura sector in Country H is.

I\/flax a(t t)f 1t 'Wtf 1t (6.5)

Smilarly, the optimization problem of a representative firm in the manufacturing sector is
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Max Rbf , - L+h)wf, (6.6)

Since both goods are produced in the world in equilibrium, we have

Pib = (1+ho)a(ty) (6.7)

A representative consumer in Country H receives the rebate of the pollution tax revenue on the one
hand, and faces alump-sum tax (transfer) r , on the other. Let m be the pollution tax rebate he receives
in period t. Let Z; denote the lending he made in period t. Z is messured in the unit of the period t
agricultural good. Theinterest rate prevailing between period t — 1 and period t is denoted by r.. His
optimization problem can be written as

¥
e 71 v @ D'UC, Cy) (6.8)

M
{ 1t 2, “td t=0 1=

subject to

Cu+PCx+Zi=wi+m-r+ (1+r)Zy (6.9)
(6.8) — (6.9) givesthe standard optimization condition

Uy(Cyt,Car)

Pt =
U1(Cyt Cat)

(6.10)

U; = (C1,Cx) = b (1 + 1y )JU2(C141,Cot41) (6.11)

One can derive analogous first-order conditions for Country F. Since the two countries face the same
prices P,

U,(Cy Cat) _ U, (S, "'Sj*x,szt, +S5)

: - (6.12)
Ul(Clt,CZt) Ul(slt, +Slt, SZt +Szt)

U1(Cyiag, Cotia) _ U1 (Sia, +SII+1,SZI+], +S;t+l)
U1(Cy, Cot) U.(Sy +Slt*, Sy +Sy)

(6.13)

Subgtitute (6.1), (6.10), and (6.12) — (6.13) into (6.7) and re-arrange:
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t U,(C;C U,(C;i1 C
a(bt) _ U2( 1t, Zt) :b l( 1t+1, 2t+1) a'(tt+1)(l' L2t+1)
1(Clt,C2t) Ul(Clt,CZt)
U1(Cyey, Corn) [a(tm) - Ua(Cia Cora)
U1(Cy, Cat) b U1(Ciea, Cat)

GOl

+b (1-0)G'(t+1) 1 (6.14)

(6.14) isequivdent to the world planner’ s optimization condition(3.19). Therefore, the competitive
equilibrium with the tax/transfer system will generate the optima production and temperature sequences.

Next we show that the tax system generates the consumption sequence for Country H as specified by
the agreement. In equilbrium, m-h ; w L ». Suppose that there is no borrowing and lending in
equilibrium, ie. Z = 0. Subdtitute the equilibrium vadue of mand r  into (6.9), we have:

Cy +PCx= Cn +P CZt (6.15)

Itis essy to verifiy that { C;, C,, Cy; Cy} i Satisfies the first-order condiitions (6.10)-(6.11) for both
countries given gppropriately chosen prices and interest rates { P, ri} fzo . Therefore

{Cy Cyy Ciy Co} o can be supported as an egilibrium consumption sequence if borrowing and
lending among consumers is prohibited.

Findly, we prove that under the tax/trandfer system specified above, Z=0. In other words, thereisno
borrowing and lending among consumers in a competitive equilibrium. In equilibrium

there is no borrowing and lending within a country since al consumersin the country are identical and
have the same income level. We need only to prove thet thereis no internationa borrowing and lending
in equilibrium.

In equilibrium, the two countries face the same interest rates, r;. (6.11) and the homogeneity of utility

function imply

Clt, _ Clt

i=12.. (6.16)

C1t+ i, C1t+ i

Notice that w;, m are determined by the production side of the economy and r ; is pecified by the
agreement between the two countries. They are not influenced by the amount of borrowing and lending
among consumers.

Congder asequence of consumption that involves non-zero borrowing and lending among countries,
{ C]Jt C2t Clt CZt}t—O Let period s be the earliest period in which borrowing and lending occurs.

Without any loss of generdity, assume that Zs >0> Zs , ie, H lends to F. From (6.9) we know that
the borrowing in period swill be used to finance F s consumption in period s. Then st< st and
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jsHi

Cj > éj; j =1,2). Since F hasto pay back the debt in some future periods+i (i 2 1), C._,. >

Cieri and Ty, <Cy,; (j =1,2). Recall from (4.3) - (4.4) that
C c. .
e Y (6.17)
C1t+i, C1t+i

by construction, Then
C [
At (6.18)
C1t+| C1t+i

which violates (6.16). Therefore, there is no borrowing and lending in equilibrium.

Proposition 6.1 implies that, instead of negotiating the consumption and production plans for the two
countries, the two governments can negotiate a tax/transfer system that generates exactly the same
outcome.

Propostion 6.2.r,>0>r , if p<W<p <W<p ,andr, <O<r, ifp>W>p".

Proof: By Proposition 4.1, equations (3.8) — (3.11) and the definitions of p, p” and W,
Cjt<S;i+S <Cjr.(1=12) (6.19)

if p<W<p ;andthereverseistrueif p >W > p’ . Theresult follows from (6.2) and (6.3).

In the tax / transfer regime discussed above, the pollution tax revenue from the two countries is pooled
and is digtributed equally among the world residents. In this process, some transferring of the tax
revenue from one country to the other may occur. To see this consider the Country H’s government
budget of the pollution tax. The pollution tax revenueisequd to h,w, f ,, while the payment to her

dtizensis am=h,w, alL ,, . Therefore, if Country H's share of the output of the manufactured good is
larger than her share in the world population, ie.,% > a, pat of the pollution tax revenue will be

transferred to Country F to finance the payment to her consumers.

Therefore, in equilibrium, in genera we will observe two kinds of internationd transfers. Fird, the
trandfers that are made due to the disproportional distribution of the manufacturing productions. We will
observe that the country that produces more than her share of manufacturing output and hence emits
more than her share of carbon dioxide transfers part of her pollution tax revenue to finance the
compensation in the other country. Second, the transfers that are made due to the asymmetry in
bargaining power. The gain from internationa cooperation is not shared equaly among the two countries
as aresult of asymmetry in the bargaining procedure and in relaive population sizes.
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Conclusions

In this paper the globa optima time path of consumption, production and temperature is characterized.
Furthermore, it is demongtrated that the globd optimaity can be achieved under competitive equilibrium
through a binding agreement between two countries that specifies a system of taxes and transfers.

Oneimportant issue discussed in most of the exigting literature on globa environmentd problemsisthe
Sde payments between countries. In the exisiting analyses, Sde payments are made either for
compensating the victim of pollution for damages or for compensating the polluter for not polluting (See,
for example, Barrett, 1990, Mder, 1990). In this paper, it is shown that in generd internationa transfers
from one country to the other will be observed in equilibrium. Not dl of these transfers, however, are
made by the heavy-polluting country for the purpose of compensating the damages in the other country.
Part of these transfers are made purdy due to the asymmetry in bargaining power. Therefore, the
observed international transfers are not necessarily made for the "right” reason, i.e., for compensating
the victim country.

Economists have pointed out many difficulties associated with controlling climate change (Barrett 1990,
Nordhaus 1990). Among them, the two most important ones arex(1) the cooperation among countries ;
and (2) the uncertainty and the lack of information about future climate changes. Our andys's shows that
if governments have perfect information, the cooperation problem may be solved by negotiating a
binding agreement on an internationd tax/transfer system. In the real world, of course, the governments
do not have perfect information. Given the current state of scientific and economic research on globa
warming, the governments do not have enough information on the possible losses (or gains) that will
arise from future climate changes. Therefore, it is the lack of information that is preventing governments
from cooperating on the globa warming issue. The key to solving the globa warming problem is
information rather than cooperation.

It suggests that we may not expect equilibria (with Pareto optima properties) in redigtic Situations that
are in some sense superior to a”business-as-usud” stuation (Radner, 1998).

The Montreal Protocol for the protection of the ozone layer offers an example that supports our
arguments that internationa cooperation can be achieved if sufficient information is avallable. In contrast
to the uncertainties with regard to the existence and the effects of globa warming, the evidence on the
depletion of ozone layer by CFCsis clear and convincing.

In this paper, the non-cooperative bargaining theory is employed in deriving the agreement between the
two countries. The Rubingtein bargaining solution is derived from awell-specified economic
environment. In the process, some interesting new results for the non-cooperative bargaining theory are
generated.

In the gandard Rubingtein game, the players time preference is the only factor that affectsther
bargaining power. In this mode, because of its richer sructure, in addition to the countries’ time
discount factors, the other factors, such asthe relative sze of population and the payoffs at status quo,
a0 affect a country’ s bargaining power. While the first mover’ s advantage sill exigts, the country that
moves firg will not necessarily obtain a higher payoff in per capita terms than the other country because
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of the effects of other factors.

It is shown that the aggregate bargaining power of a country improves (in the sense that the aggregate
payoff increases) as the relative population size of the country increases. Such an increase, however, is
less than proportiond to the augmentation in relative population Size. As a consequence, the per capita
payoff of a country decreases as the country’s relative population size increases.

Another feature of this bargaining game is that the status quo point in this modd generates non-zero
payoffsto the players. Intuition suggests that an increase in the payoffs at the status quo for both
countries should diminish the first mover’ s advantage because the second mover haslessto lose from
delaying an agreement. It is shown that this conjecture is not dways true. The opposteistrueif the
relative population Size of the country that makes the first move islarger than certain critica value.

References

Barrett, S. (1990) " The Problem of Globa Environmenta Protection,” Oxford Review of Economic
Policy, 6:68-79

Barrett, S.(1992) " Sdf-Enforcing International Environmental Agreements’, CSERGE WP 6EC 92-
34, London.

Coppd, W.A. (1955), " The Solution of Equations by Iteration,” Proceedings Cambridge Philosophical
Society, 51: 41-43.

Deneckere, R. and Pdlikan S., (1986), " Competitive Chaos’, Journa of Economic Theory, 40: 13-25.

Dickinson, R.E. (1986), "How Will Climate Change? The Climate System and Moddlling of Future
Climate’, in Balin, et d. Eds., The Greenhouse Effect, Climate Change and Ecosystems, John Wiley &
Sons, New York.

Fudenberg,D. and J. Tirole, (1989) "Noncooperative Game Theory for Industrial Organization: An
Introduction and Overview", Chap. 5in R. Schmaensee and R.D. Willig (eds), Handbook of Industrid
Organization, Val. I, North Holland: Amsterdam 1989,259-327.

Gottinger, H.W. (1998) , Globa Environmental Economics. Kluwer Academic Publishers: Boston.

Hed, G., (1993) " Formation of Internationa Environmenta Agreements’, in S. Carraro (ed.), Trade,

21



Innovation, Environment, Kluwer Academic Publishers; Dordrecht.

Hod, M. (1991) "Globa Environmenta Problems. The Effects of Unilaterad Actions Taken by One
Country”, Journd of Environmental Economics and Management, 20, 1991, 55-70.

Méder, Karl-Goran (1990), " Internationa Environmental Problems,” Oxford Review of Economic
Policy, 6: 80-108.

Nordhaus, W.D., (1990), " Globa Warming: Slowing and Greenhouse Express,” in Henry J. Aaron,
ed., Setting Nationd Priorities: Policy for the Nineties, The Brookings Ingtitution, Washington D.C.

Radner, R.(1998) "A. Game-Theoretic Approach to Globa Warming” Stern School of Business, New
York Univ. (Mimeo)

Rubingein, A. (1982), " Perfect Equilibrium in a Bargaining Model,” Econometrica, 50:97-109.

Sutton, J. (1986), " Non-Cooperative Bargaining Theory: An Introduction,” Review of Economic
Studies 53: 709-724

Stokey, N. and R. Lucas, J. (1989), Recursve Method in Economic Dynamics, Harvard University
Press, 1989.

Uzawa, H. (1999), "Globa Warming as a Cooperative Game', UNU-IAS Working Paper No. 47,
Tokyo

22



