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Abstract:

A situation is analysed in which two countries negotiate the financing of the
incremental costs which accrue if one of them switches from a non-sustainable onto a
sustainable development path. The other country's incentive to pay arises as it
benefits from the developing country's environmental resources, but at an ever
declining rate as long as development remains non-sustainable. The paper shows that
such negotiations induce a redistribution of income in tavour of the developing country
which in general will exceed incremental costs. The paper also derives conditions
under which the developing country has an incentive to get on a "less" sustainable
path in the pre-agreement phase. In an application to the protection of tropical
rainforests as carbon sinks it is shown that North to South redistribution of welfare
would indeed be substantial. However, despite these transfer payments in excess of
incremental costs the North would still gain enormously in efficiency terms from the
use of the carbon sink option. i

J

Keywords: Non-cooperative bargaining, environment, North-South cooperation,
climate policy
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“States shall cooperate in a spirit of global partnership to conserve, protect and
restore the health and integrity of the Earth's ecosystem. ... " [Rio-Declaration,
Principle 7]

1. Introduction

in face of the environmental deterioration in LDCs a suggestion is that the North
should contribute to the financing of the costs which are necessary to bring LDCs on a
sustainable development track. Apart from altruistic motives or ethical responsibilities
this request is justified by a claimed self-interest of the North in environmentally sane
development in LDCs (e.g. Tham (1992) p. 33): The existence of environmental
resources in the South or their services directly benefit the North, so it has a self-
interest to protect them, or so the argument goes. The tropical rainforests and their
importance for the global climate and for biodiversity are a point in case (Detwiler and
Hall (1988), Simberloff (1986)).

There are interesting distributional implications to the proposal as well as to
the self-serving motives behind it.

The argument implicitly suggests that some environmental resources have
the property of "producing” non-marketable transfrontier services: A resource stock is
located in an area under exclusive control of an LDC, but it provides a stream of
enviranmental services some or all of which cannot be prevented from seeping
abroad. This control problem obstructs trade in environmental services as the foreign
beneficiaries prefer to consume these as a free lunch. Welfare is shifted away from
the resource owner towards the free-riders compared to the standard trade in private
goods case. '

Non-sustainable development, however, changes the incentive structure and
the intemational distribution of welfare. If development deteriorates the resource stock
and consequently the international transmission of services then the free-riders have
some incentive to pay if in exchange for their contribution the resource owner invests
in sustainability. Assuming that the free-riders’ benefits from a sustainable path
exceed the costs it is suggestive that the developed North pays for the South's
incremental costs of sustainable development. Welfare in the South would remain
unaffected, but welfare in the North, though smaller than under riding a constant
resource stock for free, would be larger than under non-sustainable development.



There is an important caveat to this argument. It addresses the normative
question how much the South should obtain. But it does not address the positive
question how much the North will pay and the South will receive.

This article addresses this latter question. Applying non-cooperative
bargaining theory we explore the relative bargaining power of two countries
negotiating transfer payments to achieve sustainable development. We determine and
interpret the bargaining equilibrium and investigate the distributive effects.

As an important result we show that a resource owning country, being on a
non-sustainable track, is able to obtain transfer payments systematically above the
incremental costs of sustainable development. The analysis therefore implies that this
type of intemational environmental cooperation will be more expensive to the North
than the nomative proposal suggests and that the South will'gain in welfare terms.

We apply the bargaining model to the protection of the tropical rainforests for
the purpose of climate policy. Using data on actual deforestation rates our simulations
suggest that even for the overall very small actual deforestation rates equilibrium
payments are substantially above incremental costs; and “tiny" cross-country
differences in deforestation rates are associated with "huge" differences in bargaining
power and consequently in the spread between transfers obtained and incremental
costs incurred.

However, on the basis of numbers for the North's willingness to pay for
carbon sequestration as they can be found in the literature and on the basis of land
prices as approximations for incremental costs of protecting the forests the North stilt
can buy into these carbon sinks at a fraction of what a domestic CO» policy woutd
cost. Hence despite a hefty surcharge the "tree-option" is the efficient one.

An interesfing proposition of the analytical mode! states that for small enough
rates of decline of the stream of transfrontier services the resource owner benefits
from an increase in that rate even if it also obtains environmental benefits from the
resource. The simulations suggests that on the basis of their actual deforestation
rates alone, and abstracting from domestic environmental benefits from the stock,
vitually all examined countries hosting rain forests have an incentive ta artificially
boost the rate of destruction in a pre-agreement phase.

The model we use is reminiscent of the standard transboundary pollution
problem (Maréusen (1975)). in contrast, however, goods are transferred abroad
instead of bads. Also, the problem analysed here features a dynamic aspect of
irreversible environmental degradation, which is essential in triggering intemational



cooperation when non-marketable environmental goods cross borders. In contrast, in
the Marcusen model cooperation is possible in a static context.

Our model is also reminiscent of the common pool extraction problem (e.g.
Kemp and Long (1980)) with one-directional dissipation. It differs, however, in that in
the common pool problem the cross-border flows can be influenced by the recipient
while in our model it is exclusively the party in possession of the source which can
affect cross-border flows by switching on a sustainable track. Furthermore, in the
common pool problem the stock remains constant if extractors remain inactive while in
our problem the stock declines when parties are passive.

The two player bargaining game we employ is of 'the (1,1)-altemating-offer
type with complete information. It differs from the standard infinite-horizon constant-
size-of-the-pie game (Rubinstein (1882) in the following respects:

1. During the bargaining process parties receive benefits in money terms from the
resource's environmental services.

2. The pie is shrinking while bargaining takes place (Binmore (1987)).

3. The bargaining game is of the finite horizon type (Stahl (1972)). The terminal
bargaining round, T*, however, is endogenous and can be readily interpreted. The
finiteness of the bargaining process is due to an ever narrowing and eventually
disappearing spread of benefits from environmental services over incremental
costs of sustainable development as long as bargaining goes on.

4. The bargaining game features an eventual incentive to remain silent and not make
serious offers anymore while the other party continues to negotiate seriously. In
Ausubel and Deneckere (1992) a silence motive is derived under conditions of
private information, and a silent party remains so during the entire game. In our
perfect information game both parties make serious proposals initially but may
become silent later on. Here silence is motivated by the fact that a party making a
serious proposal and thus inducing sustainable development one period earier
must fully bear incremental costs for an additional period. These costs are to be
compared with the rent the proposer can appropriate by securing a slightly larger
resource stock. As this rent decreases during negotiations it eventually pays to
remain silent and let the other party incur the additiona! costs.

The article is organised as follows. In Section 2 the model is developed. An
equilibrium bargaining solution for the finite horizon discrete time bargaining model is
derived in Section 3, and in Section 4 the endogenous bargaining horizon, T, is
derived. As for the finite horizon discrete time bargaining model there are in general



four solutions, depending on an arbitrary first and last mover advantage we eliminate
this arbitrariness in Section 5 by taking the discrete time model to the limit of
continuous bargaining. Section 6 interprets the continuous time solution and derives
some propositions. We then apply the bargaining solution to the problem of preserving
tropical rainforests as carbon sinks in Section 7. Section 8 concludes the paper.

2. The Model

We consider two countries, one, the resource owner (R), on the territory of which an
environmental resource is located, and one, the foreign beneficiary (B), which obtains
windfall gains from the services the resource provides. _ -

In period 0 when negotiations between R and B on the financing of
sustainable development begin, B receives in money terms a value Vg from the
resource's services. We take it that Vg is finite. As long as R is on a non-sustainable
track B's service value declines over time. We take it that

vizal. Vg V t=0,1,...,1 N

with a < 1. 1 is the period in which the resource owner switches on a sustainable track.

Before that track is reached the money value of environmental services which
R receives is given by

Wi=pl . g-Vg ¥V t=0,1,.,1 @

with g 2 0 and p < |. Note that while B's benefit from the resource is always positive
but vanishing R neither need benefit from the resource (g = 0) nor need it suffer from
a resource deteriorating development (g>0and p=1).

We make the standard "small country" assumption in letting the intemational
price for a unit of services be (and remain) constant. Hence, by assumption, there is a
perfect substitute for R's services available to B. Assuming further that services are
proportional to the resource stock this implies that the rates of decline also relate to
the stock.!

1 In allowing different stocks (flows) and rates of decline in both countries the model also
accomodates the case where R and B benefit from different properties of the resource, R,
say, from biodiversity or a certain species and B, say, from climate services.



The literature offers a bounty of definitions for the concept of sustainable
development (for a survey see Pezzey (1989)). There is therefore a large degree of
freedom in formalizing sustainability. Fortunately, however, competing definitions
seem to differ with respect to necessary rather than sufficient conditions for
sustainability: There appears to exist agreement that development is sustainable if the
value of the environmental resource stock is non-decreasing. We follow this
sufficiency condition in defining sustainability (narrowly) as a constant sequence of
period gains from the resource's services. If R switches on a sustainable track in t

Vi=at Vg, 3)
and .

Wi=p*g- Vo 4
vV t=1,1+1, ...

We assume that sustainability causes total incremental costs S per period.
We take it that S is constant over time. Total incremental costs are therefore
independent of the remaining resource stock. Although intuitively one might expect S
to depend on the remaining stock the functional relationship is not necessarily
monotone.2 We therefore presume independence implying increasing costs per unit of
environmental services as time goes on. This is given, for example, if incremental
costs depend on a given acreage whereas the quantity of the resource per acre is
declining over time.

Declining environmental services during the bargaining process for B in
combination with fixed incremental costs implies a finite time horizon, T, for
negotiations as for small enough environmental services it does not pay anymore to
incur incremental costs. Given the endogenously determined T* the bargaining
solution can be determined recursively.?

2 To sustain a large stock it may suffice to patrol the area (to prevent trespass) needing the
fewer patrolmen the smaller the resource. A small stock may require additional nursing,
becoming more intensive the smaller the stock. For example, the cumulative costs over the
first 24 years of reintroducing 10 pairs of bobcats in the Black Forest in Germany have been
estimated to exceed 6 million DM due 1o the intensive care considered to be necessary
{Thor and Pegel (1992)).

3 Note that for a finite T* to exist it is sufficient that the rate of decline of total period services
for the free-rider eventually exceeds the rate of decline of total incremental cosls per period.



We take it that (1+9)-Vo > S. This ensures that sustainable development
pareto-dominates non-sustainable development if agreed on early enough. We also
presume for simplicity S > gV, ensuring that R lacks an incentive to switch to
sustainable development unilaterally, i.e. without obtaining transfer payments from B.

Time preferences of players are represented by the constant one period
discount factors h, 0 <h <1, forRand k, 0 <k <1, forB.

The model is closed by defining the bargaining rules. We make the standard
presumption of a (1, 1) alternating offer game, where the parties (R and B) take tumns
in making offers and where a counter offer can only be made after one period has
elapsed. The game ends when one party accepts the other party's proposal or when
T+1 is reached, whatever comes sooner. A proposal in period t is a duple (x,S)
suggesting an etemal transfer payment per period, x, from t onwards from B to R, in
exchange for R incurring incremental costs, S, in each future period. We take it that
an agreement (acceptance of a proposal) is binding forever.4

3. Dicrete Time Bargaining

Suppose a finite period T* exists after which R and B cannot or will not bargain
serously anymore. Which party can make the final transfer proposal x7~ in the final
bargaining period T* depends on who can make the first proposal in t=0 and on T*
being odd or even. Suppose B makes the proposal in t=0 and suppose T* is even.
Then, by assumption, B makes the proposal in T*.

In infinite-horizon constant-size-of-the-pie games under complete information
rational parties agree already in t=0 to avoid the time costs of waiting. In our shrinking-
pie game this incentive is reenforced by the incentive of at least one party (B) to stop
the resource decline, ceteris paribus the sooner the better. Hence under perfect
information R and B will already agree in t=0 on (x,S),- where
(xg. S) is subgame perfect. Hence 1=0. Given T*, and given B making the final
proposal (in T*), x5 can be determined recursively by the following algorism.

If negotiations are still going on in T*, an agreement on (xT,S) in T* will
induce a period T* present value to B, Z¥*, of future net benefits from the resource of

4 Due to country sovereignty this assumption is not innocuous. It is, however, in the tradition
of noncooperative bargaining theory. Stahler (1993) has recently extended bargaining theory
incorporating an enforcement problem after an agreement has been reached.



78, =@""Vo-x7)/ (1K)

Given Zg* (VT* x7+), in order to win an agreement from B in T*~1, R must

offer at least xy+_¢ such that
Al 1Wo + kZ, (Vo x77) = Zh ;= @71 Vo —x7eo1) /(1K)

making B indifferent between accepting xT+_4 in T"~1 and an agreement in T*. R has
no incentive to offer more, so xT+_1 is the optimal offer of R given xp-. An agreement
(xT*—1, S) would give R a present value of future net gains from the resource of

ZRs_y = (@ P11 Vo= 8+ xpe_1)/ (1-h) .
where XT+_y = x7*—q (VT*—1, XT*),
Given Zs_; (S, V11, Wr«_q, x1+)  the optimal offer of
Bin T*~2, x+_p, satislies
gpT 2. Vo +hzR, (8, Vreg, Wr_g, x1) = ZK, , = gpT 2V -S+x7ep

from which we obtain the present value Zax_o(S, Vica, Wr-_p, xT+)

The first offer xg, xg = x*—g fort = T*, can thus be recursively derived. If B also
makes the proposal int = o ’

-1
X0 =S-(I-h)- I (hk)
j=o

T*/2 . )
+Vo-[1-a)/a]- T (hk) -2

j=o
51 T2 i 2
-g-Vo-[(l-—p)/k-p } Y (hky-p9
j=1
+hT*/2~k-xT*

For the bargaining horizon T*, corresponding first period offers can be similarly
derived for each of the three remaining perturbations of who moves first and last.



Whichever party's tum it is to make the final proposal in T*, it compares the
other party's discounted cumulative gains from the agreement (xT+S) with the
discounted cumulative gains from the remaining non-sustainable path. If B can make
the final offer it is optimal to set xy+ such that

(@VopT =S +x7)/ (1-h) = g-VopT /(1 - p-h)
from which we obtain B's final offer

T h(-p

Thop 6)

X']%* =8-8Vo'p
If R can make the offer in T, x7+ is such that

@™V - xpy(1Kk) = al Vo / (1 —ka)
from which we obtain

k-(1-a
o=a™ Vo ™

Given an exogenous T*, 0 < T* < =, the four possible initial offers, one of which
is (5), given (6), represent the relative bargaining power arising from the four possible
but arbitary allocations of the first and last mover advantage. In the next section T* is
endogenously determined for the bargaining. game and it is shown that T* is
determined by either of three regimes. These have the property that only in one of
them the last moving party is arbitrary while in the other two the arbitrary choice of the
first mover has no impact on who enjoys the last-mover advantage.

4. The Bargaining Horizon i

The effective bargaining horizon, T*, can be found by considering three periods, T, Tg
and Tg, which are critical for the negotiations. The first period, T, relates to the time
after which both parlies prefer the remaining non-sustainable track over sustainability.
After T, an agreement is not feasible anymore. The other two periods, Tg and TR
refer to the time after which B respectively R remain silent to await the other party's
offers.



The shrinking size of the pie during negotiations in the face of constant period
costs of sustainability, S, sets a finite feasible bargaining horizon for the game,
beyond which R and B cannot bargain anymore.

To determine the feasible bargaining horizon T, note that it must satisty

ZR = (@ p - Vo—S+xp)/(1-h)2g-pT-v,/(1-h-p) 8)
and
78 = T -vo-xp)/0-k2aT-vo/(1-k-a) €)

Conditions (8) and (9) imply that each party mus{ be at least as well off when
development becomes sustainable in T as under the remaining non-sustainable path.

Replacing T* by T in (6) and (7) and upon substituting (6) for xT in (8) and (7) for
xT in (9) it foliows immediately that (8) is fulfilled if B makes the final offer and (9) is
fulliled it R offers last. Hence if R ofters last T is restricted by (8), and if B ofters last
the restriction on T is (9).

Both, substituting (6) for xT in (9) and rearranging, and substituting (7) for xT in
(8) and rearranging leads to the same condition

al Vo, 1-ka _gp Vo l-p h I-ka

S ~ k-(I-a) S 1-a k I-hp

(109)

T is defined as the largest integer satisfying (10). As the first term on the RHS is
positive the bargaining horizon is necessarily finite as a < 1 and V; < «. Condition (10)
ensures that the party which can make the final offer prefers the agreement (xT, S) to
the remaining non-cooperative and non-sustainable path. Note that (10) holds
whichever party moves last. If for T=0 (10) is violated then a bargaining equilibrium
does not exist. After T, R and B prefer the non-sustainable situation over the
sustainable one. Hence existence of a bargaining equilibrium requires T 2 0.

Next consider Tg and TR. These critical periods take account of the incentive to
remain silent when the resource stock is small.

It is necessary for the algorism described in Section 3 to lead to a subgame
perfect xg that for t = 0,1,2..., each party whenever it is up to it to make a proposal
does not prefer to remain silent (or make a non-serious offer) in order to accept the



serious proposal to be obtained in the subsequent period. Let Ty and Tg,
respectively, be the period in which R and B make their last (serious) offer.

To determine TR consider any period t in which R makes an offer. To be serious
R's offer must leave B with at least atV, in t and at*1.vg - x¢, 1 thereafter. This
implies a gain to R of at most g.ptVy—Sintand
Xi41- S + alVy(1-a) + g-pt -V, thereatter. The cumulative present value of this offer
is

gpt vo—s+ [(x1+1—S)+a‘ Vo (1=a)+g-p- Vo)

If R abstains from making a serious offer -and -accepts the serious offer obtamed in
t + 1 R's cumulative present value is

h
&P Vori - (1= S+ g pt*1 v

It follows therefare for R that making a serious offer in t dominates being silent only if

2" Vo, 1-h _gply, (-p)
S  h-(1-a) S (1-a)

(11)

TR is given by the fargest integer of t fulfilling (11).

Rearranging (11) to yield

ih_h a' Vo (l*a)+—hf~g ‘P Vo(l-p) 238

alleviates interpretation. The first term on the LHS is the present value of rents R can
appropriate from B in terms of bargaining concessions by securing a larger etemal
flow of environmental services for B through a serious offer in t. The second term is
the corresponding gain R receives directly from a larger resource stock. It pays to
bargain seriously only if the sum of these gains are not exceeded by the additional
costs of environmental protection, S, of achieving sustainability one period earlier, as
these costs are bome by the party being responsible for this acceleration.

By an isomorphic argument it follows that B bargains seriously in any period t in
which it can make an offer it

10



Vo, 1=k _gpVo I-p (12)
S “kd-a S 1-a

TR is given by the largest integer of t satisfying (12).

It follows from (11) and (12) that R's and B's incentive to make serious offers
vanishes in finite time.> Furthermore, once a party tums silent it remains so forever,
and if it makes a serious offer in any period it does so at all earlier times.

We can now determine the effective bargaining horizon, T*, which is either T,
TR, Tg or 0. Obviously we need not bother with TR if T < Tg nor with Tg if T < Tg. But
consider the case in which either is smaller than T. But suppose both Tg 2 0 and
Tg 2 0. Then, once a parly tums silént it is optimal for the other party to make and
maintain forever the minimal win offer, which is given by (8) for B's offer and by (7) for
R's offer, if we replace 7" by t. As that offer is declining over time the silent party
accepts the offer of the other party at the first possible instance after it ceases to
make serious propasals itself.

The silence motive in this complete information game therefore imposes a
restriction on the effective bargaining horizon T* (as opposed to the feasible one, T).
Restrictions (10)-(12} together require the effective bargaining horizon, T*, to satisfy

[ 1-k-a _ g~pT*~v0 ) I-p ) E _l—k-a ]
k-(1-a) S l-a k I-h-p’
T*
aT*‘Vo > max 1-h P Vo ]—p, 5 aT*+1.VG
S - [ h-(1-a) S —-a S
I-k  gp vy l-p
k-(1-a) S -a

provided T >0, Ty > 0 and Tg 2 0. Hence from (10) - (13) T*=min (T,TR, Tg) if neither
T, TR of Tg is negative. Condition (13) represents three possible regimes determining
the effective bargaining horizon.

Note that (6) and (7) in conjunction with (13) in general imply an arbitrary last
mover advantage in the regime in which neither party tums silent in T. This is
because the arbitrary last (due to the arbitrary first) mover makes the minimal offer (6)
or (7) to appropriate for itself more than the discounted cumulative benefits of the

5 The party which is more impatient (in terms of h and k) turns silent earlier.

11



remaining non-sustainable track. The arbitrary last mover advantage arises as
x-%, # Xg* if the LHS exceeds the RHS of (13) in that regime.

Note that in the other two regimes, although xX, # x2,, the last mover

advantage is not arbitrarily determined by the selection of the first mover. This is
because in both these cases the final move is always made by the non-silent party
_irrespective of which one moves first. Hence in these regimes there exist only two
possible initial offers depending on who moves first.

Aiso note that as all offers int = 0,1,2,..., T* are serious the algorism described
in Section 3 implies that x is subgame perfect.

Now consider the case T > 1 and either Tg-<-0 or Ty < 0. In this case one party
never starts bargaining seriously. It is straightforward that then the other party offers in
t=0 or t=1 and thereatfter (up to min (T, Tg) respectively min (T,Tg)) the minimum offer
(6), respectively (7), where T* is replaced by t. Apparently the best a party can do
which is silent from the beginning is to accept the minimum offer of the other party
instanteneously.

Finally consider the case T>0, TR < 0 and Tg < 0. lt can be easily checked that
this case is feasible. It implies that when negotiations begin both parties want the
agreement (T 2 0) but both would also want to remain silent, given the other party
spoke out (TR, Tg < 0).

This case can be treated as a static 2 x 2 non-cooperative game. Obviously,
remaining silent cannot be an optimal strategy if the other party remains silent too.
The same can be said of an outcome in which both spoke out. However, if either
spoke out and the other remained silent none had an incentive to defect. Hence an
equilibrium requires either party to be silent and the other to make proposals. For
reasons already given both parties then agree already on the first proposal made.6

There are two equilibria in this case irrespective of which party can move first.
The first equilibAum involves B making a proposal (in 1=0 or t=1), given by (6), where
T* is replaced by t=0 or t=1. The second involves R making a proposal, in either t=0 or
t=1, given by (7), where T* is replaced by t=0 or t=1.7

6 Also nole that the party which plays the part of the proposer does so in the first possible
inslance. This is because from (11) and (12) the incentive to remain silent is weakest at the
beginning of negotiations.

7 Notethatinthe case T 20, Tp < 0, Tg < 0 an equilibrium selection cannot be undertaken on
the basis of who moves first. This is because if the first mover is silent in t=0, which would
correspond to her most preferred outcome, the game ends at the earliest in t=1. But in t=1
the other party is the first mover in a new game starting in t=1.
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5. Continupus-Time Bargaining

In this section we eliminate the arbitrary first and possibly arbitrary last mover
advantage. We thus reduce the four (or two) possible bargaining solutions
corresponding to the four (or two) permutations of these advantages to a single
solution. In infinite-horizon constant-size-of-the-pie games the first mover advantage
can be eliminated by randomizing the identity of proposers in each period or by
making the period length infinitesimal {Sutton (1986)). We apply the second method in
eliminating the first mover advantage. We show that thereby an arbitrary last mover
advantage is also eliminated.

Let the time delay between successive proposals be At and let At = T*/n, where
n is the number of proposals which can be made in the interval [0, T*]. The continuous
time bargaining equilibrium equivalent to (5) can be derived by letting
At—>0andn— e ltis

=S I-h ,[l_e—(l—hk)T*/Z]

xo 1-h-k
I-a
FVo - [{—e-(-hka?) - T*2
Vo ThikaZ [ J )
~g Vo __1‘_1)_5 [1-e-U-hkpyT2)
1-h-k-p

+e(NOTH2

The condition for the effective bargaining horizon (13) is replaced by

[1-k-a g 0-PTy, 1-p h I-ka |
k-(1-a) S 1-a k 1-h.p’
~(t-a)T*, - o= (1=p) T, -
& Vo o x|tz _ge Vo 1zp (13)
S h-(1-a) S 1-a
1-k _ g.e‘(l‘P)‘T*.VO ) i-p
_k-(l—a) S —-a

provided T 2 0, Tg > 0 and Tg > 0. Note that under continuous bargaining, T, Ty and
Tg, respectively, are determined by the equality of the LHS and the first, second and
third term on the RHS of (13') if T* is replaced by T, Tg and Tg. For T 2 0 and either
Tg < 0 or TR < 0 then the effective bargaining horizon is T* = 0. The same holds if
both Tg and Tg are negative but T > 0.

13



Let regime |, Il and Ill respectively be that in which T* is determined by the first,
second or third term on the RHS of (13').

The final offers at the effective bargaining horizon T* are now

—(-p) h-(1-p) .
xg* = S-—ge (1 p)T*VO _1__71__};_ (6)
aﬁd
—(1-a) k-(I-a \
x}%* = a)T*‘VO._—_—lfkn) 7

In the bargaining equilibrium defined by (5", (6%, (7') and (13') the first-mover
advantage is removed. We now show that a last-mover advan}age, if arbitrary (as is
the case in regime |}, is also removed if bargaining is continuous.

Under continuous bargaining a choice of who moves first does not predetermine
in regime | who can make an offer in T*. This is because for At — 0 there is an infinite
number of possible offers and counter-offers in [0,T*] if T* > 0. This creates an
indeterminacy as to whether x% or x% will be the final offer in regime .

It follows, however, from (6), (7 and (13) that xX, = xB, if T is determined

under regime |. As both parties would make the same final offer, the bargaining
equilibrium is not affected by the arbitrariness of the final mover under continuous
bargaining.

Note that the continuity of bargaining does not affect the non-arbitrariness of the
last mover advantage in regimes Il and lil. Consider, for example, regime Il. In this

case R tums silent in lim (T *—At) to accept B's offer x,'f. in lim (T *+At).
At—0 At—0

Hence in regime Il the final offer is given by (6'). By a similar argument the final offer in
regime il is given by (7).

Having eliminated all first and all arbitrary last mover advantages the four (under
regime ) or two (under regimes I and Ill) possible initial proposals converge. We
therefore can take (5') as the initial proposal for any choice of first (and induced last)
moving party.

We summarize Sections 3-5 by
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Theorem 1: Under continuous time bargaining a bargaining equilibrium exists only if

T20.HT>0, =0 and the equilibrium period transter payment from B to R, xg, is

a) unique and given by xozx%, where x[.?.* is given by (6") with T*=0, if Ty 2 0 and
Tr<0

b) unique and given by x0=x'T{*, where XIT{* is given by (7') with T*=0, if Tg < 0 and
TR0

c¢) not unique with X, given as under eithera) orb) if Tg<0and T <0

d} unique and given by (5'), where T*, T2 T* > 0, is given by (13') and

@) xpe=xB, =xl, it T = min (T,TR, TR)=T
i) xe=xB, it T*=min (T.Tr,Tp)=T

T T* R 'BJ='R
(i) xTx= x¥*, otherwise,

incase Tg20and TR 20.

The interesting case is d). In the next section we explore its properties.

6. Properties

We analyse the properties of the transfer payments from B to R induced by the
bargaining equilibrium of case d) in Theorem 1. in most of the analysis we assume
ae |1, 1, i.e. we take it that the rate of decline of environmental services for B is in
this sense moderate.

From (13') it immediately follows
Lemma 1. The bargaining horizon, T*, is an increasing function of V4/S.
Hence the more of the services can be sustained with 1 $ the longer can R and B

haggle without foresaking the chance for an eventual agreement.

Let g=0 v p=1. In this case only B suffers from the resource decline. This
situation is extreme in shifting onto the side of B the relative loss of letting
opportunities to agree fade away. The third term in (5') vanishes and (13') is given by



-(1-a)T*, k. -
e Vo=m[lka lh]Ew (13"

S k-(1-a)’ h-(1-a)

For g=0 v p=1 B will not tum silent as long as cooperation dominates non-
cooperation. T* is therefore determined either by regime | or 1. From (i) or (i) of
Theorem 1 and (6') it follows therefore x1+=S.

From Lemma 1 there exists V(’)nin such that T*=0. Upon using (5') it immediately

follows

Lemma 2; Given g=0 v p=1, for Vg = Vg‘i“ & T=0, x=S.

Hence if only B suffers from the resource decline and if the bargaining horizon gives R
no opportunity to use the declining resource stock strategically then B's transfer
payment is equal to the incremental costs of sustainable development. In this situation
bargaining over sustainable development does not affect net income and welfare in
the resource owning country while it increases welfare, compared to the non-
sustainable track, in the country benefitting from the resource’s existence.

The following proposition is important.

Proposition 1: Given g=0 v p=1, if V5 > Vg‘i“ < T > 0, a sufficient condition for

Xg>Sisae]-1,1]

The proof of Proposition 1 is given in the Appendix.

Compared to the case T*=0, if T* > 0 bargaining power is shifted towards the
resource owner as it is able to use the fading resource strategically to obtain transfer
payments in excess of incremental costs. The resource owning country can secure for
itself a net transfer income. Negotiating sustainability is therefore a vehicle to obtain
an "export” income for the supply of intemational services the resource owner cannot
obtain from market participation due to the fleeting nature of these services.
Bargaining over sustainable development shifts welfare from the beneficiary of
environmental services to the resource owning country. Note that Proposition 1 states
that a sufficient condition for this welfare shifting and income creating effect is that the
rate of decline of the resource is not extremely farge.

Now consider the generalcase g2 0, p<1.

From (5, (6), (7'} and (13') xq is continuous and differentiable in g. From Proposition
1 it therefore follows
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Corollary 1: If T* > 0 if g = 0, then there exists €4, £; > 0, such that xg > Sif0 < g <e;.

Hence if R possesses sufficient bargaining power to negotiate a net transfer income if
it does not benefit from the resource directly (which is the case if T* > 0), then it also
obtains a transfer income above the necessary incremental costs if it directly but
moderately benefits from the resource's existence. Note, however, that in the case
g>0and p < 1, itis not necessary that x5 > S for R to gain in welfare terms. With
g>0and p<1,Rcanagree to pay for part of incremental costs and stilt be better off
than without an agreement. '

Let y = S/Vg. Hence v, ¥ < 1, is the cost necessary to sustain one unit of the
resource's services for B. Let g 2 0 and p < 1. Dividing (5'), (6') and (7') by V,, it follows
that for a given y and T* the transfer payment per service unit, xo/Vy, is independent
of V. From Lemma 1 it therefore follows d(xo/Vg)/dV, = 0if yis constant.

Consider n strategically independent negotiations between B and n resource
owners Ry, i=1, ..., n '

It then follows immediately

Pr ition 2: :
Ifai=aj, 8=8 P= P and hi=hj, then x:)/vio=xg)/véify'=yj

v vl V=L

Proposition 2 states that the sheer size of the resource stock {or of its services) has
no impact on the bargaining power if y is constant. Other things being equal a large
resource owning country is therefore unable to negotiate a larger transter per
resource (or service) unit compared to a small resource owner if the quantity of
resources which can be sustained by 1 $ is the same in both.

Let xo/Vy = o(y). It follows

Corgllary 2: Given ¥, xo~S = [¢(y) = W-Vg, with ¢(y) —y< 1. ifg=0 v p =1 then

0y -y<1.

Proof of Corollary 2 is given in the Appendix.

Net total period gains for R increase by less than the resource size if the feasible
milage per $, 1/y, remains constant. If g > 0 and p < 1 R and B can agree on transfer
payment below necessary costs S. If ¢(y) — vy < 0 this is the case. Then Corallary 2



states that the total contribution of R to the financing of sustainability is linear in Vg
with stope [¢(y)— )]

We have shown in Proposition 1 and Corollary 1 that a resource owning country

can obtain net income and increase its welfare when negotiating sustainability. Critical
"to this income and welfare increasing opportunity is the resource owner being on a
non-sustainable track initially. A natural question then is whether transfer payments
are ‘larger if R is initially on a track which is "less" sustainable. Put differently, does a
resource owning country have an incentive to shift on an environmentally more
destructive path in order to create a larger bargaining leverage in future negotiations?

We can make

Proposition 3: If g =0 v p = 1 there exists ey, €5 < 1, such that e, < a < 1 is sufficient
for dxg/da < 0.

Proof of Proposition 3 is given in the Appendix.

Consider the general case g 2 0, p < 1. Suppose R's own rate of decline of
environmental services is linked to B's rate by a continuous, differentiable and finitely
stoped function p = p(a). By continuity and differentiability of xg in g it follows
immediately from Proposition 3

Corollary 3: Given a continuous, differentiable, and finitely sloped function p = u(a), for
each a € Jep, 1] there exists €3, £5> 0, such that dxo/da<0if 0 <g <es.

Proposition 3 implies that at least for a small enough rate of decline a resource
owner not affected by environmental deterioration indeed obtains better terms on xq if
the other bargaining party's rate of decline increases. Corollary 3 implies that
whenever this is true it is at least also true if R directly benefits from the resource's
services a little bit. Given R's inability to eam regular export income from the sale of
environmental services this creates a moral hazard effect on the side of resource
owning countries: If you find yourself being on a sustainable track get off; and if you
are off, at least if you are only slightly so, get further off.8 It should be mentioned,
however, that the implicit assumption behind Proposition 3 and Corollary 3 is that
switching between different non-sustainable development tracks is costless or
sufficiently cheap.

8 In an earlier work (Mohr, 1990) this "burn-thy-forest” incentive has been heuristically derived
in a constant-size-of-the pie, infinite-horizon bargaining game, where the rate of decline of
foreign benefits is represented by an exogenous increase in the foreign beneficiary's rate of
pure time preference.



From a bargaining theoretic perspective the underlying reason for these results
is a simple one. If R is not or less affected by environmental deterioration it can exert
additional pressure on B by allowing faster deterioration. Note, that in the bargaining
game this haggling on the back of nature is not detrimental to it as parties agree
already in t=0. Contrary to the accelerated destruction incentive, which appears to be
rather robust, this latter property is an artefact of the bargaining game not possessing
much empirical relevance.

It is interesting to investigate the intemational distribution in the case in which R
and B are identical except for the resource ownership. To that end suppose now
g=1, a=p and h=k. A well-known result of non-cooperative bargaining theory states
thatin a constant-size-df—pie, infinite=horizon game identical parties split the pie evenly
(e.9. Sutton, 1986). In our model this would imply Xg =S/2. We can, however, make

Proposition 4: if R and B are identical except for the resource ownership, if h=k < 1
thenxg2S2 < T 20.

Proof of Propostition 4 is given in the Appendix. The following coroliary is also proved
in the Appendix:

Corollary 4: If R and B are identical except for the resource ownership, then
l{imlxo=S/2 v T*20
—

Proposition 4 and Corollary 4 imply that the difference in resource ownership
alone fails to shift bargaining power and welfare from B to R only if the parties also fail
to be impatient. With impatient parties the difference in resource ownership alone
suffices to twist bargaining power and welfare in favour of the resource owning
country compared to an equal sharing of incremental costs. Countries on the territory
of which environmental resources are located, which supply the world with services to
be consumed in equal quantities by all, do possess an owner advantage in
negotiating sustainability.

In the next Section we apply the theory to the protection of tropical rainforests
for the purpose of carbon sequestration.
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1. Application

Huge quantities of carbon are contained in the world's tropical rainforests. In as much
as the rainforests disappear carbon is released in the form of CO, into the
atmosphere, thus contributing to the greenhouse effect. Protecting the rainforests, for
'the purpose of locking carbon in, can be treated in the framework developed.

< The rainforests are a resource owned by nations on the territory of which they
are located. As the resource holds back carbon it produces transboundary
environmental services as the temperature increase which is said to adversely affects
the North is thereby slowed down and the total increase is smaller. The resource
owners cannot "hold back” these services, so the North would have the luck to get
them for free were the rainforest owning countries on a sustainable development track
which preserves the stock. However, the rainforests are on the decline and with them
the climate services they provide. This sets the stage for intemational negotiations on
sustaining them. In this section we apply the model to this problem. We expiore
whether in face of the surcharges to be paid carbon sequestration in the South is still
efficient for the North. We also explore the distributive effects of this form of
intemational climate cooperation. ‘

The rainforest countries we study are listed in Tabie 1. The first column gives
the total size of their rainforests and the second column gives the size as a
percentage of ihe world stock. Table 1 contains all tropical rainforest countries with a
stack of more that 2 %! of the world total (including non-tropical forests).? The third
column gives the actual country specific annual deforestation rates in per cent
((1—a)-100). )

The next two pairs of columns give bargaining equilibria of bilaterally
negotiating sustainability of the rainforests between the North and each of the
countries listed. We know from Proposition 2 that the total size of a country's
rainforest stock does not affect the bargaining equilibium. We can also infer from
Corollary 2 that the equilibrium ratio, xo/S, of intemational transfer payments (from the
North to a specific forest owning country) x, relative to the necessary costs of
preserving the rainforest, S, does depend only on the ratio, V/S, of the North's
money value of the rainforest's services, Vj, and incremental costs, S. ‘

9 With the exception of Bangladesh and New Guinea for reasons given shortly.
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Table 1: The Pure Effect of Differing Rates of Decline

/4 /5

Stock of Stock of .

Closed Forests | Closed Forests Deforega?on S T s T

(000 hectares) | (Percent) rates in %

((1-a)-100)

Bolivia’1 44,010 3.1 0.2 511 1094] 1.79 405
Brazit' | 357,480 24.9 0.5 10.67 _596] 3.61 338
Columbia’T_ 46,400 3.2 1.8 2487  214]10.31 157
Mexico/ T 46,250 3.2 1.8 2487 214]1031 157
Perd/7 69,680 4.9 0.4 897 699 3.02 370
Venezuela T 31,870 2.2 0.4 897 699] 3.02 370
Zaire’? 105,750 74 0.4 897 699 3.02 370
india’Z 36,540 25 0.1 291 1541] 1.16 128
Indonesia’? 113,895 7.9 1.1 18.65 323| 691 219
Total 851,875 59.3
World 1,436,492/3 100 ~

/1Calculations of a are based on annual deforestation rates for the 1981-1985 penod
{Amelung/Diehl (1992); own calculations)

/2Rates of decline as reported by the World Resources Institute (1990).

/3Total Forest Area in Africa, Asia, Oceania and Central & South America. (World Resources
Institute (1990})

/4 g=0, h=k=0.98, V_=100, S=1

15 g=0, h=k=0.92, V0=100, S=1

Calculations of the equilibrium surcharge x/S for both bargaining situations are
based on a fictitious ratio V/S of 100:1, common to all countries. This ratio allows for
a ready interpretation of the bargaining equilibrium in terms of percentage surcharges
on S or percentage gains relative to the North's fictitious willingness ta pay, V. As the
size of the stock is irrelevant and as V/S is taken to be the same for all, countries are
therefore taken in Table 1 to be identical except for the rate of decline of their
rainforests. Table 1 gives therefore the pure effect of differing rates of decline on the
bargaining solution.

The first column of bargaining solutions, given by the ratio xo/S and the
equilibium bargaining horizon T (in years), is based on an annual discount rate
((1—h)-100=(1-k)-100) of 2%, common to the North and each of the countries listed.
This discount rate is advocated by Cline (1992) to be appropriate when evaluating
climate policy. The second set of bargaining solutions supposes a larger discount rate
of 8% which is more in line with the current World Bank evaluation practices (Birdsall
and Steer (1993)). All the other calculations reported in this section (Tables 2-5) are
based on an 8% discount rate.

21



Table 2: Effects of "Conservative" Climate Policies

/1 Vn/SIZ VQ/SIB V{)/SM Vn/sls
Bolivia 63| 287 558| 9.73 11.65
Brazil 150 1.20 2.33| 4.07 487
Columbia 193 0.93 1.81] 8.16 3.78
Mexico 239 0.75 1.46] 2.55 3.05
Peru 93 1.94 3.77] 657 7.86
Venezuela 164 1.10 214 3.73 4.46
Zaire 236 0.76 1.48| 259 3.09
India 519 0.35 0671 117 1.41
Indonesia 445 0.40 0.79] 1.37 1.64

NThe price per ha land, S, is calculated as follows: The Brazilian land price of 150 $/ha
(Schmeider (1993)) is weighted by an index based on the ratio of the 1990 national value
added in agriculture (World Bank (1992)) and the total national stock of cropland and
permanent pastures (World Resource Institute (1990)). )

/2Nordhaus (1991): Low estimate: V=180 US$/ha _

3penny a Gallon of Gas: V=350 US$/ha

/4Enacted Tax: Finland V=610 US$/ha (Schneider (1993))

SNordhaus (1991): Medium estimate: V=730 US$/ha

in this section all calculations of transfer payments are based on the assumption
that countries owning rainforests are themselves not affected by climate change. This
assumption in tum ihwplies that they do not benefit from their rainforests’ climate
services. This correspond to the case g=0 in the analytical model. From Theorem 1,
case d), and (13") it then follows T < Tg=TR as we presume h=k. Hence in the
application neither party tums silent before both lose their interest in reaching an
agreement. The equilibrium effective bargaining horizon is therefore indeed T*=T.

The assumption that some countries are completely insulated against the
greenhouse effect is actually incorrect {e.g. Hasselmann (1991)). However, climate
models suggest that this assumption is more innocuous the closer a country is to the
equator (as changes in average temperatures would be concentrated at higher
latitudes), the more humid a region is (as arid and semi-arid regions are more
vulnerable to changes in humidity) and the less vulnerable a country is to sea level
rises (e.g. Enquete (1989)). This suggests that the earth's tropical rainforest belt is
less affected by climate change. For simplicity and lack of data on the costs of climate
change in this region we represent this in the calculations by setting g=0 for all
rainforest owning countries. 10 '

Tables 2-5 depart from the assumption of a uniform and fictitious ratio of 100:1
for Vo/S. Instead, in Tables 2-5 incremental costs are taken to depend on the price of

10 Because of its vulnerability to a sea level rise we have excluded Bangladesh from the
calculations.
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land to be converted from forest to agricultural use (Schneider (1993)). In other words,
it is presumed that to sustain a hectar of rainforests it must be bought thereby
preventing conversion.

Table 3: Effects of Dutch and Swedish Enacted Carbon Tax

VJS  x/S xgVy1 T
Bolivia 71.79 143  0.02 236
Brazil 3000 1.45 0.05 98
Columbia 2332 2.80 0.12 76
Mexico 19.81  2.36 0.13 65
Peru 4848 1.78 0.04 189
Venezuela 2749 1.20 0.04 47
Zaire 19.09 - —- - -
India 8.67 - .- - .
Indonesia 8.67 123 0.11 12 -
Average/? 2206 149  0.06 77

MEnacted Tax: Netherlands and Sweden: V=4500 US$/ha (Schneider (1993))
/2Parameter values of all countries except Zaire and India are weighted by the relative size of
the resource; a=0.993.

The first column in Table 2 gives the land price per hectar of rainforest for the
countries listed. The equilibrium transfers from the North to these countries, reported
in Table 3-5, are based on these prices. The tand price in $ for a hectar of Brasilian
forest is that which is used in Schneider (1993).11 For lack of similar data for the other
countries we induce relative differences of incremental costs by weighting the price of
150 $/ha with an index for the relative productivity of agricultural land in the other
countries!2,

Tables 2-5 differ with respect to the value used for V5. We represent Vg, by the
requested or revealed willingness to pay of the North as it can be inferred from cost-
benefit analyses of climate policy, from existing greenhouse gas taxes, or from
otherwise proposed or considered greenhouse policies. In that we follow again
Schneider (1993) and examine the willingnesses to pay listed there.

11 Schneider lists several land prices which vary substantially across Brasitian provinces. He
bases his own cost-benefit analysis of investing in the Brasilian carbon sink on the relatively
high price of 150 $/ha.

12 The land price for New Guinean forest thus induced is prohibitively high thus making
negotialions on its preservation impossible. New Guinea is therefore excluded from the list of
countries possessing 2% or more of the total stock of forests.
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Table 4: Effects of Nordhaus' High Estimate

VoS xS xgNgT T
Bolivia 105.30  1.86 0.02 428
Brazil 44.00 1.88 0.04 174
Columbia 34.20 3.87 0.1 98
Mexico 27.61  3.22 0.12 86
Peru 7112 2.29 0.03 284
Venezuela 40.32 1.52 0.04 142
Zaire 27.99 122 0.04 51
India 12.72 - - -
Indonesia 1484 1.46 0.10 46
Averagd? | 3284 191 0.06 128

HNordhaus (1991): High estimate: V=6600 US$/ha
/2Parameter values of all countries except India aré weighted by the relative size of the
resource; a=0.993.

Table 5: Effects of 1990 CBO Study

VJ/S xS xgVgl T
Bolivia 159.54 2.54 002 636
Brazil 66.67 258 0.04 258
Columbia 5181 5.60 011 121
Mexico 4181 462 011 109
Peru 107.74 320- 003 388
Venezuela 61.09 204 0.03 246
Zaire 4241 158 0.04 155
India 19.28 - - -
Indonesia 2248 1.75 0.09 70
Average’? | 4975 2.63 005 187

/1Estimate of the Congressional Budget Office: Vg=10,000 US$/ha (Schneider (1993))
/2 see /2 in Table 4.

Values of V,; are calculated presuming that presently 100 tons of carbon are
sunk in an average hectar of rainforest throughout the world, which would eventually
be released into the atmosphere if countries stay on a non-sustainable track.13

On the basis of 100 ions of carbon released if a hectar of rainforest is
completely destroyed the inclinations to pay represented in Table 2 are 180 $/ha, 350
$/ha, 610 $/ha and 730 $/ha respectively. They represent the willingness to pay as it
is implied by 1. the low cost estimate of Nordhaus (1991), 2. a tax of a penny a gallon
of gas, 3. the enacted Finnish carbon tax and 4. the Nordhaus (1991) medium

13 This is the net release used in Schneider (1993). This quantity varies, however, depending
on the quality of the natural biotop as well as on the past and present economic activity in it.
Note that the assumption of homogeneity of rainforests is the more justified the larger the
total forest area which is to be covered by a carbon sink policy.



estimate. The calculation of equilibrium payments in Table 3 is based on a willingness
to pay of 4500 $/ha as is implied by the enacted Dutch and Swedish carbon tax.
Table 4 presumes a willingness to pay, as is implied by the Nordhaus (1991) high
estimate, of 6600 $/ha. Finally in Table 5 a US-CBO estimate of 10.000 $/ha is taken
to represent the North's willingness to pay.

Before the discussion of results four remarks are due. First, the calculation of
V/S in the application is based on land prices and values for carbon sunk in trees.
Under market conditions the former is a present value and an approximation of the
present value of annual incremental costs of sustaining a hectar rainforest. If the
willingness to pay of the North is the result of a cost-benefit analysis of climate policy,
as ideally it should, then the value of-100 tons of carbon sunk in a hectar of land is
also in present value terms. It is the discounted be_nefit of having a smaller
greenhouse gas concentration in future years. Hence as both the data on S and Vo
are in present value terms, their ratio is also the ratio of the current value service flow
and flow of incremental costs if the North and the South have the same discount rate.
As we use identical discount factors in the application we can represent the ratio of
flows V/S in the analytical model by the ratio of present values.

Secondly, in approximating incremental cosis by weighted land prices per hectar
we marginalize negotiations which in the analytical model! are formulated in terms of a
total stock. Hence, the data set we use in the application presumes a situation as if ‘
the North would negotiate with each country the preservation of single
(representative) heclars separately. We know from Proposition 2 that this
interpretation conforms with the analytical model. The implicit, but important, '
presumption, however, is that the North bargains with a country's government and
cannot operate on the market for land as an ordinary (atomistic) market participant.
We shali instantly see that govemments owning rainforests have every incentive to
prevent this.

Thirdly, using land prices as approximations of incremental costs, in combination
with the presumption that a forest is always homogeneous, provides a straightforward
interpretation of why the (total) incremental cost is invariant to the total stock and of
how precisely the resource is supposed to decline: The area covered presently by the
rainforests will always be so (hence total incremental costs are fixed), but as time
goes on while development is non-sustainable more and more carbon will have
evaporated into the atmosphere.

Fourth, the construction of the marginal cost data on the basis of Brasilian land
prices suggests that the results are most reliable in the case of Brasil but less so for
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the other countries. Results for countries other than Brazil may therefore be
interpreted as a multi-parameter sensitivity analysis with a suggestion as to which
countries might be roughly associable with the parameter constellations. Also, the use
of land prices to represent incremental costs must be viewed as an upper bound on
the necessary costs to protect carbon sinks.

, The equilibrium transfer payments, needed to preserve tropical carbon sinks,
which are reported in Tables 1-5 suggest:

1. (Table 1): In order to entice a substantial redistribution from North to South
only very small rates of decline of the rainforests are needed. For the hypothetical
benefit-cost relation, V/S, of 100:1 the 0.1% annual rate of decline of the Indian
rainforest, for example, suffices to induce a net profit for India from sustaining its
forest relative to costs of 191 (16)% in the 2 (8)% discount case. For ather countries
with more quickly disappearing rainforests this net profit is even much larger. As the
South can win a bounty in bilateral negotiations, the govemment of a rainforest
- hosting country has every incentive to monopolize its domestic supply of carbon sinks
to the North. ‘

2. (Table 1): Intemational redistribution is sensitive to the discount rates applied
~ fo climate policy. A smaller discount rate (2% instead of 8%) which is more favourable
to a tougher climate policy (Cline (1992)}), is also more favourable to redistribution
from North to South.

3. (Table 1). Intemational redistribution is highly sensitive to even tiny
differences in the rates of decline. For example, in the 8% discount rate case an
increase in the rate of decline from 0.1% to 0.2% (Indié to Bolivia) implies an increase
of transfers by 63% of incremental costs, and an increase from 1.1% to 1.8%
(Indonesia to Columbia) implies an increase of transfers by almost 3.5 times the
necessary costs. As there is considerable uncertainty as to what the correct rates of
decline are (Melillo et al. (1985)) carbon sink preservation creates a market with a
strong willingness to pay for (remote) control and observation services.

4. (Table 1): Other things being the same and for the range of rates of decline
listed in Table 1, virtually every country would benefit from a somewhat larger rate of
decline. The North therefore faces a moral hazard problem on the side of rainforest
owning countries. These have an incentive to boost destruction (or at least do nothing
againsta further acceleration unilaterally) in a pre-agreement phase.

5. (Table 1): It is particularly expensive to protect forests which are under the
threat of quick extinction. Therefore, and counter to popular sentiments, if a carbon



sink policy is to be implemented on a limited budget such that not all rainforests can
be sustained, it is rationai to give up the most perishabie ones and concentrate on the
protection of those which need it least.

6. (Table 2): Up to and including a willingness to pay of 730 $/ha, which
corresponds to Nordhaus' (1991) medium estimate of warming damages, a carbon
sink policy is infeasible in the countries listed, unless incremental costs are
(substantially) smaller than those assumed. This follows because for the parametric
specification listed in Table 2 a bargaining equilibrium does not exist. This is because
the feasible bargaining horizon, T, is negative. The interpretation of this is that for
these (low) unit valuations the quantity of carbon caught in the national stocks is
already 100 small. The North is better off riding the remaining non-sustainable track for
free. In view of international redistribution a conservative. climate policy of the North is
therefore bad news for the South. These results also provide an explanation for the
failure to reach a substantial agreement on the protection of rainforests at the 1992
Rio Conference.

7. (Table 3): A carbon sink policy is feasible for a valuation of 4500 $/ha such as
is induced by the Dutch and Swedish enacted carbon tax. Note that even at this
valuation, which is more than 6 times the Nordhaus medium estimate valuation, a sink
policy remains infeasible for some rainforests (Zaire, India). The equilibrium transfer
payments suggest that even at a benefit-cost ratio substantially below the fictitious
100:1 ratio (Table 1) the surcharges on incremental costs remain hefty (ranging
between 20% (Venezuela) and 280% (Columbia)). The results also suggest that
despite the redistribution thereby induced .the Swedish and Dutch govemments
pursue on the margin an extremely inefficient climate policy. As the xo/Vq values
show, replacing the Dutch and Swedish carbon tax by buying into carbon sinks (where
it is feasible) would permit CO, emmission abatement at costs which range between
only 2% (Bolivia) and 13% (Mexico) of those which are actually bome at hame.

8. (Table 3 and 4): The values (in years) for T suggest that even at relatively
high valuations of 4500 and 6600 $/ha time to strike an agreement on protection is
quickly running out for some rainforests. This in view of 5. is less troudlesome for
those rainforests which would be relatively expensive to protect in terms of xg/Vq (e.9.
Indonesian rainforest in the case of Table 3 (due to large incremental costs and a
large rate of decline)). The possibility of forever foresaking an agreement within a few
decades causes, however, concem in the case of rainforests which (e.g. in the case
of Table 4) could be bought into at relatively little costs.
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9. (Table 3-5). Comparing xo/V values for individual countries across the range
between 4500 $/ha and the high CBO estimate of 10,000 $/ha suggests that the
relative efficiency gains from carbon sequestration are rather insentive to variations in
the willingness to pay. For example, the efficiency gain of investing into the Brazilian
forest remains almost constant around the 96% level.

>

. Conclusion

The paper analyses a bargaining situation in which two countries negotiate the
financing of the costs which accrue if one of them switches from a non-sustainable on
a sustainable development track. The other country's incentive to contribute to the
financing of these costs arises from a problem of a fading free-rider position: it
benefits free of charge from the other country's environmental resources, however, at
a declining rate as long as development remains non-sustainable. This bargaining
situation catches, so the paper argues, some of the key elements in North-South
negotiations on certain intemational environmental problems such as, for example,
the preservation of tropical rainforests or biodiversity.

The paper demonstrates that such negotiations will induce payments from North
" to South which are above the necessary incremental costs of sustainability. Such
intemational environmental cooperation will therefore come about with a redistribution
of income and wealth from North to South.

in an application of the analytical model to the preservation of tropical
rainforests for the purpose of clifate protection it is shown that for the observed rates
of decline of rainforests this redistributive effect would be substantial. However, it is
also shown that, despite these hefty surcharges to be bome by the North, investing
into tropical rainforest preservation would nevertheless imply an enomous efficiency
gain compared to emission related policies in the North.

The analysis brings to the fore some important strategic aspects of North-South
cooperation to protect the environment. It is, however, not complete. A fuller
investigation would have to address at least one further issue which has been
excluded here.

The analytical model investigates bilateral negotiations between a beneficiary of
environmental services and a single resource owning country. It does therefore
abstract from the possibility of coalitions between several resource owners.
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Coalition-building and in particular a cartel of resource owners is in fact
suggestive from the model. The application shows how country specific conditions
translate in bilateral negotiations into country specific surcharges on incremental
costs. This implies a ranking of resource owning countries with which the beneficiary
would like to bargain (given by the ordinal ordering of x,/V,, values in Tables 3-5 with
the lowest value country being the favourite). In bilateral negotiations the beneficiary
would engage in price discrimination thus buying into the resource at different costs. If
all resource owners with which bilateral negotiations are feasible would form a cartel
then the beneficiary would have to pay a single surcharge to all members. In
Table 3-5, for example, this cartel surcharge would be the xo/Sq, values in the bottom
line, labeled “Average”, where country specific parameters are weighted by the
relative size of the resources (Table 1) and the bargaining equilibrium is calculated on
the basis of the induced average values of paramete\rs. Such a cartel amongst
resource owners would be stable if cartel gains would suffice to compensate countries
which individually could negotiate higher transfers. This also suggests that the total
quantity of resources to be sustained can be used by the beneficiary of environmental
services to strategically influence the cartel stability as that quantity determines which
countries would be inside and which ones not. Thereby the North could also
strategically influence the surcharge it must bear.

Hence beyond the issues discussed in the model there are a number of other
strategic issues which wait to be addressed in the context of the intemational
financing of sustainable development.
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Appendix

Proof of Proposition 1: Given Lemma 2 the proof is established if a e ] -1, 1 [ is
sufficient for d xp/dVg > 0 as from Lemma 1 dT"/dVy > 0.
Forg=0 v p=1itfollws from (5')

dx _9xp , 0%y OT* (A1)
dv, av, aT* 9V,

From (5, dxy/9dV, > 0 if T* > 0. Hence it is sufficient for dxg/dVgy > O that
dx,, /9T * 2 0. Using (13") it follows from (5') that dxo / dT* 2 0 if

l0-a)-nk(1-a2)2} T » h-(1-k) 2)
(-a)-y

From (13") we can replace the denominator on the RHS of (A2) by

1-k-a 1-h
maxy—m——, —
k h

From this it follows that the RHS of (A2) is smaller than 1.
Therefore sufficient for dx, /9T* > 0 is
(1-a) - hk-(1-a2)/2 >0

for which it suffices that (1-a)/(1-a2) > 1/2 as hk £ } 0, 1 [ This is fulfilled if
ael-1,1[

Proof of Corollary 2: From the definitions of y and ¢(y), x5 - S = [¢(y) — 7] - Vo
oY) —y<1as ¢y) < 1, or else B would lose from the bargaining equilibrium compared

to non-cooperation. ¢(y) —y=0if g =0 v p = 1 follows from Lemma 2 and Proposition
1, from which ¢(y)/y = 1.

Proof of Proposition 3: From Theorem 1, (6') and (7")

dx, dx, , Ox, OT*
0 . 120 4 70 A3
da 9  9T* oa (A3)
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From the proof of Propasition 1 dx, /dT*>0if g=0v p = 1. Let y = y(a). From (13")

aT *

¥=[T—w'(a)/w<a)]/(1—a) (Ad)
where
I-h
1 1-k h-(I-2)
"y'@)/ @) = —— -ql-k-acif y = (A5)
l1-a 1 1-k-a
k-(d=a)
From (13") B _
T*=-In[(S/V,)y]/(1-a) ’ (A6)

Substituting (A5) and (A6) in (A4) gives
. : 2
. dT* . 1 :
lim — = —| lim | — YO +1
a—>1 da’ La-—)l(]—a) J [H(Y alganl (@) ]
Asfrom (13") lim y (a)=oo itfollows lim JdT*/da=—oco.
a—1 a—1

Finally, from (5" lirn1 BxO/ da is finite (and negative) if g=0 v p=1. Hence
a—

from (A3) lim_dx, /da = —co.
a-1

Proof of Proposition 4: Forg =1, a = p, h = k, (5") simplifies to

1-h

) .[1_6_(1_1‘2).1-*/2] + e—(]-—hz).T*IZ Kk (A7)

XQ=S'

and the three regimes in (13") converge such that T* is determined by

1_ 1-h-a
2 h-(1-a)

e 4T (v, /8) = (A8)
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As regimes disappear, x$ = x![}-- Using this we can replace x1+ in (A7) by (7'), letting

h=k. Upon using {A8), (A7) simplifies to yield

1-h 2 1-h 1
=S . | —— _(-n)Tv2 {7
Xo = S {1_112 ¢ {1-112 2)} (A9)

For h < 1, (1-h)/(1-h2) > 1/2 and hence dxo/dT* > 0 if h < 1. Alsa from (A9), x¢=S/2 if
T*=0. Hence xo > S/2if T* > 0.

Proof of Corollary 4: hlim (1-h)/(1-h2) = 1/2. Hence from (A9}
—1 _

lim x,=8/2.
h—1
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