METU Studies in Development, 33 (December), 2006, 2D%-

Tariff negotiations in Rubinstein
bargaining model

Mehmet Yazici
Cankaya University, Department of International @ea06530 Balgat- Ankara, Turkey

Abstract

This paper applies Rubinstein bargaining model tidf taegotiations
in order to predict the outcome of the bargainirgilowing Dixit (1987)
and Mayer (1981), we are able to express tariftagies in the form of
reaction functions. This results in a strategy spaich larger than that
considered in the literature and also in a smoatHane frontier. Having
applied Rubinstein Bargaining model, we have chariaei# the outcome
of the tariff negotiations and given an examplejohtindicates that the
negotiations will lead to free trade when countees symmetric.

1. Introduction

It is well known in economics that an economic dgefth
monopoly power can use this power to its advantigtihe context of
international trade, by employing trade restricsi@uch as tariffs, the
government of a country with monopoly power in tnarld trade can
exploit this power. When two or more such governtadiehave this
way, they initiate a trade war. In the case offfg@riwhen countries
start a tariff war in which each country charges thriff rate that
maximizes its welfare given the other country'dfteate, the outcome
of the resulting non-cooperative Nash equilibriwhich we call
tariff-retaliation equilibrium, is Pareto ineffiaie Thus, as a result of
the tariff war, countries move from an efficient@ame (free trade) to
an inefficient one (tariff-retaliation equilibriufa)Given that the tariff-

! It is even possible that both countries are wof$at the end of the tariff war than at
the free trade (prisoner’s dilemma case). Of cqufsene of the countries is small in
the sense that it can't influence the terms ofetréice optimal thing for this country to
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retaliation equilibrium is inefficient, there musexist tariff

combinations which will make both countries bettit This can be
achieved only through coordination, though. Onehef things they
can do is to bargain over those welfare-improviagfft rates. This
paper applies Rubinstein bargaining model to taffotiations in the
two-country framework of Mayer’s (1981) model inder to predict
the outcome of negotiations.

Mayer (1981) develops a theoretical framework tarabterize
the possible outcomes of tariff negotiations andplessizes the
importance of country size, negotiation rules, athestic interest
groups in determining the general nature of posgdnliff agreements.
The first work that has applied a game-theoretipragch to tariff
negotiations is by Riezman (1982). He uses the Naxiperative
solution to describe the outcome of negotiationd paints out the
conditions under which free trade will be reached aaresult of
negotiations. Using the Nash cooperative soluti@man (1988)
examines the impact on trade negotiation outconuestd different
feasible utility-payoff sets.

In our model, following Mayer (1981) and Dixit (1B8 we are
able to express the welfare levels as functiortardf rates. Once this
is done, we can explicitly derive reaction funcipwhich will allow
us to specifically find the tariff rate optimal gin the other country’s
tariff. This leads to a strategy space much latgen that considered
in the literaturé. Furthermore, as a result of having explicit reacti
functions, when countries reach an agreement throwgyotiations,
tariff rates corresponding to the agreement caspbeeifically derived.

When the negotiation set is constructed, counéniesallowed to
choose any pair of tariffs as long as no countrylma made better off
without making the other country worse off (Parefticiency) and
that each country's payoff at the end of the agemris at least as
large as the one corresponding to the tariff-ratisin equilibriuni. To

do is to set its tariff rate to zero no matter wthegt other country's tariff rate is. From
the optimal tariff theorem, it follows that the ettcountry in this case will be better off
at the tariff-retaliation equilibrium than at thed trade.

In the literature, each country has two strategmamely no tariff and optimal tariff,
tariff that is optimal given the other country'siffa The latter corresponds to reaction
function in our case.

With the imposition of these two conditions, thegotiated tariff pair will not be on the
reaction functions. As a result, if it was not amsd that the agreement is binding, each
country would have an incentive to deviate. Thishigm could be solved in the
absence of such an assumption by adding an implati@mn phase where trigger
strategies can be used to sustain the agreed-apérpair (see Furusawa (1999), Bac
and Raff (1997), and Dixit(1987) )
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each point on the resulting frontier, a pure sgyateombination will
correspond in our model, unlike in the literaturbene one of the
countries must use a randomized strategy (excepthat point
corresponding to free trade). Moreover, the resglivelfare frontier
will be a smooth one.

Equipped with a much larger strategy space and aogm
welfare frontier, this paper adopts Rubinstein bargg model in
order to predict the outcome of tariff negotiati@msl shows that both
countries can achieve a higher welfare as a resbkrgaining.

The paper is organized as follows. First, it isvehdhat tariff
retaliation equilibrium is Pareto inefficient. Nexthe Rubinstein
bargaining model is employed for bargaining betwaeo countries
over tariff rates. Then a specific example is gjwehich is followed
by the conclusion.

2. Tarif-retaliation equilibrium

Imagine a two-good, two-country world where goouds 4 and
Y, and countries are Home (H) and Foreign (F), va#ith country
being large enough to affect the terms of tradés Hssumed that H
(F) imports Y (X). Lett (t") and B, P,) (P, P,)) denote H's (F)
ad valorem tariff rate on its imports of Y (X) apdces of goods at H
(F), respectively. Because of tariff on importsjces in the two
countries are not the same. They are related svi|

P,=@+tP, and P, =1+t )P,

Let = denote H's terms of trade (number of units of exgood
(good X) per unit of import good (good Y)).

Then is given by

n=P, /P,
Of course, F's terms of tradelisn

Rubinstein bargaining model is employed in a d#ffer context and model by

Horstmann et al. (2003). In a two-country, two-&sdwargaining model they contrast
outcomes when issues are negotiated separatekytzemithey are linked and show that
linking issues generates additional gains for kmmthntries, except in the case that an
issue, when viewed in isolation, yields the courdry exceptionally large negative

payoff.

® This section closely follows Mayer (1981), aniciD(1987)

Conventionally, the terms of trade ratio is defirthe other way around but Mayer

(1981) uses this definition so, to be consistdm, same definition is adopted in this
paper.
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Each country is represented by a single consumidr stictly
guasi-concave utility function. Consumer can infloe neither prices
of goods nor tariff rate. Therefore, from consumesptimization
problem, H's welfare level, U( ), and import demaht{ ), will be
functions of terms of trade and tariff rate.

More specifically,

U(m,t) and M(=,t)

Similarly, for F we have

U'(n,t") and M (m,t")

Under the trade balance condition that the valuéngiorts is
equal to that of exports, and using the relaticat tH's exports are
equal to F's imports, we have

aM(m,t) = M’ (m,t")
which gives the terms of trade as a function offfsrthat is,
n=n(tt).

Substitution ofr(t,t") into U(xn,t) andU" (x,t") yields

W(t,t") = U(m(t,t),t)

W (t,t7) = U ((t,t7),t")

As we see, the channel for strategic interactientbe terms of

trade; that is, tariffs levied by one country imhces the welfare of
the other country through the terms of trade.

Under the Marshall-Lerner stability condition thae sum of
import demand elasticities is greater than 1, eestintry's tariff
improves its terms of trade implying that it worsehe other country's

terms of trade More specifically, we have
0 0
A 0 and n >0
ot ot

Then,

" Using the trade balance condition and the relatign between world prices and
domestic prices established through the tariffempression for the effect on the terms
of trade of tariff can be derived where it is foutidit Marshall-Lerner condition is
sufficient for the tariff to improve the importingation’s terms of trade (see, for
example, Appendix | in Ethier (1988)). Intuitivelhis condition says that offer curves
of two countries together must be elastic for #réftto improve the terms of trade. It
is theoretically even possible that terms of trafi¢ariff-levying nation improves so
much that the resulting domestic price level isdothan the level that has prevailed in
the absence of the tariff (Meltzer paradox).
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oW ou o
—=— n <0 => F's tariff harms H
ot on ot
oW aU &
oV _o r <0 => H's tariff harms F
ot on ot

We also have

oW .
a5 >0 whent=0 foranyt

*

oW .
- >0 whent =0 foranyt

which says that a country can increase its welfgréevying a tariff
when initially not doing so, no matter what theestlcountry’s tariff
rate is.

In particular,

ow .
E>Owhent20 fort =0

*

ow .
o >0 whent =0for t=0

This means that there exists an incentive for eamimtry to
deviate from free trade, whete=t" = 0. We can also see this from
optimal tariff theorem.

Given that trading equilibria are unique, whictagsumed here,
each country’s indifference map can be represemgd, t*) plane.
Tariff combinations on an indifference cuhiae (t,t") plane are
those ones that make both countries' offer cumtssdect along the
same trade indifference curve. Given the indiffeeemap in (t, t*),
the reaction function, which gives the tariff rat@aximizing that
country’s welfare for a given tariff rate of thehet country, can be
derived. The intersection of these reaction fumsi(RR, R*R*) will
yield the tariff-retaliation equilibrium, N. This ishown in Figure 1.

8 Mayer (1981) derives an expression for the slopthefindifference curve (page 151,
Appendix 1)
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Figure 1

As seen in Figure 1, there are many tariff comioomat
including (t =t =0) in this case which will make both countries

better off than at N, the tariff-retaliation egbiium. Note that at all
of these combinations, tariff rates are lower irthboountries than

those at N,(t,,t,)° By coordinating their behavior, countries can
obtain higher utility. One thing that they can dotd bargain over
those tariff combinations that are Pareto supeaidt ,t,) .

We will require that bargaining outcome be Parefftcient.
Along PP curve, consumers in both countries faeestime relative
prices.

P /P, =P IP, 1)

Since P, = (1+t")P, and P, = (1L+ t)P,, the above relation
implies that Pareto efficiency is representedddition to (1), by

it +t+t =0 (2)

® These tariff rates are not shown in Figure ltaauster it.
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The equation (2) indicates that if one country aging its
imports, then, to obtain Pareto efficiency, theeotltountry must
subsidize its imports.

It is also required that tariff rates that theyesgupon at the end
of the bargaining also satisfy the following redais

tO[t,,tg] and t O[tg,t,] ©))

Otherwise, someone will be worse off than at N.

Then, (2) and (3) imply that the outcome of thegharing will
be at some point on PP curve between A and B.IHwaint to move

as close to B as possible whereas F will want ta$elose to A as
possible.

3. Tarif negotiations in Rubinstein bargaining mode

In this section we assume that countries can ggther and
make binding agreements. We will investigate whicariff
combination will be selected when countries negeteccording to
the Rubinstein bargaining model.

Two countries set out to divide a surplus betwdwemt If they
agree, each receives its agreed share. Othervaisk,receives payoff

at N, (W,,W,). So(W,,W,) is the disagreement point.

Each proposal contains a pair of tariff ratést™). Proposing
country's tariff rate is determined by that counttyd the other
country's tariff rate is found using (2), given gheposing country's
tariff rate. For example, if H proposes to impdsgthen tariff rate H
offers F to charge is" =-t /(L+t). Similarly, the tariff rate for H

when F makes the offer is given by -t" /(L+t"). This is needed for

the bargaining outcome to be Pareto efficient, whscrequired here.
Thus, each proposal is corresponding to a poirPBrcurve between

A and B (the negotiation set), which gives certaatyoffs W(t,t"),

W’ (t,t") to both countries; i.e. divides the surplus inestain way
between two countries.

The bargaining process involves the countries tpkurns at
making proposals. At T=0, H makes a proposal whigbresents a
certain division of the surplus between the two ntoaes. F
immediately replies Yes or No. If it says Yes, tbame ends,
everybody charges the proposed tariff rate andivesepart of the
surplus given by the proposal. If F says No, theid=l it makes a
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proposal to which H immediately replies and so Tme payoff to H
as agreed at time T equalSW((t,t"), where§ is the discount factor

for both countries andt,t”) is the agreed proposal. A strategy for a
country specifies its proposal/reply at each pamia function of the
history of the game up to that point.

The notion of the equilibrium used here is thatSefbgame
Perfect Equilibrium (SPE). In this game there isnéque partition of
the surplus, which can be supported as a SPE.isnetjuilibrium
agreement is immediate.

Figure 2 translates Figure 1 to welfare space. tiwtais
preserved. The Utility Possibility Frontier (UPRrcbe expressed as

W =f(W’). Given that relation is one-to-one, we can write
W’ =f *(W). Since the disagreement point is N, the UPF with t
origin N is given by

W=f(W +W,)-W, or W =fW+W,)-W, (4)

Figure 2

A

Tk

>

AT

To show the uniqueness it suffices to show thatniaimum
payoff H can obtain in any SPE is equal to the munn payoff it can
receive in any SPE of this game.

Let W, represent the maximum payoff H can obtain in alRf£ S

of this game. Consider the subgame beginning witlbféer made by
H at T=2. Notice that this subgame has the samectate as the
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original game. Therefore, the maximum payoff H cdxtain in any
SPE of this subgame is agaild, .

Now consider the proposal made by F at T=1. Angroiffhich
gives H a payoff more thardW, will certainly be accepted.
Therefore, F will offer to givedW, . This implies that the payoff F
obtains in any SPE can't be less tfiab(W, +W,) - W, .

Now consider H's offer at T=0. Any offer by H, whigives F a
payoff less thard[f (W, + W, )-W,] will be rejected. Hence H
will obtain at most a payoff equal to
f(6f *(SW, + W, ) + (L-8)W,)-W, . In fact, this represents the
maximum of what H will obtain in any SPE. le. iquals
W, <==>

W, =f(f *(W, + W) + L-3)W,) - W, (5a)

Let W, represent the minimum payoff that H can receivang
SPE of this game.

Consider the subgame beginning with a proposal rnbgdd at
T=2. This subgame has the same structure as thmalrgame. As a
result, the minimum payoff H can obtain in any Si#Ehis game is
W,.

Now consider the offer made by F at T=1. Any offenich
gives H at leasbW, will certainly be accepted. Hence F will offer to
givedW,. Then the payoff F receives in any SPE can't batgr than
f W, + W, )-W,,.

Now consider the offer H makes at T=0. Any offerHbywvhich
gives F less than §[f *(8W, + W, )-W,] will not be accepted.
Hence H will obtain at least a payoff equal to
f(6f *(BW, + W) + (1-8)W,,) - W,, . This represents the minimum
of what H will obtain in any SPE. Therefore,

W, = (5f *(8W, + W) + (L-8)W,,) - W,, (5b)
(5a) and (5b) =>

W, =W, =W, (6)
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Hence SPE is unique anl/, represents the payoff for H in this

unique SPE of the game with the origin of the UPE,,,W,,). The
payoff for F at the SPE is

W, = (W, + W) - Wy ()

Once W, and W, are determined, tariff rates supporting the
unique SPE can be found from

W, +W, =W(tt) and W, +W, =W (t,t) (8)

As pointed out earlier, the negotiated tariff pail not be on
the reaction functions, due to conditions (given (#) and (3))
imposed in constructing the negotiation set. Tleeef there exist
incentives to deviate from the bargaining outcowe, however, have
assumed that the agreement is binding so courtaasnot charge
tariff rates different from those agreed upon. & did not assume that
the agreement is binding, an infinitely repeatetsiom of the model

could be considered in order for the deviation mives to cease to
exist?®

4. An example

Utility functions for H and F are given by (9a) dar{9b),
respectively.

U(Xp, Yh) = XYy (9a)

U™ (X;,Y,) = XPY° (9b)
where X, and Y, are consumption of good X and consumption of
good Y by country i with i = h, f.

(10a) and (10b) represent endowment vectors fornd B,
respectively.

E=(E,.E,) = (3/41/4) (10a)
E' = (E,,E,) = 1/43/4) 10p)

where E; represents endowment level of good j with j =X, y

9 Young-Han (2004), for example, considers the itdlg repeated tariff bargaining in
which he examines the optimal trade negotiationimeg in the tariff negotiation
involving asymmetric multiple negotiators and shothst the sequential bilateral
negotiation is preferred by large economies wHile multiple negotiation regime is
welfare dominant for small economies.
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It is assumed that in equilibrium H exports goodaKd F
exports good Y. X and Y also represent volume rafdé in
equilibrium.

Consumer at H solves the following optimizationlpem

max U(X,,Y,)=X?2Y?

s.t: pX, +(@+t)qY, = p(3/4)+ 1+ t)gl/4) +tqY (11)
where p, g and t are world price of X, world prafeY and tariff rate
H charges on imports of Y, respectively.

Solution to (11) yields demand functions for goo@nd good Y

as
X, = [p(3/4) + (1+ t)q@/4) +tqY]/2p (12a)
Y, = [p(3/4)+ 1+ t)g@d/4) +tqY]/2(1+ t)q (12b)
Since numerators in (12a) and (12b) are identical,
X,2p=Y, 21+ t) (13)

Using X, =E, -X = (3/4)-X andY, =E +Y = 1/4)+Y,
and defining the terms of trade ratioras q/p, (13) can be rewritten
as

((3/4)-X)=@1+) (/4 +Y)=n (14)

From the budget constraint, we can expresas a function of t,

X and Y, and substitute the resulting expressiontfanto (14). Then
we obtain for H

@/ X =(A+0)/(AY)+t+2) (15a)
(15a) implicitly defines H's offer curve.
Given the symmetry, (15b) implicitly defines F'sesfcurve.

BIA)]Y = (L+1)/(4X) +1 +2) (15b)

wheret’ is tariff rate F charges on its imports of good X.
Solving equations (15a) and (15b) for X and Y, & fimarket
clearing consumption levels as functions of t and

X, =[(3/4)+ @+t) /4] /[1+ @+t )/ 4+ (3/(4L+1)))] (16a)

X, =1-X,, =[(3/4) +(L+1) /4] IL+ L+t )/ 4+@/(40+1)))] (16b)

Y, =[(3/4) +@+1")/4)/[A+t") +WAHA+t)A+t) +@3/4)] (16c)

Y =1, =[(34+@+)A /[ +E ) +UAL+OL+ ) +GFD]  (16d)

Plugging these consumption levels into utility ftions, we
express the utility functions as a function of tian. Let
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W(tt') = UK, (L), Y, (61)
and
Wi (L) = U (X, (K1), Y, (LT))
WD) =[@+)EH) 1/ [ALH+ L)+ @)+ 3] (174
W (L) =[@+) @+ ) [AL+)+L+) )+ @+ )+@+)0+)+3™]  (17D0)
Having expressed utility functions in terms of tain, we can
now find the tariff retaliation equilibrium ift,t") .
oW

—=0=

ot
VA+)=E+ )AL+ +L+OLH )+ T +A+1 )AL ) +A+)(+)+3"  (18a)
(18a) implicitly defines H's reaction function.
oW’
And ——=0 >
ot
YA+ )=6+)@AL+T ) +A+A+)+3 T +L+)@AL+H)+A+)A+1)+3 " (18b)
(18b) implicitly defines F's reaction function.
From (18a) and (18b), we find the tariff-retali@iequilibrium
levels of tariff rates as
t, =t, =3"*-1 (19)
Welfare levels corresponding to the tariff-retatiatequilibrium
are given by (20).
W(ty, ty)(E W) = Wt t)(E W) = 48 (20)
Welfare levels corresponding to free trade are inbth by
settingt =t” = 0, and they are given by (21).
W(t=0t =0)=W'(t=t =0)=5 (21)
As we see, at the tariff-retaliation equilibriumtibh@ountries are

worse off than at the free trade. This is an instaof the Prisoners'
dilemma.

In order to find the unique SPE, we need to deteertie utility
possibility frontier (UPF). It is found by solvinghe following
optimization problem.

max U(X,,Y,) =X}y’
stU =@-X,)°@-Y,)® (22)
Solution to this optimization problem yields
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X, =Y, =1-U (23)

Using (23), we obtain the function that defines WRF

W(W') =U(X, =1-U",Y, =1-U")=1-U =1-W" (24)

From W +48=1-(W" +48), we find the function that gives
UPF with the origin a{W = 48 W™ = 48) as

W= 04-W’ (25)

Figure 3

A

T

AT

Division of surplus corresponding to the unique SBEound
from (5a) and (5b), and they are given by (26a) @6d).

W, = 04(1-8)/(1-8%) (26a)
W, =5.04(1-8)/(1-5%) (26b)

The only asymmetry in this game is that there isdmantage to
the first mover. In our case H has an advantage&hnb reflected by

W, > W, . This unattractive feature of the model can beoeed
either by determining the identity of the proposerach period by
tossing a coin or by letting the time delay betwseoacessive periods
go from 1 to 0. Then the equilibrium shares become

W, =W, = 02 27)
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The equal division of the surplus is what one waergect in a
bargaining, given the symmetry indicating that does have the
same bargaining power.

The total payoff to each country at the unique &PE

W =W, +W,=02+48=15 (28a)
W =W, +W, =02+48=15 (28b)
Since these are the payoff levels correspondinigedree trade,

the tariff rates supporting the SPE dret” = 0. So in this example
when the Rubinstein model is used as the bargamdgl describing
the bargaining between two countries over thefteaiks, this model
predicts that countries will agree to the free @fadt is not surprising
in this example that free trade emerges as theoomécof the
bargaining, given the fact that countries are sytnmand that gains
from reaching free trade are evenly distributedatt’t be generalized,
however. In case, for example, one country is laagd the other
country is small, since large country will be bettdf at the tariff-
retaliation equilibrium than at free trade, fread outcome will not
be achieved as a result of tariff negotiations.

5. Conclusion

This paper adopts the Rubinstein bargaining maderder to
predict the outcome of tariff negotiations. The come of the
bargaining is characterized at which both counturesable to reach to
a higher welfare than if no bargaining has takeacel (non-
cooperative tariff retaliation outcome), and an regke is given,
which indicates that the negotiations will resultfree trade when
countries are symmetric.

Reaching an agreement over tariffs does not takey dnem the
countries the monopoly power they have in the wiodde. Given this
fact and the fact that there exist other policlest tan reproduce the
effects of tariffs, after the agreement reachedtl®# end of
negotiations, countries will seek and invent otfeems of protection
to replicate the effects of the tariff. Therefoa®, interesting direction
for future research is to introduce other formgpaftection into the
model and consider designing the agreement in aushy that both
gains from tariff reduction are realized and coi@strare given no
incentive to replace reduction in tariffs with atlierms of protection.

" Riezman (1982) reaches the same result using thle ddeperative solution.
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Ozet

Rubinstein pazarlik modeline gbére gumrik vergiszakereleri

Bu makalede Rubinstein pazarlik modeli gimrik \&rgitizakerelerine uygulanmakta ve
bu modele gbre mizakere sonucunun ne @gladagorilmektedir. Dixit (1987) ve Mayer
(1981)'in calsmalarindan faydalanilarak, gimruk vergisi strageijitepki fonksiyonlari olarak
ifade edilmitir. Bu ise literatiirde yer alandan daha buylksbiateji alani ve ayrica akan bir
azami refah grisi elde etmemizi gdamistir. Rubinstein pazarlik modeli uygulandiktan sonra
bu modelce dngorilen miizakere sonucu karekterizmigd sonra bir 6rnek verilrgive bu
ornekte Ulkeler simetrik oldiwnda miizakere sonucunun sebrest ticaret gladaiimitir.



