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Abstract

Similar countries often choose very different policies and specialize in very distinct indus-
tries. This paper proposes a mechanism to explain policy diversity among similar countries
from an open economy perspective. I study optimal policies in a two country model when poli-
cies affect determinants of trade patterns. I show that welfare gains from trade can provide
sufficient incentive for asymmetric equilibrium policies, even if the two countries have identical
economic fundamentals. Any asymmetric equilibrium exhibits greater production specialization
than the common autarky optimum; this is the source of welfare gains. For this same reason,
a more asymmetric Nash equilibrium Pareto dominates a less asymmetric one. I characterize
necessary and sufficient conditions for existence of such asymmetric equilibrium. All equilibria
are asymmetric if income is sufficiently convex in policy, and production technologies and con-
sumer preferences are not strongly biased in favor of one of the factors of production. As an
application, I consider a model where skill distribution is the determinant of trade patterns and
the policy in question is education policy. When heterogeneous agents choose their skill levels
optimally, optimal skill function is convex in government policy. In this application, the general
sufficient condition requires that the education cost of agents is relatively inelastic with respect
to skill. (JEL Classification: F11, E62.)
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1 Introduction

National policies of countries display important and persistent differences. Countries that are sig-
nificantly different in terms of various socioeconomic institutions choose different policies, but such
observed diversity can be explained in terms of differences in economic fundamentals. However,
significant policy diversity is observed even among countries that are similar in terms of factor
endowments, technology and general levels of economic progress. For example, the economic de-
velopment strategy of China is characterized by a high rate of physical capital accumulation and
an emphasis on basic education whereas India has instead emphasized tertiary education relatively
more.! Also, such similar countries often tend to specialize in different industries and have experi-
enced massive growth in international trade.? If we consider policies that affect the determinants
of trade patterns, choice of diverse policies allow countries to specialize in different industries and
gain from international trade.

In fact, many countries emphasize the international comparative advantage they derive from
domestic policies in an increasingly integrated world. The education policy of India serves as a case
in point. International competitiveness of the knowledge-intensive service sector is an important
factor in formulating education policy in India.? In the formulation of the national education policy,
policy-makers in India take into account details of the domestic policies of other large economies.*»?
Thus, as opposed to each country choosing in isolation what policy is best for itself, countries
interact in the open economy in their optimal design of national policies that affect international
comparative advantage. In this paper I consider countries that are completely identical in terms
of economic fundamentals to isolate the role of policy diversity in encouraging international trade,
and study an optimal policy problem in the open economy in a general equilibrium model of trade.
I explore whether welfare gains from trade can explain ex-post policy heterogeneity among ex-ante
identical countries.

In section 2, I consider a two-good, two-factor, two-country model in which both good and factor

'IMF World Economic Outlook (2006), Bosworth and Collins (2008), Panagariya (2006), and He-Kuijis (2007)
highlight important policy differences between India and China. Arora and Gambardella (2005, Chapter 3) discuss
differences in economic policies between Ireland and Greece or Spain. Important differences in economic policies
between USA and Europe have received considerable attention in the literature (Alesina, Glaeser and Sacerdote
(2001), Krueger and Kumar (2004)).

?Bosworth and Collins (2008, Table 6, page 20) report that between 1995 and 2004 annual growth in exports (in
goods and services) is 18.1% in China as opposed to 12.6% in India. Over this time, share of goods in exports has
increased from 87% to 90% for China, and has reduced from 82% to 67% in India. Similar specialization is observed
in other large countries in the world. Baumol and Gomory (2000) document that for the three largest economies—
Germany, Japan and the United States— the correlations (and rank correlations) in production shares by industry are
either negative or close to zero, and the cross-industry pattern of specialization is remarkably stable.

*The Indian task force report on Human Resource Development in Information Technology (2000) makes 47 specific
recommendations with a view "to create a sustainable competitive advantage" in the knowledge-led businesses.

4For example, the Indian task force report (2000) recommends training in the language-cultural skills of potential
export destinations like Japan, Germany, France and Korea in the regular engineering programs, citing China’s
current emphasis on English education.

STreland is the largest exporter of knowledge-intensive software goods and services in the world economy (OECD
Information Technology Outlook, 2000). A very similar picture of the education policy of Ireland emerges from the
Human Capital Priority program of Ireland’s National Development Plan (2007).



markets are perfectly competitive. The planner in each country chooses a single policy that affects
productivity differently for different goods.® For example, the policy in question affects relative
technological progress across sectors or factor composition of a country. A difference in government
policy is the only source of comparative advantage. The framework, at this level of generality, can
handle any policy problem as long as the policy in question affects comparative advantage in the
open economy.’

Given identical homothetic demand, policy affects comparative advantage from the supply side
of the economy via its influence on domestic production possibilities. By varying the policy, I can
define a production possibility set of an economy as an upper envelope of various production pos-
sibility sets, each corresponding to a different policy choice. Constant returns to scale technologies
imply that for any given policy, the production possibility set is a convex set. However, the upper
envelope of different convex sets is not necessarily a convex set. This nonconvexity in the envelope
production possibility set is crucial for the existence of asymmetric policies in an equilibrium.

In the non - cooperative optimal - policy problem, the social planner in each country chooses
national policy to maximize aggregate welfare. If these countries choose different policies, they gain
from trade. This is the gain from asymmetry. Both countries have identical optimal policies in
autarky and at least one of them has to deviate from the autarky optimal policy in order to trade.
Hence, gains from trade can only arise at the cost of choosing a policy that would be suboptimal
in the absence of trade opportunities. This is the cost of asymmetry. If the envelope production
possibility set is sufficiently nonconvex, and consumer preferences are not very biased in favor of
one of the goods, an asymmetric pure - strategy Nash Equilibrium (PSNE) exists.

In an asymmetric equilibrium, ex-ante identical countries are ex-post different with endogenous
comparative advantage in different industries. An increase in policy diversity improves the scope for
production specialization and exchange. Hence, both countries attain higher aggregate welfare in an
equilibrium with greater asymmetry. In particular, any asymmetric PSNE is associated with higher
aggregate welfare compared to the common autarky optimum. As a result, all cooperative equilibria
are asymmetric whenever an asymmetric PSNE exists. 1 also explore the cooperative optimal -
policy problem to understand when the Pareto optimum of a symmetric world is asymmetric. 1
show that all equilibria in the open economy are asymmetric if aggregate production is sufficiently
convex in government policy, under suitable restrictions on consumer preferences.®
I illustrate the general abstract policy problem in a specific example. Educational investment by

the government improves skills. The government policy decision is to allocate resources between ba-

6Clarida and Findlay (1991) consider a similar type of policy.

TA distinguished branch of international trade theory literature predicts comparative advantage on the basis of
differences in factor endowment, technology, and domestic institutions (Levchenko (2007), Costinot (2009), Cunat and
Melitz (2007)). Based on this literature many different supply-side policies, such as domestic institutional reforms,
labor market policies, R & D policies, education policy, and capital accumulation policy satisfy my requirement.

8Note that when the production set is convex, the frontier of the production set plotted in output space is concave,
and vice versa. Thus, convexity in aggregate production with respect to policy is intuitively similar to nonconvexity
of the envelope production possibility set.



sic and higher education.? I consider three specifications of competitive economies to demonstrate
different restrictions needed to satisfy the condition for existence of an asymmetric equilibrium in
the general framework. The setup in section 3.1 is a classic Heckscher-Ohlin economy consisting
of two goods with different skill intensities and two types of workers with different inherent skill
levels. In this economy with standard production functions, an asymmetric equilibrium exists only
if the government policy affects skills in a convex fashion. If government policy affects skills in
a sufficiently convex fashion, all equilibria in the open economy are asymmetric under suitable
restrictions on consumer preferences. In the presence of redistributive concerns, an asymmetric
equilibrium exists under similar conditions, provided both political preferences and consumer pref-
erences are not biased towards the same sector. In section 3.2, I consider a Heckscher-Ohlin model
with endogenous skill choice by agents with heterogeneous abilities. From agents’ optimality con-
ditions, the optimal skill function is convex in government policy, even if government policy affects
education cost in a linear fashion. If cost of education is relatively inelastic with respect to skill,
an asymmetric equilibrium exists under suitable restrictions on technologies and preferences. In
section 3.3, I consider another setup in which different workers’ skill levels complement or substitute
each other in the production of different goods, as studied by Grossman and Maggi (2000). In the
presence of submodularity in production in this setup, even if policy affects skills in a linear fash-
ion, aggregate production may respond in a convex manner to policy. An asymmetric equilibrium
exists if the degree of submodularity in production is relatively high, provided consumers prefer
the supermodular good relatively strongly.

In section 4, I allow for some initial differences among countries in my setup of section 3.1
and show that, in this case, these countries optimally choose to magnify initial differences by
investing relatively more in their respective areas of comparative advantage. But in the absence
of sufficient convexity in the skill function, equilibrium difference in the policies depends crucially
on the magnitude of initial differences. Thus, convexity in aggregate production with respect to
policy is crucial to explain substantial policy differences among similar countries via welfare gains
from trade.

The analysis in this paper challenges the general assumption that globalization can be expected
to exert pressure for convergence in the cross-national economic policies towards a common op-
timum. This is an assumption shared by scholars in comparative political science and economics
(Cerny, 1997; Garrett, 1998; Kitschelt et al., 1999; Berger and Dore, 1996). However, focusing on
one particular aspect of globalization, trade integration, diversity in domestic policy can arise and
amplify in an open economy equilibrium, if comparative advantage is at least partly endogenous
to national policy. The difference between the usual assumption in the literature and the classical
trade theory point of view outlined in this paper is that the institutions and policies (of the type

studied here) are not absolutely good or bad but rather are relatively good or bad for different

% Ansell (2003, 2004, 2008) empirically documents the rising public education expenditure with increase in economic
openness and how economic openness pushes the balance between tertiary and primary education towards states’
particular comparative advantage from a panel dataset covering more than hundred countries and a time span of
1960-2000.



types of production activities.

Related literature: Traditionally, the question of why similar countries choose different policies
is studied in a closed economy setting in which the existence of multiple equilibria and coordina-
tion failure explains such observed diversity.!! However, the mere existence of different types of
equilibrium in a closed economy does not imply that two symmetric countries choose asymmetric
policies in an equilibrium. In this sense, multiple equilibria and coordination failure are consis-
tent with the existence of diversity but do not explain it. In contrast in an open economy setup
the identical countries may choose diverse policies precisely because such policies allow them to
gain from trade. Directly related to this explanation of policy diversity among similar countries
is the "symmetry-breaking" approach pioneered by Matsuyama (2002) in which existence of an
asymmetric equilibrium in a symmetric strategic setting is offered as an explanation for observed
diversity among identical agents.'’ The literature on asymmetric equilibrium in symmetric games
(Matsuyama (2002), Amir, Garcia and Knauff (2006)) proposes properties of the payoff function
sufficient for symmetry-breaking. However, in my general optimal policy problem when the payoff
function is an aggregate indirect utility function which incorporates agents’ optimization, the ex-
isting sufficient conditions for symmetry-breaking are not satisfied. In the context of this literature
my contribution is to characterize new necessary and sufficient conditions for the general optimal
policy problem.

Another distinct branch of related literature studies the effects of globalization on domestic
policy and institutions.'> However, from the literature on comparative advantage, domestic factor
endowments, technology and institutions also affect volumes of trade and influence trade patterns.
If domestic policies affect these determinants of trade, a benevolent social planner should take
that effect into consideration in designing optimal policy.'® I, for the first time in the literature,
incorporate a comparative - advantage motive for domestic policy in an open economy optimal
policy problem.

In sum, this paper makes two distinct contributions. First, it provides a new answer to the
well-researched question, why do similar countries choose very different policies, from an open-
economy perspective in a simple, tractable and general framework. Second, I exploit properties of
a standard general equilibrium model of international trade to characterize the conditions for and

welfare-implications of asymmetric equilibrium in a symmetric optimal policy problem.

10See Alesina and Angeletos (2005), Benabou and Tirole (2006) for example.

'1See Matsuyama (2004), Maggi (1996), Amir (1996) for important applications of the symmetry-breaking approach.

2See Briigemann (2003), Levchenko and Do (2007a) for references in economics literature and Watson (2003), Hall
and Soskice (2001), Mosher and Franzese (2001, 2002)) in comparative political economy literature.

13 Gomory and Baumol (2000) emphasize acquired comparative advantage and mention several examples of diverse
economic policies of countries aimed at promoting comparative advantage in different industries. See Redding (1999)
for an example of the role of government policy in acquiring comparative advantage.



2 Optimal Policy in a General Framework

I consider a two-good, two-factor, perfectly competitive world comprising two large economies.
Each government chooses a domestic policy = that is the only source of comparative advantage in
the open economy. Without loss of generality, let an increase in v confer a comparative advantage
in good 1.

Let u(.) denote the direct utility function, p(.) the relative price of good 1 and Y(.) the
aggregate income in the country. Government policy ~ affects welfare directly through its effects
on economic fundamentals and indirectly through the equilibrium price. Aggregate indirect utility
is denoted by V(p,v). Also, F;(p,~) stands for aggregate production of good i and C;(p, ) denotes
the aggregate demand of good i. From the equality of aggregate value of production and aggregate

income,
Y(p, v) = pFi(p, 7) + Fa(p, 7). (1)

I assume homothetic preferences which ensure that aggregate demand of each good is linearly

homogenous in income,

Ci(p, v) = filp)Y (p, 7). (2)

From the definition of aggregate welfare and homotheticity of u(.),

V(p,v) = f®)Y (),

where f(p) = u(f1(p), f2(p)). I denote autarky variables by a superscript A and trade variables by
a superscript T. All foreign country variables are designated by an asterisk.

In the competitive equilibrium of the closed economy,

Cilp*, v) = E(p?, v), i=1,2, (3)

and hence the equilibrium price, p#, depends only on own policy ~. In the open economy both
countries’ policies determine the equilibrium terms-of-trade p’(.) from goods market clearing of
the world,

Ci(p", 7 + Cr ", v*) = B, v) + Fr (", ) (4)

and the foreign policy v* affects domestic welfare through the terms-of-trade externality. Hence,

U4(y) = V(p*(7),7), and U (v,7*) =V (p" (7, v*), 7).

I assume that U4(y) and UT(y, +*) are differentiable upto second order. The world welfare is
denoted by W(.),

Wy, 7)) = UL (v,7*) + U (v*,7).



In closed economy government chooses 7 to maximize aggregate welfare, U4 (). In the non -
cooperative optimal - policy problem in the open economy, each government maximizes U7 (v, v*)
taking the other country’s policy as given. In the cooperative optimal - policy problem in the open
economy, the social planner maximizes the world welfare, W (y,~*).

Suppose that policy v lies in a bounded policy space 7 < v < 7. When there is more than one
autarky optimum policy, at least one asymmetric equilibrium exists in both the non - cooperative
and cooperative optimal - policy problem of the open economy. Hence, I restrict attention to the
case where the autarky problem has a unique optimum, 7.

I interpret v as a policy that affects sector-specific technologies or the relative factor endow-
ments. For any given =, one can define the production possibility frontier as the frontier of the
output pairs that can be produced using the economy’s available technologies and factor inputs.
Let us denote this set as PPF(y). A change in v affects the production possibility frontier. Let us
define the upper envelope of PPF(~) as the PPF,

PPF = maxPPF(7). (5)
v

When 7 is a choice variable of the government, PPF describes the frontier of the true production
possibilities of a country.

In Figure 1 for illustration purposes I consider three possible policy options v; < 5 < 7v3. The
shaded region denotes the envelope PPF. For the set of consumer preferences described in Figure
1, the autarky optimal policy 7 is given by ~,.

Figure[:[EnvelopeBPF[@ndDhe [Autarky @ptimum
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In the open-economy the aggregate welfare function satisfies the gains from trade property. By

this property, a country with a given policy, can gain in welfare terms by trading with a partner



with a different policy,
U (v, v*) S UT (v, 7) ¥*s ¥, (6)

with equality at v = «*. From the gains from trade property, for any two arbitrary policies ~,; and
7, » the relative welfare of choosing 7; compared to ; , conditional on the trading partner choosing
7, » improves in the open economy over that in autarky.!* In this sense, trade favors asymmetry in
policy. But when do these symmetric countries choose asymmetric policies in the open economy?

To answer this question, it is important to understand an important property of asymmetric

equilibrium. Suppose that (v, ’yl*) is an asymmetric pure strategy Nash equilibrium. By (6),

!

Ur®, 7) <UTH, 7).

But since v/ is the best response to ’y/*,

!

UTH, ) <UTH, ~™).

Thus, at any asymmetric PSNE both countries gain in aggregate welfare compared to the common
autarky optimum. Note that this result is independent of the countries experiencing any price
change at the open economy asymmetric equilibrium compared to the autarky optimum.'® Here
the welfare gain in the asymmetric equilibrium is due to an increase in production specialization,
which allows for an expansion of the consumption possibility frontier through trade.

In this framework with identical homothetic demands in both countries, comparative-advantage
in any industry arises from the supply side. Thus, the role of policy ~ in affecting production
possibilities of a country is crucial for the existence of an asymmetric equilibrium with endogenous
comparative advantage in different industries. In a perfectly competitive world with constant
returns to scale technologies, the production set for any given v, PPF(7), is a convex set. However,
constant returns to scale technologies do not imply that the production set described by PPF is a
convex set. If the production set described by PPF is a convex set, no two different points on the
envelope PPF can satisfy producers’ optimality condition at the same free trade price, and hence an
asymmetric PSNE does not exist.! Below I illustrate graphically the importance of nonconvexity
of PPF for the existence of an asymmetric equilibrium.

As before, suppose that there are three possible policy options 7; < 75 < 73, and ¥ = 5. I ask,
when can (7;, 73) be a Pareto-improving asymmetric NE in the open economy? For illustration
purposes, I completely shut down the traditional channel of gains from trade due to price movement
from autarky to free trade. Hence, the free trade price at the asymmetric equilibrium is the same as

the autarky price at 7. In Figure 2, a Pareto-improving asymmetric NE exists since the production

“From (6), we know that

UT(’Yia’Yj) > UA(’Y«;)
UT(VJ' » Vs ) UA('VJ' )
15The traditional gains from trade derive from the fact that countries face different prices in the open economy

compared to in autarky.
YNote that this result is true irrespective of the nature of political preferences.



possibilities described by the PPF is a sufficiently nonconvex set. In the open economy, a country
that chooses 3 > 74, does not suffer a major adverse terms-of-trade movement, since in the
open economy equilibrium price is less responsive to any country’s policy movements.!'” Thus
by specializing in two distinct industries each country realizes an expansion in its consumption
possibility frontier. This opens the door for welfare gains in an asymmetric equilibrium in the
open economy. In contrast, in Figure 3 when the production possibility set does not show enough
nonconvexity, no such asymmetric PSNE exists.

Figure2:[EnvelopeBPF [@nd[AnAsymmetric[Bquilibrium
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Consumption

possibility frontier in
/ the open economy
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Figure[3: BnvelopeBPF [and No[AsymmetriclBquilibrium
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T A
"This is due to two reasons. First, 33% = .5% at a point of symmetry. Thus change in own policy affects

equilibrium price relatively less in the open economy. Moreover, in the asymmetric equilibrium the foreign country’s
choice of policy actually improves the TOT for the home country.



However, a sufficiently nonconvex production possibility set alone is not sufficient for the ex-
istence of an asymmetric PSNE. In Figure 4, I consider a situation where the PPF is same as in
Figure 2, and consumer preferences are significantly biased towards good 1. This makes v the
relevant autarky optimal policy. This presence of significant bias in consumption implies that even
by choosing a higher ~, the relative price of good 1 is not very low. The dotted line corresponds to
pA('y3):Y¢,Y3 under consumer preferences in Figure 2 and the solid line corresponds to pA(’y3)§:73
under consumer preferences biased towards good 1. Note that for such biased consumer preferences
there is no asymmetric equilibrium in the open economy, and 73 becomes the dominant strategy.

Figure4:[Role@ffConsumerBreferences
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The figures, though great tools for illustration, leave a number of questions unanswered. Why
is (71,7;) not a symmetric equilibrium 7 If (v;,75) and (7v;,73) are both equilibria, what can we
say about different properties of these equilibria? Do the existence conditions with three policies
generalize? To answer these question, I consider a more general, bounded policy space.

First, I study the cooperative optimal - policy problem. It is straightforward to show that (7, 7)
is the only candidate for a symmetric Pareto optimum. If 7 lies in the interior of the policy space,
all the Pareto optima are asymmetric if W (~,~v*) is quasiconvex in (v, v*) at (¥, 7). I summarize

these properties of the cooperative solution in the following proposition.

Proposition 1 (Cooperative Welfare Maximization) A symmetric strategy profile in which
both countries choose the autarky optimum, (7, 7), is the only candidate for a symmetric Pareto
optimum. If 7y lies in the interior of the policy space and W (vy,~*) is quasiconvez in (v, v*) at (7,

v), all the Pareto optima are asymmetric.

Proof. The result that (7, 7) is the only candidate for a symmetric Pareto optimum follows directly

from the symmetry of the setup which ensures W (v, ) = 2U4(y), and optimality of 7.

10



If 4 is an interior autarky optimum, first order condition (FOC) of maximization must be
satisfied at 7. From the definition of U4(.),

WA _ovapt v
dy — Op 0y Oy’

From Roy’s identity,
ov

o

which equals zero from (3). Therefore,

FEH(FL() — (),

A
dU*(.) - o _ 0 at ¥ from the FOC.
dry o

Similarly from the definition of W(.) and using (4),

ow() oV
oy oy’

Therefore, the FOC of optimization of the world welfare is satisfied at (7, 7). If W(v,~*) is
quasiconvex in (v, v*) at (¥, ), every Pareto optimum is asymmetric since (7, 7) is the unique
candidate for symmetric Pareto optimum. m

Next, I consider the non - cooperative optimal policy problem. Each government simultaneously
chooses its policy to maximize aggregate welfare. The optimal policy of a country depends on the
policy of its trading partner. I restrict attention to the pure strategy Nash equilibrium (PSNE),
and assume that an equilibrium exists in the policy game.'®

Welfare properties of different asymmetric PSNEs follow from a simple generalization of the
gains from trade property. Not only does a country gain in welfare by trading with a partner who
has a different policy, but a country gains more from trade, given her own policy, the more different

191

is the policy in the trading partner. summarize this property of the welfare function in the

following lemma.

Lemma 2 (Greater the Difference, Greater the Gains) For any given own policy, the wel-
fare of a country increases with an increase in the foreign policy, if the foreign policy is greater
than the own policy. Thus,
8UT , *
U (v, 7") >0 for v* >~.
oy*

Similarly,

< 0 fory* <n.

1810 an application in the next section, the optimal policy of a country decreases in the policy of the other country.
Such strategic substitutability ensures the existence of at least one PSNE in the optimal policy problem by Topkis
(1978).

YEthier (2008) highlights a similar result "the greater the differences , the greater the gains" in comparative
advantage-driven trade.

11



Proof. Since v* affects welfare of the home country through terms-of-trade,

oUT (y,7*) _ oV ap”
o+ Op Oy

From Roy’s identity,
U™ (v,v*) _
ov*

Since an increase in 7y confer comparative advantage in good 1,

T
FONE) - )P

T (v, v*)

< 0.
ov*

Suppose v* > ~, which implies that the home country is an importer of good 1,

oU (7, v*)

F < Cy, and
oy*

> 0.

Similarly, v* < ~ implies W < 0. A similar proof works if an increase in v confer comparative
advantage in good 2. m

This property of the welfare function simply says that given a country’s own policy, the greater
is the difference with the trading partner, the greater are the welfare gains. This generic property of
comparative-advantage driven trade and the definition of NE allow us to rank various asymmetric
PSNEs in terms of the associated welfare. Consider two asymmetric PSNEs (v, 77) and (7q,
75) such that the home country is an exporter of good 1 in both of these equilibria (y; > 77,
i = 1, 2). Also, the countries are more different in the first PSNE than in the second one,
v} < 74 < 75 < ;. Both countries attain a higher welfare in (v, 7) compared to (s, 73). Hence,
an equilibrium with greater asymmetry generates greater welfare for both countries. I describe
this property in Proposition 3. Proposition 3 provides a welfare-ranking of multiple PSNEs on any

given side of the diagonal of the strategy space.

Proposition 3 (Welfare Ranking of Asymmetric PSNEs) Consider two pairs of asymmet-
ric PSNEs — (71,71), (V1,71) and (72,73), (3, 7v2) such that 7] < 73 < 3 < 1. Both countries
have a higher welfare at (v,,7v;) compared to (v4,7%) and at (vi,7;) compared to (s, s)-

Proof. Given 7] < 75 < 75 and % < 0 for v > +*, (by Lemma 2),

U (v9,73) < UT(7v2,7%)-

But,
UT(727 fyT) < UT(’YM ﬂ/{)

since 7, is the best response to 77J.

T (A%
Similarly, given v5 < v, < vy, and W > 0 for v* < v,

12



UT(’Y; 72) < UT(V;: 71)

But 77 is the best response to 7y, which implies

UT(v5,71) < U (75, 11)-

As a corollary of Proposition 3, whenever an asymmetric PSNE exists, the Pareto optimum is
asymmetric. Alternatively, if (7, 7) is the unique Pareto optimum, a Pareto-improving asymmetric
equilibrium cannot exist. If world welfare W (., .) is strictly quasiconcave, the symmetric strategy
profile at (7, ) is the unique Pareto optimum. Hence, if the world welfare W(., .) is strictly
quasiconcave, an asymmetric equilibrium does not exist.

Next, I investigate properties of the welfare function that are sufficient for the existence of an
asymmetric PSNE. The policy game does not satisfy the sufficient conditions for the existence of
an asymmetric PSNE in a symmetric game in the literature. In Matsuyama (2002) an asymmetric
PSNE exists if the symmetric PSNE is Cournot unstable. In this two-good model with the terms-of-
trade externality as the only source of strategic interaction, the symmetric equilibrium, if it exists,
is stable. Stability of the symmetric equilibrium follows from the substitutability of the two goods
in consumption. Amir, Garcia and Knauff (2006) rule out any symmetric equilibrium since in their
game the payoff function does not satisfy the necessary condition for an interior optimum at any
interior point of symmetry. In this case by the gains from trade property the welfare function,
UT (,~*), has slope 0 at (¥, 7).2° Hence the sufficient condition outlined in Amir, Garcia and
Knauff (2006) is not satisfied in my framework.

However, in this game the unique autarky optimum policy 7 is also the unique candidate for a
symmetric equilibrium. I prove this claim in the next Proposition. Any unilateral deviation from
(7, ¥) comes with a gain- from- trade component and a loss- in- autarky- utility component. If the
home country can profitably deviate to a 7' # 7 when the partner is choosing 7, only asymmetric

PSNESs exist in this game. Existence of such a profitable deviation implies
Ut(y, 3) = UA(Y) > UA(F) = U4().

Thus, the symmetric PSNE at (7, 7) is ruled out if the gains from trade at the strategy profile (v,
7) exceed the loss in autarky utility from choosing ~'.

In general, the problem of ruling out any symmetric PSNE is technically equivalent to finding a
global maximum of U7 (v, 7) at a 7/ # 7, even though 7 is a local maximum. The welfare function
in the open economy, U7 (v, 7), is quasi-convex in own policy over some part of the action space
for this separation of the global maximum (/) from the autarky optimum. In fact if U7 (y, v*) is

strictly quasiconvex in own policy and 7 is an interior optimum in autarky, there is a unique pair

20The necessary first order condition of maximization of UT (v, 7) is satisfied at 5 since UT (v, ) is an upper
envelop of U () with equality v = 7, where 7 is the critical point of U ().

13



of asymmetric NE given by the extremes (v, 7).and (7, 7).2!" #2

Both the gain from trade, given that the foreign country is choosing the autarky optimal policy,

UT (v,3) — UA(9), (7)

and the loss in autarky utility by choosing an autarky suboptimal policy,

UA®) - U4 (8)

are positive for all v, given (6) and the optimality of 4. Also, both functions attain a global interior
minimum value of zero at v = 7. Hence, both of these curves are quasiconvex in the neighborhood
of v = 7. If every policy v # 7 constitutes a profitable unilateral deviation from (¥,7), (7) lies
above (8) for all 7' # 7 and only asymmetric PSNEs exist. This situation is illustrated in Figure
5a. If there exists a policy 7" # 7, € (7,7) such that the net gain to unilaterally deviating from
(7,7) is zero,

UT(v",7) = UA(") = UAR) = U4 ("),

only asymmetric PSNEs exist if (7) is steeper than (8) at ~",

T 2Y _ [TA(S A=Y _ [TA(
,8(U (v ’Qy U (y )), - |3(U (7)(‘3’YU (v ))‘_ )

This situation is illustrated in Figure 5b. I summarize the results for the non - cooperative optimal

- policy problem in the next proposition.

21 Because the game is symmetric, any asymmetric PSNE appears in pairs. When there are only asymmetric PSNEs
in this game, the total number of PSNEs is even. In a game with continuum action space, usually there are an odd
number of PSNEs by Wilson’s Oddness Theorem (1971). This result is based on the degree theory and requires
continuity of the best response form. Ruling out symmetric equilibrium in this game involves a robust jump of the
best replies across the diagonal of the strategy space. Hence, my results are consistent with the Wilson’s Oddness
Theorem (1971).

*2Tn this setup a symmetric mixed strategy NE always exists, by the Folk Theorem (Dasgupta and Maskin 1986).
However, in a game characterized by strategic substitutability, MSNE is usually unstable. Also, in my case countries
attain greater welfare in any asymmetric PSNE compared to a symmetric MSNE. Moreover, it is standard in the
policy literature to focus on the PSNE as the relevant solution concept.
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Figure 5a Figure 5b
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Proposition 4 (Non - cooperative Welfare Maximization) A symmetric strategy profile in
which both countries choose the autarky optimum, (7, 7), is the only candidate for a symmetric
PSNE. Suppose that v is an interior optimum. If W (~y,~*) is strictly quasiconcave, an asymmetric
PSNE does not exist. If UT (v, v*) is strictly quasiconvex in own strategy, there is a unique pair of

asymmetric NE given by the extremes (7, 7).and (7, 7).

Proof. Suppose that (3, 7), ¥ # 7 is a PSNE. The home country attains a payoff of U7 (7,
~) by deviating to 7, given that the foreign country is choosing 7. The resulting change in payoff
(UT(7,7)-UT(7,7)) consists of a gain from trade component ((U” (7,7 ) —U%()) and an increase
in autarky utility (U4 (7) —U*(7)). Hence, the autarky optimum is a profitable unilateral deviation
from the strategy profile (7, 7). Thus (7, 7), ¥ # 7 cannot be a PSNE.

From the proof of Proposition 1, the strategy profile, (7, ), satisfies the necessary condition for
an interior maximum of W (~,~v*). If W (y,~*) is strictly quasiconcave in (v, v*), there is a unique
interior Pareto optimum at (7, 7). From the Proposition 3, an asymmetric PSNE, if it exists, is
a Pareto improvement over the autarky optimum. Hence, if W (v,~*) is strictly quasiconcave, a
Pareto improvement over (7, 7) is not possible. Hence, if W (~,~*) is strictly quasiconcave, an
asymmetric PSNE does not exist.

From the definition of strict quasiconvexity,
UT (" + (1 =27 < max{UT (), UT ()} v, 2% € [, 7%

Let 7' = (7, 7) and v = (7, 7). Any v € (v, 7) yields a lower pay off than 7' = v or v/ =7, for
any given foreign policy v € [y, 7]. Hence, Vv € [y, 7], the best response is either v or 7. Neither
7 nor 7 is an autarky optimum. Therefore, v () is not the best response to v (7). Thus, the best
response to 7 is 7 and vice versa. The only two PSNEs are (7, v) and (v, 7). =

From proposition 4 it is clear that quasiconvexity in the welfare function with respect to own
policy plays an important role for the existence of an asymmetric equilibrium. To derive analytically

the sufficient and necessary conditions for the existence of asymmetric NE in terms of economic
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fundamentals, I adopt a cardinal interpretation of the policy, . Suppose that w = g—; is the original
determinant of trade, and an increase in w confers comparative advantage in good 1. Here @w may
represent relative technology parameters of the two sectors as in a Ricardian model. Alternatively,
w may stand for relative endowment of two factors as in a Heckscher-Ohlin model, where sector 1
is more intensive in factor 1. To give a cardinal interpretation to -, I consider v as the fraction of
available resources invested in @i, and (1 —+) is the fraction invested in wg, I show in the appendix

that
Yy, p0R@y) | PR
9z Gn =P —p s+ 5 lEn

plays a crucial role in satisfying the sufficient and necessary conditions for existence of an asym-
metric NE as described in Proposition 4. In particular, given an interior 7, if 821/8(75;[’7)\(%5) is
sufficiently high, we can have a situation where U7 (v, v*) is quasiconvex at (¥, 7), even though
U4(7) is quasiconcave at 7, under suitable restrictions on technologies and preferences. This imply
that all equilibria in the open economy are asymmetric. The proof makes use of the fact that
the equilibrium price p” is less responsive to changes in own policy than the equilibrium autarky
price p?. In the applications, restrictions on technologies and preferences imply that the production
technologies of the goods are not very similar and consumer preferences are not very biased towards
one of the goods.

Convexity in production also plays a crucial role to satisfy the necessary condition for existence
of an asymmetric equilibrium. I show in the appendix that if %’fm = 0 there is no asymmetric
equilibrium in the open economy. Since convexity in production with respect to policy plays such
an important role for ensuring equilibrium asymmetry, I explore this property of the economy in
detail in the applications.

Before considering a specific application, I discuss briefly a natural extension of the current
pure welfare maximizing optimal policy problem to a situation where governments also care for
redistributive equity. In such a situation different agents may receive different weights in the
objective function of the policymakers.?? Alternatively, policymakers may face political constraints
in policy choice of the type c(p,v) = 0, even if they maximize aggregate welfare.?* The competitive
economy and therefore the market clearing conditions remain unchanged. In general I denote the
objective function of the government in presence of political concerns by a subscript P. The world
welfare, Wp(v,v*) is similarly defined as the sum of UL (v,v*) and UL (v*, 7). I continue to denote
the optimal policy in absence of trade opportunities as 7.

It is straightforward to show that (7, 7) is the only candidate for a symmetric Pareto optimum.
If 7 lies in the interior of the policy space, all the Pareto optima are asymmetric if Wp(y,~*) is
quasiconvex in (v, v*) at (7, 7). Even in presence of redistributive concerns, convexity in Yp(p, )

remains important for existence of an asymmetric equilibrium. I show in the appendix that under

ZFor example, different agents receiving different political weights may arise due to varying lobbying efforts of
different special interest groups or due to some agents belonging to the majority group in a median voter model.

24One example of this type of constraint is if the policymaker has to ensure a minimum welfare for some special
interest groups due to domestic political constraints.
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2 T
reasonable conditions on the competitive economy if %’;’7) = 0 there is no asymmetric PSNE

in the open economy under weighted welfare maximization.?> This is consistent with my graphical
illustration. Note that if the production possibility set described by the envelope PPF is a con-
vex set, an asymmetric equilibrium does not exist under free trade, independent of the nature of
government preferences.

However, if changes in equilibrium price affect indirect utility (W #0), then (7, 7)
is not a symmetric PSNE. Under pure welfare maximization changes in equilibrium price does not
affect aggregate indirect utility at a point of symmetry. However, in general this is not true in the
current scenario. Again, this inefficiency of symmetric PSNE arises because in the open economy a
change in own policy affects the equilibrium price less than in the absence of trade opportunities.
But in the presence of political frictions UL (7,~v*) does not satisfy the gains from trade property
(6) in general. As a result, there can be a symmetric PSNE (', 7)) while v # 7. At any such
symmetric PSNE, these countries cannot trade and the resulting welfare U ﬁ(*yl) is strictly less than
the welfare under optimal policy in autarky, Uj.ﬁ‘ (7).25 Also, in the presence of political concerns, it
is no longer true that both countries attain higher social welfare at an asymmetric PSNE compared

to any symmetric PSNE.?”

3 An Application to Education Policy

I consider a specific application of the abstract general policy problem to education policy. Specifi-
cally, I suppose that governments allocate a fixed education budget to higher and primary education
and that these investments complement original endowments of high and low skilled labor. I con-
sider three specifications to illustrate how the key sufficient condition for existence of an asymmetric
equilibrium is satisfied in different frameworks. In the simplest Heckscher-Ohlin model I consider
a more general social welfare function to illustrate implications of redistributive concerns for this

type of optimal-policy problem.

3.1 Education Policy in the Heckscher - Ohlin Model

My first application is to a canonical Heckscher-Ohlin model with two goods and two factors. The
two factors are high- and low-skilled labor. Good 2 is the numeraire and p denotes the relative

price of good 1. I assume that factor price equalization holds over the entire strategy space at the

25 Specifically, under weighted welfare maximization government objective function reduces to

Vep" (1,7),7) = " (. y)Ye(®" (,7), 7).

where Yp (p (7,7%),7) = cip” Fi(p”,~7) +c2Fa(p”, ). Here, c1, c2 stand for a function of weights attached to different

92F (™ )
factors. When ¢; > ce2, and Ty

equilibrium.

26Note that this type of inefficient symmetric policy is unlikely to arise if governments have other instruments to
address the political concerns more directly.

*"For example, if U$ (y,7*) differs from U” (y,7*) due to a political concern for increases in inequality, it is possible
that one of the countries prefer a symmetric PSNE over an asymmetric PSNE because of the increase in inequality
under trade.

2 T
> 0, the condition % = 0 implies existence of a unique symmetric
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equilibrium price for the specified set of parameters and functional forms.?® The production and
utility functions have analytically simple Cobb-Douglas forms. Here u denotes the direct utility

function, u(Cy, C) = C{‘CQI_”, where p is the expenditure share of good 1. The Cobb-Douglas
1-n,

production function of good i is represented by F;(H;, L;) = H"L, ", where n; denotes the share
of high-skilled labor per unit cost of good i. Good 1 is relatively more intensive in high-skilled
labor, n; > nq.

The initial endowments of high and low skilled labor are H and L, respectively. The government
has a total education budget 7' = 1, and chooses a fraction v € [0, 1] to spend on higher education.
The remainder goes to primary education. The government expenditure on higher education, -,
complements the initial endowment of high-skilled labor, H, and forms an effective endowment of

high-skilled labor, H¢,

H® = Hgg (7).

An increase in the government spending increases the effective endowment, g% (y) > 0, and the
government can not reduce the effective endowment below the initial endowment by not spending

on higher education, gg () > 1 for all ~. Similarly,

L* = Lyp((1 = 7)),

where gr,(1 — ) > 1 for all ~, and glL(l —v)=0.

The consumers optimally choose consumption of the two goods to maximize utility, subject to
the usual budget constraint, taking as given the equilibrium price, wages and government policy.
The producers of a good choose how much high- and low-skilled labor to employ to maximize profit,
taking as given the equilibrium price, wages and government policy. In the competitive equilibrium
both producers and consumers optimize and all labor and goods markets clear.

The aggregate indirect utility is a function of the equilibrium price and the aggregate income,

V(p,v) = cp "Y(p,7).

Aggregate income, Y (p,7), is given by wg(p)He () + wr(p)L¢(v), where
wr(p) = Chp%/(n?_nl), wg(p) = clp_(l_nz)/(nz—nl).

In the competitive equilibrium of the closed economy only domestic policy determines the equilib-

rium price, where from (3),
P () = ep(H () /L (7)™,

and in the open economy both domestic and foreign policy determine the equilibrium terms-of-

trade, where from (4),

28 Factor price equalization is not necessary for our results but makes the analytical and numerical problem simpler.
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PT (v, ) = eo(H*(3) + H (v))/(L°(3) + L (7))

Here c, ¢, ¢, and ¢, denote constants that depend on the economic fundamentals.
I consider a simple social welfare function in which each government faces a trade-off between

aggregate efficiency and distributive equity,

Ub(7, ) = U (7, 7*) = MUE (v, v*) = UL (7, 7%)).

Here Uk (7y,~*), and U] (vy,7*) stand for aggregate welfare of the high- and low-skilled labor, re-
spectively. This is equivalent to a social welfare function in which different types of agents receive

different political weights in the government objective function,

Ub(v,7") = 1= UL, ) + L+ NUL (1,97, 1S AS L.

The government’s concern for redistribution is captured by the parameter A\, where A > 0 implies
that the low skilled agents receive relatively more weight in the social welfare function and vice
versa.?? The case A = 0 represents pure welfare maximization. The social planner takes market
clearing, and incentive compatibility conditions of the producers and consumers as given.

For the rest of the section, I focus on understanding conditions on economic fundamentals that
ensure the existence of an asymmetric equilibrium in the open economy. In this economy, with
standard production functions, the only way an asymmetric equilibrium may arise is if government

policy affects the skill endowments in a sufficiently convex manner. Note that

%Y (.,7)

gz = wn)gr() +wrp)ez(t =) (10)

If g (.) and gr(.) are both concave, the joint welfare W(.,.) is globally concave in (y, v*). Hence,
by the necessary condition discussed in Proposition 4, if gy (.) and gr(.) are both concave an
asymmetric PSNE does not exist. If g//(.) is sufficiently high, Y'(.,~) is sufficiently convex in policy.
However, as I discussed in section 2, sufficiently convex Y(.,v) alone is not sufficient for existence
of an asymmetric equilibrium.

What restrictions do we need on the rest of the parameters for the existence of an asymmetric
equilibrium? Let us define the relative welfare under a policy v compared to ~", given that the
foreign country is choosing ~v*, as
;) = 7[]%(%7*)- (11)

Up (" 7*)

29This simple generalization from pure welfare maximization can be justified by political economy considerations.
In a standard voting model, A > 0 may arise from a positively skewed skill distribution in a setting in which every
agent has equal voting power. On the contrary A < 0 can be justified by political economy considerations if the
high skilled agents are the political elites with relatively higher voting power, even though the skill distribution is
positively skewed. Levchenko (2008) and Benabou (2000) consider such unequal distribution of voting power.

/

Ot
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Using a similar notation,
n_ Up(Y)
Ar t P
(Y, ) = (12)
Up(v")

stands for the relative welfare under a policy 4 compared to 4" in autarky. For any 4/ > ~", (12)

increases in x4 and 7; and does not depend on H, L or A. Hence, the autarky optimal policy (7) does
not depend on original factor endowments or redistributive concern and it monotonically increases
in the expenditure share of the skill intensive good and in the skill intensities of production. For
any 7 > 'y”, (11) increases in p and 7, which ensures that the non - cooperative best reply
correspondence in the open economy, BR(~*), shifts up in g and n;. Also, for any 7' >+, (11)
decreases in A, which ensures that BR(~*), shifts down in A. I summarize this result in the next
lemma. Since all the proofs of this section are algebraic in nature, I relegate the proofs to the

appendix.

Lemma 5 For any ' > ’y”, (12) increases in p and n; and does not depend on H, L, and \. The
autarky optimal policy 7 is increasing in u, n; and does not depend on H, L, and \. For any ~" >
~", (11) increases in p and 0y, and decreases in X. In the open economy BR(v*) shifts up in p and
Ny, and shifts down in .

Proof. See appendix. m

In this model the policy game is submodular and hence, by Topkis (1978), a PSNE exists. Let
us consider the case of pure welfare maximization. If an increase in the government education
expenditure affects the effective endowment of skill in a strongly convex fashion, if skill intensities
of production are sufficiently different, and if consumers do not prefer either of the two goods
too strongly, only asymmetric PSNEs exist. The next proposition summarizes the necessary and

sufficient conditions for the existence of an asymmetric PSNE in the current setting.

Proposition 6 (Fundamentals for Existence of Asymmetric Equilibrium) Suppose that A
0 and that governments mazimize aggregate welfare. If both g%, (.) < 0 and g} (.) <0, (7,7) is the
unique symmetric PSNE and is the unique symmetric Pareto optimum. If g} (.) is sufficiently high,
skill intensities of production are sufficiently different and consumers do not prefer either of the

two goods too strongly, only asymmetric PSNEs and hence, only asymmetric Pareto optima exist.

Proof. See appendix. =

If g//(.) is sufficiently high such that UT(.,.) is quasiconvex, there are only asymmetric PSNEs if
~ is an interior optimum. By Lemma 6, 7 is an interior optimum if consumers do not prefer either
of the two goods too strongly. Since (12) is also increasing in 7;, an increase in (1; — 7)) ensures
that the intermediate range of u for which an asymmetric PSNE exists lies in the interior of the
bounded parameter space [0,1]. If g/(.) is sufficiently high such that U4(.) is quasiconvex, v = 0

or v = 1 are the only possible autarky equilibrium policies. Here, n; and pu represent preference
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for higher v in the competitive economy.?’ In this case also only asymmetric equilibria exist under
similar restrictions on technologies and preferences.

Now I turn to the case in which governments care about redistributive equity, represented by
A # 0. Simple algebra shows that if ny < .5,

ovp (pT (7?7 W): ;?)

3T <0if A> 0.

. T . . . . . . . .
Since 88% < 0, each country has an incentive to deviate to an inefficient overinvestment in basic

education (y < 7), given that the other country is choosing v = 7, if A > 0 and 7y < .5. The
opposite is true for A < 0.

I can use the comparative static properties of (12) and (11) and convexity properties of U%(.,.)
to establish conditions for the existence of an asymmetric PSNE. If both ¢4 (.) < 0 and ¢7(.) <0,
the absolute slope of the best response is less than unity everywhere, which implies that there is
a unique PSNE. In the symmetric setting, any asymmetric PSNE exist in pairs. Thus, if both
g} (.) < 0and ¢/(.) <0, there is a unique symmetric PSNE. In addition, if both g% (.) < 0 and
g} (.) <0 and ny < .5, the unique symmetric PSNE (¥,7') is inefficient (7' # 7).

If g/ (.) > 0 and sufficiently high, UL(.,.) is quasiconvex. For a quasiconvex U%(.,.) the BR(y*)
is a subset of {0,1} from the definition of quasiconvexity. Hence, for g (.) sufficiently high, the
only possible symmetric PSNEs are at the extremes. If (n; — ny) is sufficiently high, consumers do
not prefer either of the two goods too strongly and political preferences in favor of either of the two
types of agents is not very strong, one can rule out a symmetric PSNE at the extremes. Hence,
given sufficiently convex g;(.) functions and suitable restrictions on technologies and consumer
and political preferences, only asymmetric PSNEs exist. I summarize these results in the next

proposition.

Proposition 7 (Inefficient Symmetry and Asymmetry in PSNE) Suppose that A # 0 and
that governments face a trade-off between aggregate welfare and distributive equity. If ny < .5 and if
A > 0, each country has an incentive to deviate to an inefficient overinvestment in basic education
(v < ), given that the other country is choosing v = 5. If both g/'(.) < 0 and 1y < .5, (¥,7') is
the unique symmetric PSNE and (7,7) is the unique symmetric Pareto optimum, 5" # 5. If g/'(.)
is sufficiently high, skill intensities of production are sufficiently different, consumers do not prefer
either of the two goods too strongly, and political preferences in favor of either of the two types of

agents is not very strong, only asymmetric PSNEs exist.

Proof. See appendix. =
The comparative static properties of (11) help us to understand the comparative static proper-
ties of an asymmetric PSNE. For any ' > ~” (11) is increasing in both p and 7;. Suppose that p’ is

the minimum value of u such that 4/ > 7 is a profitable unilateral deviation from (7,%). An increase

30Preference for higher v in the competitive economy is represented by parameter 6 in the appendix. Both (12)
and (11) increase in 0, for 7' > ~".
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in 7, increases r’'(7/,¥,7) and ensures that 7/ is a profitable unilateral deviation from (7,7) for
values of p < /. In general, if 4 and [i are respectively the minimum and maximum values of y for
which only asymmetric PSNEs exist, then both y and 7z decline in 7;. Note that 7, is the high-skill
intensity in the production of good 1, and pu is the expenditure-share of the more skill-intensive
good 1. Thus, given a sufficiently high g'(.), only asymmetric PSNEs exist if consumer preferences
and production technologies are not biased towards the same factor of production. Similarly, both
p and p increase in A. Here, A is the political weight attached to the low-skilled agents. Thus,
given a sufficiently high ¢}/(.), only asymmetric PSNEs exist if consumer preferences and political
preferences are not biased towards the same factor of production.

In the asymmetric PSNE, both countries attain greater aggregate welfare compared to the au-
tarky optimum, from Proposition 3. However, the opening of trade has implications for inequality.
In the Heckscher-Ohlin economy, wages are functions of only price. Both countries have the same
price in the identical autarky optimum and face the free trade price in the open economy equi-
librium. Comparing the autarky optimum with the open economy asymmetric equilibrium, wage
inequality in both countries change in the same direction depending on the price-movement. The
skill-exporting country is more likely to experience an increase in welfare inequality since this coun-
try invests relatively more in higher education in the open economy equilibrium. I summarize the

comparative static results for inequality in the next proposition.

Proposition 8 Consider the values of the preference parameter p for which an asymmetric PSNE
exists. Comparing an asymmetric PSNE (v, v*) and (7, 7), both countries may experience higher
wage inequality (wg(p) —wr(p)) at the asymmetric PSNE for relatively high values of p. If v > ~v*,
the home country experiences a relatively larger increase in welfare inequality (Ug (v, v*)—=Ur(v,7*))
at the asymmetric PSNE.

Proof. See appendix. =

Thus, in presence of redistributive concerns a gain in social welfare is not guaranteed in the
asymmetric PSNE compared to the autarky optimum. In the numerical section in the appendix 6.4
I illustrate how the gain in social welfare in the asymmetric PSNE varies with changes in economic
fundamentals. Also, I demonstrate numerically the parameter space for which an asymmetric

equilibrium exists and how key convexity parameters affect the optimal policy outcome.

3.2 Education Policy in the Heckscher - Ohlin Model: Endogenous Skill

What changes when agents choose their skill optimally in the previous model, given government
policy? I consider a simple model of endogenous skill choice by agents with heterogeneous abilities.
In each country there are two types of labor. High skill types are born with ability A and low skill
types are born with ability /, h > [. There are ny, low type workers and nyg high type workers. A
positively skewed skill distribution implies ny, > ng. The total initial endowment of high-skilled
labor is H = hnjy. Producers of the two goods employ high- and low-gkilled labor with different
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intensities as before. The assumptions concerning functional forms of production and direct utility
remain unchanged. As before, good 2 is the numeraire and p is the relative price of good 1.
High skill types choose a skill 2¢, and c1, and ¢y to maximize

)67 Bh > 07€>17

u(cy, c) — BH(%

s.t. pc1 + co < U)Hhe.

Here, w;, t = H, L refer to the wage of high- and low-skilled workers, and c¢; and co refer to
individual consumption. Also, H(%)E is the welfare cost of education. Both total and marginal
cost of education rise in the ability h and fall in the skill h°. Note that a fall in 3,, ¢ = H, L reduces
the cost of education. I define 3, as the quality of educational institutions. Here, € is the elasticity

of cost of education with respect to skill. Note that given an ability h, the relative cost of acquiring

h_ e
higher skill »” > K/, %, increases in €. I define € as the progressivity of the education system,

H\'p

following the interpretation in Benabou (2002).

Agents take the equilibrium wage, price and educational institutional parameters as given. The
condition € > 1 ensures that the second order condition of optimality of the agents’ skill choice is
satisfied. Producers maximize profit given the equilibrium wage, price and effective endowments of
skill, H¢ = h®ngy and L° = [°n;. In equilibrium all the optimization conditions hold and both labor

and goods markets clear. The optimal skill choice function is given by

. Hepni:?m 1
H® = cp(———%—)7T, cw = f(n1,M2, i1, €), a= pmy + (1 — p)na, (13)
nuBy

. prm:anz 1
and L® = cp(———F—)1, ar = f(n1,m2, ps€).
mpr
The government has a total education budget T'= 1, and chooses a fraction 7 € [0, 1] to spend
on higher education. The remainder goes to primary education. The government expenditure on

higher education, «, improves the higher educational institutions,

Br=y9(), ¢ <0.

Similarly, 8; = g(1 — ~).3! The condition € > 1 ensures that H€ is a convex function of v, given
p, provided ¢’ < 0 and ¢” < 0. Thus when agents choose their skill levels optimally, optimal skill
function in the economy is convex in government policy, even though government policy affects
education costs in a simple linear fashion.

For simplicity, I assume that initially higher education and basic education institutions have

same quality (g = B, = b > 1), and government policy affects the institutions in a simple linear

31The assumptions of education system essentially mean that education is publicly funded and government decides
which type of institutions to emphasize relatively more.
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fashion,

By = b—cy, b>c>0,
B = b—c(l-7).

Note that the government always has the option of improving both types of institutions equally
(v = .5), but may choose to attach different priorities to different institutions. The government
takes the optimal response of the agents and market clearing conditions as given and maximizes
the aggregate indirect utility,

€ le

u(Cy,C) — nHﬁH(%)e - nLﬁL(T)G'

The following proposition summarizes the condition for the existence of an asymmetric PSNE. Note
that in this model,

1

T = wnsn(p) s+ w s ) 5 (14

where s;(p), t = H, L, are given from (13). Given € > 1, a fall in € increases the convexity of (14)
provided b < 1. Hence, if € is sufficiently low, (n; — n,) is sufficiently high and consumers do not
prefer either of the goods too strongly, an asymmetric PSNE exists. The proof uses a similar logic

as in Proposition 6.

Proposition 9 If € is sufficiently low and b < 1, (n, —ns) is sufficiently high and consumers do not
prefer either of the goods very strongly, an asymmetric PSNE exists in the open economy optimal

policy problem.

Proof. See appendix. =

What value of the crucial parameter, €, is sufficiently low for our purposes? Note that e has
similarity to the standard exponent of disutility of effort in the macroeconomics literature. Even
though the interpretation is not exact, I use a fairly standard value of € for illustrative purposes.
If T express € as 1 + é, « is known as disutility of constant labor supply elasticity. Consistent
with empirical estimates surveyed in Tuomala (1990, Chapter 3) and used in Saez (2001, 2002),
and Itskhoki (2009), a standard value of « in the literature is .5. This gives a value of € at 3. I
fix p = .5 to rule out any bias in consumer preferences. I fix 7, at .8 and 7, at .2 to allow for
sufficient differences in the skill intensities, and fix % at 1.27.32 For these set of parameters the two

symmetric countries choose maximal asymmetric policies at the PSNE and the Pareto optimum.

32Gee appendix 6.4 for a discussion on how the production and relative endowment parameters are chosen.
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3.3 Education Policy in the Grossman - Maggi Model

Next, I consider an economy that has a similar specification of consumer preferences and government
policy as my application in section 3.1, but shares the production structure of Grossman and Maggi
(2000). The submodular production technology implies that even when government policy affects
skills in a linear fashion, aggregate production and income can be sufficiently convex in policy. Since
the only crucial difference with the Heckscher-Ohlin model is on the production side , I present the
assumptions on the production technologies briefly here, and present the rest of the model in the
appendix.

There are two sectors denoted by ¢ = 1,2 and two tasks denoted by j = A, B. The tasks are
indivisible. Each must be performed by exactly one worker. For good i, F*(z4,25) be the output
from the process when the first task is performed by a worker with skill z4 and the second by a
worker with skill zg. Production of each good is homogenous of degree one in the skill levels of
the two workers. Good 1 is supermodular in worker skill and good 2 is submodular in worker skill.
Task A is the manager’s task. The tasks are symmetric in sector 1. I allow for task A to be more
skill-sensitive in sector 2. Good 2 is the numeraire good and p is the relative price of good 1. 1
consider the simplest functional forms for the production functions that satisfy above assumptions

of the production technology,

Fl(za,zp) = (&% +20)Y", 01 <1,
F%(z4,28) = (A*z92+z )02 9,51, A 1.

In this model, F' 4+ F* essentially plays the role of H® + H®* compared to the application in
section 3.1, where F = (A x H02 4 [02)0; 7 = = f(y ) . Note that,

O*F 11

A2 Of 2
1 14 o1, OH® 021 0P HE
_—_f® _
+92f 2 {A92(92 1)H ( 3’}/ ) +A(9 H 8’}/2
09—1 OLF 09—1 02 LE

+92(92 - I)Le (W)Q + 92Le 672 }

Evidently, g%j is a positive function of 3;526 = Hgy, and 6(;%6 = Lg7. Thus, ¢}, and g7 play a
similar role as in Proposition 6. If g%, and ¢gf > 0 and sufficiently high, the welfare function is
quasiconvex. From (23) given g% and g7 > 0 and sufficiently high, an asymmetric PSNE exists for
a high value of the degree of submodularity, 6, provided the consumers prefer the supermodular
good sufficiently strongly. However, in this case convexity of the g(.) functions is not necessary for
existence of an asymmetric equilibrium. From (15) note that g/(.) < 0 does not imply that ‘?9275 <0
in presence of submodularity (62 > 1). Here I consider an example of existence of an asymmetric

PSNE even though both of the g¢(.) functions are linear. In the next figure I plot the best responses
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of the two countries. In Figure 6a I fix §5 = 2, and in Figure 6b 6 = 2.5.33 In the first case there

is no symmetric PSNE, and in the second case there are both symmetric and asymmetric PSNEs.

Figure 6a: No Symmetric PSNE Figure 6b: Symmetric and Asymmetric PSNE
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Note that the intuition for this result is quite general. To see this, let us consider the general
framework in section 2. In the general framework where w is the original determinant of trade and

~ is the relevant policy,

82Y(pT77) — ( T82F1(pT77) + aQFZ(pTa ))
92 p 972 92

plays the crucial role for existence of asymmetric equilibrium. But note that

PE(p,y)  ?F(p',y) 0w

_ (7)2 + 8Fi(pT7fY)(a2w)
02 o2 oy 0w oy
In the presence of submodularity in production essentially % > (, and hence %i%' > () is not

required for the convexity in production. In this specification effective skill endowments, H¢ and

L€, play the role of w.

4 Asymmetric Countries

But how important is the convexity assumption for practical purposes when countries are originally

asymmetric? In this case the relevant question is whether countries optimally choose to magnify

¥ Quppose that g;(2) = 1 + §,2. I fix the rest of the parameters at the following values.

Table 1
Parameters 61 H/L np/ng f(; A
Values .8 1.27 2 1.2 2
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pre-existing national differences by investing relatively more in their respective areas of comparative
advantage.

I consider my simplest specification in section 3.1. A natural way to introduce initial differences
is to consider countries that have different initial factor endowments. In the current framework dif-
ferences in the initial factor distributions are the sources of comparative advantage, and government
policies can affect these original determinants of trade.?* Suppose that the home country is initially
more abundant in high skill labor (H > H* and L = L*). Both countries have the same autarky
optimum 7, since 7 does not depend on the initial factor endowments. If g}l() is sufficiently large,
home country invests relatively more in higher education in a PSNE. Thus if the government policy
is sufficiently effective in increasing skill, countries optimally amplify initial sources of comparative
advantage in the open economy equilibrium. In such a PSNE both countries attain larger aggregate
welfare compared to their respective autarky optima.

However, for the relatively skill abundant country, an increase in the higher education invest-
ment leads to a terms-of-trade deterioration. When these terms-of-trade considerations are very
important, an inefficient symmetric non cooperative outcome may exist.?> In such a symmet-
ric PSNE, the world welfare improves if each country invests more in their areas of comparative
advantage. This possible inefficiency of the PSNE raises the same concern of international policy
cooperation as in the familiar case of tariff/tax policies. The difference is that in this case the coun-
tries should focus in their relative areas of comparative advantage to attain a Pareto improvement.
When comparative advantage is at least partly endogenous to national policy, an international
policy coordination requires the countries to agree to disagree. I summarize these results in the

next proposition.

Proposition 10 If 9;1() > 0, g'L() > 0 and g}l() is sufficiently large, in the asymmetric PSNE
home country invests more in higher education, ynyg > Yyg- In such a PSNE both countries
attain larger aggregate welfare compared to the autarky optimum. If a symmetric PSNE ezists,
a Pareto improvement requires further investment in higher education in the home country and

further investment in basic education in the foreign country.

Proof. See appendix. m

Thus, if countries are initially different, convexity of g¢(.) is no longer necessary for amplification
of initial comparative advantage in the open economy optimal policy outcome. However, in absence
of sufficient convexity in g;(.) one can explain significant policy differences among countries via

welfare gains from trade only if the countries are originally significantly different.

34 Another interesting way to consider initial asymmetry is to consider countries that are identical except A # \*.
I can show that countries with different political preferences have identical autarky optimal policy 7 = ;’: However,
in the open economy g;(.) > 0 and A < A\* ensures that in the NE ~ 5 > vxg. This follows from the properties of
(12) and (11). Recall that (12) does not depend on A, and (11) falls in A. In this case allowing countries to differ in
political preferences generates endogenous comparative advantage in the open economy, even though these countries
choose the same autarky optimal policy.

35 Note the tariff policies are the first-best instruments for terms-of-trade manipulation. Hence, if governments also
choose tariff instruments optimally, this kind of inefficient symmetric choice in v is unlikely to arise.
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To illustrate this point, I fix the rest of the parameters, and consider two pairs of countries.?°

First, I allow for only limited convexity in the skill function (55 = .5). In our numerical illustration in

section 3.2, the symmetric countries have % = 1.27. Here my first pair of countries are substantially

different, % = 3, and g* = 1.27. T denote this country pair as India and East Timor. The best

responses for India and East Timor are plotted in Figure 7a. The second pair of countries are

only marginally different, % = 1.8, and ILI—: = 1.27. I denote this country pair as India and China.

The best responses for India and China are plotted in Figure 7b. Comparing figure 7a and 7b it
is clear that difference in optimal policies is a monotonic function of initial difference between the

countries, in absence of sufficient convexity in how policy affects skills.

Figure 7a: India and East Timor Figure 7b: India and China
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The intuition of this result follows from the logic of the proof of proposition 10. To prove proposition
10, I first consider two countries that are completely identical. From proposition 6, given g: () =
0 there is a unique symmetric PSNE. Now I allow the home country to have relatively higher
endowment of high skilled labor, H > H*. Under the conditions of Proposition 10, best response
of the home country shifts up, and best response of the foreign country shifts down following such
a comparative static exercise. These shifts in the best responses give rise to an asymmetric PSNE
in which the home country invests relatively more in higher education. But in absence of any
convexity in g(.), magnitude of the initial difference determines the extent of the shifts in best
responses, and hence degree of asymmetry in equilibrium.

In Figure 8a and Figure 8b I consider the same two pairs of countries, but allow for sufficient
convexity in the skill function (8, = 4). In this case the extremal PSNE in both cases involve
substantial differences in equilibrium policies. Thus in presence of sufficient convexity, economic

openness can amplify policy diversity, irrespective of the magnitude of initial differences.

36T assume a quadratic g;(z) = 1+ 3,2 + 8,2%. The parameters are fixed at the following values.

Table 2
Parameters 17, 1y, u By A
Values 8 2 5 12 0
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Figure 8a: India and East Timor Figure 8b: India and China
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Hence, in absence of convexity in g;(.) I can explain significant differences in cross-country policies
via welfare-gains from trade only if the countries are significantly different to begin with. But when
the countries are significantly different, one can easily explain associated asymmetric policy choices
by studying two separate closed economies. Thus, welfare gains from trade can be an explanation
of substantial policy differences among similar countries only in presence of sufficient convexity in

how policy affects aggregate production.

5 Discussion

In this paper I explore whether similar countries may choose different policies because these policies
allow them to specialize in different industries and gain from international trade. I find that even
identical countries may optimally choose different policies in an open economy, and both of these
symmetric countries gain in aggregate welfare in any asymmetric equilibrium compared to the
autarky optimum. In an application in the competitive economy an asymmetric equilibrium arises
if education policy affects the determinants of trade, namely effective endowments of skill, in a
strong convex fashion. I construct a model where agents optimally choose their skill levels given
government policy, and show that optimal skill is a convex function of government policy. I also
study countries that are similar but not identical and find that these countries may optimally choose
to invest more in their respective areas of comparative advantage to magnify initial differences.
The mechanism outlined in this paper has quantitative implications for growth in world trade.
The magnitude of growth in world trade has been puzzling given modest reductions in measured
transport costs and tariffs. In my work in progress Chatterjee (2009) I develop a quantitative multi-
country framework with a continuum of goods in which countries optimally choose a policy that
can affect their comparative advantage and explore how much of the growth in trade arises from
optimal adjustment in domestic policies, given exogenous changes in transport costs and tariffs.
This paper outlines a general mechanism that applies to many different policies which can
potentially affect comparative advantage in the open economy. For any particular application, it
is important to model the domestic economic environment more carefully. For example, education

policy is an important policy in encouraging trade, but there are several reasons why education
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policy is important for the domestic economy itself. Since future human capital is typically not
accepted as collateral, availability of credit for financing educational expenditure is limited. This
aspect of the education policy has received attention in both trade and macro policy literature
(Benabou (2002), Ranjan (2000), Chesnokova and Krishna (2008)). Also, skills learnt in the earlier
stages of academic development are complementary in acquiring advanced skills. In future work
I intend to incorporate these aspects of education in a more complete application to study the
interplay between the domestic and the international motives of optimal policy, and to study the
implications for inequality.

Moreover, understanding the political economy implications of the type of policy problem em-
phasized in this paper is an important next step. When we view domestic policy as a source of
comparative advantage, domestic political institutions also become a source of comparative ad-
vantage. Implications of different political economy mechanisms for comparative advantage in the
open economy, and feedback effects of political changes through international transmission remain
to be explored.

In general, how countries should (normative) and do (positive) form domestic policies to encour-
age international trade given the constraints imposed by the domestic and the world economy, and
the implications of such policy for cross-national diversity in macroeconomic policies, inequality,

and growth in trade are some exciting questions for future research.
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6 Appendix

6.1 Derivations for Section 2

From homothetic demand aggregate demand for good i C; is linearly homogenous in income,

Ci = fi(p) * Y.

Here Y is aggregate income,

Y =pk1 + Fa,

where F; stands for aggregate production of good i. The aggregate indirect utility is given by,
V(.,.)=U(fi(p) *y, f2(p) *y) =Y f(p),

where f(p) = U(f1(p), f2(p)). From Roy’s identity,

f'(p)Y
=—-C1=—-fi(p)Y. 16
) 1 1(p) (16)
The marginal effect of p on indirect utility is given by,
ov , dFy  dFy
— = Y F — 4+ —).
9 F)Y + fp)F+ fp)(p e dp)
The condition p = M RT = _dcg 2 implies
v f'(p)
P— f P + Y).
op TP )Y
From (16),
') _ _
f(p)(F1 + ) Y) = fp) = (F1 = filp)Y) = f(p) * (F1 — C).
Hence from (3), %—‘; = 0 in autarky. Assume that the policy instrument ~ provides absolute

advantage in good 1 and absolute disadvantage in good 2. Since total value of consumption equals

income,
fi(p) xp+ falp) = 1. (17)
To prove 828‘;%’1’)') > 0, note that,
o*v(,.) ., 0F or ,
o0 o - 1 17).
9v0p f'(p) oy + f(p) B f2(p), using (16) and (17)
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Indirect utility is decreasing in p given Y,

f'(p) <0

Since v gives absolute advantage in good 1 and absolute disadvantage in good 2,

5F2/($’}/ <0, 5F1/(5’7 > 0.

2
Hence, 88‘%‘]’)') > 0.

The sufficient condition in Proposition 4 requires a quasiconvex U7 (7, 7*), even though 7 is an
interior autarky optimum. Let us consider the difference between the curvatures of U7 (y, v*) at
(7, 7) and UA() at 7. Note that the curvature of U4(v) is given by,

R dpt  _9*V(pA,) 92V (pd, )dpd. 92V (pA,.
2(’y) _ w0V (p2 ) dp )+ (p2 ). (18)
dy dry 0y0Op dp dry vy
We know that# > 0. Now let us consider % Note that,
0%V (pA,. OF;
o) G2 - A + e
+
Thus the sign of M in general, is ambiguous and % is given by,
8%Y (p*,7) Fi(pty) | PFa(pt,.)
A ) ANT A 1 )Y 2P,

The first principal minor of the Hessian of U7 (7, v*) has a similar expression as (18) given by,

op” . 0*V(pT,7) +32V(pT,7) opT . 0*V(p',7) +8V(pT,7) d*pT

2 . 19
Oy ( OvyOp 0p2 Oy )+ 0?2 Op 0?2 (19)
At a point of symmetry, 8p = 5% dv , pT(7,7) = pA(7), and %}f”) 0. If \78 Vip |57
0? Y(p )

sufficiently low, > 0 and sufficiently high, it is possible that (18) is negative, while (19) is
positive. The second principal minor of the Hessian of U7 (v, v*) at a point of symmetry is given

by,

a2v T 8T aQV T 82‘/ T 8T 82V T
(r",7) (2 P (9 (r",7) N (p", ) Op )+ (p ﬁ))

O Oy 9v0p op* Oy O
Hence, sufficiently high values of %7) also ensures that the second principal minor of the

Hessian of UT' (v, v*) is positive. Thus sufficient convexity in production with respect to the policy
in question ensures that there are only asymmetric equilibria in the open economy, even though %
is an interior autarky optimum.

Now let us consider a situation in which convexity in production is high enough to rule out
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any interior autarky optimum. Suppose that both (11) and (12) increase in a parameter . This
ensures both the best response in the open economy and the autarky optimum increase 6. I define
0 as the parameter representing relative preference for v in the competitive economy. Define 6 such
that the autarky optimum is v for 6 < 5, and the autarky optimum is 7 for 6 > 0. Also, define
0 such that r7 (7, 7,7) = 1 at the 0. By the gains from trade property (6), rT('y’,l, 7) lies above
rA(y ,7) for any 6. Hence, @ is strictly less than 6. Thus, for 6 € 0, 5] there is only asymmetric
PSNE. Similarly I can define 6 such that r”(v,7%,7%) = 1 at the 6, and for 6 € | 0, 0] there is only
asymmetric PSNE. Thus when convexity in production is high enough to rule out any interior
autarky optimum, there is only asymmetric PSNEs if relative preference for + in the competitive

economy is not very extreme.

Figure 9
17(9.9.9)
PN LY
1 i
T (9.8.9)
= - q
q9 q q
In figure 9 T plot the change in relative welfare as a function of 6. Here r4(7, ) is represented by

the solid line; rT(l, 7,7) is represented by the dashed line; and (7, 7,7) is represented by the
dotted line. The slopes of the line are given by the definition of 8. The ordering of the lines are
given by the gains from trade property. Clearly, § < 0 <0. Hence, for intermediate values of 6 only
asymmetric equilibria exist. In the application the preference and production parameters satisfy
the definition of 6. Of course, this analysis also uses the convexity in production with respect to
policy, since only in presence of enough convexity in production I can rule out an interior autarky
optimum.

Convexity in production also plays a crucial role to satisfy the necessary condition for existence

of an asymmetric equilibrium. To see this, suppose that production of goods is linear in policy,
PReTy) _ PRy _ YY)
= p) = 2

= 0. This ensures that the second principal minor of the Hessian

02 oy
of UT(y, v*) is zero, and the first principal minor is negative. Hence, the Hessian of UT (v, v*) is
2 T
negative semidefinite, and U7 (v, v*) is strictly quasiconcave. Hence, if % = 0 there is no

asymmetric equilibrium in the open economy. An alternative way to prove this is the following.

9% F1 (p7T, 9?2 Fs(p”, 0 0 9 52
Note that when }},(7% 1 = (29(7’; 1) = 0, from (4) sE=g% and T;’:Wgw for all (v,~*).
OV (p" )

Given =55 > 0, we can show that |d‘fdg* | < |§T€| for all (7,~*). This implies that the best re-
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sponse has absolute slope less than unity everywhere which ensures existence of a unique symmetric

equilibrium. Note that, ddwiTUy* is given by,

oV (pT,v) 0*p"
op  OyOvy*

op” 02V (pT,7) N O*V (pT,~) opT

oy 0vOp op? Oy )+

and % is given by (19).

Next, I consider the case of presence of political concerns in the government objective.

Proposition 11 Symmetric strategy in which both countries choose the autarky optimum, (7p,
Yp), s the only candidate for a symmetric Pareto optimum. If p lies in the interior of the policy

space, all the Pareto optima are asymmetric if Wp(~y,~v*) is quasiconvezx in (v, v*) at (Yp, Yp). If

8VP(PT(gp1?§P)ﬁP) 75 O),

equilibrium price changes affect indirect utility Ve (p® (v, v*),7),at (Y p, Yp); (
(Yp, 7p) cannot be a symmetric PSNE.

Proof. The result that (¥p, 7p) is the only candidate for a symmetric Pareto optimum follows
directly from the symmetry of the setup which ensures Wp(y,~) = 2U j.f‘ (7), and optimality of 7 p.

At the interior autarky optimum 7p, the first order condition of maximization in autarky is
satisfied,

dUp () _ Ve (),7) dp'(v) . Ve (7).7)
dry op dy o0

Since a change in v affects the welfare of the foreign country only through terms-of-trade, the first

=0.

order derivative of Wp(~,~*) is,

Wr(1,7") _ Ve (1,77):7) , OVe('(1:9%),7) 9" (3:7) | OVe(r'(7,9%),7") 9p" (3:7")
oy 0y op oy op oy

At a point of symmetry,

Wr(y,7")  _ Ve (:7),7) | Ve’ (1,7):7) Ip (1,7) | OVe(p' (7,7),7) 9p" (,7)
oy oy dp oy Op oy
oVp(p* op” oVp(p*
_ V@ ()70 (1) VW00 o T ) = pA ().
dp vy 0y

At a point of symmetry change in own policy affects equilibrium terms-of-trade less than the autarky

price,
P (1:7) _ dpt()
0y Tody

which ensures "
oy dy

Therefore, the FOC of optimization of the world welfare is satisfied at (yp, 7p). Following the

logic of Proposition 1, all the Pareto optima are asymmetric if Wp(7y,~v*) is quasiconvex in (v, v*)

at (Yp, 7p)-
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The first order condition of a PSNE is given by,

OUL(v,v*)  oVp(p' (v,7%),7) N oVp(p' (v,v*),7) Op* (v,~*)

oy N Oy op oy =0

1t 2Ve@” (gppnp Ar) # 0, necessary condition of a PSNE cannot be satisfied at (yp, 7p). ®

PRy _ PRy
2% P

Now let us consider

= 0. The goods market clearing (4) remains un-

37
ip_ op ?p_ p X . )
changed. Therefore, 5 and 572 = 9707 for all (v,~*). To prove existence of a unique sym-

metric equilibrium, we need to prove that % > 0. Consider the case of weighted welfare

maximization which implies that,

Ve(p", ) = f")Yp(p", ),

where Yp (pT, v) = c1pF1 + co F5. Here, ¢1,c2 > 0 are constants representing different weights. Now

PVe(' ) i o
W 1S given by,

0F, 0Fy

2
PO + F)ea g fa) + F)er = ea) o

CQ)m.

This expression is positive if ¢; > co, and gnglj > 0. Here, g 151 > 0 implies that price of good 1 is

complementary to policy ~ in improving production of good 1.

6.2 Proofs for Section 3

In the competitive economy, p” and U’ are given by,

He+H™
p’ = (Tege )™ el mma), (20)
He+ H™ He He+ H™*
Ub = g¢"(m———)*(L*A+ N +(1— X\ L, 21

where a =1y + p(ny —n2), ¢f = (1 —p) fr + pf2)/(pfe(n /(X —n1)) + (X — ) fr(ne/ (L =m2)), f =
((1=m1)/(1=n9))(na/ (1 =n2)) "2 (ny /(L —=ny)) 1)/ 2= | fy = (mg /(1 —=q))"2 f12 71/ (1 /(1 —1y) —

M2/ (L=12)), fr = (ny/(L=np))" f1 71/ (1 /(L =n1) =12/ (1=n3)), and g = (1—m1) (n1/(1—11))" f™
are constants depending on the production and demand parameters.

Proof of Lemma 5. 1 prove the lemma for A = 0. The same result goes through for A # 0.Consider
a pair of policies (7;, 75) such that v; > 7,. Relative welfare of higher education, (12), is given by,

(20 g, (1 4y)

(202l yag (1 4p)

A (Y1,792) =

Evidently given g; > 0, (12) increases in the demand share of the skill intensive good (u) and in



the skill intensities of production,

dr(v1,72)

> 0 f = U, Ny, M.
. Or K= fi, M, N2

Given the rest of the parameters, consider an increase in y’ to p”. Let the original autarky optimal

policy be 3’ and the new autarky optimal policy be 7”. Since 7’ is the original autarky optimal,

UA(¥) ~
— 1 .
UA(y) |(p=pry > 1 VY #7

With increase in u, r4(3/,v) increases V v < 7. Thus,

UAWI)/UA(’Y)‘(M:#”) S UAF) U umpry > 1 VY <7

Hence, ¥ > 5. This implies that the autarky optimal policy () is increasing in yu, n;. Also, (12)
does not depend on H, L. Hence, 7 does not depend on H, L.

The relative welfare of higher education in the open economy, (11), is given by,

*

(v
gr(1=y1)+gr(1—
( gH (v2)+gu (v*
gr.(1=y2)+gr(1—

T (v, 72, 7%) X

( 9H("/1)+9H1 L*))a
)
1—

*))a

UF (v1.v%)
UF(vg.9%)

(921 = )L+ A) + (1= Nl (puCueann) )

(91.(1 = 72)(1+ ) + (1= X)L (G i) )

ST (v1.9%)
ST (v2:7%)

where U}f is the aggregate indirect utility of the low-skilled workers and S}f stands for % From

g—z > 0 and %—‘g < 0, I can prove that both 5%8233 and g%g;z:; increases in p, if y; > 7, and
g; > 0. A similar proof works for increase in 7;. Hence using a similar logic as before, BR(y*) shifts
up in g and ;. =

Proof of proposition 6. Step 1 ( If both g% (.) < 0and ¢7(.) <0, (7,7) is the unique symmetric
PSNE and is the unique symmetric Pareto optimum.)
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The Hessian of W (y, 7*) is given by,

v p ga(Y) +9u(v") a1
(9u(7) + gu(v*))* 2 )
(gr(1 =7) +gr(1 —~*))at

a—1
~2a(a — D HLgly(0)gh (o)LL IOy

" (’Y) +gu(y ) a
ol — V(L (A2 (91 (7) +9H(7*))a
(1 )(LgL(7>) <(gL(1_’Y)‘i‘gL(l_’}/*))_a_l)}

+a(a — 1) H* (g5 (7))*(

and

d*wW

H(Y) +9u(v)*” )
dryd~*

_ . ! ! * (
) = signfa(a — 1) H? gy (7) g (v*)( 9ol -+ gr(l -~ )
)

( —
*)\a—1
—a(a — 1) HLgy (7)g7,(v)( ( gL(?f _Vi;r +g;[L(Zl )_ )
)

*)\a—1
—a(a — 1)HLgy (v") g7, (7)( ( QE?H_77; +95L((71 )—) 7*))a)

1
(gu(y) +gu(v))* )
(gr(1 —7) 4+ gr(1 —~*))—a-1

sign(

—a(1 = a)L?g7,(7)gL(v*)(

By assumption, e < 1, and ¢} (v) < 0, gj(v) > 0. If both ¢%,(v) €0, and ¢} (1 —v) €0,

d*w d*w 2w W dPEW .,

— ——— <0, and — s 0.
d’y? <0, d’y*2 <0, an <d72 d’y*2 (d’yd’y*) )>0

This ensures that the Hessian of W is negative semi-definite. Hence, W is quasiconcave. By
Proposition 4, there is a unique Pareto optimum and a unique PSNE at (7,7).

Step 2: (If g/ (.) is sufficiently high, skill intensities of production are sufficiently different and
consumers do not prefer either of the two goods too strongly, only asymmetric PSNEs and hence,
only asymmetric Pareto optima exist.)

Note that

2
‘W = wr (p)gh () +wi(p)gr (1 — ).

From the derivation in appendix 6.1 U”(y,~*) is quasiconvex in 7, if is sufficiently high.

0?Y (..)
o2
Hence, if g/'(.) is sufficiently high, U7 (y,v*) is quasiconvex in . Now there are two possible cases.

Case 1: If g/'(.) is such that both U A'and UT is quasiconvex, by the derivation in appendix 6.1,
only asymmetric equilibria exist if preference for higher v in the competitive economy represented
by parameter 6 is not very high. In this economy, p plays the role of parameter 6. From the

derivation in appendix 6.1, u < fi. To have a non empty interval of [i , 7z] C [0, 1], we need to check
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rest of the parameters of the economy. The sufficient condition for p > 0 is

(1+91(0))" = ((1 +92(0))/(1 + (9£(0))n2)) < 0.

For a given g1 (0) > 0, this condition depends only on 7y and is more likely to be satisfied for a
fall in n5. A fall in n, makes the low-skill intensive good even more intensive in lower skill and
hence in primary education. This increase in low-skill intensity of production for good 2 makes it
more likely that investing only in primary education is the symmetric equilibrium for non-negative
values of p. In a similar vein, z < 1 essentially means that for some values of the preference
parameter investing only in higher education is the symmetric equilibrium. For a given gz (0) > 0,
this sufficient condition depends only on n; and is more likely to be satisfied for an increase in 7;.
Thus higher is the difference in the skill intensities of production of the two goods, more likely is the
existence of a non empty subset of the parameter space for the preference parameter [u, 1] C [0, 1]
for which an asymmetric PSNE exists.

Case 2: If g/(.) is sufficiently high such that U” is quasiconvex at (7,7), by Proposition 4
there is only asymmetric PSNEs at the extremes provided there is a interior 7. Since (12) increases
in p, there is an interior 7 for values of u € [pg, f41], where pg, py are respectively the maximum
and the minimum values of u for which 7 is not interior. Since (12) increases in 7; and 7y, I can
show that p rises in 75 and p; falls in ;. Hence, a rise in (n; — 7,) ensure that [ug, ©;] C [0, 1].

Step 3: (A PSNE exists)

From (21), U (~,~*) is continuous in «. To prove submodularity of the game it is necessary

U™ (v1*)
dydvy*

Let us consider the case of nonlinear g;(.). From previous derivations & Todn dv > 0. From the definition
of V(.,.),

and sufficient to prove that < 0. For g;(.) linear, one can directly sign this derivative.

PV _OVop OV
dpdy — Op? 0y  Opdy’

From the definition of U” (v, v*),

U (v,y*)  9p &V OV d*p"(v,7")
dydy*  Oy*dpdy = Op  dydy*
- T+

vy

and a—v < (>)0 for v > (<)y*. So the sufficient condition for % < 0is that %73*) > ()0
(<

for v > (<)~*. This condition is satisfied if,

p (g (V)
™ > gr(7) '

To be completed. m

Proof of Proposition 8. In this economy wage inequality is a function of p. If in the asymmetric
PSNE p”(v,7*) > p*(7), wage inequality is higher in the asymmetric PSNE. Equilibrium price is
given by (20), and a rise in (v,7*) reduces p. From (12) u enters the autarky optimal policy only
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as a, and a rise in p raises a which increases . From (11), u enters the best responses as a and ¢f.

A rise in p raises a which increases the best responses. Also, a rise in p reduces ¢f, which then
91 (V) +9u (r")
(I-"+gr(1-%)

is likely to be higher than gil({l(j)ﬁ)' Hence, both countries may experience higher wage inequality in

the asymmetric PSNE compared to the autarky optimum.

increases the best responses. Thus, for higher values of p, I in the asymmetric PSNE

The difference in welfare is given by,
Ug —Up = f(p)(wgH® —wrL).

Both countries experience the same p in a free-trade equilibrium, but the country that invests more

in higher education increases H® more relative to L¢. m

Proof of Proposition 7. Step 1: (If n, < .5 and if A > 0, each country has an incentive to
deviate to an inefficient overinvestment in basic education (7 < 7¥), given that the other country
is choosing v = 7. The opposite result holds for A < 0. Thus if 7, < .5 and A # 0, both countries
attain smaller welfare in any symmetric PSNE compared to the autarky optimum. )

The politically constrained objective function is,

Up=U+ X p HM(wp * L* —wpy *x H®).

NOte that 86% §7§ = 0 NOW COHSider 8p7u(wL*§;*’LUH*H6) —
Op™# o e — He
g (wp * L —wg « H®) +p# (wL* WH * )
p dp
Now (wg, * L® —wpy * H®)|57) > 0 ensures that,
ap_'“(wL * L¢ — wp * He)
o lGa) <0
One can show that,
wy, * L° )
wr s e @9 = dmm) > Lif 1, < 5.
Hence,
oVp '
5 [GA) < (F)0if A > (<)o.

From the definition of Up(y, v*),

dUP(V? 7*)‘ o 8VP(§7 p(%? ?) + 8VP(§’ p(%) :)7) 810(77 fy*)’ o
dvy () PN ap Oy ()
= _8VP(% r(, 7) 9p(y, 1) @, 7) , by FOC of Autarky Optimum.
dp oy :
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Hence, %ﬁ’y’v*)k% 5 < (>)0if A > (<)o0.

Step 2: (If both g% (.) <0 and ¢/(.) <0, (¥,7) is the unique symmetric PSNE and (7,7) is
the unique symmetric Pareto optimum, 7’ # 7.)

Expression for the sign of the Hessian of (., .) remains unchanged from (22). From Proposition
11, (7,7) satisfies the necessary FOC for a Pareto optimum. From Proposition 6, if both g%, (.) <0
and ¢7(.) <0 W(.,.) is globally concave.

Now let us consider the non cooperative optimization problem. First, I consider linear g(.)
functions, g% (.) =0, ¢/ (.) =0, and ¢} (v) = B}, and ¢} (1 —v) = 3;. The FOC of a NE is given by,

A ggee+ g ) (P ) (14 W) L)

8L5+L*‘ :0

A (HBRLELT) | i THE ) (1 4 NG

One can show that,
|62UT
| dy = 90!
- 277T ’

where

el 2_u+Aw¢><a

SZgTL(C) = S’Lg’fl (U__Ie_i_H,*e)

Hence, |$—1| < 1, which implies that there is a unique symmetric PSNE.

Step 3: (If g//(.) is sufficiently high, skill intensities of production are sufficiently different and
consumers do not prefer either of the two goods too strongly, only asymmetric PSNEs exist.)

The proof of this result is very similar to the proof of Proposition 6. If ¢;'(.) is sufficiently high,
UL(.,.) is quasiconvex. The only difference is that in this case even if UL(.,.) is quasiconvex and
7 is an interior optimum, one can not rule out symmetric PSNEs. I need to explicitly make sure
that (1,1) and (0, 0) are not symmetric PSNEs in this case. But (1,1) and (0, 0) are not symmetric
PSNEs if skill intensities of production are sufficiently different and consumers do not prefer either
of the two goods too strongly. One can easily prove that under such parameter conditions 0 is a

profitable unilateral deviation from (1, 1) and vice versa, by using properties of (11). m
Derivation for the endogenous skill case

Let us first derive (13). A more able agent with initial ability A chooses h® by maximizing

b wn (o)~ By

1-m9
where wg (p) = ¢ppm—2. From the FOC, one can derive

l—a
chpﬁl—nz 1
he — 7h€ e—1
()
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Multiplying both sides by ng I arrive at (13). The second order condition of optimality requires

€ > 1. Similarly one can solve the optimal skill-choice problem of the low-skilled agents. Note that,

l—a
oH¢® cppmM T2 1 1 ~-1-100,
= — hE e—1 e—1
0 ( o ) (=78 B

>0

0 H¢
and 5

2pe .
7 s equal to

Chpn::g72 € il 1 1 _e—%_Q % 2 Chpnll:f]2 € il 1 _ei1_182ﬂh
(e h)? ((6_1)(6_1+1)6h (o) — ()7 (=) el I

2
provided 885 £ < 0. A similar result hold for L°. The equilibrium price in the open economy is
given by,
Lk
4+ ﬁ ¢ (m-may1-¢)
pT(777*) = {}11—21 € cp(77177727,u/aH7L767nHanl)7
ﬁ117€ _|_ ﬁl 1—e

where ¢, denotes a constant that does not depend on policy.

Proof of Proposition 9. Note that a fall in € increases the magnitude of a;h;e' I can show that
for sufficiently small € objective function of the government is convex in 4. If {0,1} are the only
values equilibrium policies can take, the condition on p and (1, — 1y) follows in a manner similar

to the proof of proposition 6. m
Derivation in the Grossman-Maggi economy

In each country there are two types of labor. High skill types are born with ability H and low
skill types are born with ability L, H > L. There are ny, low type workers and ng high type workers.
A positively skewed skill distribution implies ny > ny. The government educational investment
complements the ability of the individuals in forming the effective skill levels H* and L°. The
government has a fixed resource T=1 and chooses which fraction v € [0, 1] to invest in higher
education. The per student expenditure in higher education is %, and the resulting effective per
individual skill levels H" is,

HE = Hg(-1).
ng
Consumer preferences are captured in a Cobb - Douglas utility as before.

Agents choose which sector to work in, whom to match with and their consumption levels to
maximize utility subject to the usual budget constraint. In the presence of a homothetic demand
the indirect utility is a linear function of income. Hence, agents choose optimal matching and

occupation by maximizing income. Given this production specification, Grossman and Maggi (2000)
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show that self-matching is optimal in sector 1 and cross matching is optimal in sector 2. I consider
an occupation structure in which the high skilled workers work in sector 2 and they cross match with
ng low skilled workers. Rest of the low skilled workers self-match in sector 1.37 The occupation
structure is optimal if at the equilibrium prices, the low skilled workers are indifferent between
working in sector 1 and sector 2, and the high skilled workers do not have an incentive to work in
sector 1,

(A s H? 4 [02)1/%2 _ 4 9(/00-1) y o gy o(1/61-1) o pre,

In this economy a country with a more dispersed skill distribution has comparative advantage in
the submodular good.

I explore how the relative welfare under different policies changes with changes in the competitive
economy. I consider the general social welfare function,
nr

PH ) 4 UL(

Us=Ug(——— _—
5 H(TLL+TLH nL+ng

+A), Is3A> -1,

where Up and Uy, are the indirect utilities of an individual high and low skilled worker. An increase
in the degree of submodularity, 82, or, in the expenditure share of the submodular good, 1 — p,
and a decrease in the political preference for low skilled labor, XA, improves the welfare trade-off of

higher education in both autarky and the open economy,

A
arﬁ;;%ﬂ > Ofor & =1—p, O2,—A, 71> 79, (23)
T *
or (71572’7) > Ofor s =1—p, O3,—\, 71 > 79
K

A change in the degree of submodularity, 61, does not affect the relative welfare under different
policies. Hence, both the autarky optimal policy and the best response in the open economy
increase in 65, decrease in p and A, and does not depend on #;. Now the welfare function is given
by.

F+F*_,,  F+F | p

P Le

Le“I—Le*) ( (L6+Le*) +1_M )7
1

2o Vg PR

andp = (1—p)(nL —nH)(Le —i—Le*)

Ul = clp, ny, np, 01)(

1 1
where F = (A% H 4 92)% = f(v)%. The proof of sufficient conditions of existence is similar

as before.

3"Kremer and Maskin (1996) suggest a similar occupation structure in a matching framework with discreet skill
types.
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6.3 Proof for Section 4

Proof of Proposition 10. Step 1: To prove (If g;;(.) > 0, g;(.) > 0 and g} (.) is sufficiently
large, in the asymmetric PSNE home country invests more in higher education, yyr > Yy g-)
Consider the following comparative static exercise. Suppose that given H* and L, the endow-
ment of high-skilled labor in the home country, H, increases. If such a comparative static exercise
shifts up the best response of the home country, BR(v*), and shifts down the best response of the
foreign country, BR*(vy), the home country invests more in higher education in NE (y > +*). For
the home country I study how this comparative static exercise affects (11) for any v; > 5. In the

asymmetric case,

(LHg(;ll(’yl))-l-Iz*gI(Jl("/*) ))a

T o 9r(1—y1)+Lgr (1—v*

" (11:72,77) = ( Hym (v2)+H* g1 (v*) )a % 2
Lgr,(1—v5)+Lgr,(1—%)

UT(v1,7%)
UF (v9,9%)

Hgu(v1) ( Hgu(y)+H*gu(v*) y-1
(Lgr(1 —71) + qf(:mﬂlvz) (LgL(If—vll)JrLgL}(Il—v*)) )

af(um1ma) N Lgr (1—y2)+Lgr (1—v*
ST (v1:7%)
5T (vg.9%)
. 5T (v14%)
* T *
It is straightforward to show that % increases with H. Now let us consider %. I can
L (72,
show that,
ST (vi7") " H +H* *
OSroe  maa(Hgn(m) + Hogu(v")) (A HE200 — 1) + araht(y;) — azalt(y,)
on (ST (r207))? |
where t(y) = g (VH*gu(v") alngL(l —71) +Lgr(1 —77)
(Hgr(v) + H*gu(v*))*’ af ’
ay = Lgr(1—7,), and a5, ag similarly defined replacing v; by v,
5T (v1")
T *
Now % is positive if g4 () is sufficiently high. I can show that ajafy, > aga). If ¢4 (7)

is sufficiently high, #(;) > #(75), and sign of (gg;gi;ig*gggig -1

magnitude of ¢}, (7). Thus, if g}, (7) is sufficiently high, BR(~*) shifts up in H. Now let us consider

) does not depend on the
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(11) for any 7 > 73,

( H*gg (vi)+Hgu () )a
i v Lar(A=75)+Lgr(1—7)
T = x
(71772:V) ( H*gpg (v3)+Hgu () )a
Lgr(1=73)+Lgr(1—7)
U{(v’{w)
G NCEE)

* H*gu(v]) ( H*gu(v1)+Hgu(v) \—1
(Lgr(l —=77) + qf(uﬂhmlz) (LgL(l—“/i‘l)JrLgL(l—v)) )

(Lgr(1 —~%) + H*QH(WE))( H*QH(7§)+H9H(V)))_1)'

270 qf(unine) N Lgn(1—v3)+Lgr (1—y
sty
ST
Sf(v’{,v)
. . UT (v*,7) . . sT(v3.v)
It is straightforward to show that U’% (71 o decreases with H. Now let us consider —45#—. I can
L 2
show that,
ST (i) « « H*gu(v3)+H . .
OGiisy  biba(H gu(vi) + Hon () (Gt Ay — 1) + bubst* (7]) — babit” (33)
oH (ST (v2:7%))? ’
H* T Lgr(1 —~%)+ Lgr(1 —
where t*(’}/*) - gH(’Y) 95(71)* 2,b1 _ gL( ’71)"1' gL( ’7)’
(Hgr(v) + H*gu (77)) af
b, = Lgr(1—~7), and by, by similarly defined replacing y; by 5.
. H* O+H . . . -
I can show that g}, > 0 implies that HZZ&%LHZEEYY; < 1. If gjy () is sufficiently high, t*(v]) <

t*(7) which ensures that BR*(v) shifts down in H.

Step 2: To prove (In such a PSNE both countries attain larger aggregate welfare compared to
the autarky optimum.)

The proof is very similar to the proof of Proposition 3. Hence I omit the proof.

Step 3: To prove ( If a noncooperative symmetric PSNE exists, a Pareto improvement requires
further investment in higher education in the home country.)

Let (7, 7) be a PSNE. If both gx(.) and gr(.) are both concave, the FOC characterizes the
PSNE as well since U7 (y, 7*) is concave in ~. Hence, at (7, 7),

out _ aV(p,y)dp OV _
oy op 0Oy Oy

Tx * * * *

ang U5 _ V) Op OV _
ov* Op oy* ov*
From previous derivations,
. 8V ) .
Slgn(ép’}/)) = sign(F1 — C1)
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Given that the home country is relatively more abundant in high-skilled labor, at (7, %),

oV (p,)

0
dp -

< 0.

ovV*(p,7")
? 8]9
Since the policy confers comparative advantage in good 1, 88% < 0, g—g < 0. From the Pareto
problem incorporating world goods market clearing (4),

ow _ov ow _ov
oy 0y’ oy* oy’

Hence, at (5, 7),

ow ow

6.4 Numerical Solution

Here, I illustrate comparative static and welfare properties of equilibria in the context of the
Heckscher - Ohlin model. Similar properties are observed with the Grossman - Maggi (2000)
production structure. Let us assume that both gy and g7, are quadratic functions of the respective

expenditure share and choose the same g(.) function for both skills,

9(2) = 1+ Bz + o225

Properties of g;(.) require that 8, > 0.

I first consider the case of pure welfare maximization, A = 0, and fix 4 = .5 to rule out any
bias in consumer preferences. Yeaple (2006) reports skill intensities of various industries. I fix 7,
at .8 which is the maximum value of the skill intensities and fix 1y at .2 which is the minimum
value of the skill intensities. In 1980 two of the major global players of today, India and China,
were mostly a closed economy. Bosworth and Collins (2008) report that in 1980 on average, 44% of
the population was without schooling in India and China, and relative share of manufacturing and
services in domestic production was on average .5. I fix % at lfof‘l. I choose B and 3, to ensure
that at the autarky optimal policy relative share of the two industries in GDP is roughly .5. This

gives a value of 8; = 1.2, 85 = 1. The following table reports the values of the crucial parameters.

Table 3
Parameters n; ny H/L [, B
Values 8 2 127 12 1

38Suppose an increase in the education subsidy relaxes the credit constraint in human capital acquisition. If low
(high) ability individuals are more credit constrained, gr. (g#) is relatively more responsive to education expenditure.
By allowing for the same g function for both skill types, I demonstrate that my results are independent of this
assumption.
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In Figure 10 I plot 3 different measures of equilibrium asymmetry as a function of the demand
parameter u, keeping rest of the parameters as in Table 3. The solid line corresponds to minimum
asymmetry in PSNE, denoted by minasym. When (7,7) is a symmetric PSNE, the minimum
asymmetry in PSNE is 0. The dotted line corresponds to the maximum asymmetry in PSNE,
denoted by maxasym. The game in this application is submodular. In a submodular game the
maximum asymmetry PSNE is known as extremal equilibrium. This PSNE is always Cournot-
stable (Echenique (2002)), has maximum welfare for both countries compared to any other PSNE
(Proposition 3) and has nice comparative static properties (Milgrom and Roberts (1990)). If
maxasym is nonzero even though minasym is zero, both an asymmetric PSNE and a symmetric
PSNE at (7,7) exist. The dashed line corresponds to asymmetry in the Pareto optimum, referred
to as POasym. By Proposition 3 whenever maxasym is nonzero, POasym is also nonzero. By
definition whenever minasym is nonzero, maxasym is also nonzero.

By proposition 6, for 8, = 0 there is no asymmetric equilibria and all the 3 different measures
of equilibrium diversity is zero. In Figure 10a I consider 5, = .5. This value of 3, is not sufficiently
high to rule out (7,7) as a symmetric PSNE. Hence, for all values of the demand parameter the
minasym is zero. But for intermediate values of 1, both POasym and maxasym are nonzero implying
existence of an asymmetric Pareto optimum and an asymmetric PSNE. In Figure 10b I consider
B9 = 1. Such value of 3, is sufficient to rule out (7,7) as a symmetric PSNE for intermediate values
of . In Figure 10b minasym and maxasym curves coincide. In both Figure 10a and Figure 10b,
the Pareto optimum is asymmetric over a strictly larger parameter space, compared to the non

cooperative solution.

Figure 10a: Existence of An Asymmetric PSNE
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Next, I focus on how comparative static properties of asymmetric equilibria change with change
in technology parameters given a convexity parameter. To this end, I fix 8o = 1, and vary p
and 7,. The rest of the parameters are fixed as in Table 3. As argued before, a rise in 7; makes

asymmetric equilibrium more likely for lower values of y. The maximum and the minimum values
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of p for which an asymmetric PSNE exists, referred to as 1z and p, fall in 7. In the next figure the
solid line corresponds to 1, and the dotted line corresponds to p. The area between 7z and p is the
parameter space in which an asymmetric PSNE exists. This result is illustrated in Figure 11 for

the case of pure welfare maximization.

Figure 11a: Poltical Preference for Low-Skill Figure 11: Pure Welfare Maximization Figure 11b: Poltical Preference for High-Skill
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When governments care more for the low-skilled agents (A > 0) an asymmetric PSNE exists
only if demand preference for the skill-intensive good 1 is relatively stronger. In Figure 11la, I
fix A = .5 and illustrate that 7z(n;) and p(n;) shift up with increase in A. The opposite case is
illustrated in Figure 11b corresponding to A = —.5.

In presence of A # 0, it is no longer true that the Pareto optimum is asymmetric whenever an
asymmetric PSNE exists. [ illustrate this in the next figure. For the purpose of the next figure, I fix
Ba =1, and the rest of the parameters as in Table 3. Let us define fipy and ppp as the maximum

and minimum values of u for which an asymmetric Pareto optimum exists. By proposition 3,

tpo < <1< Ipo,

under pure welfare maximization. I describe this situation in Figure 12. The dashed line corresponds
to asymmetry in the Pareto optimum, and the solid line represents the asymmetry in PSNE. When
governments care more for the low-skilled agents (A > 0), upp < p, and fipg < fi. Thus, for A > 0,
the Pareto optimum is asymmetric for relatively lower values of p compared to the asymmetric
PSNE. This is intuitive since by Proposition 8, for relatively larger values of p both countries
experience an increase in wage inequality in the asymmetric equilibrium, and for A > 0 an increase
in inequality reduces social welfare of both countries. I describe this situation in Figure 12a for
A = .5. When governments care more for the high-skilled agents (A < 0), upo > p, and fipg > fi.
Thus, for A < 0, the Pareto optimum is asymmetric for relatively larger values of p compared to
the asymmetric PSNE. I describe this situation in Figure 12b for A = —.5.
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Figure 12a: Political Preference for Low-Skill
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Next, I illustrate the comparative static properties of welfare gains in a PSNE compared to the
autarky optimum in the presence of a redistributive concern. In Figure 13 I fix 85 = 1, rest of the
parameters as in Table 3 and vary A € [—1,1]. I plot the gain in social welfare at the extremal
PSNE compared to the autarky optimum for the skill-exporting (v > v*) and importing country.
The solid line represents the skill-exporting country’s gain and the dotted line stands for the skill-
importing country’s gain. For the extreme values of A, both countries suffer a welfare loss from the
inefficient symmetric PSNE.?? The skill-exporting country is more likely to gain for relatively low
values of A implying a higher political preference for high-skilled agents. Both countries experience
similar wage movements but the skill-exporting country invests more in higher education, and hence
experiences a larger increase in welfare inequality. Thus, when inequality concern is relatively low,
the solid line lies above the dotted line and vice versa. For intermediate range of the weight on

equity, both countries gain from trade in the extremal PSNE.

39By Proposition 7, any symmetric PSNE is inefficient compared to the autarky optimum if My < .9.
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Gain in Welfare

Figure 13: Gain in Social Welfare in Presence of Redistributive Concern
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