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PREFACE

This book is intended primarily for a conventional one-semester or one-
quarter course in international trade for undergraduate economics ma-
jora. It is most suitable for a course with a one-semester intermediate-
microeconomics prerequisite, but we have not assumed that students will
have had such a course. The book is not well suited to a course which covers
both international trade and finance in one semester or quarter, and not
well suited to a course for non-majors. The book also serves as a background
text in graduate courses, giving students the basic theory before they plunge
into journal articles.

Our interest in producing such a book was born from the frustration
derived from the fact that virtually all alternative texts are simplified
vergions of what most instructors would prefer for a semester course in
trade for economics majors. Competing books are tightly clustered in the
center of a linear Hotelling-Lancaster characteristic space, trying to be
suitable for combined trade-and-finance courses for non-majors at one end
of the spectrum, to trade-only courses for majors at the other end. We are
entering at the upper end of the characteristic line, hoping to carve out that
market niche.

Having defined the market, we should quickly indicate the analytical
level of the book lest we scare off the faint of heart. The analytical exposition
is largely in terms of geometry, with the necessary tools being developed
up front in Chapters 2-4. Relatively simple algebra is used, and when
more advanced methods are applied, we are careful to place the material in
sections that can be skipped without loss of continuity. The use of calculus
is quite minimal, even in the more advanced sections.

Indeed, the book uses few analytical methods more advanced than com-
peting texts. What distinguishes the book is partly its analytical approach,
but more importantly the breadth and depth of its coverage. We have tried
to maintain a uniform level of analysis throughout the book, and the same
basic “tool kit” developed in Chapters 2—4 is used over and over to avoid the

xxi



xxii Preface

costs of developing and learning new analytical constructions for each new
topic. Our perception of standard texts is that they tend to treat one topic
on a fairly formal level, such as the Heckscher-Ohlin model, and then
resort to anecdotes about other topics, such as the industrial-organization
approach to trade. Our analysig of the Heckscher-Ohlin model is not more
advanced than that found in the more advanced of the competing texts, but
our analysis of other equally important topics maintains approximately the
same level and depth of presentation.

This new book is a much revised version of an old Markusen and
Melvin text. The book has been greatly strengthened by the addition of two
new authors, Bill Kaempfer and Keith Maskus. Maskus is widely known
and respected for his papers on empirical trade and policy issues. He brings
strengths that are complementary to those of the original theory-oriented
authors, and has improved the book both in its coverage of empirical evidence
and in its exposition of the subtleties of modern trade policy. Kaempfer has
written extensively on the political economy of trade policy, ranging from
analyses of sanictions to the choice of policy instruments, and determinants
of the pattern of protection. It is essential that trade theory texts move on
from simply analyzing the effects on tariffs and quotas to analyzing why
they arise in equilibrium. Kaempfer’s efforts also have strengthened the
book.

Key features of the book are as follows:

L Part 1 of the book (Chapters 1-5) introduces the microeconomic founda-
tions of the theory, and develops almost all of the tools which are used
subsequently. By popular demand, offer curves are avoided in favor of
excess demand curves. Offer curves are covered in an appendix. Chap-
ter & analyzes the gains from trade, laying a foundation which is used
repeatedly throughout the book.

2. Part 2 (Chapters 6-14) develops the positive theory of trade and consid-
ers empirical tests of those theories. Our world view is that many things
cause trade, and each deserves an analysis in isolation from the others.
Accordingly, Part 2 follows a methodology in which two economies are
identical in every respect except one. These “bases for trade” include
differences in technology, differences in relative factor endowments, gov-
ernment policies including taxes and subsidies, imperfect competition,
scale economies, and demand factors, such as non-identical and non-
homogeneous preferences and preferences for diversity.

3

Part 3 (Chapters 15-20) turns to trade policy, considering the various
consequences of tariffs, quotas, and voluntary export restraints. In line
with current research interests, a major chapter is devoted fo strategic
trade policy. Two other “non-traditional” chapters include one on the
political economy of trade policy and one on administered protection. The

Preface XXiil

former analyzes ways to endogenize protection, while the latter discusses
institutions, rules, contingent protection, and major features of trade law
and surrounding controversies.

4. Part 4 (Chapters 21-23) reverts to positive theory, analyzing factor trade,
multinational firms, and growth. These chapters incorporate a great deal
of research undertaken since the old Markusen and Melvin book was
drafted almost a decade ago.

Thanks are due to many individuals. Our editor, Scott Stratford at
McGraw-Hill, put a great deal of effort into the project, and in particular
organized the most thorough and constructive set of reviews we have ever
seen. We thus wish to express great appreciation to those reviewers for their
significant contributions to the book. Ex post facte, we learned that they
were James Cassing, University of Pittsburgh; Eric Fisher, The Ohio State
University; Craig Schulman, University of Arkansas; and Nicolas Schmitt,
Simon Fraser University. Carsten Kowalczyk read several chapters and gave
us a number of valuable suggestions. If readers find something particularly
objectionable about the book, there is a good chance that one of these five
pointed it out, and for one reason or another we did not make the change.
Veta Hartman, Jim Markusen’s administrative assistant, ably performed
many departmental functions so that he had time to work on the manuseript.
Laura Langhoff composed all of the figures in electronic medium, rendering
the ruler and flex-curve additional obsolete parts of trade theory.

James R. Markusen
James R. Melvin
William H. Kaempfer
Keith E. Maskus



PART

TECHNICAL
CONCEPTS
AND THE
GAINS

FROM TRADE



H

CHAPTER

1

INTRODUCTION

11 THE GLOBAL ECONOMY

In recent years international economic issues have taken center stage in
the news. For example, on January 1, 1994, the United States, Canada, and
Mexico entered into a joint compact, called the North American Free Trade
Area (NAFTA), that would gradually reduce trade barriers among them. As
readers may recall, negotiation of NAFTA was heavily controversial in all
three nations, and its passage was anything but certain. Some people in the
United States were worried about the impact of freer trade with Mexico on
the living standards of lower-skilled Americans, while others had concerns
about the potential effects of NAFTA on environmental standards in the
region. On the other hand, U.S. advocates of the agreement proclaimed its
potential to raise incomes overall through greater trade and investment
flows. Canadians had the same concerns and hopes about the potential
effects of NAFTA, with further worries about safeguarding the security
of their supplies of oil and natural gas. For their part, many Mexicans
were wary of closer competition with the United States’ high preductivity
standards and advanced technologies, expressing particular concern about
the fate of traditional Mexican agriculture and peasant cultures.

. The countries of the werld are also moving toward closer trade integra-
tion through acceptance of the Uruguay Round Agreement in the General
Agreement on Tariffs and Trade (GATT). The GATT agreement would set cut
broad rules governing national policies that influence international compe-
tition, including tariffs, quotas, foreign investment regulations, agricultural
subsidies, and patents and copyrights, among other practices. Because
different countries have conflicting interests in these areas, negotiation of
the Uruguay Round accords was also quite contentious. Nonetheless, most

3



4 I: Technical Concepts and the Gains from Trade

economists argue that its passage will represent a valuable step forward
for global trading relations, bearing the potential for expanding trade and
world incomes by hundreds of billions of dollars per year.

As nations have become more interdependent in recent decades through
growth in international trade and investment, episodes of trade conflict have
become more evident and interesting to the public. An chvious example is the
continuous effort by the United States and Japan to manage their bilateral
trade relationship, which involves a significant American trade deficit with
Japan. Many American critics claim that the Japanese market is effectively
closed to foreign firms, while a standard Japanese response is that foreign
firms do not try hard enough to penetrate the market. Japan is hardly
unique in this regard, of course. There are loud complaints from numerous
countries about protectionism and arbitrary government interference with
trade in the United States, Canada, South Korea, India, China, and the
European Community, among other nations and areas.! Unquestionably,
there are significant pressures in the world economy for nations to interfere
with the free exchange of goods in order to limit the negative effects trade
may have on some groups and industries.

A major component of this growing international interdependence is
the phenomenal growth of multinational enterprises (MNEs), firms that
have production and marketing facilities in numerous countries. Many
global corporations have become absolutely huge in terms of world sales,
assets, and employment, and their international operations have significant
effects on both host and home nations. Accordingly, these firms are highly
controversial in a number of dimensions, with some people blaming them
for shifting jobs out of high-wage countries to low-wage countries and
others claiming that they change locations in response to differences in
environmental or business regulations. On the other hand, most economists
tend to view MNEs as conduits for efficient global allocation of capital.

This brief review suggests that international economic problems will
continue to gain prominence in debates over public policy. While hundreds
of interesting questions on this subject could be posed, obviously important
ones include the following: Should countries continue to work toward global
free trade, or are particular nations better off with regional free trade
arrangements? When might it be sensible to place quantitative restrictions
on imports of particular goods? What are the connections between the need
for business regulations and the operation of trade policies? Should nations
interfere with the free flow of capital and labor? These kinds of questions,
which are both positive and normative in nature, concern us in this book.

L2 PERSPECTIVE ON THE THEORY
OF INTERNATIONAL TRADE

In this text we study both international trade, which is the exchange across
national borders of goods, services, and factors, and the impacts of this trade
on domestic and global economies.

I: Introduction. B

- The economic unit under study in this text is the nation. We will study
decision-making in a national context and examine whether nations can
work to maximize some measure of collective well-being. In doing so, we will
consider decisions at both the individual and the governmental levels.

Within each nation is an aggregate of individuals acting in the eco-
nomic arena. International trade results from the interactions among those
individuals and with persons in other nations. Thus, understanding the
theory of the firm and the theory of consumer behavior is important in
studying this level of international economics.

Different nafions arise largely because of historical, political, and
geographical factors. In practical terms, however, nations are identified with
their governments, which take actions that affect the domestic and global
economies. This level of decision-making is one feature that distinguishes
the study of international trade from the study of traditional economies.
Our usual presumption is that governments act in order to maximize the
overall income and welfare of the economy. As we will see, however, this
presumption is often untrue.

International economics can be divided conveniently into two parts:
real analysis or trade theory, and monetary analysis or international finance.
Real analysis studies the reasons that trade takes place, the implications
for commodity and factor prices of changes in real variables (such as the
stock of capital and the supply of labor), the benefits that accrue from
international trade, and the effects of trade restrictions on the welfare of the
economy. Because its focus is equilibrium determination of real trade flows
and welfare, trade theory generally analyzes barter exchange expressed
in terms of a numeraire good. It ignores macroeconomic disequilibrium
problems by assuming the existenee of full employment and aggregate trade
balance. Monetary analysis, on the other hand, is concerned with such issues
as the determination of exchange rates and the international transmission
of unemployment and inflation. Often the two branches of international
economics use different methodologies, with trade theory using market-
clearing microeconomic equilibrium processes and international finance
using macroeconomic concepts such as a single aggregate cutput and price
level, in which there can be short-run fluctuations. However, this distinction
can easily be overdrawn. In recent years economists have made great strides
in integrating the two approaches by modelling aspects of international
finance, such as the existence of an aggregate trade deficit, as the result
of microeconomic equilibrium processes in which agents trade goods both
across borders and over time. We incorporate this approach into the final
chapter of the text.

The subject matter of this book concerns the trade in commodities
and factors that takes place among nations. One question naturally arises:
why is it necessary to distinguish trade between nations from trade be-
tween regions, and even from trade between individual consumers? The
basic motivations for all such exchanges are similar, including differences
in tastes and factor endowments. However, there are some unique features of
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international trade. First, though it is reasonable toc assume that labor
is completely mobile within a country, labor mobility among countries is
severely restricted because of government regulation and differences in
such things as language, religion, and social customs. Indeed, it is usually
assumed in trade theory that Iabor is completely immobile among countries.
Much of the theory of international trade also assumes capital to be immobile
among countries, though we thoroughly analyze the implications of capital
mobility in later chapters. Differences in the degree of factor mobility are
important because they help govern the incentives for and the implications
of trade in commodities.

A second distinguishing feature of international trade is the govern-
mental regulatory power that does not exist in individual or interregional
trade. Countries impose tariffs and nontariff barriers against imports. They
limit the free flow of factors of production among countries and even adjust
domestic policies so as to change the pattern of international trade. Such
activities are virtually unknown among regions within the same country
and in many countries are actually against the law. For example; the U.S.
Constitution reserves to Congress the right to regulate interstate commerce,
implying that individual states cannot erect barriers against imports from
other states.

This dichotomy between interregional and international trade policies
i8 quite interesting. In part, it reflects a popular, though flawed, view that
trade among agents within a country is beneficial while international trade
may be costly. People in wealthier nations often argue that trade with
poorer nations is harmful because it invites competition from low-wage
foreign labor, while people in poorer countries make the opposite case that
trade with countries with high-level technologies is unfair. These two views
are fundamentally mercentilist in nature, in that they see international
trade as taking place within a fixed-sum game. The gains to one country
are accompanied by losses to another country. This view is wrong because
international exchange, like trade among domestic agents, tends to expand
aggregate incomes in all countries. Indeed, a substantial peint of inquiry in
our book will be to investigate the nature of the gains from trade, or the
benefits from international commerce.

To gain a basic understanding of this question, however, note that
countries would be worse off if they were precluded from trading. For
example, if Canada were not able to export commodities such as wheat and
other grains and natural resources, Canadians could not enjoy their present
high standard of living. Japan imports raw materials and exports final
products; without such trade the real incomes of workers in Japan would
be significantly lower. Even large and diverse economies such as that of the
United States depend on foreign trade to supply a significant proportion of
essential commodities such as petroleum and automobiles. Attaining self-
sufficiency at the national level is no more feasible than it would he for a
single family to produce all the goods it must consume.
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13 THE IMPORTANCE OF
INTERNATIONAL TRADE

To justify a careful examination of international trade it is important to
demonstrate that such trade is an important part of the overall economic
activity of nations. There are numerous dimensions to this issue, including
the growth, levels, and structure of trade in relation to domestic production,

Trade, Growth, and Economic
Interrelatedness

Globally, international trade has grown considerably in recent decades. For
example, over the period between 1968 and 1979, the rate of expansion of
real merchandise exports (that is, the value of exports deflated by changes
in export prices) in the world averaged 11.8 percent per year, a remarkably
high growth rate by historical standards.? Indeed, this figure likely underes-
timates the true growth in the real volume of exports because available price
data do not adequately account for the marked improvements in product
quality in recent years. At the same time, global growth in real output,
measured by gross domestic product {GDP) in each country, averaged 6,1
percent per year, also high by historical standards. Thus, during that period,
the world experienced a rapidly rising effective integration among countries
as they became more closely interrelated through international trade in
goods. This trend continued after 1979, though economic activity grew at
markedly slower rates. Over the period between 1979 and 1991, real export
growth averaged 4.4 percent per year, while real output expansion averaged
2.9 percent per year.

This increasing interrelatedness among countries may be observed
for specific nations as well. Table 1.1 lists a selected set of countries at
different levels of economic development. The first two columns of figures
show per-capita gross national product (GNP) in 1990, measured in U.S.
dollars, and the average annual growth rate in this variable between 1965
and 1990.% Clearly there is wide variation in international living standards,
as measured by per-capita GNF. While there are problems in constructing
such measures, it appears that there may be as much as a one hundred-
fold difference in per-capita incomes between the poorest and wealthiest
countries of the werld. _

Looking at per-capita incomes in a particular year provides only a
snapshot of the relative positions among nations, Over time, some countries
tend to grow faster than others, as noted in the second column of figures.
Overall, it seems that poorer countries tend to grow somewhat faster than
richer countries, though this relationship is weakly reflected in these data.
Indeed, in some nations, such as Uganda, measured standards of living
have actually deteriorated in the last 25 years. One clear suggestion from
the data is that between 1965 and 1990 the nations of East Asia (China,
Indonesia, the Republic of Korea, Singapore, and Japan as shown in Table
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TABLE 11 . : b
Measures of national incomes and trade for selected countries
GNP per Capita Exports/GDP
Average
Annual
Growth Exports Imports
Country 1980 ($) 1965-90(%) 1991 (8b) 1991($b) 1970(%) 1991 (%)
Uganda 236 —-2.4 0.2 0.6 . 16.7 79
India 850 1.9 17.7 20.4 38 7.8
China 370 5.8 721 63.8 18 195
Indonesia 570 4.5 29.0 26.9 12.4 24.9
Turkey . 1630 26 13.6 21.0 5.3 14.2
Mexico 2490 2.8 27.1 38.2 34 9.6
Brazil 2680 33 31.6 23.0 76 7.6
Rep. of Korea 5400 7.1 STLT 81.3 9.0 25.3
Singapore 11160 6.5 58.9 66.0 84.2 147.8
EC-12° 17334 2.5 1366.0 14471 16.5 22.4
Spain 11020 24 60.1 93.1 6.3 114
UX. 16100 2.0 185.1 210.0 18.2 21.1
Germany® 22320 2.4 401.8 387.9 18.5 224
Canada 20470 C27 124.8 117.6 22,6 24.4
Us. 21790 L7 397.7 506.2 4.3 71
Japan 25430 4.1 314.4 234.1 9.5 94
Switzerland 32680 14 615 €6.3 25.1 26.5
World 4010 15 3336.6 3508.2 10.1 15.4

Sources: Calculated by the authors using the World Bank, World Development Report, and the International
Moretary Fund, Direction of Trade Statistics Yeurbook.

% EC-12 refers to the current twelve members of the Buropean Community. Though not all of these countries
were members in 1965, the data for all twelve are included here, For the EC, figures on GNP per capita in
1990 and average annual growth rates were weighted by national populations.

¢ Data for Germany exclude figures for former East Germany.

1.1) registered the strongest economic growth among regions of the world.
Thus, two important questions for study, to which we will turn in Chapters
13 and 23, are how international trade is related to economic growth and
whether trade should be considered a cause or a consequence of growth.

. Suggestive evidence in answer to these questions exists. Consider the
data in the final two columns of Table 1.1, which show the ratios of merchan-
dise exports to GDP in 1970 and 1991. These ratios are often considered
to be measures of a nation’s “openness” to international trade, though it is
more appropriate to interpret them straightforwardly as indications of the
share of national production that is exported.* Thus, they provide rough
suggestions of the relative importance of international trade in aggregate
output. In Uganda, as in some other very poor nations, this export share
has fallen considerably over the last 25 years, because of a dramatic decline
in Uganda's merchandise exports. On the other hand, with the exception
of Japan, the East Asian economies in our table registered marked increases
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in the contribution of their exports to GDP. Most striking is the experience
of China, whose exports rose explosively from 1.8 percent of GDP to 19.5
percent of GDP. That Japan’s share was relatively static does not mean
that export growth was unimportant. To the contrary, Japan’s merchandise
exports rose sixteen-fold over the period, as did its GDP. Na other developed
nation experienced such rapid increases in economic activity. Thus, at
this level il appears that rapid trade growth is positively related to rapid
economic growth. :

Trade and National Characteristics

Some particular features of the data are worth mentioning. Note that
Singapore’s exports were almost half again as large as its GDP in 1991. This
fact reflects Singapore’s status as a center for entrepot trade, involving the
provision of warehousing, transport facilities, and services in transshipping
goods from one market to another. For example, much of Malaysia's exports
are processed through Singapore to their ultimate destinations elsewhere.
In principle, it is possible for any nation to have a level of exports greater
than GDP, though this is unusual in practice. Note also that Canada has
long had a high proportion of its GDP devoted to exports, with a slight rise to
nearly one quarter by 1991. Canada is an excellent example of a nation that
economists regard as “open,” in the sense that international transactions
represent a highly significant proportion of overall activity. For example,
in Canada exports now tend to comprise a larger component of national
demand than investment.

The United States has slowly but steadily seen the importance of
exports in GDP rise over time. Over seven percent of U.S. GDP in 1991 was
produced for export, a figure that amounted to some $398 billion. While this
is a substantial sum, the United States retains the lowest export-to-GDP
ratio among the major industrialized nations. The primary reason for this
is simply that the United States is such a large country that relatively little
of its output needs to be produced for the foreign sector. Most of its output
may be sold in the huge domestic market with its diversified tastes.

The European Community (EC) provides a good example of a set of
countries that are intimately interrelated through international transae-
tions. The EC is an example of a customs union, in which the member
countries erect no barriers to imports from the other members while adopt-
ing a common set of restrictions on imports from outside the union. This
structure provides a strong measure of economic integration among the
participating nations. Aceordingly, over 22 percent of the total GDFP in these
economies is exported, much of it to other countries within the Community.
Over time, each of the twelve countries has become more open in the sense
considered here, in large part because of the integration of their economies
through trade. Spain, for example, joined the EC in 1986 and has seen its
trade with other EC members rise rapidly.
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An additional factor in the strength of trade among the EC nations
is simply their proximity to one another, which limits associated transport
costs. This element is an equally strong consideration in the trade behavior
of other Western European countries, Switzerland has long had a strong
export component in GDP, reflecting its close trading relationships with the
EC and other Western European countries. Similarly, the marked growth
in Turkey’s export position reflects its proximity to Europe. In contrast, the
relatively small ratio of exports to GDP in Japan reflects in some part the
geographical isolation of that country from the other industrialized markets.

Note finally that the world as a whole also experienced a marked rise
in the importance of exports relative to preduction, with the ratio rising
from 10.1 percent to 15.4 percent between 1970 and 1991, This reaffirms our
earlier observation that the globe has become more economically interrelated
in recent decades.

Of course, exports are only one part of this story. The middle two
columns of Table 1.1 list the values of both exports and imports of mer-
chandise in 1991 for our set of countries. Exports may not equal imports
in a particular year for any country, reflecting the existence of merchandise
trade deficits or surpluses.’ Of more interest here is that imports tend to rise
along with exports over time as countries become more integrated. Thus, for
example, if we were to compute for a given country the ratio of imports to
GNP (a rough measure of the importance of foreign sources. of consumption
goods and intermediate products), we would likely find that it has risen in
relationship to the rise in the exports-to-GDP ratio. In 1991 this ratio would
have been 8.9 percent, for the United States, 22.5 percent for Germany, and
6.4 percent for Japan.

Despite the fact that in some countries, such as the United States
and Japan, trade is relatively less important than in others, international
transactions still have an extremely important influence on the overall level
of economic activity. This point was clearly emphasized by the mid-1970s
energy crisis in the United States. Although at the time, less than five
percent of the United States’ consumption of petroleum products originated
in the OPEC countries, those countries’ restrictions on supply and the
resulting increases in energy prices brought about significant disruptions in
the American economy. The impact was even more dramatic in Japan, where
nearly all petroleum products must be imported. The il price increases of
the 1970s hastened Japan’s shift into alternative energy sources, ineluding
nuclear power.

The Sectoral Structure of Trade

Levels of trade can be significant in particular sectors of the economy even if
the overall trade ratios are modest. For instance, the United States imports
all of its consumption of certain tropical products, such as coeoa. Looking
at two major domestic sectors, in 1990 the United States exported over 45
percent of its agricultural production and imported over 43 percent of its
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‘consumption of motor vehicles and automobile parts.® Clearly, changes in the

international economy that affect these sectors bear potentially significant
impacts on domestic prices, output, and employment. Further, such impacts
can spill over into other portions of the economy through their effects on
econsumer demand and input purchases.

A fundamental concept in international trade theory is comparative
advantage. As will be made clearer in later chapters, the economic char-
acteristics of nations and commodities combine to explain the pattern of
international trade. To introduce the reader to this concept, we will describe
briefly the structure of trade in major commodities for particular countries.
In Table 1.2 we have classified six major trade categories, which are really
aggregations of numerous detailed commodities, into sectors in which our
countries exhibit a strong excess of exports over imports, a strong excess of
imports over exports, or a near balance between exports and imports. (The
“4+” and “—” signs after the entries in the final column indicate whether
there was a small trade surplus or deficit in the sector.) This classification
is based on actual trade flows in 1990, with sectoral trade balances adjusted
to account for the fact that each country had an aggregate trade imbalance

TABLE L2 . N N
Classification of major sectors by 1990 trade orientation for

selected countries*

Country Strong Net Exporis Strong Net Imports Near Balance
India CLOTH FUEL, CHEM, OFFTEL FOOD(+), AUTO(+)
China FOOD, FUEL, CLOTH CHEM, OFFTEL, AUTO

Indonesia FUEL, CLOTH CHEM, OFFTEL, AUTO FOOD(+)

Turkey CLOTH FUEL, CHEM, OFFTEL FOOD(+), AUTO(+)
Mexico FUEL QOFFTEL FOOD(~), CHEM(—)
AUTO(+), CLOTH(-)

Brazil FOOD, AUTO FUEL, CHEM, OFFTEL CLOTH(+)
Korea OFFTEL, CLOTH FOOD, FUEL, CHEM AUTO(+)
Singapore OFFTEL, CLOTH CHEM FOOD(-), FUELL +),
AUTO(+)
EC-12 AUTO FUEL, CLOTH . FOOD(-), CHEM(+)
: OFFTEL(-)
. Spain AUTO FUEL, OFFTEL, CLOTH FOOD(+), CHEM(-)

Germany  CHEM, AUTO FOOD, FUEL, CLOTH OFFTEL(-)

UK CHEM FOOD, CLLOTH FUEL(+), OFFTEL(-)
AUTO(+)
Canada FOOD, FUEL OFFTEL, CLOTH CHEM(—), AUTO(+)
U.s. FOOD, CHEM FUEL, AUTO, CLOTH OFFTEL{+)
Japan OFFTEL, AUTO FOOD, FUEL, CLOTH CHEM(-)
Switzerland CHEM FOOD, FUEL OFFTEL(—)

AUTO, CLOTH

Sources: Calculated by the authors using General Agreement on Tariffs and Trade, International Trade,
199091, and United Nations, Yearbook of International Trade Statisties, Vol. I, 1990.

*FOOD: food and live animals; FUEL: fuels and fuel products; CHEM: chemicals and chemical products;
OFFTEL: office hines and tel ications equipment; AUTO: motor vehicles and automotive parts;
CLOTH: clothing.
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in that year. The calculations are designed to reveal a rough measure of
comparative advantage by sector in each country.’ :

Some: brief commeiits ‘about the sectors in this table are in order.
It is evident that export strength in food is related to the existence of
abundant supplies of agricultural land, as is found in China, Canada, and the
United States. Correspondingly, countries with limited land supplies, such
as Korea, Japan, and Switzerland, tend to import food. Similar statements
can be made about the determination of exporters and importers of fuel.
The United States is noteworthy in that although it is one of the largest
petroleum producers in the world, it remains a major importer because of
its huge demand for energy. In general, however, it is clear that relatively
greater supplies of natural resources are a major determinant of comparative
advantage. - ; : :

Clothing represents a strong net-export good for nearly all the develop-
ing economies and a strong net-import good for all the developed economies.
Clothing is the best example of a good that is produced cheaply with rel-
atively abundant supplies of lower-gkilled labor. Thus, it appears that the
technological characteristics of production functions interact with factor
supplies to help determine comparative advantage.

The remaining three sectors—chemicals, automotive products, and
office machines and telecommunications equipment—all represent relatively
sophisticated manufacturing products. In addition to standard inputs in
production, these goods tend to require substantial scale, innovation, and
product differentiation for export success. The developed countries compete
among themselves in the latter dimensions, so that there is no obvious
pattern of comparative advantage for these goods within that group. For
example, Germany, the United Kingdom, the United States, and Switzerland
are all major exporters of chemicals, while Canada and Japan tend to
import them; as do the developing countries. Germany, Japan, and Spain
are successful exporters of automotive products, while the United States
and Switzerland are major net importers. Comparative advantage in office
machines and telecommunications equipment is similarly mixed, with Korea
and Singapore having broken into the ranks of net exporting countries.

In truth; if we were to break up these broad categories of manufactures
into small components, we would find that each of the developed countries
would be net exporters of some goods, such as fax machines, and net
importers of other similar goods, such as computer modems. Among the
industrialized countries, this trade in similar goods, which economists term
intra-industry trade, is prevalent. One of our challenges will be to explain
this phenomenon theoretically.

Other international transactions. International trade in merchandise
has provided one source of significant growth in-economic interrelations
among nations. Here, we briefly note that other significant forms of interna-
tional transactions, including trade in services and foreign direct investment
(FDI), have also risen rapidly in recent years.
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In principle, trade in services should be treated no differently from
trade in goods. Some countries, depending on their factor supplies, tech-
nology, and tastes, have a comparative advantage in providing certain
services to international customers, just as some countries have a compar-
ative advantage in certain goods. Major traded services include financial
or management expertise, insurance underwriting, transport, tourism, con-
struction, and numerous other professional services. Nonetheless, some
important distinctions between trade in goods and services arise. For exam-
ple, sometimes foreign purchasers come to the domestic economy to consume
a service, such as a medical procedure or a vacation. These transactions are
properly regarded as exports for the providing country. On the other ha_nd., to
provide banking services in a foreign market typically requires establishing
facilities there instead of exporting some tangible commodity. Because the

' banking services are produced in the foreign market using primarily foreign

inputs we would not count them as exports for the country undertaking the
investment. ‘ :

While it is clearly difficult to get a comprehensive measure of trade in
services, it is possible to get rough measures from the balance-of-payments
statistics of particular countries. We present data on exports and imports
of services for a smaller set of countries in Table 1.3. Note that trade in
services is mearly as important quantitatively as trade in merchandise
as reported in Table 1.1. Indonesia and Mexico are fairly typical among
developing countries in being net importers of services. In part this reflects

TABLE 13 . . . ,
Trade in services, stocks of foreign direct investment, and workers

remittances in selected countries, 1991*

Stocks Net Workers’
of FDI ($b) Remittances
Service Service _— and Migrants’
Country Exports ($b) Imporis ($b) Host Source Transfers ($b)
Indonesia 84 12.6 NA "NA NA -
Turkey 9.3 6.8 NA NA 2.8
Mexico 16.4 20.9 NA NA 1.5
- Rep. of Korea 15.5 17.1 5.9 3.5 -0.3
-EC-12 . 8134 851.9 NA NA NA
Spain ' '38.2 30.2 55.8 20.8 15
Germany 142.5 149.1 61.1 148.2 —-4.2
U.EK. 184.2 183.2 237.6 242.4 Na
Canada 251 56.2 12.7 80.1 0.9
Us. 289.0 2272 487.0 6565.3 -7.3
Japan 188.6 206.2 12.3 231.8 NA
" Switzerland 16.6 30.2 142 75.4 ~-21

5§ums: Cateulated by the aunthors using International Monetary Fund, Balance of Payments Statislics
Yearbook, 1992. )
*Services trade includes investment i Stocks of foreign direct investment are in current values,
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the need for these countries to import foreign management techniques
and commercial expertise. It also reflects the fact that developing nations
tend to pay substantial amounts of interest, dividends, and profits on the
foreign investments in their economies. They also pay significant royalties
for imported technological information. These payments are included in
service imports because, effectively, the developing countries import the
services of foreign capital and technology. In any event, trade in services,
capital, and technology are all important and growing forms of international
transactions in the modern world economy.

Foreign direct investment results when multmatlonal enterprises
choose to aperate facilities in different countries. We will present a rig-
orous analysis of this phenomenon in Chapter 22. At present, however,
note in Table 1.3 that the magnitude of such foreign investments is re-
markably high, at least in the developed economies. For example, MNEs
headquartered in the United States own approximately $655 billion in for-
eign producing facilities, while foreign MNEs own $487 billion worth of
production operations in the United States. The United Kingdom is both
host to and seurce of over $200 billion in foreign investments. Spain has
seen rapidly expanding FDI in its economy, particularly from MNEs in other
EC members, since its accession to the Community. Switzerland and Ger-
many are also major participants in both inward and cutward FDI. Japan is
unique among developed countries in being the source of massive amounts
of investment while relatively little FDI has found its way into that country.

This examination of FDI demonstrates that, despite the standard as-
sumption in trade theory that factors are immobile across countries, it is
possible for capital (as opposed to exchange in capital goods, which is consid-
ered merchandise trade) to move across borders. The final column of Table
1.3 shows that labor, too, can flow internationally, Like FDI, international
labor migration is a complicated topic that we must treat theoretically in a
later chapter. However, we observe in Table 1.3 that workers and migrants
often transfer a portion of their incomes earned in a host country back to
their home countries. For example, in 1991, Turkish citizens working abroad
repatriated some $2.8 billion back to Turkey, while Mexican workers abroad
sent back $1.9 billion. This finding suggests that developing countries tend
to be net suppliers of labor internationally. Correspondingly, considerable
sums were transferred out of Germany, the United States, and Switzerland
by resident foreign workers. Spain tends to provide labor to the rest of the
EC, while Canada also receives remittances on net, mainly from the United
States.

14 PLAN OF THE BOOK

Our brief review of aspects of international trade outlines the course of
study we undertake in this text. In the first part we provide a rigorous anal-
ysis of the theoretical microeconomic concepts we need for developing trade
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theory. These concepts include factor endowments, production functions and
production frontiers, returns to scale on the supply side, and utility and
preference aggregation on the demand side (Chapters 2 and 3). From these
models we develop the notion of general equilibrium with and without trade,
which allows us to consider aspects of the gains from trade and how they
are distributed (Chapters 4 and 5). A unifying feature of the text is its use
of theorems about the gains from trade under various circumstances.

In Part 2 we go on to develop specific theories of why countries trade
with one another. The prevailing challenge is to explain the determinants of
national comparative advantage. After making some methodological points,
we consider first the major traditional theories, including relative differences
in labor productivity, the interaction of factor endowments and production
funections, and short-run factor specificity (Chapters 6-9). However, we go
far beyond these standard theories by developing full general-equilibrium
theories of several other potential determinants of trade. These include the
igsue of how government taxes and subsidies influence trade patterns and
the gains from trade, the effects of imperfect competition, and increasing
returns to scale (Chapters 10-12). These treatments strongly distinguish
our text from others. We further discuss the theory of differences in demand
among nations and how these influence trade {Chapter 13). We then infe-
grate preferences, returns to scale, and product differentiation to explain in
a consistent fashion the phenomenon of intra-industry trade. We also con-
sider simple dynamic models of the evolution of comparative advantage. A
final chapter in Part 2 provides a thorough review of the empirical literature
on these various theories in order to place each in perspective (Chapter 14).

Part 3 is devoted to the analysis of government trade policies. We
first consider aspects of tariffs in general equilibrium, including welfare
effects, the optimal tariff, and effective rates of protection (Chapter 15).
Many of these concepts are applied to quantitative trade restrictions in
the next chapter on quotas (Chapter 16). We next turn to a comprehensive
examination of trade policy under imperfect competition and increasing
returns (Chapter 17). A series of models is advanced to demonstrate the
implications of different features of market structure for the effects of trade
and industrial policies. Prominently featured in that treatment is a full
discussion of strategic trade policy. This comprehensive treatment of trade
policy in imperfect markets constitutes another significant distinguishing
feature of the text. The next chapter examines the theory of preferential
trade areas, such as customs unions (Chapter 18). The following chapter
provides a theoretical discussion of the politics of protectionism, considering
the interplay between voter preferences and biases toward the imposition
of tariffs and quotas (Chapter 19). We supplement all of this theoretical
treatment by discussing policy-related aspects of the world trading system
(Chapter 20). Important topics include world and national trade rules, the
mechanisms by which countries protect their industries from imports, and
the relationship between trade policies and environmental regulations.
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Part 4 concludes the text with theoretical treatments of trade in factors
and international trade in the eontext of economic growth. The first chapter
considers ‘models of trade in labor and capital in neoclassical models with
differences in endowments, the existence of market distortions; and related
issues (Chapter 21). The next chapter extends this work to an explicit
treatment of the theory of direct foreign investment and the creation of
multinational enterprises (Chapter 22). Finally, the last chapter analyzes
several sources of economic growth and their relations to international trade
(Chapter 23).

NOTES

1. Throughout this book we use the phrase “European Community” to refer to the nations
of Wastern Europe that are allied economically in what is variously called the Common
Market, the European Economic Community, and, most recently, the European Union.

2. These data exclude certain nations that had been closely associated with the former Soviet
Union, including that country itself. The source for these figures is the International
Monetary Fund (1992).

3. Gross national product measures the value of all final goods and services produced by
citizens of a particular country, includjng income earned abroad through providing labor
and capital services. For our purpeses it ia best thought of as national income, which is why
we select it as our indicator of international income levels. Gross domestic product, on the
other hand, excludes receipts for income earned abroad. It is a better measure of the actual
gross production activity in an economy.

4. Thereis no necessary relationship between a country’s restrictions on trade and its aggregate
level of exports or imports. Far more important in explaining these latter variables are an
economy’s size, its factor supplies, and, over time, its saving rate, as we will see in later
chapters.

5. It is curious that the world showed a trade deficit in tofal in 1991. One reason for this is that
not all cotntriés are included in the total (it excludes countries formerly in the Soviet bloc).
More fundamentaily, this global deficit is a commen phenomenon simply because countries
tend to undercount their exports relative to their imports. The latter flows are measured
mare accurately because tariff receipts are collected on them.

. The source for these figures is Council of Economic Advisors (1992).

7. There are numerous conceptual difficulties in such calcu]atwns For further information see

Ballance, Forstner, and Murray (1987),

[+2]
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CHAPTER

SUPPLY
AND PRODUCTION
POSSIBILITIES

‘2.1 PRODUCTION FUNCTIONS

Many of the causes of international trade are found in countries’ differ-
ing abilities to produce certain goods. These varying abilities are in turn
related to underlying aspects of production such as technologies, factor
endowments, competitive conditions, government taxes and subsidies, and
returns to scale. An understanding of these considerations will ultimately
help explain why the United States exports aircraft and cereal grains and
imports clothing. These same considerations will help us understand the
consequences of trade, including overall welfare gains and the distribution
of those gains among the members of a society.

An understanding of trade requires an understanding of complex and
indirect relationships, such as how a country’s endowments of capital and
labor determine its optimal pattern of trade. Before we can grasp the whole
picture, we need to establish an understanding of the individual pieces of
the puzzle, and that will be the task of Chapters 2—4. In this chapter, we will
develop the tools of production theory and producer equilibrium. Many of you
will be familiar with the basic ideas from intermediate microeconomics or
principles of economics. For those of you who are relatively unfamiliar with
these technical constructions, we urge you to work through them slowly and
carefully. We hope that your patience in this and-the next two chapters will
be rewarded. The ideas developed here will be used repeatedly throughout
the book, so your investment should pay off. The puzzle is assembled in
Chapter 5.

17
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The basic building block of the supply side of our model will be the
production function,

X =F&,L @.1)

This equation is the algebraic representation of the fact that commodities
are produced with certain primary factors and certain technical knowledge
or technology. Thus, Eq. (2.1) is simply a shorthand way of saying that, given
a certain technology as represented by the function F, an amount of capital
represented by K and an amount of labor services represented by L can be
combined to produce some quantity of output represented by X.

The production relation described by Eq. (2.1) contains three variables:
the levels of input of capital and labor and the level of output. Geometrically,
it could be represented by a three-dimensional surface; diagrammatically, it
can be illustrated as in Fig. 2.1. The production surface can be thought of as
a hill, with the origin representing the ground level. At the origin there is
neither labor input nor capital input, and therefore, there is no output. With
positive amounts of both capital and labor, there will be a positive level of
output of X, and as we add more of either capital or laber or both, the cutput
of X increases.

Three-dimensional diagrams are awkward to draw and are not very
useful in illustrating economic phenomena. Economists have traditionally
found it more useful to convert three-dimensional diagrams, such as the
one shown in Fig. 2.1, to two dimensions by considering one of the three
variables as fixed. Reexamining Eq. (2.1), we see that there are three
possibilities available; we could fix X, L, or K. First, suppose we fixed the
level of output at some amount X and considered the combinations of K
and L that are consistent with this level of output. Looking at Fig. 2.1,
we can imagine taking a slice through the production hill at a height X above

X K
K
0 x1
X
XO
_ L 0
FIGURE 2.1 FIGURE 2.2

The production surface. Isoquants.
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the plane XI. Looking down on the plane KL from above, as in Fig. 2.2, the
edge of the slice could be represented by the line X. Note that this line X is
completely analogous to a contour line in a topographical map. It represents
the locus of points of equal height above some arbitrarily chosen reference
plane. In terms of our production model, it represents the locus of output
points distance X above the origin.

" Loci such as X of Fig. 2.2 are called isoquants, and show all possible
combinations of capital and labor that could be used to produce the level of
output X . There are, of course, many such loci, and indeed, one such locus
can be drawn for every possible level of cutput. In Fig. 2.2 the locus X,
represents a level of output X < X , while X’ represents a constant level of
output greater than X.

Now, suppose that rather than fixing the level of output in Eq (2.1),

we fix the level of one of the inputs. In particular, suppose we assume that
the level of input of capital is fixed at the level K, and investigate the
relationship between varying amounts of the input L and the output X
This would give the locus F (Ko, L) shown in the upper panel of Fig. 2.3,
which represents the total product curve. There are several characteristics
of this curve that are of interest. Note first that we have drawn the curve
starting at the origin. This implies that no cutput is possible unless there is
a positive amount of labor used as an input; although not necessary for our
analysis, this assumption seems quite reasonable. It will also be noted that
the total product curve of Fig. 2.3 has been drawn to curve toward the labor
axis. Thus, although additional units of labor input are assumed to result
in additional units of output, the rate of increase of output is assumed to
diminish as more and more labor is added. This is an illustration of the low
of diminishing returns, which we define as follows:

Definition. Fix the inputs of all but one factor of production. Increase the
amount of that factor. Do this for each factor of production in turn. If the result
in every case is that output increases at a decreasing rate, the production
function exhibits diminishing retuwrns.

X FK,, L)
FK,,L)
1
! I
t L
MPux : Ly : L
! i
! I
|
! |
I
! MP
] I X L FIGURE 2.3
Total and marginal preduct
0 Ly Ll curves.



20  I:Technical Concepts and the Gains from Trade

The additional unit of output associated with adding one more unit
of an input (holding other inputs-constant) is called the marginal product,
which we will denote by MP. In Fig. 2.3, the marginal product of labor in X
is the slope of the total product curve: the change in X divided by the change
in L. The lower panel of Fig. 2.3 accordingly plots the marginal product of
labor in X, MP;x against L. Another way of stating the law of diminishing
returns is to say that the marginal product of labor is falling, holding other
factors fixed. The fact that the MPrx is less at input level L; than at input
level Ly corresponds to the fact that the slope of the total product curve
F (Ko, L) is less at Ly than at Ly.

The top panel of Fig. 2.3 shows only one total product curve, but it is
clear that there will be a different total product curve for every different
level of capital stock that is assumed. For capital K, > K, ¢, the total product
curve will lie everywhere above the one shown in Fig. 2.3, while for smaller
capital stocks the total product curve will lie everywhere below the one
shown. It is also clear that rather than fixing the amount of capital, we
could have fixed the labor supply and drawn the relationship between X
and K. This would have given a figure completely analogous to Fig. 2.3, and
again, of course, a whole family of curves could be drawn, depending on the
quantity of labor assumed. Note that just asthe isoquants of Fig, 2.2 can be
thought of as the loci formed by taking a slice through the production hill
parallel to the KL plane, so the total product curve of Fig. 2.3 can be thought
of as the locus of the production hill found by taking a slice paralle] to the
XL plane.

Although Eq. (2.1) is a convenient algebraic summary of production
conditions, it is a very general expression. To make it useful for economic
analysis, we must impose several restrictions on it. Such restrictions have
been implicitly assumed in drawing Figs. 2.2 and 2.3, and before proceeding,
we must state these explicitly. Specifically, it is assumed that all isoquants
are smooth and that, for any level of output, the set of all combinations
of capital and labor that would yield at least that much output is convex.!
It should also be noted that the law of diminishing returns, referred to in
the last section, is assumed. Although this last assumption will be made
throughout most of our analysis, production functions in which this condition
is not satisfied are easily constructed.

2.2 RETURNS TO SCALE

Another particularly important characteristic of production funetions such
as that represented by Eq. (2.1) relates to the response of output to equipro-
portional changes in both of the inputs. A very common assumption in
economics is that of constant returns to scale, the assumption that propor-
tional changes in all inputs lead to the same proportional change in output.
This assumption is referred to somewhat more formally as komogeneity of
the first degree. Tt is such an important concept in economics and in the
discussion of this book that a formal definition seems worthwhile.
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Definition. Let A > 0. The function X = F (K, L) is said to be homogeneous of
degree R if A*X = F(AK, AL). Ifk = 1, the function is said to be homogeneous
of degree 1, and production is characterized by constant returns to scale.

This definition is easy to interpret. Suppose, for example, we double
both K and L(A = 2). If the function is homogeneous and if & is equal to 1,
then the output will also double. With % greater than 1, called increasing
refurns to scale, a doubling of both factors will result in more than the
doubling of the output. Similarly, for £ < 1, called decreasing returns to
scale, a doubling of beth inputs will result in output less than doub}e.

The returns-to-scale assumption ¢an be illustrated by the isoguant
diagram of Fig. 2.4. Consider first the isoquant X, where it has been
assumed that the level of output is equal to 10. All the points on the curve
X, represent the infinite number of combinations of capital and labor that,
when combined with the assumed technology, would give this level of output.
One such point, A, shows that 10 units of output can be produced_usmg
6 units of labor and 7 units of capital. Suppose we now double the inputs
of both factors and move to point B. Since the capital/labor space is “full”
of isoquants, there must be one that passes through point B. The question
now is: What is the level of output associated with that particular isoquant?
Cléarly, the answer depends on the assumption we make abqut ?he degree of
‘homogeneity of the production function. If % is equal to 1, yielding c_:onst@t
returns to scale, then it is clear that the level of output associated with point
B must be 20 units, twice that associated with point A. If, on the other hand,
k is greater than 1, implying increasing returns to scale, then although we
do not know the precise number to be attached to isoquant X;, we know that
it will be greater than 20, Similarly, for decreasing returns to scale, where &
is less than 1, the level of output associated with X; would be less than 20.

Another characteristic associated with the concept of homogeneity
relates to the slopes of the isoquants as we move along a ray from the
origin, as in K/L of Fig. 2.4. It can be shown that for any such ray, and for
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production functions that are homogeneous of any degree, the slopes of the
isoquants at all points such as A and B are identical. This characteristic will
be very important in the analysis, for it means that once one isoquant is
known, all other isoquants can be derived. In terms of Fig. 2.4, if isoquant
Xo is known, then at point B, where OB = 20A, there will be another
isoquant with exactly the same slope. For any other ray, other points on this
new isoquant can be found in the same way. Furthermore, since OA = AB,
and since this production function has been assumed to be homogeneous
of the first degree, the level of output associated with this isoquant will be
equal to 20, twice that associated with Xg.

Note that there are two important characteristics associated with the
preceding assumption of homogeneity. First, the slopes of the isoquants
along any ray from the origin are equal. This is true regardless of the degree
of homogeneity. The second characteristic, regarding the degree to which the
functions are assumed to be homogeneous, is that the value of 5 détermines
the spacing of the isoquant in Fig. 2.4.

Note that there is an important difference between the law of dimin-
ishing returns discussed in the last section and returns to scale discussed
here. With the law of diminishing returns, we fixed the input of one of
two factors and varied the input of the other to observe how this changes
output. For returns to scale we varied both factors in the same proportion
and examined how this changes output. It should be noted that there is no
conflict between the assumption of constant returns to scale and the law of
diminishing returns; indeed, many of the production functions that we use
in this book will be assumed to satisfy both conditions.

2.3 EQUILIBRIUM FOR A SINGLE
PRODUCER

To this point, attention has been focused entirely on the physical charac-
teristics of the production functions; no behavioral assumptions of any kind
have been made about our producers. This section presents a very brief
summary of those parts of production theory that will be central to our
discussion of competitive models. The behavioral assumptions for an indi-
vidual producer can be stated in either of two entirely equivalent ways: The
producer can be thought of as maximizing output subject to a cost constraint
or as minimizing costs subject to a production constraint. We will employ
the first approach, but the equivalence of the two will become obvious as we
proceed. i

It is assumed that producers, having access to technology répresented
by Eq. (2.1), wish to maximize output, subject to the condition that they
must spend no more on inputs than an amount Cg. It is assumed that the
wage rate, w, and the rental on capital equipment, r, are known to the
producers. It is further assumed that each individual producer is too small
to have any influence on the price of his or her inputs, so that w and r can
be treated as constants regardless of the level of output. The first task is to
describe all possible combinations of K and L that a producer could purchase
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with the fixed amount of money represented by Cy. The set of combinations

‘of K and L that can be purchased for a cost of Cy is referred to as an isocost

line, given by

Co=wL+rK 2.2)
This can aiso be rewritten in the conventional form for the equation of the
budget line in Fig. 2.5.
K = [91}— [E]L (2.3)
r r

Colr is the intercept of the budget line on the vertical (K) axis in Fig. 2.5,
a point we denote by K. —(w/r) is the slope of the budget line. In general,
we will ignore the negative sign throughout the book and refer to the slope
mmpl’?oazr(;flﬁ.ci efficiently, a producer of X must maximize the output of X
for any given level of cost expenditure, Co. In more formal language, the
producer solves the following optimization problem:

Maximize X = F(K,L) subject to Co = wL +rK

We can understand the solution to this optimization problem by im-
posing on Fig. 2.5 two representative isoquants from Eq. (2'.1). The prqducer
could either produce a quantity of output Xo by allocating expenditures
between labor and capital as represented by point B or prpduce t.he same
quantity by purchasing the capital and labor services assomate_d with point
C; but it is elear that neither of these allocations would be efficient. qu the
same expenditure, the larger output associated with X C(_)uld be_ a(‘:hleved

- by producing at point A. It is thus evident t%lat out';put is m_ax1mlzed by
producing at point A, the point at which the highest isoquant is tangent to
the cost constraint. o

An individual firm is thus optimizing when the wage-renta] ratlo' is
equal to the slope of an isoquant. 1t is also possible to derive an expression
for the slope of an isoquant. Consider moving between any two points in
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the (X.L) space of Fig: 2.5. We can express the change in the cutput of X as
the additional output of X obtained from an additional unit of L times the
change in I, plus the additional output of X associated with an additional
unit of X times the change in K. The additional unit of output associated
with adding one more unit of an input is called the marginel product, as
previously noted, and is written-as MP. Thus, our expression for the total
change in X can be more formally written as :

AX = (MPpAL + (MPg)AK 2.4

where A is defined as the change in a variable. Now suppose that both points
are on the same isoquant. From the definition of an isoquant, this means
that AX' = 0, and thus, Eq. (2.2) becomes '

0 = (MPL)AL + (MPR)AK (2.5)
Rearranging, we obtain :
AK " -MPg
AL MPg (2.6)

where the right-hand side is positive since AK and AL ‘have the opposite
sign. But as we consider two points on the same isoquant, and as these two
points become closer and closer together, it is clear that AK /AL becomes
a closer and closer approximation to the slope of the isoquant. Indeed, in
the limit AK/AL is the slope, and thus the slope of any isoquant is equal
to MP; /MPg, the ratio of the marginal products. We showed that the slope
of the isocost line is w/r, and thus the condition for cutput maximization,
namely that the slape of the isocost line be equal to the slope of the highest
attainable isoquant, is given by the production efficiency condition (2.7):

w MPr
- = MP. 2.7
In the last section it was noted that for production functions that are
homogeneous, all isoquants have the same slope along any capital-labor
ratio. This implies that for a given wage-rental ratio, the optimal capital-
labor ratio will be constant regardless of the level of output. Thus for any
wage-rental ratio, all production points will lie along a line such as OA of
Fig. 2.5. The capital-labor ratio is thus a function of the wage-rental ratio
only and does not depend on the level of output. An even stronger condition
can be derived when production functions are homogeneous of degree one;
that is, when production functions exhibit constant returns to scale. Not only
the ratio of marginal products but alse the individual marginal products are
constant for any capital-labor ratio. These results will prove to be useful in
Chapters 8 and 9.

2.4 THE TWO-GOOD, TWO.FACTO
MODEL :

In this section we will develop the simple general-equilibrium model that
will be used throughout much of the book. We assume that two commodities,
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X and Y, are produced using two factors, capital and labor, with technologies
deacribed by the production functions shown in Eqgs. (2.8).

X = F (K, L)
Y = F (X, Ly

Note that subscripts are now being used to distinguish the two pro-
duction functions and the inputs used by each. These production functions
are assumed to be homogeneous of the first degree and are assumed to
be increasing functions of both inputs. It is further assumed that positive
outputs imply positive inputs of both factors. The economy is assumed to
hsve fixed total supplies of both capital and labor, and these two constraints
are represented by Eqs. (2.9):

K =K, +K,
L=L,+L,

As well as showing the allocation of the two factors between the
two production processes, the equality sign in these two equations implies
that these two processes use all the available K and L. Full employment is,
therefore, implicitly assumed. Alse implicit in our analysis is the assumption
that both factors of production are completely divisible and are homogeneous
in the sense that all units are identical.

‘ An assumption central to the analysis is that the commodities, X and
Y, differ in the sense that the production functions differ. Representative
isoquants Y and X, for the two industries are shown in Fig. 2.6. While it
is clear from the diagram that these two isoquants have been derived from
different production functions, it will be useful to describe the differences
in a somewhat more formal manner. Consider an arbitrary wage-rental
ratic equal to the slope of the line KyLy. With these relative factor prices,
production in industry Y would take place somewhere along the line OA,
and production in industry X somewhere along the line OB, these being the
points where the wage-rental ratios are tangent to the respective isoquants.

(2.8)

(2.9)

o 3 L FIGURE 2.6
0 Factor intensities.
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It is clear that the capital-labor ratios & = K/L for industries Y and X,
represented in the figure by %, and %, respectively, differ. We thus have the
following definition.

Definition. Consider fixed factor prices. If &, > k. at those factor prices, Y is
said to be capital intensive and X is said to be labor intensive.

From Fig. 2.6 it is evident that &, is greater than k,, and thus
commodity ¥ is said to be capital-intensive relative to commodity X as
noted in the definition. Of course, a completely equivalent statement is that -
commodity X is labor-intensive relative to commodity ¥ For the remainder
of the book, we assume that commeodity Y is capital-intensive relative to -
commodity X for all wage-rental ratios. This is known as the strong factor
intensity hypothesis.

FIGURE 2.7
The production frontier.

2.5 THE SHAPE OF THE PRODUCTION
POSSIBILITY FRONTIER

The production possibility frontier, as its name implies, i3 a locus that
shows all possible efficient production points. It is important to note that
two kinds of efficiency are being assumed here. The first, which we might
call engineering efficiency, implies simply that for either of the production
functions and for any bundle of inputs, output is as large as it could possibly
be. In other words, we are assuming that there is no waste involved in the
production process. The second kind of efficiency, which we could call market
efficiency, is eoncerned with the way in which factors are combined in the nf :
produi:tion processes. _ ent. production functions for the two industries: Recall from Fl_g. 2.6 tbat

The specific task now faced is to construct, from the technological infor- given wage-rental ratio, the capital-labor ratios in the two industries
mation given by the production functions in Egs. (2.8), and the constraints Blliffer, which suggests that simply dividing the two factors proportionally
on factor use given by Egs. (2.9), the production possibility frontier. This tween the two industries will not result in the maximum output. If the two
locus is also called the transformation curve. Two points on this locus are tputs were guns and butter, it would not make much sense to allocate half
easy to find. Suppose that all the labor and all the capital were allocated to the farmland to the production of guns. T}'ms, in Fig. 2.7, a reallocation
the production of commodity ¥, so that in Egs. (2.8), K, and L, are replaced factors between the two industries, in pa?tlcular a s%uﬁ of more K to the
by K and L. This will give us a well-defined level of output for ¥, which we uction of ¥ and more L to the production of X, will result in a larger
can call Y, as shown in Fig. 2.7. Note that since all factors are being used put of both commodities than that associated with points such as A on
to produce Y, the output of X must be zero. Similarly, allocating all of the e YX . After the reallocation of factors, a production point such aSLA
capital and all of the labor to the production of X would give a peint such as be possible. The same argument will 'appll to all points on the lTne
X in Fig. 2.7. with the cbvious exception of the two points Y and X, and the resulting

A slightly more difficult task is to find the various points on the uction possibility locus would be YAX'. L be
production possibility frontier that allow some output of both commodities. The. preceding argument h?.s' .presente_d an intuitive reason for be-.
To obtain some idea of where this ecurve might be, construct the straight g that the production possibility frontier lies everywhere above the
line joining ¥ and X and consider whether points on this line are possible proportions line YX. Curves having this shape are said to be concave
production points. Recalling the assumption of constant returns to scale, we e origin, while the set of feasible production points is said to be convex,
see that all such points are indeed possible. Suppose, for example, that one- ittedly causing some c_o.nfus‘mn. We will need to use both terms, refen:lrig
half L and one-half X are allocated to both production functions. Because  production frontier in Fig. 2.7 as concave andzto the set of feasible
of constant returns to scale, half the inputs results in half the output, so we ion points (production set for short) as convex.

the two points ¥ and 1X shown in Fig. 2.7. This gives point A in
ut space, and it is obvious that this point lies on the straight hn_e YX.
other points on the line YX could be generated in a similar fashion, so
points on this line are feasible production points. ;
" We have shown that points such as A in Fig. 2.7 are possible production
ats. The important question, however, is whether these points are efficient
in other words, whether there are possible production points outside the
e YX yielding larger outputs of both commodities than those implied by
nts guch as A. It is important to remember here that we have assumed
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The Edgeworth Bowley box.

A more rigorous demonstration of thls curvature is required, effected
by a construction known as the Edgeworth-Bowley box diagram. This con-
struction, shown in Flig. 2.8, gives a concise representation of the information
obtained in Egs. (2.8) and (2.9) and demonstrates precisely what is meant
by market efficiency.

In Fig. 2.8 several representatives of the isoquants for the X industry
have been plotted from origin O,. The total available quantities of capital
and labor, K and L, are also shown-in the diagram, and it is clear that the
maximum amount of X that could be produced when all factors are allocated
to the production of X is X. This is the same X as shown in Fig. 2.7. The
same procedure is now employed for the Y industry, except that in this case
the isoquant diagram is turned upside down and plotted from O,. Note
that the output of ¥ increases as one moves from 0, toward O,. From the
point of view of the Y industry, O, on isoquant ¥ represents the maximum
possible amount of commodity ¥ that ean be produced, for it represents the
total allocation of K and L to the production of commod.lty Y. The isoquant
¥ thus gives the point ¥ of Fig. 2.7.

All possible allocations of capital and labor between the two industries
are represented by the points in the production box 0,KO,L. Among these
possible production points we seek a locus of points that is efficient in the
sense that, for a given output of one commodity, the output of the other
commodity is maximized. To take a specific example, suppose an cutput
Y; of commodity Y is chosen, and that we seek to maximize X subject to
this constraint. A possible allocation of factors between the two industries
is now represented by all points along the isoquant ¥, in Pig. 2.8, and
we want to find the particular point along this curve that maximizes the
output of X. First, suppose that production were to take place at point A,
halfway between O, and O,. Such a production point is clearly feasible,
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for it exactly exhausts the total available supply of capital and labor, and
such an allocation results in the outputs of ¥'; and X,; for industries ¥
and X, respectively. But while this production point is possible, it is clearly
not efficient. Any movement along the isoquant Y from A toward point C,
although not reducing the output of ¥, will clearly increase the output of X.
Point C is the tangency point for the two isoquants Y and X5, and, for a
given quantity of ¥, output of X is maximized at the point where the highest
X isoquant is tangent to the appropriate Y isoquant.

Joining all the tangency points in Fig. 2.8 would give the locus
0.BCO,, called the efficiency locus. All points on this locus have the
characteristic that the output of one commeodity cannot be increased without
reducing the output of the other. It is precisely this criterion that describes
the market efficiency referred to previously.?

The production possibility frontier can now be derived quite easily from
the information given in Fig. 2.8. With each point on the efficiency locus
there is associated an output of X and an output of ¥, and these points,
when plotted in XY space, give us the production fruntler of Fig. 2.7. Figure
2.8 allows a more rigorous demonstration of the fact that the productmn
possibility curve has the shape shown in Fig. 2.7. Point A in Fig. 2.8, in
which half the factor endowment is allocated to each industry, corresponds
exactly to point A in Fig. 2.7. This follows from constant returns to scale: if
half of the total factor endowment is allocated to each industry, then each
industry will produce exactly half the output that it would produce if the
entire factor endowment were allocated to that industry.

' Furthermore, point B in Fig. 2.7 corresponds exactly to the factor
allocation at point B in Fig. 2.8. Point B in Fig. 2.8 has the same output of
X as point A but a greater output of ¥, which corresponds to the relationship
between A and B in Fig. 2.7. Similarly, point C in Fig. 2.8 has the same output
of Y as point A but a higher output of X, which corresponds to the relationship
between points A and C in Fig. 2.7. Thus, the efficiency locus 0, BC 0O, in
Fig. 2.8 maps into the concave production frontier YBCX in Fig. 2.7.

The concave production frontier shown in Fig. 2.7 is basically a result
of the fact that factors of production are not equally suited to different
industries; this is the fact of differences in optimal factor intensities between
industries. Point A’ is feasible, but as we transfer factors from Y to X, we are
transferring factors that are useful in Y but much less useful in producing
X, Beginning at A’ and transferring factors to ¥ has the same effect. To put
it slightly differently, we cannot produce twice as much X or twice as much
Y as at A’ in Fig. 2.7 because when we shut down the other industry, we are
releasing the “wrong” factors. Thus, while point A’ in Fig. 2.7 is feasible, ¥*
and X are not. )

2.6 COMPETITIVE EQUILIBRIUM

Now we turn to the questions of (1) whether or not production will actually
take place on the production frontier and (2) if so, at what point on the
transformation frontier production will take place. It has been shown that
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the efficient allocation of resources requires that production take place at
a point where an isoquant from one industry is tangent to an isoquant
from the other. It has also been shown that, for the individual producer,
the maximization of productwn subject to the cost constraint requires that
the ratio of factor prices be equal to the slope of the isoquants. Since this
condition is true for both industries, the isoquants for the two industries
will be tangent to each other if the two industries face the same factor prices
for w and . This outcome is illustrated in Fig. 2.9. At point A, the isoquants
X and Y are both tangent to the wage-rental ratio w/r and hénce are
tangent to each other. In answer to question (1), if industries are competatwe
and fuce the same factor prices, production is efﬁczent and will occur on the
production frontier.

We are now in a position to answer the second question, concerning
where on the production frontier the economy will produce for a given
set of prices. First, we note that a condition for profit maxzimization for a
competitive industry is that firms hire factors up to the point where the
value of the marginial product contributed by an additional unit of the factor
hired equals the price of that factor. The value of the marginal product of a
factor is the price of the good times the “physical” marginal product of the
factor we discussed earlier in the chapter. Competitive equilibrium invelves
four of these cumhtmns, two factors for each of two industries. Let MP.x
denote the marginal product of labor in the production of X, and define other
marginal products similarly. The four value-of-marginal-product conditions

are given hy:
MPix = w MPxyx =
Px LX b KX r 2.10)
pyMPry =w  pMPgy =71

By dividing the top equations by the lower equatmns and rearranging, we
can express Egs. (2.10) as

(2.11)
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The marginal products in Eqs. (2.10) and (2.11) are the change in the
relevant output divided by the change in the relevant input so, for exam-
ple, MPrx = AX/[AL,, etc. Using these relationships, we can rewrite Eqgs.
(2.11) as
ps _ AY/AL, _ AY/AK, (2.12)
p, AXJAL,  AXJ/AK,
But because factors are in fixed total supply, represented by Eqgs. (2.9), AL, =
—ALy and AK, = —AK,. Using these relationships to cancel denominators
we can reduce Eqg. (2.12) to a simple expression:

P:_ Y ey 2.13)
Dy AX
where MRT stands for the slope of the production frontier, the marginal
rate of transformation: —AY {AX (note that AY and AX must have opposite
signs, so the MRT is positive). Production occurs where the price ratio is
tangent to the production frontier. This result is illustrated in Fig. 2.10
where p is used as shorthand for the price ratio: p = p./p,.

We now have a key result regarding the efficiency of competitive,
undistorted markets which will be used many times throughout the book:
if factor and commodity markets are competitive and if industries face the
same factor prices, then production will occur at a point where the commodity
price ratio p = p,[p, is tangent to the production frontier.

If world prices are given by p, then an economy will select production
point A in Fig. 2.10. Note for future reference that this will in turn lead
to factor market allocation at point A in Fig.2.9. This in turn determines
factor prices as w/r in Fig. 2.9. Thus, in a trading economy, commodity
prices on world markets will determine commodity supplies, which will
in turn determine factor demands and hence factor prices. Some popu-
lar arguments reverse this causality and assert that the price of labor, for

Y

P

X FIGURE 2.10 .
0 Competitive equilibrium in output markets.
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example, determines commodity supplies and prices. This is not the case if
a country faces fixed world commodity prices.

* The result shown in Fig. 2:10 has an implication that will be important
in subsequent sections. We can think of the price line through the production
point A as a “national budget line” in the sense that all points on that line
have the same value of consumption. The tangency property of competitive
equilibrium implies that the economy attains the highest budget line at
the given price ratio p: in competitive equilibrium, the value of output is
maximized at equilibrium prices. To help understand this point, consider an
alternative production point B in Fig. 2.10. At price ratio p, the econoniy
would be on a lower national budget line if it produced at B; national income
would be lower.

One final point ghould be noted for future reference, and indeed it will
come up in the next section: If there is only one factor of production and
there are constant returns in both industries, then the production frontier is
linear. If labor, for example, is the only factor, the marginal product of labor
is constant in both industries. Each unit of labor moved out of Y and into X
generates the same negative AY and the same positive AX . Thus, the slope
of the production frontier is constant. It is the addition of factor-intensity
effects, which shift “inappropriate” mixes of factors from one industry to the
other, that leads to the concavity in the two-factor case.

2.7 INCREASING RETURNS TO SCALE

Many industries are characterized by increasing returns to scale. Although
these scale economies may eventually diminish, they can be very important
relative to the size of the market in small economies, and even in the
United States’ very large economy, they are important for a few industries
including ‘aireraft and mainframe computers. There are many respects in
which economies of scale in an industry lead to important differences relative
to the constant-returns case that we have been discussing. Therefore, this
book will spend considerable time discussing technologies of both constant
and increasing returns.

As we showed in the previous section, differences in factor intensities
between industries tend to make the production frontier concave or “bowed
out” (the set of feasible production points is convex). Here we will show
that scale economies make the production frontier convex or “bowed in” (the
production set is non-convex). An analysis including both scale economies
and factor-intensity effects thus tends to get messy, with the former tugging
the production frontier in and the latter tending to pull it out. Therefore,
from this section forward we will present a simplified analysis of scale
economies in which there is only a single factor of production, which we will
call labor. Suppose that the production functions and Jabor supply constraint
are given as follows:

Y=L X=L §k>1

- (2.14)
L=L,+L,

Increasing returns in X,
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FIGURE 2.11 FIGURE 2.12

Inereasing returns in X and Y.

The definition in section 2.2 of this chapter can be used to show that the
preduction function for X is homogeneous of degree £ > 1. A doubling of
the labor allocated to X more than doubles the output of X. The production
frontier for this economy is shown in Fig. 2.11. Y can be produced by
allocating all labor to Y. If X is characterized by constant returns to scale,
then shifting labor from ¥ to X generates the linear production frontier Y X
in Fig. 2.11: each unit of labor transferred generates the same AY and AX
and so MRT = —A¥[AX is constant, as we noted in the previous section.
But with increasing returns to scale in X, each additional unit of labor
transferred from Y to X generates a larger AX than the previous unit. Thus
MRT = —AY /AX must fall (the production frontier becomes flatter) as we
move down from Y. We have drawn the production frontier corresponding
to the technology in Eqs. (2.14) as YX in Fig. 2.11.

-.'The cenvexity of the production frontier is reinforced if both industries
have increasing returns. Suppose in Fig. 2.12 that we know that A on the 45°
line (X = Y ) is on the production frontier. If both industries have constant
returng and there are no factor-intensity effects, then we know that the
production frontier is the linear segment Y X : relative to A, doubling the
labor input to either industry merely doubles output. But if both industries
have increasing returns, then doubling the labor allocation to either industry
more than doubles the output of that industry. Thus the true production
frontier will be given by ¥ X in Fig. 2.12.

Another type of technology is often used to represent scale economies.
Suppose that production of X requires a fixed amount of labor F as an
up-front fixed cost, but thereafter requires one unit of labor per unit of
X. We can write the production function for X in “inverse” form, indicating the
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FIGURE 2.13 FIGURE %.14

Fixed costs in both industries.

amount of labor L. needed to produce a given amount of X, Instead of Egs.
(2.14), we now have: :

Y=L L =X+F
L=L,+L,

'L;c can be thought of as the real cost of X in units of labor. The technology
in Eqs. (2.15) gives rise to the production frontier shown in Fig. 2.13. Y
is the maximum output of ¥ But before we can get any actual oufput of
X, we must withdraw labor equal to the fixed cost F from ¥, This is given
by the vertical distance YF, in Fig. 2.13. Thereafter, we can move lahor
betwgen Y and X so as to generate the linear segment of the production
frontier . X . Thus the production frontier is given by ¥F,X in Fig. 2.13

When both goods have increasing returns, we get the production frontier"
YF-_.,F »X in Fig. 2.14, where Y ¥, denotes the fixed cost of labor needed to
begin X production and X F, denotes the fixed cost of labor needed ta begin
Y production.

.Although Figs. 2.13 and 2.14 have linear segments in the production
frontiers, they share an important property with Figs. 2.11 and 2.12 whose
prod.uction frontiers have smooth curvature. In all four diagrams, the pro-
duction sets are non-convex; that is, the sets of feasible production points
are not convex gets. In all these cases, for example, points on a line Jjoining
the end points of the production frontiers are not feasible production points.
You can produce two cars or two stereos, but you cannot produce one of
each with the same amount of labor (although with constant returns you
cgn). While this may appear to be a minor technical point at this time, we
will show in subsequent chapters that the non-convexity of the productiox; set

(2.15)
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is. of considerable importance. It can, for example, lead to gains from trade
through specialization even for two absolutely identical economies.

One other seemingly minor technical point is of considerable signifi-
cance, as we shall see later in the book. With increasing returns to scale,
prices are generally not tangent to the production frontier. The reason for
this has to do with the fact that, as we increase the output of an increasing-
returns good, marginal products of factors rise when production functions
are of the form in Eqs. (2.14) or remain constant when they are of the form
in Eqa. (2.15). In the case of Egs. (2.14), the marginal product of labor in
X is then greater than the average product of labor. The amount produced
by the last worker hired is greater than the average over all workers. If the
firm paid all labor the value of the marginal product produced by the last
worker, it would lose money. With the technology in Eqgs. (2.15), if the firm
paid labor the value of its (constant) marginal product, the firm would fail
to cover its fixed costs. Therefore, the analysis of Egs. (2.10) to (2.13) is not
valid with increasing returns to scale. In general, increasing returns must
involve imperfect competition or externalities, and for producer equilibrium,
the price line will have to cut the production frontier. Further discussion of
this point is postponed until later chapters.

.2.8 CONCLUDING REMARKS

The purposes of this chapter were to discuss (1) the properties of production
functions, (2) producer equilibrium in a cornpetitive setting, (3) the shape of
the production frontier and (4) the point chosen on the production frontier
in relation to commodity prices when production is competitive. You should
have an understanding of the key points in the following list, which you can
use to help guide your review.

1. When production is competitive, producers will choose a capital-labor
ratio such that the marginal rate of substitution (slope of an isogquant) is
equal to the wage-rental ratiow/rn )

2. If in both industries there are constant returns to scale and only one
factor, then the production frontier is linear.

8. Factor intensities refer to the capital-labor ratios used in different in-
dustries at a common set of factor prices. If there are constant returns
to scale in both industries and (with two faetors) factor intensities differ,
then the production frontier will be concave (the production set will be
convex).

4, If production is competitive and producers in different industries face the
same prices for capital and labor, then production will take place on the
production frontier. ]

5, For given commodity prices, competitive producers maximize profits by
producing at the point where the price ratio is tangent to the produc-
tion frontier. This in turn implies that the value of national output is
maximized in competitive equilibrium.
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6. Commodity prices determine commodity outputs, which determine factor
demands, which determine factor prices and hence the distribution of
income between factors. Co

7. With one factor of production and increasing returns to scale in one or
both industries, the production frontier is convex, or more generally, the
production set is non-convex. Specifically, points on a line joining the end
points of the production frontier are not feasible production points.

8. With increasing returns to scale, equilibrium generally does not involve
a tangency between the production frontier and the price ratio. Such an
outcome would in general imply that firms are losing maoney.

PROBLEMS

L Suppose the production functions for commodities X and ¥ are identical. How will
this affect the shape of the efficiency locus? What will the production possibility
curve look like for the case of () constant returns to scale and (b) increasing
returnd to scale. How will the efficiency loci differ for these two cases?

Suppose that the total available quantity of labor increases and that the available

quantity of capital decreases. How will this affect the shape and position of the

production possibility curve?

3. In terms of Fig. 2.8, show that the equilibrium wage-rental ratio increases as
one moves from O, to O, along the efficiency locus. (Hint: begin by asking how
ky and k, change as the economy moves along the efficiency locus.) .

4. Suppose that there are increasing returns in both industries and that ¥ and ¥

are the end points of the production frontier. Write out an explanation of why

(Y /2, X/2) cannot be a feasible production point.

Show- that for production functions homogeneous of any degree, the efficiency

locus cannot cross the diagonal of the factor box.

Buppose that in a figure such as Fig. 2.9, the wage-rental ratios for the two

industries differ. This could come about, for example, if one factor were taxed in

one industry but not in the other. How would this affect the production possibility

curve?

Draw representative isoquants for the X industry and the Y industry such that,

while k. is less than &, for some wage-rental ratios, k. is greater than &, for

other wage-rental ratios. (This is referred to as factor intensity reversal.}

2

*B.

*6

*q

NOTES

1. A set is said to be convex if; for any twe points A and B in the set, all points on a line joining
A and B are also in the set. Note that in Fig. 2.2, the set of all points on and above the
isoquant X' (or any isoquant) satisfies this condition.

2. Using the proper mathematical terminology, the preduction frontier in Fig. 2.7 is a strictly
concave function and the production set is strictly convex (e.g., a linear function is concave,

*Denotes difficult questions.
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but not strictly concave). In order to avoid repeating the word “strictly” countless times, we
henceforth note that concave and convex should be taken to mean “strictly concave” and
“gtrictly convex” respectively. Linear functions will be referred to as “linear.” As we ‘noted
earlier in defining a convex set, such a set has the property that, for any two points in the
set, all points on a line segment joining those two points are alsc in the set. o

3. It can be shown that if both production functions are homogeneous, then the efficiency locus
lies either everywhere on only one side of the diagonal of the Edgevrfnrth-anley box or
directly on it. For a single country, either k, > k. at all production points, or tl:le opposfﬂze
holds, or k, = &, (the efficiency locus is the diagonal). You are asked to prove this in c!uestlon
5. [Hint: prove that if one point on the efficiency locus (with X, ¥ > 0} lies on the fimgonal,
all efficient points lie on the diagonal.] Two countries may however have opposite factor
intensity rankings (i.e., k, > k. in one country and &, < & in the other), a phenomencn
knewn as factor-intensity reversal. This topic is considered in Appendix 3.

4. We could also define production functions with decreasing returns to scale. However, many
economists feel that what may appear to be decreasing returns are actually diminishing
marginal products: increases in outputs are diminishing because one or more factors are
fixed as in Fig. 2.3. In addition, decreasing returns are simply not very important in the
analysis of international trade and thus will not be discussed.
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CHAPTER

3

PREFERENCES,
DEMAND,
AND WELFARE

3.1 THE UTILITY FUNCTION

The previous chapter described the production or supply side of the tradi-
tional international trade model; in this chapter attention is focused on the
demand side. Fundamental to the notion of a representable demand rela-
tionship is the assumption that consumers buy commodities because these
commeodities provide satisfaction, or utility. The relationship between the
utility derived from such consumption and the quantities of the commodities
consumed is summarized in a utility function of the form

U=UX,Y) @.D

This three-dimensional relationship has an obvious similarity to the pro-
duction functions of Chapter 2, and, indeed, several of the characteristics of
the production functions described in Chapter 2 will be assumed to apply
to the utility function as well. One assumption that production and utility
functions have in common is that both are assumed to be increasing func-
tions of both inputs. For the utility funetion this implies that a little more
of either commodity always increases a commodity bundle’s utility, or in
other words, that a consumer is never satiated with a particular commodity.
Thus, the utility function, like the production function, can be thought of as
a three-dimensional hill such that for any point on this hill, a larger amount
of either or both of the two inputs will yield higher utility.

There is, however, one important distinction between the production
function and the utility function. For production functions it is possible to

38
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calculate the specific level of output of a particular commodity that will
result from a specific bundle of factor inputs. In contrast, it is not possible to
assign a specific, numerical value to the utility level that will be associated
with a specific commodity bundle. However, levels of utility associated
with different commodity bundles can be compared. A consumer decides
either that one commodity bundle is preferable to another or that the two
yvield equal satisfaction. In the latter case, we say that the consumer is
“indifferent.”

If we think again of the three-dimensional utility hiill and imagine
ourselves at some point on that hill, it is clear that the various points on the
surface of the hill can be compared, even if we have no information about
actual elevations above the ground level. Some points will be higher on the
surface, some lower on the surface, and some at the same level. If points at
the same level are traced out and projected on the YX plain, a locus such
as Uy of Fig. 3.1 results. This is a contour line of the utility hill, and it
therefore represents the locus of all combinations of commodities X and ¥
that would yield a constant level of utility. Because the individual consumer
is assumed to be indifferent at all points on this locus, any such locus is
referred to as an indifference curve. These indifference curves are obviously
analogous to the isoquants of Chapter 2. Of course, since an indifference
curve can be drawn for any level of utility, there is an infinite number of such
indifference curves, only three of which are shown in Fig. 3.1. In this figure,
higher indifference curves represent higher levels of utility, since higher
indifference curves represent contour lines that are farther up the utility
surface. Note, however, that from a utility point of view, no significance can
be attached to the distances between any two indifference curves.

While it has been convenient to describe the indifference curves in
terms of the utility surface, it is worthwhile observing that indifference
curves can be derived quite independently of the concept of the util-
ity function. To illustrate, consider point A of Fig. 3.1, containing 10 units

x FIGURE 3.1
Indifference curves.
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of Y and 4 units of X. To.construct a set of indifference curves for a certain
individual, we could ask 2 consumer to compare the utility received from
other bundles of X and ¥ with the utility received from point A. It is first
of all elear that, given the assumption that both goods yield positive utility,
any point below and to the left of point A would yield less utility than A.
Similarly, any point above and to the right of A would yield more utility and
would therefore be preferred. A point such as B, however, contains more X
but less Y, and thus no predictions can be made on the relative merits of
this point as compared to A. To find out whether or not B is preferred to A,
we ask whether the individual would be willing to give up A in exchange for
B. If the answer is yes, then B must be preferred to A. For a point such as
C, the consumer might respond negatively te the trade offer, indicating that
A is preferred to C. If the individual is asked to compare a large number
of commedity bundles, and if a positive sign is attached to every point at
which the individual agrees to exchange and a negative sign to every point
at which the individual declines to exchange, a line separating the pluses
from the minuses can be drawn. This line would include all those points at
which the individual is indifferent, producing an indifference curve such as
7y in Fig. 3.1.

3.2 CHARACTERISTICS OF
INDIFFERENCE CURVES

Several characteristics of the indifference curves for individuals are of inter-
est in the subsequent analysis. First, the indifference curves are assumed to
be convex to the origin, as illusirated in Figs. 3.1 and 3.2. As we will see later
on, this characteristic is important in determining the equilibrium position
for an individual consumer. The economic rationale for this assumption
can be seen by considering points A, B, C, and D in Fig. 3.2. Since these
points are all on the indifference curve Uy, the individual is, by definition,
completely indifferent as to which of these bundles of commodities he or she

. ) FIGURE 3.2
L. X  Characteristics of indifference
0 2 3 ki 15 curves.

3: Preferences, Demuand, and Welfare 41

- consumes. The four points have been chosen so that the movement from

A to B and the movement from C to D both represent a reduction of two
units of commaodity Y. The increase in the amount of X needed to persuade
this individual to give up these two units of ¥ varies significantly between
these two sets of points. To persuade the individual to move from A to B,
only one unit of X is required, while the movement from C' to D requires an
additional 8 units of X. The economic argument underlying this assumption
is that, for commodity bundles with relatively large quantities of Y and small
quantities of X, the reduction in the utility associated with giving up a unit
of Y, the plentiful commodity, is much smaller than the increase in utility
agsociated with receiving an extra unit of X, the scarce commodity. Thus,
at A in Fig. 3.2, the individual is prepared to give up 2 units of ¥ to obtain
one additional-unit of X. Moving down the indifference curve, however, the
individual receives more X and less Y, and as this movement takes place,
the extra utility associated with an additional unit of X will fall relative to
the reduction in utility associated with relinquishing a unit of Y. At point
C, we must offer 8 units of X to persuade the individual to give up 2 units of
Y. The slope of an indifference curve at any point is equal to the ratio of the
marginal utilities of the two commoeodities and is called the marginal rate of
substitution in consumption. Indifference curves shaped like those in Fig.
3.2 are said to exhibit a diminishing marginal rate of substitution, referring
to the fact that the utility associated with a unit of X falls relative to the
utility associated with a unit of ¥ as one moves down the indifference curve
from A to D. :

The second important characteristic of indifference curves is that utility
increases as the individual moves to higher indifference curves. Consider, for
example, the two indifference curves U7y and U,. (Ignore for the moment the
indifference curve through points G and H.) Because we have assumed that
additional amounts of either commodity increase utility, it is clear that point
E on indifference curve U is preferred to point A on indifference curve Uy.
But how can we compare points F and A when point F contains more X but
less Y than point A? The answer to this follows direetly from the definition
of an indifference curve. Because E and F are both on the indifference curve
U, they are equivalent from the individual consumer’s point of view, and
thus bezause £ is preferred to A, F must also be preferred to A. Therefore,
all points on the higher of two indifference curves are preferred to all points
on the lower one. :

The final important characteristic of indifference curves is the fact
that no two indifference curves for the same individual can intersect. This
fact is most easily demonstrated by drawing two intersecting indifference
curves and then examining the inherent contractions that result. In Fig. 3.2
the indifference curve through points G and H has been drawn to intersect
the indifference curve I7;. Consider points G and E. Because G contains a
larger quantity of both Y and X, it is clear that the individual would prefer
G to E. Now, points E and F are on the same indifference curve, meaning
that the individual is indifferent between them. Similarly, the individual is
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indifferent between G and H on the indifference curve U7/, Thus, because H
is indifferent to @, because G is preferred to E, and because F is indifferent
to E, it must follow that H is preferred to F. But because F contains more
of both X and ¥ than does H, this is impossible. The intersection of the two
indifference curves contradicts the basic assumption that meore of both
commodities is preferred. Therefore, it can be concluded that indifference
curves cannot intersect. :

3.3 THE MAXIMIZATION OF UTILITY

Up to this point, the discussion of utility' has been confined to the consid-
eration of individual tastes, or relative preferences for various commodity
bundles. The actual choices that the consumers make, however, depend also
on their incomes and on the prices of the commeodities. To create a working
equation that includes these additional factors, we assume that the prices
of the two commodities, p, and p;, and-that income, I, are given. Assuming
for the sake of simplicity that the individual’s entire income is spent on
purchases of the two commodities, it is clear that the total expenditure
on X plus the total expenditure on ¥ must equal . This gives the budget
constraint that can be written as

I=pX+pY (3.2)

To depict this budget constraint geometrically, or, in other words, to
illustrate the set of possible consumption peints, suppose that all income is
spent on commeodity Y. In terms of Eq. (3.2), this implies that X = 0, and
solving for ¥, we obtain ¥ =1 /py. This point, shown in Fig. 3.3, represents
the maximum amount of ¥ that could be purchased if all income were spent
on this commodity. Similarly, if all income were spent on commodity X,
consumption would take place at I/p, in Fig. 3.3. Income can be divided
between the two goods to allow the consumer to reach any point on the line
connecting these two endpoints.

FIGURE 3.3
Utility maximization.
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An alternative method of plotting this budget constraint would be to
solve Eq. (3.2) for Y to obtain

- [2] gl
Py By

This is a standard form of the equation of a straight line, where I/p, is
the intercept on the Y axis, and where —p, /py is the slope of the line. The
budget line is thus analogous to the isocost line for the firm in Eq. (2.3).

The indifference curve map can now be combined with the budget con-
straint to illustrate how the equilibrium position for an individual consumer
is determined. In Fig. 3.3, three representative indifference curves for an
individual are shown. In order to maximize his or her welfare, the individ-
ual will purchase at the highest level of utility possible within the budget
constraint. Of all possible choices along the budget line, one such as point
E is not optimal. Moving up the budget line to A increases the individual’s
welfare by crossing higher indifference curves. Welfare is maximized at
point B, the highest level of utility attainable within the budget constraint.
Because point B represents the tangency between the budget constraint and
the highest indifference curve, utility is maximized by setting the marginal
rate of substitution equal to the ratio of commodity prices.

Bz _ MRS (3.4)
Py

Because international trade is concerned with general equilibrium
questions, we are interested not so much in the maximization of individual
utility as in the conditions that characterize equilibrium for the entire
community. To consider the simplest such case, suppose that the quantities
of X and Y are fixed at X and Y and that the economy consists of two
individuals. The locus of possible equilibrium points for this simple society
is derived in the same way as was the efficiency locus in Chapter 2. In
the box diagram of Fig. 3.4, we have plotted the indifference curves for
the first individual from O, and the indifference curves for the second
individual from O 3. Note that in terms of O, point O represents the total
available gquantities of commodities X and Y. Superscripts have been used
to distinguish the two sets of indifference curves.

One method of deriving the locus of equilibrium points for the two
individuals is to maximize the utility for one individual, subject to some
fixed level of utility for the other individual and to the constraint that
the quantities of X and Y are fixed. Suppose that we constrain the second
individual to consume somewhere along the indifference curve U} and
maximize the utility of the first individual subject to this constraint and to
the constraint that ¥ = ¥ and X = X. Would it be optimal for consumption
to take place at a point such as B? The answer is clearly no, for movements
from B toward A, while leaving the second individual at the same utility
level, would result in higher and higher levels of utility for the first indi-
vidual. It can also be seen that at point A, the utility of the first individual
is maximized subject to the constraints we have imposed. While points on
higher indifference curves would be preferred, no such points can be achieved
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The contract curve,

because they would require the total consumption of more commodities
than exist in the economy. Thus, although the first individual would clearly
prefer to be at a point such as C, this could be achieved only by reducing the
consumption of the second individual, moving that individual’s purchase to
a lower indifference curve. Therefore, point A is optimal in the sense that
the utility of one individual’s choice cannot be increased without reducing
the utility of the other individual's choice. This is the Pareto criterion of
optimality (named for the Italian economist, Vilfredo Pareto), and a point
such as A is said to be Pareto optimal.

Of course, the choice of indifference curve U 12 wag arbitrary, and the
same argument applies equally to any other indifference curve. Suppose we
choose indifference curve U ? and maximize the utility for the first individual
subject to this constraint. In this case the Pareto optimal point is E, the
point where U is tangent to the highest indifference curve for the first
individual. By choosing various indifference curves for the second individual
and maximizing utility for the first individual subject to each of these curves,
the locus 0, AE O can be traced out. This is the Iocus of all Pareto optimal
consumption points and is called the contract curve.

It is important to note that the criterion of Pareto optimality is strietly
an efficiency condition and has nothing to do with equity. Movements such
as those from B to A or B to F are desirable because they increase the
utility for one individual without reducing the utility for the other. The
Pareto criterion does not rank points such as F and E, however, because
one individual is made better off and one is made worse off by moving from
F to E. Point O3 on indifference curve U/} is Pareto optimal, even though
it implies that the first individual receives the entire available quantity of
both X and ¥ while the second individual receives nothing.
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~ From Fig. 3.4 we see that the contract curve is the locus of Pareto
optimal tangency points between the indifference curves for the two individ-
uals. It was previously shown that a consumer is in equilibrium where the
. commodlty price ratio line is tangent to one of that individual’s indifference
¢ curves. It follows that, at any point on the contract curve, the equilibrium
¢ commodity price ratio line must be tangent to indifference curves for both
individuals, as is p,,/py at point A, Therefore, a requ,zrement for Pareto
optimality is that both consumers face the same commodity price ratio. Note

at this condition is similar to the condition in the previous chapter that
roducers face the same factor prices. That condition ensures that a fixed
pply of factors is allocated efficiently. The condition discussed here en-
gures that a fixed supply of commodities is allocated efficiently (in the Pareto
sense) although not necessarily equitably.

8.4 AGGREGATING INDIVIDUAL
PREFERENCES

s noted in the previous section, we are concerned not only with individual
references and demands but also with those of entire countries. Unfortu-
tely, it turns out that only under special assumptions can the preferences
of individuals be aggregated together to get national or “community” indif-
rence curves.

" Suppose that all individuals have preferences of the type described
the preceding sections, giving rise to demand functions that depend on
ices and incomes. Assume that there are only two goods and that the
vice ratio is denoted p. The income of individual J is denoted by I;. If all
dividuals in the economy face the same price ratio but generally have
erent incomes, then the total demand for the good X can be written as
e function D:

X =D IIs.... 1) (3.5)

here it is assumed that there are n individuals in the country. The
stion of whether or not community indifference curves exist is essentially
¢ same as the question of whether or not the demand function in Eq.
6) can be written as a function of aggregate income (the sum of the
viduals’ incomes}—that is, whether or not the distribution of income
fects total demand. ! The intuition here is that when we draw community
erence curves, we are saying that the country has preferences over
egate bundles of goods that depend only on prices (the slope of the
e line) and total income (the distance to the price line from the origin).
ferences, hence, demands, are independent of how that aggregate income
istributed. In short, we can write Eq. (3.5) as

o3,
ji=1

X =Dp,I) (3.6)
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Special assumptions are necessary for demand to be independent of the
distribution of income and, hence, for Eq. (3.6) to be valid. One problem that
arises in aggregation is shown in Fig. 8.5, where we have two consumers
with identical but nonhomothetic tastes.2 In other words, at constant relative
prices, the ratio of Y/X consumed is not independent of income. Specificaily,
consumers desire more X relative to Y as income increases at constant
prices.

Suppose that we have two individuals initially consuming at peint 4 in
Fig. 3.5 and that we give some of consumer 1’s income to consumer 2 so that
they adjust to consuming at points B and C, respectively. The chord AB is
steeper than the chord AC , and so the changes in the consumption of the two
individuals do not balance. Even though we have changed neither the prices
nor the aggregate income, there will now be a higher aggregate demand
for X and a lower aggregate demand for ¥. Aggregate demand depends on
the distribution of income; therefore, community indifference curves do not
exist in this situation,

Now consider homothetic but nonidentical tastes. This situation is
shown in Fig. 3.8. Consumer 1, who has a relatively strong preference for
Y, is initially at A;, while consumer 2, who has a strong preference for
X, is initially at As. Now take income away from consumer 1 and give it
to consumer 2, holding prices constant. Consumer 1 moves to point B;,
while consumer 2 moves to point B,. Again, the changes in consumption are
inequivalent (more X and less ¥ will be demanded), even though prices and
total income are constant. Community indifference curves do not exist when
preferences differ.

This analysis suggests the fact that community indifference curves
will exist if all consumers have identical and homothetic tastes (and if
they face the same prices). This is, however, a somewhat stronger assump-
tion than we need, and we use a slightly weaker one at several points in later

Y
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U, By B,
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o X
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FIGURE 3.7
X  Aggregation with quasi-homothetic
0 tastes.

chapters. An alternative condition is shown in Fig. 3.7, whe_re consumers are
assumed to have identical but nonhomothetic tastes. The income expansion
path, shown as O'M , does not go through the origin, but it is liqear.

Assume that two consumers are initially at point A in Fig. 3.7. Now
take income away from consumer 1 and give it to consumer 2 so tl?at the}f
move to points B, and Bs, respectively. Note that .the changes in their
consumption levels cancel so that there is no change in aggrggate derpand
This type of preference, sometimes called quasi-homothetzc;ty, due?, imply
the existence of community indifference curves. As we will see in later
chapters, these preferences are useful for dealing with diifert?nces in per
capita income across countries. Note in Fig. 3.7 that the ratio of ¥ to X
consumed depends on income (per capita income for a cour{try.) at constant
prices. In the case shown, the share spent on X increases with income.

Throughout most of the book we will assume that prefgrences can
be aggregated into community indifference curves. This perrplts an easy
exposition of many points that do not rely on this assumption but that
cannot be shown graphically without it.

3.5 INTERPRETING COMMUNITY
INDIFFERENCE CURVES:
AGGREGATE DEMAND VERSUS
INDIVIDUAL WELFARE

There are two different interpretations of community ipdifference curves
{assuming they exist), and it is very important to distinguish bet\_:vegsn them.
One is what economists call a positive interpretation. Under this interpre-
tation, the community indifference curves simply tell us what th_e country
will demand under various price and aggregate income combinations. That
is, if we pick income and prices so as to determine an aggregate budget
line like the one in Eq. (3.3), we can find the quantities demanded by the
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mterseqtion of the highest community indifference curve and the budget

constraint. The positive interpretation of community indifference eurves

Sﬁii not necessarily attach any welfare significance to the indifference
es.

The nrormative interpretation of community indifference curves does
attach a pqsﬂuve welfare significance to moving from a lower indifference
curve tQ a higher indifference curve (or even to moving along one indifference
curve) in the same way that we would interpret that move for an individual
If a trade policy can lead to such a movement, we say that a country will bc;
better off (or equally well off) under that policy.

The pitfalls in the second interpretation are illustrated in Fig. 3.8
where A and_B are two aggregate commodity bundles and U/, and U;, a'rf;
two commuaity indifference curves. Under the normative interpretation of
community indifference curves, national welfare clearly increases in a move
from A to B. However, suppose that the country is composed of two individu-
als, den_ot_e('l by superscripts 1 and 2, with identical, homothetic preferences
In the. 1:1’111:131 situation A, measure the consumption of individual 1 from-
the origin O and that of individual 2 in the opposite direction beginning at

4.4 s in the Edgeworth-Bowley box. As drawn in Fig. 8.8, individual 1 has
initial consumption OA’, and individual 2 has consumption A'A. Suppose
that _thg move from A to B somehow redistributes income from individual
2 to individual 1. This is of no consequence for the community indifference
curves. I'{ov&_re'ver, the move from A to B clearly has the effect of greatly
helping individual 1 while harming individual 2, whose consumption is
}reduced frc!m A'A to B'B. The point to remember in making normative
interpretations of community indifference curves is that a movement to a
.fugi.ae_r community indifference curve does not mean that the welfare of ail
individuals in society has increased. Similarly, moving along a single com-

munity indifference curve does not mean that th indivi
oy IndiTorenes o at the welfare of all individuals

Y
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FIGURE 3.8
o % Contrasting community to individual

welfare.
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In later chapters we will present cases in which aggregate welfare in-
creases while leaving some individuals warse off. Indeed, this is a relatively
common problem with trade policy, and it is one of the points of departure
in what is called the political-economy approach to trade policy. Through-
out the book, we will often make normative interpretations of community
indifference curves, but we must keep the caveat just mentioned in mind.
One traditional way of avoiding difficulties is to say that if preferences are
indeed identical and homothetic, then there will always exist some domestic
redistribution of income or other compensation that will make all individu-
als better off when the economy moves to a higher indifference curve. The
existence of such possible cormpensations implies that all individuals are
potentially better off. This is not entirely satisfactory, hawever, since in the
absence of actual redistributions, the individuals who are made worse off
are not at all happy with the potential-improvement argument. We will deal
explicitly with the income-distribution problem at a number of points in
the book; at other points we will simply attach normative significance to
community indifference curves.?

3.6 CONCLUDING REMARKS

This chapter develops the tools for analyzing consumer demand and for
making welfare interpretations of trade policies. As was the case in the pre-
vious chapter, these tools will be used repeatedly throughout the remainder
of the book. You should leave this chapter with a good understanding of the
following points.

1. For given commodity prices, consumers will pick commodities such that
their marginal rate of substitution in consumption (the slope of an
indifference curve) is equal to the commaodity price ratio.

2. If all consumers face the same commodity prices, then the allocation of
commodities across individuals will be Pareto optimal; that is, it will not
be possible to redistribute the commodities so as to make one individual
better off without making another individual worse off.

3, In general, it is problematic to aggregate individual preferences into
community indifference curves. The difficulty is that aggregate demands
generally depend on the distribution of income among individuals, not
just on prices and aggregate income.

4, Special restrictions ean be imposed to produce community indifference
curves. A positive interpretation of these curves will tell us what com-

modity bundles will be demanded at various combinations of prices and
aggregate income.

5. Community indifference curves can also be interpreted in the norma-
tive sense, in which the movement from a lower indifference curve to
a higher indifference curve is said to improve welfare. The problem
with this interpretation is that such a move does not assure an increase
in the welfare of all individuals in society. If individuals have identical and
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homothetic (or quasi-homothetic) tastes, a move to a higher community
indifference curve does mean at least that all individuals are potentially
better off with an appropriate domestic redistribution scheme.

Throughout the book, we will often give normative interpretations of
community indifference curves, but the reader must remember the dis-
tributional problem regarding individual welfare. This will be brought
to the forefront at several points in the book. Because of distributional
problems, we cannot automatically assume that governments set policy
to attain the highest community indifference curve.

PROBLEMS

1

2.

3.
4.

5.

Show that, for an individual consumer maximizing utility subject to the budget
constraint, the equilibrium position will not necessarily be unique unless the
indifference curves are convex to the origin.

Refer back to our discussion in Chapter 2 of how commodity prices determine
factor prices. Why might changes in commodity prices change the distribution of
income among consumers?

In Fig. 3.3, trace out a locus of consumption points as the price of X falls.
Consider the two individuals with the preferences shown in Fig. 3.6. How might
each consumer feel about a proposed policy that would raise the price of X but
lower the price of ¥7

What sort of redistribution policy might ensure that all consumers are individually
better off under a trade policy that moves the economy to a higher community
indifference curve?

NOTES

1.

3.

This statement is somewhat inaccurate. The existence of community indifference curves and
the ability to write demand as a function of aggregate income are not quite the same. In
particular, an aggregate demand function exists but community indifference curves do nat
when consumers have heterogeneous tastes but each consumer has a fixed share of income.
For the purposes of this book, we have decided to avoid a lengthy discussion of the fine points.
The analysis that follows presents restrictions on preferences that guarantee the existence
of both community indifference curves and aggregate demand functions. Relatively simple
discussions of aggregation can be found in Green (1976) or Deaton and Muellbauer (1980).

- The assumption of homothetic tastes is similar to but slightly more general than the

assumption of homogeneous production functions made in Chapter 2. Specifically, any
menostonic transformation of a homogeneous function is homothetic, Because for preferences
we assume only that more of a commodity is preferred to less without determining by how
much more it is preferred, the weaker and more general homothetic assumption is sufficient
for our uses. For practical purposes, assuming homothetic tastes implies that, as we increase
income but hold prices constant, a consumer will hold constant the ratio of goods consumed;
that is, the consumer will increase consumption of all goods by the same proportion.

A method of aggregating individual preferences is shown in Appendix 1.
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CHAPTER

4

GENERAL
EQUILIBRIUM
IN OPEN

AND CLOSED
ECONOMIES

4.1 GENERAL EQUILIBRIUM IN THE
CLOSED (AUTARKY) ECONOMY

The two previous chapters developed the tools of production and consump-
tion theories. The purpose of this chapter is to combine the production and
demand sides of the economy to arrive at an overall or general equilibrium
analysis. This section considers general equilibrium in a closed economy,
one that is self-sufficient and does not trade. Such an economy is said to be
in autarky.

Throughout this chapter producers and consumers are assumed to
be competitive. In later chapters we will consider many cases of imperfect
competition and other distortions. Of the three conditions that determine
general equilibrium in a closed economy, the first two are optimization
conditions for producers and consumers: (1) Competitive, profit-maximizing
producers pick outputs such that, at given commodity prices, the marginal
rate of transformation is equal to the producer price ratio; this condition
was given in Eq. (2.13) as p./p, = MRT. (2) Consumers pick commodities
?uch that, at given commodity prices, their marginal rate of substitution
in consumption is equal to the consumer price ratio; assuming that consumer

62
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and producer prices are the same, this condition was given in Eq. (3.4)
as p./p, = MRS. The third condition is a market clearing condition: (3)
The supply and demand for each commodity must be equal; let subscript ¢
denote consumption of a commodity and subscript p denote production of a
commodity. Our three conditions for general equilibrium are summarized by

‘;—:“i = MRT producer optimization

y

gﬁ = MRS consumer optimization (4.1)
y

X. =X, Y. =Y, market clearing

Figure 4.1 shows an equilibrium for a closed economy that satisfies
these three conditions. Producers produce optimally at point A, where the
slope of the production frontier is tangent to the price ratio, p,. Similarly,
consumers consume optimally at point A, where the slope of their indiffer-
ence curve is tangent to the price ratio. And finally, markets clear because
the production and consumption points are the same. Note also that the
equilibrium at A is optimal in the sense that the economy consumes on
the highest possible community indifference curve at which production is
feasible (i.e., where the production point is on or interior to the production
frontier X ¥ ). This is a property that goes back to Adam Smith’s “invisible
hand,” in which decentralized decision-making by optimizing, self-interested
producers and consumers leads the economy to an efficient outcome.

Note for future reference that the equilibrium at point A determines a
factor allocation in the Edgeworth-Bowley box in Fig. 2.8 (if indeed the two-
factor model is the underlying production structure). Thus, facter prices are
also determined in general equilibrium. To the extent that consumers have
different factor endowments, the factor prices determine the distribution of
income among consumers.

X FIGURE 4.1
Closed-economy general equilibrium.
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4.2 GENERAL EQUILIBRIUM IN THE
OPEN (TRADING) ECONOMY

Now assume that an economy can engage in trade at a fixed world price ratio,
which we will denote by p* = p; /p; . The first two optimization conditions
mentioned in the previous section remain unchanged. The only difference is
that world prices will generally be different from the prices determined in
autarky. Producers optimize by equating the marginal rate of transformation
to whatever prices prevail, and, similarly, consumers optimize by equating
their marginal rate of substitution to those prices.

The difference in equilibrium between the closed and the open economy
lies in the third condition, market clearing. With international trade, an
economy is no longer constrained to consume only what it can produce. The
loosening of this constraint is the very source of gains from trade, as we shall
see. A trading economy is able to sell some of one good at world prices and
use the proceeds to buy the other commodity. Instead of market clearing, we
have what we call a trade balance condition: the value of what a country sells
on world markets must be equal to what it buys. We can define the excess
demand for goods X and Y as (X, —X,) and (Y, — Y ;) respectively. If excess
demand is positive, the economy is consuming more than it is producing,
which corresponds to demand for an import good. If excess demand is
negative, an economy is consuming less than it is producing, resulting in
an export good. The trade balance constraint requires that the value of all
imports be equal to the value of all exports. An alternative way of saying
this is that the sum of the value of the country’s excess demands must
equal zero: the positive excess demand for the import good must equal the
negative excess demand for the export good.! The trade balance condition is
given by

PIX. — X)) +piY. —Y,) =0 (4.2)

Note that this condition is completely general and does not depend on which
good happens to be the import good and which happens to be the export
good. )

We can rearrange the terms in Eq. (4.2) to rewrite the equation in a
different way.

p:Xp +P;Yp = pX. +P;Yc 4.3)

The left-hand side of this equation is the value of production at world prices,
while the right-hand side is the value of consumption at world prices. Thus,
equivalent to the trade balance condition is the requirement that the value
of production must equal the value of consumption.

We can think of the value of production as the income of the country.
By placing a line with the slope of the world price ratio p* through the
production point, we derive the “national budget line.” As explained in
Chapter 2, this budget line defines national income by evaluating domes-
tic output at world prices. Consumers are then free to choose any point
on this budget line, because the value of consumption will be equal to the
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FIGURE 4.2
Open-economy general equilibrium.

value of production. This is shown in Fig. 4.2, where the fixed world price
ratio is given by p*. Producers optimize by choosing production at point .
Consumers optimize by choosing consumption at point C . In the particular
case shown, the country imports X (X, > X,)and exports Y (¥ . <Y ). Trade
will balance insofar as the value of production at world prices equals the
value of consumption. To summarize, the conditions for general equilibrium
are given as follows.

p_,i = MRT producer optimization

Py

p—i = MRS consumer optimization (4.4)
Py

PrXe—Xp)+p, (¥ - Y =0 trade balance

Note finally that the autarky market clearing condition is a special case of
trade balance. Ii satisfies the trade balance condition in that beth terms
in parentheses are zero. If world prices happened te be the same as the
country’s autarky prices, then the trading equilibrium would be identical to
ihe autarky equilibrium.

4,3 THE EXCESS DEMAND FUNCTION

We now turn to the larger question of the determination of world prices and
an international general equilibrium (our world will consist of two coun-
tries). Consider Fig. 4.3. The autarky price ratio p, is shown for reference.
At the price ratio p; < p,, the country produces at @1 and consumes at C;.
Excess demand for good X is positive; i.e., X is imported. This makes eco-
nomic sense, recalling that p* = p; /p; . If the relative price of X is lower on
the world markets than on the domestic market, then buying from the low-
cost source would mean importing the good. Similarly, if Y is relatively more
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FIGURE 4.3 FIGURE 4.4
Different trade eguilibria. The excess demand for X .

valuable on the world market than at home, then exports of ¥ are in order.
At the price ratio p; > p, in Fig. 4.3, producers pick point @ ; and consumers
pick point Cy. With the price ratio greater than the autarky price ratio, the
home country exports X (the relatively valuable good on the world markets)
and imports ¥ (the relatively cheap good on the world market).

This is a general result. If the world price ratio exceeds the domestic
price ratio (p* > p,), then X is exported and there is a negative excess
demand for X . If the world price ratio is less than the autarky price ratio
{(p* < pg), then X is imported and there is a positive excess demand for X .
In Fig. 4.4, we construct an excess demand curve for good X for the country.
At the autarky price ratio p,, there is zero excess demand. Price ratios p;
and p; in Fig. 4.4 correspond to the similarly labelled price ratios in Fig. 4.3.
Excess demand for X becomes increasingly negative (exports of X becomes
increasingly positive) as the world price ratio increases above p,. Excess
demand becomes increasingly positive (imports of X become increasingly
positive) as the world price ratio falls below p, . The excess demand curve for
X, labeled E, in Fig. 4.4, is much like a conventional demand curve, except
that the quantity demanded may be either positive or negative. A negative
excess demand is simply a desire to supply (export) the good to the world
market at that price.

4.4 THE SHAPE OF EXCESS
DEMAND CURVES

What are the factors leading to the specific shape that an excess demand
curve assumes? Essentially, the excess demand curve takes its shape from
the reactions of producers and consumers to new prices. Any price move-
ment away from p, will elicit a response from producers and consumers.

4: General Equilibrium in Open and Closed Economies 57

The production effect is the most straightforward. Suppose p* < p,. Pro-
ducers will choose to move resources out of the production of X and into
the production of Y. This will exacerbate any given excess demand for X at
p" < pa, leading to the negative slope of the excess demand curve. Similarly,
p* < pe leads to a substitution effect in consumption. The falling price of X
makes consumers willing and able to buy more of it, and again the excess
demand for X grows as its price falls. Furthermore, the concavity of the
production possibilities curve and the concavity of community indifference
curves will combine to ensure that the excess demand function will itself be
CONnVex.

A subtlety in constructing the excess demand curve may arise when
p* > pe. In this case, the curve may bend backward (take a positive slope)
in the exporting section (negative excess demand) of the curve. As the price
of the export good continues to increase, the country gets richer from the
sales of that good. This leads consumers to want to devote some of their
additional income to purchases of that good. At some point, this income
effect, which leads consumers to demand more of the export good, may
outweigh the substitution effect, which leads consumers to want less of a
good when its price rises. Consequently, exports may fall with a further
increase in price. We have elected not to pursue this possibility here, but it
is discussed in Appendix A, containing the derivation of offer curves. In any
event, the position of the excess demand curve is ultimately determined by
the resources the country has available to produce X even if it chooses not
to consume it at all.

Finally, movement along the excess demand curve away from p, in
either direction is welfare-improving because any change in price leads to
an increase in the consumption choices for consumers. As prices fall from
Ppq , for instance, consumers who could still afford the previous combination
of X and Y choose a preferred combination instead. Similarly, as the price
of an export good rises, consumers can either maintain their consumption
levels of the export or buy more imports as an alternative.

4.5 INTERNATIONAL GENERAL
EQUILIBRIUM

Now introduce a second country, referring to it as Country F, and call the
original Country H. Fig. 4.5 shows an excess demand curve for Country
F, E}, placed arbitrarily above the excess demand curve for Country H,
E.. The autarky price ratio in Country F is p}, greater than Country H’s
autarky price ratio, p, .

General equilibrium in the world economy is then determined at an
international price ratio where the excess demands of the two countries
are equal and opposite. In Fig. 4.5, this occurs at price ratio p™. At that
price, the positive excess demand (imports) of the Foreign country are equal
to the negative excess demand (exports) of the Home country. The market
for X clears, which is a condition for international equilibrium: £, +E; = 0.2
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the for future reference that the equilibrium price lies between the autarky
prices of the two countries.? This is a general result, at least in competitive
models, and it makes economic sense. When two countries are combined
through trade, X becomes relatively less scarce in the country with the
initially high price because that country can now obtain the good through
trade. Producers in the country in which X has the low price initially can
now find additional buyers of their good through exports.

What about the market for Y? When we have only two goods and
we i::npose a trade balance condition, we need examine only one market to
find plternational equilibrium. If Country H is satisfying its trade balance
condition, then p;E, = —p E,, where the latter is the excess demand
for Y by H. Similarly, if Country F is satisfying its trade balance, then
p;E-;. = —pyEJ. Thus, if E, = —E;, then E, = —E_. The need to find
equilibrium in only one market is known as Walras’ Law in economics.

The direction of trade at this equilibrium in Fig. 4.5 makes economic
sense. With the relative autarky price of X higher in Country F, F will
import X and H will export X in international equilibrium. We will see
many times in the chapters that follow that differences in autarky prices
are the key to determining the direction of trade, or which countries import
and export which goods. A major topic of Part II of this book is determining
how underlying characteristics of economies, such as technologies and factor
endowments, lead to differences in autarky prices.

4.6 CONCLUDING REMARKS

This chapter draws on the tools of production and consumption theories
developed in the previous two chapters and combines them to determine
general equilibrium in closed and open economies. The following points
summarize the key results of the chapter. You can use them as a review list.

4: General Equilibrium in Open and Closed Economies 59

1. Equilibrium in a closed economy is determined by three conditions:
(a) producer optimization, (b) consumer optimization, and (c) market
clearing.

2. If production and consumption are competitive, the closed economy equi-
librium is efficient in the sense that the economy attains the highest
community indifference curve subject to the feasibility of production.

3. International trade removes the constraint that an economy consumes
only what it produces. It also replaces the market clearing condition
for equilibrium with the much weaker condition that the value of total
production must equal the value of total consumption. We show that
this restriction is exactly equivalent to the restriction that the value of
imports must equal the value of exports. Open economy equilibrium is
determined by the producer and consumer optimization conditions plus
the trade balance condition.

4. A country’s willingness to trade with the rest of the world can be sum-
marized by an excess demand function for one of the two goods (we chose
X). This function gives the country’s desired imports or exports at all
possible price ratios. This curve slopes downward like a conventional
demand curve, except that the quantity demanded can be either positive
or negative. A negative excess demand simply means that the country
wishes to export at a given price. Excess demand is zero at the country’s
autarky price, and movement away from autarky is welfare-improving.

5. A second couniry can be introduced and its excess demand curve derived.
International equilibrium is found at the price where the exports of one
country match the imports of the other country. This price is between the
autarky price levels of the two countries. The autarky price differences
determine the direction of trade, with the low-price country exporting the
good and the high-price country importing the good.

6. We noted that, because of the trade balance restrictions, we need consider
only one market to determine general equilibrium. If that market clears,
so does the other market.

PROBLEMS

L Suppose that the production frontier for a country is linear. Construct its excess
demand curve.

2. Assume that a single consumer has an initial endowment of good X rather than a
money income. Show the consumer’s desired consumption bundles (and therefore
desired trades) as the price ratio changes. Is it possible that the consumer may
wish to sell less X as the relative price of X rises? (This is the “backward bending”
issue.)

3. Tf you succeed in answering question 2, can you show that less X will be supplied
as its price rises because the income effect of the price increase outweighs the
substitution effect?

4. Suppose that the country in Fig. 4.1 grows in a “neutral” fashion such that its
production frontier shifis out and the autarky price ratio remains unchanged.
What happens to the country’s excess demand curve in Fig. 4.47
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6. How will the growth described in question 4 change the equilibrium world price
ratio in Fig, 4.57

NOTES

1. In a dynamic model with many time periods, trade need not balance in any one time period.
A country can consume more than it produces by selling assets, which can be thought of
as claims to future consumption. The United States has been in a position of trade deficit
for years, indicating that foreigners are accumulating United States assets and hence have
a claim on future United States production. This is an important topic in international
finance, but we will also discuss it in the last chapter of the beok,

2. Because of the possibility of backward-bending sections of excess demand curves in the
exporting region (i.e., negative excess demand) mentioned in the previous section, thereis a
possibility of multiple equilibria. This is also discussed in Appendix A on offer curves.

3. Later in the book we show that with imperfeet competition, the free trade price for a good
need not lie between the autarky prices of the two countries. Additional competition induced
by trade may lead to a fall in the price of the good in both countries.
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CHAPTER

THE GAINS
FROM TRADE

5.1 GAINS FROM TRADE

We are now in a position to address one of the most fundamental issues
in the study of international trade: the gains from trade. We will be able
to show that under certain circumstances, a country’s overall welfare is in
some sense improved by international trade, which should thus be viewed
as desirable. Yet the popular press often seems to assert that imports and
trade are not beneficial for the national economy. Another popular view is
that if one country gaing though trade, the other country must lose. This
is what economists would call a “zero-sum game”: the gains to one player
equal the losses to the other player. We will show that there is a wide
range of circumstances in which all countries gain mutually from trade,
circumstances in which trade is a “positive-sum game.”

However, we will also show that not all individuals within a country
will necessarily benefit from trade. In other words, while a country’s total
income is increased by trade, these gains may be very unevenly distributed
to the point where some individuals or groups are worse off. A solid academic
understanding of the gains from trade will have practical applications in
evaluating various anti-trade arguments put forward by business, labor,
and even government groups.

Figure 5.1 shows the production frontier and indifference curves for
a single country. Autarky equilibrium occurs at point A, with the economy
reaching utility level U, .! Figure 5.1 also shows two alternative world trad-
ing price ratios, p] and p;. We have deliberately constructed the diagram
so that these two world price ratios both lead to the same free trade utility
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_ X  FIGURE 6.1
o X Gaina from trade.

level, Uy. Figure 5.1 is not a formal proof, but it illustrates a result that can
be proved more rigorously: the ability of a country to trade at any price ratio
other than its autarky prices must make the country betier off. Note also that
if the world price ratio happens to equal the autarky price ratio, the country
is no worse off. We encourage you to draw a few diagrams like Fig. 5.1 in
order to convince yourself that any world price ratio other than the autarky
ratio leads to gains. The result does require that the conditions of Eq. (4.4)
hold; for example, the price ratio must be tangent to the production frontier.
We will have more to say about this in the next section and in chapters to
come.

Another thing to note in Fig. 5.1 is that the direction of trade is of no
particular welfare significance. The utility level U can be achieved either
through the export of ¥ in the case of world price ratio p] or through the
export of X in the case of world price ratio p;. The only condition is that the
world price ratio must differ from the domestic autarky ratio. Given any such
difference, the country gains by exporting what is more valuable on world
markets than at home and by importing from the rest of the world what
is more costly to produce at home than abroad. This point is important in
answering the many arguments that attach particular significance to what
goods a country imports or exports. For example, you will hear arguments
in the United States and Canada that it is good to export computers and bad
to export agricultural and forestry products. But both countries have a huge
comparative advantage in such products over countries in Europe and the
Far East where land and resources are scarce. Figure 5.1 emphasizes that
there is no significance to the direction of trade per se, and that arguments
to the contrary should be greeted with great skepticism.

Returning to a point made in the first paragraph of this section, it
also follows that two countries enjoy mutual gains from trade. Figure 4.5 of
the previous chapter depicts a situation in which the equilibrium world price
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X FIGURE 5.2
Mutual gains from trade.

o X X
ratio lies between the different autarky price ratios of two countries. In
equilibrium, the world price ratio at which the countries trade is different
from the autarky price ratio for each of them. It follows from our analysis of
Fig. 5.1 that both countries are made better off by trade. Each country sells
the product that it produces relatively cheaply and imports the product that
is relatively costly to produce at home.

By constructing a very special case, Fig. 5.2 illustrates mutual gains
and also makes the point that the direction of trade is of no significance: The
two eountries have identical preferences but different production frontiers.
The production frontiers for Home and Foreign are given by XY and
XY, respectively. Home is relatively good at producing X, while Foreign
is relatively good at producing ¥. This difference is then reflected in their
autarky price ratios, Home consuming at A and Foreign at A” in Fig. 5.2.
Free trade allows both of them to reach the same point C = C" at price
ratic p*, with Home producing at § and Foreign producing at @ .

We emphasize that this is a very special case; in general there is no
presumption that two countries will reach the same utility level through
trade or that the gains from trade will be shared equally. The latter point
will be made many times throughout the book. But the points that both
countries do gain and that the direction of trade is not necessarily of any
significance are general results.

5.2 THE GAINS-FROM-TRADE
THEOREM?

We will now present a somewhat more formal treatment of the gains from
trade. In particular we present a simple proof of what is called the gains-
from-trade theorem. This helps make clear the assumptions necessary to
ensure that a country gains from trade.
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The diagrams that we have presented up to this point make use of the
Fes.ult from Chapter 2 that, in competitive equilibrium, the economy max-
imizes the value of production at equilibrium prices. That is, the economy
aiftains the highest possible national budget line at equilibrium prices.? In
Fig. 5.3, world prices p* result in production at point @ for reasons discussed
f:arlier. The value of production resulting from producing at any other point
in the production set at price ratio p* must be less than or equal to the value
of producing at @. In particular, we see that the value of production at ¢ is
greater than the value of production at A, the autarky equilibrium.

' Let superscript f denote quantities produced in free trade and super-
script a denote the quantities produced in autarky. Subscript p denotes
production as in Chapter 4. When the value of production is maximized at
free trade prices, we have the following inequality:

piXL+ oYL = piX2 + )Y (5.1)
In words, the value of free trade production at free trade prices exceeds the
Yalu.e of autarky production at free trade prices. This is the result shown
in Fig. 5.3..In autarky we must have market clearing as noted in Eq. (4.1)
of the previous chapter, while in free trade we must have trade balance as

noted_in Eq. (4.2) or Eq. (4.3). Using the latter form of the balance-of-trade
equation, Eqs. (4.2) and (4.3) are rewritten here.

X =Xe, Yi=Y: pXi+pYl=piX[+p)¥Y]  (5.2)

Now substitute the market clearing conditions into the right-hand side of Eq.
(5.1), changing production guantities to consumption quantities. Similarly,
substitute the trade balance equation in Eq. (5.2) into the lefi-hand side of
Eq. (5.1), changing production quantities to consumption quantities. This
transforms Eq. (5.1) into the following inequality.

* * »
pX[ +p¥Yl = piX? +p¥? (5.3)
Y

Y

¢

A p*
p—'ll
FIGURE 5.3

o % Ma:dmizfation of the value of output at

: world prices.
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This inequality states that the value of free trade consumption evalu-
ated at free trade prices exceeds the value of autarky consumption evaluated
at free trade prices. This means that in free trade, where consumers can
choose the autarky consumption bundle (X?,Y?), they instead choose the
free trade consumption bundle x!, Y‘; 3, which costs at least as much. In
Fig. 5.3 the autarky bundle lies on a lower national budget line; therefore,
Eq. (5.3) holds as a strict inequality. Because the autarky bundle costs less,
consumers would choose it if they preferred it to the free trade bundle.
This means that the free trade consumption bundle is preferred to the au-
tarky consumption bundle.® This result is known as the Gains-from-Trade

theorem.

The Gains-from-Trade theorem. Suppose that the value of production is
maximized at free trade prices. Then the value of free trade consumption at
free trade prices exceeds the value of autarky consumption at free trade prices.
The free trade consumption bundle must thus be preferred to the autarky
bundle, because if it were not, consumers would pick the cheaper autarky

bundle.

It is extremely important to understand that this theorem is not trivial
and also that there are many situations in which it fails to hold. In order
to appreciate this, we need to cxamine more critically the result seen in
Chapter 2 that the value of production is maximized at free trade prices.
While this property may hold in ideal cases such as the simple competitive
model of Chapter 2, it need not hold in more complex cases. Figures 5.4
and 5.5 illustrate two situations in which it does not hold. In Fig. 5.4 there
;s some distortion in the economy such that the world price ratio is not
tangent to the production frontier. In such a situation, it is possible that

0 X
FIGURE 5.4 FIGURE 5.5

0

Failure of the “tangency condition.” Failure of the “convexity condition.”



86 I Technical Concepts and the Gains from Trade

autarky consumption at A is superior to free trade consumption at C. The
inequality in Eq. (5.1) does not hold, so neither does the one in Eq. (5.3).
These inequalities thus require that the free trade price ratio be tangent to
the production frontier when both goods are produced. (If only one good is
produced, the price ratio must not pass inside the production set.) We can
refer to this as the tangency condition: the free trade price ratio must be
tangent to the production frontier in order to guarantee that the value of
production is maximized at free trade prices.

Figure 5.5 illustrates the other key assumption, convexity of the pro-
duction set. Figure 5.5 depicts free trade production at @ and consumption
at C. This is inferior to autarky consumption at 4. Again, the inequality
in Eq. (5.1) does not hold. We can refer to this as the convexily condition.
the production set must be convex in order to guarantee that the value of
production is maximized at free trade prices.

We have seen that the tangency and convexity conditions are sufficient
to ensure that the value of production is maximized at free trade prices.
These conditions will generally hold in economies that have (1) constant
returns to scale, (2) perfect competition, and (3) no other distortions such as
certain production or factor taxes. The production set will be convex, and
prices will be tangent to the production frontier, with the corresponding
restriction holding when the economy is specialized. Later in the bock we
will see that difficulties arise when there are production taxes or imperfect
competition. These can lead to a failure of the tangency condition. With
increasing returns to scale or factor market distortions, the convexity con-
dition may fail. We already noted the non-convexity in the presence of scale
economies in Chapter 2.

We would like to close this section by strongly emphasizing that the
existence of distortions or increasing returns does not mean that losses from
trade are likely; it means only that they are possible. Indeed, scale economies
and imperfect competition are major sources of gains from trade, as we shall
show later.

5.3 THE GAINS FROM EXCHANGE

It turng out that the gains from trade can be conveniently broken down
into gains from two distinct sources: gains from exchange and gains from
specialization. The gains from exchange refer to the fact that if individuals
or countries are endowed with different amounts of goods or have different
preferences, they can both gain by trading with each other.

Suppose we have two individuals, Jim and Janet, and that Jim has six
bottles of beer and no bags of peanuts, while Janet has five bags of peanuts
but no beers. As shown in Fig. 5.6, Janet and Jim will both attain utility
level U, in their respective diagrams. But various possibilities exist for
mutual gains. For example, Janet could give Jim three bags of peanuts for
two beers. They would then move to point C in their respective diagrams,
each attaining a utility level of U. An implicit trading price is established,
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JANET JIM
Peanuts Peanuts

o 2 % 4 8 FIGURE 5.6
Beer Beer  Gains from exchange.

insofar as three bags of peanuts are deemed to be equal in value to two
beers. Beer is relatively more valuable; the price of beer in terms of peanuts
is 3/2 = 1.5.

Other trades could have been arranged, such as two bags of peanuts for
two beers, establishing a price ratio of 1. Obviously, Janet would prefer this
trade, while Jim would prefer the one mentioned in the previous paragraph.
Different trades affect the distribution of gains between the traders, and
stronger or smarter traders will tend to move the terms of trade to their
advantage, as we will discuss in later chapters. The important point here is
that both individuals will gain something from voluntary trade (otherwise
they would not trade); that is, voluntary trade is mutually beneficial. As
we discussed at the outset of the chapter, this point is extremely important
in countering the popular opinion that any gain from trade by one country
must be another’s loss. It is not true that a consumption gain by Japan or
the United States in trading with Canada must mean an equivalent loss for
someone in Canada. Trade results in mutual gains, as we have just shown.

This result can be demonstrated more formally with the kind of box
diagram shown in Fig. 5.7 (similar to the box diagrams in Chapter 3). The
two goods are again X and Y, and the two individuals are 1 and 2. The
initial endowment point is point E. The welfare levels of 1 and 2 at this
endowment point are given by U} and U2, respectively. You should be able
to convince yourself that moving from K to any point in the interior of the
“lens” formed by U} and U2 will make both individuals better off. But not
all of the possible moves are Pareto optimal—that is, moves after which we
could not make one individual better off without making the other one worse
off. Beginning at E in Fig. 5.7, the set of Pareto optimal trades is given
by the segment of the contract curve between A and A’, where indifference
curves are tangent. Point F illustrates one possible Pareto optimal trad-
ing equilibrium between A and A’ at which gains are shared fairly equally. As
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FIGURE 5.7
Cooperation and conflict.

discussed earlier, in other trades between A and A’ the gains shift more
toward one trader or the other, but both still do gain. The existence of many
possible beneficial trades, differing in the distribution of gains, implies that
there is some element of conflict as well as an element of cooperation in
trade.

5.4 THE GAINS FROM SPECIALIZATION

The previous section assumed that the total quantities of all goods were
fixed. In fact, individuals or countries can generally increase total production
and realize additional gains by specializing in the goods they produce most
efficiently. This proposition is usually fairly obvious in the case of individuals.
In modern society no one is self-sufficient, and indeed, most people engage
in an extremely narrow range of work activities in order to earn income to
buy a wide range of goods and services. Everyone seems to grasp the idea
that we would have a much lower standard of living if people all tried to
grow their own food, make their own clothes, build their own houses, and so
forth. Specialization in a narrow range of activities is efficient.

The same principle holds true for countries, although people seem
to lose sight of this fact. One frequently hears arguments in the United
States to the effect that we should be producing a certain good rather than
importing it from abroad. Consider a simple example in which we have two
countries, the United States and Japan, that produce two goods, wheat and
steel. Suppose that the number of tons of wheat or steel that one person
can produce per year in each country is given in Table 5.1. One labor-year
devoted to wheat production in the United States results in 30 tons of wheat,
and so forth.
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The United States is relatively more productive in wheat, and Japan is
relatively more productive in steel. Using terminology familiar to most read-
ers, the opportunity cost of producing one more ton of steel is three tons of
wheat in the United States, but only 1 ton of wheat in Japan. Japan has an
advantage in steel in the sense of being the low opportunity cost producer of
steel. Suppose we now move one worker in the United States out of steel pro-
duction and into wheat production. Similarly, we move one Japanese worker
out of wheat production and into steel production. Changes in outputs fol-
lowing this reallocation are given in Table 5.2. The table shows that simply
moving workers in each country into the industry in which the country has
the advantage (its low opportunity-cost industry) results in an increase in
the world outputs of both goods. The countries may then engage in trade that
leaves both better off.

Now suppose that Japan is more preductive in both goods. Do gains
from specialization still exist? The answer is a definite yes, as was first
pointed out by the 19-century British economist David Ricardo. Let us
double the productivities of Japanese workers shown in Table 5.1. We will
now have the situation in Table 5.8. In this example Japan is said to have
an absolute advantage in both goods, whereas in Table 5.1 the United States
had an absclute advantage in wheat and Japan an absolute advantage in
steel. But in both cases the United States is said to have a comparative
advantage in wheat, meaning that the American economy is relatively more
productive in wheat; the United States can produce 1 ton of wheat at an
opportunity cost of % ton of steel, whereas in Japan the opportunity cost of
1 ton of wheat is 1 ton of steel.

Definition. A country has an absolute advantage in good X if one unit of labor
produces more X than is produced by one unit of labor in the other country. A
country has a comparative edvantage in X if its opportunity cost of X in terms
of Y is less than in the other country.

Ricardo noted that as long as some pattern of comparative advan-
tage exists, there will be gains from trade, regardless of whether one
country has an ahsolute advantage in all goods. To see this, suppose we
now reallocate two workers in the United States from steel to wheat and
one worker in Japan from wheat to steel. The resulting changes in outputs

TABLE 5.1 TABLE 5.2
One labor-year of Changes in outputs due to
production reallocation of one worker

U.S. Japan uU.Ss. Japan Total
Wheat 30 20 Wheat +30 —-20 +10
Steel 0 20 Steel -10 +20 +10
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TABLE 5.4
TABLE 5.3 Changes in outputs due to
One lab?r-year aof reallocation of two workers
production in United States, one in Japan
u.s. Japan U.s. Japan Total
Wheat a0 40 Wheat +60 —40 +20
Steel 10 40 Steel —20 +40 +20

are given in Table 5.4, Once again, we see that the total outputs of both goods
can be increased if both countries specialize according to their patterns
of comparative advantage. Gains from specialization will always exist if
countries have different opportunity costs (i.e., if there exists some pattern
of comparative advantage).

Figure 5.8 summarizes our discussion by showing how the total gains
from trade can be decomposed into gains from exchange and gains from
specialization. Point A gives the autarky production/consumption point,
and U, gives the autarky utility level. Suppose the economy can now
trade at prices p*, and suppose that the economy cannot change its cutput
levels {production is fixed at A). Gains from exchange can still be realized
by trading to point E. The movement from A to E and the increase in
utility from U, to U, illustrate the gains from exchange. But further
gains can be realized if we move the production peint to @, showing
relatively more specialization in good X. The movement from E to C and
the increase in utility from U, to &/ illustrate the gains from speciali-
zation.

FIGURE 5.8
X Decompositien into gains from exchange
and gains from specialization.
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5.5 THE DISTRIBUTION OF GAINS
WITH HEFEROGENEOUS TASTES®

The preceding sections have shown that a country will gain from interna-
tional trade in the sense that it can potentially consume more of both goods.
The gains were illustrated with the nse of community indifference curves,
although the main argument can be made without them. But while trade
may result in aggregate consumption gains, these gains are not necesgarily
distributed evenly among the members of a society. Indeed, it is possible
that certain groups will actually be worse off in a situation of free trade
than in an autarky or a restricted trade situnation. These possibilities must
be understood when you are evaluating certain trade policy questions.

One possibility occurs when individuals in a society have very different
tastes. Suppose that all individuals in the society have identical factor en-
dowments and therefore identical incomes and budget lines. Suppose that the
world price ratio exceeds the priceratio that would prevail inautarky (p* > pg)
so that the country exports X and imports Y (as in Fig. 5.1 with p* = p3).
Now consider two individuals with different tastes (but identical incomes).
Let AA’ in Fig. 5.9 be the identical autarky budget line for both individuals.
Individual 1 has a high preference for ¥ and so chooses autarky consump-
tion bundle A;. Individual 2 has a high preference for X and therefore chooses
bundle As. Their utility levels are given by U } and U 2, respectively.

As was shown in Fig. 5.1 (p* = p3), trade has the effect of raising the
relative price of X, which we illustrate in Fig. 5.9 by rotating the budget
line to TT'. Individual 1 increases her consumption from A, to Ty and
experiences an increase in welfare from U2 to U}. But the increased price
for X has affected individual 2 so adversely that his consumption fally from
Az to T'2 and his welfare from U2 to UZ. Thus, when individuals have
heterogeneous tastes, the gains from trade will be distributed unevenly, and
some groups may indeed become worse off.

FIGURE 5.9
X  Distribution of gains with heterogeneous
preferences.
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One example of this problem was the entry of Great Britain into the
European Economic Community (EEC) in the early 1970s. Prior to entering,
Great Britain had imported inexpensive food from countries such as New
Zealand and Australia. After entering, the British were forced to pay much
higher European prices for many foods, especially meat. In exchange for
this, the British were able to purchase a wider range of manufactured goods
at cheaper prices. The net benefit to a household would surely depend on
the household’s income, number of children, and so on. It is likely that some
large families with low incomes that were spending a large fraction of family
income on food were made worse off by entering the EEC.

5.6 THE DISTRIBUTION OF GAINS
WITH HETEROGENEOUS
ENDOWMENTS

A second example of uneven distribution of gains from trade occurs when
individuails differ widely in their factor endowments. Suppose that society is
comprised of twao distinet groups, capitalists and laborers, and that laborers
own no capital and capitalists perform no labor. Assume also that X is
labor-intensive and that ¥ is capital-intensive.

Budget lines for laborers and capitalists are shown in Fig. 5.10, with
each group’s initial autarky income constraint given by AA' and each group’s
initial welfare level by U/,. Now assume that trade raises the price of X as
in Fig. 5.1 from p, to p;. The economy responds to this change by shifting
resources out of Y production and into X production. The outputs of the
economy move from point A in Fig. 5.1 to point § 5.

In a later chapter, we will show that this increase in the output of X,
the labor-intensive good, leads to an increase in the demand for and price of

v Laborers v Capitalists
T
A
A f T
UCI
U, U
U, x -— x
0 AT O ™ A
FIGIRE 5.10

Distribution of gains with
heterogeneous endowments.
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labor. Similarly, the deecrease in the production of Y, the capital-intensive
good, leads to an overalil decrease in the demand for and price of capital. The
commodity price changes caused by trade in turn cause factor price changes.
In these circumstances the budget line of laborers will shift out everywhere
as in Fig. 5.10. Laborers will be better off even if they wish to consume only
X, the good whose price has risen with trade. Conversely, the budget line
of capitalists may shift in everywhere because of the decrease in the price
of capital and the subsequent decreases in capitalists’ incomes. Capitalists
thus lose from the income redistribution caused by trade.

A good example of income redistribution caused by international price
changes occurred in the United States during the 1970s. The redistribu-
tion amoeng states and among economic groups resulted from the oil price
increases that occurred during that decade. The energy-producing states
realized huge gains from the price changes, while the energy-consuming
states were certainly much worse off.

5.7 CONCLUDING REMARKS

This chapter develops one of the most important ideas of international trade
theory, the proposition that countries can benefit mutually from free trade.
You should now be able to counter many of the anti-trade arguments you
read in the press (which is often simply reporting the speeches of politicians
and labor and business leaders). Nevertheless, some arguments may raise
valid concerns about free trade. Gains from trade can be distributed very
unevenly and, in the absence of some redistribution plan, some groups
within society have legitimate fears. The following points summarize the
principal concepts of the chapter.

1. Countries can gain from trade if they can trade at any prices different
from their autarky prices. Any price difference allows a country to gain
by selling what is relatively more valuable on world markets and buying
on world markets what is relatively more costly to produce at home.

2. There is no particular welfare significance to the direction of trade.
International price differences determine the most efficient direction
of trade. Canada and the United States gain from exporting primary
products because they are very efficient at producing them.

3. Gains from trade are mutual. The gains by one country are not at the
expense of other countries. As we noted in Fig. 5.7, there are generally
many trades that can leave both parties better off. Each possible trade
leads to a different distribution of the gains, with the result that there
is some element of conflict as well as an element of cooperation in
international trade.

4, We emphasized that there are certain assumptions needed to prove
the gains-from-trade theorem. When there are various distertions such
as taxes or imperfect competition, or when there are non-convexities
due to scale economies, gains cannot be guaranteed. On the other hand,
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we will argue later in the book that scale economies and imperfect
competition are nevertheless likely to be very important sources of gains
from trade. Thus, these problems do not argue against trade; they simply
emphasize that corrective domestic policies may need to accompany free
trade agreements. Much more will be said in later chapters.

5. The gains from trade can be broken down into gains from exchange
and gains from specialization. Exchange allows consumers to exploit the
differences in their endowments or preferences. Specialization allows the
world to produce more of all goods by allowing each country to concentrate
on what it does best (produce goods for which it has a low opportunity
cost).

The gains from trade will not be shared equally by all citizens of a country.
Because individuals have different tastes or different endowments (recall
that trade changes factor prices), some individuals may even be worse
off. In the absence of income redistribution to compensate the losers,
some groups will rationally oppose any move to free trade or lobby hard
for protection. This will be a key point in our discussions of the political
economy of trade policy in later chapters.

*

PROBLEMS

1. Show that a country gains increasingly from trade as the world price ratio departs
further from the autarky price ratio.

2. Derive the inequality in Eq. (5.3) using Egs. (5.1) and (5.2).

3. Suppose that we change Fig. 5.2, making preferences different in the two countries

such that Home has an autarky equilibrium at @ and Foreign has an autarky

equilibrium at @”. Is it possible for the countries to gain from trade?

Use the Jim and Janet example of Fig. 5.6 to prove that if three bags of pea-

nuts trade for two beers, the price of beer in terms of peanuts is 3/2 = 1.5, not

2/3 = 67T.

5. With reference to Section 5.4, show that if there is no pattern of comparative

advantage (the ratios of wheat to steel production are the same in the two

countries), then no gains from specialization exist.

Redraw Fig. 5.8 for the case in which the world price ratio is less than the autarky

price ratio. (If you can't de this, you don’t really understand the diagrams.)

Suppose we know that with trade the total amounts of both goods consumed

exceed the amounts consumed in autarky. With reference to either Section 5.5 or

5.6, can you prove that the group that is better off with trade could compensate

the losers so that both groups end up better off relative to autarky?

4.

H

6

7

NOTES

1. Note that we never observe an autarky equilibrium in the “real world” (although trade
is severely restricted in many countries). We use the autarky equilibrium as a conceptual
device: in order to understand the effects of trade, we consider what would happen in the
complete absence of trade.
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ontinuity. However, the

9. This section is more advanced and can be skipped without loss of c the

same methodology will be used often in more advanced sections of the book. An investm:
i 18 poi i k.
in time at this point could have a payoff later in the boo o . o
3 3;‘10 use more tléchnical terminology, in competitive equilibrium the world price ratu:.nb;s
' supporting to the production set. Basically, this just means that .the set of all :;S?.sns ;
production points lies on, or en the same side of, the worlt?s pr.ice ratio. ('If you tm;n 1g.rt. 3
over, you see that the production set sits on the price ratio; i.e., the price ratio “supports
the production set.) ]
4 Soml:: readars will recognize this as a revealed preference a.rgument.‘ the consun;erls: cn;leci
. have chosen the autarky bundle, but instead chose the more exlpenmve free trade bundle,
i tion bundle.
thus revealing that they prefer the free trade consumpt! o o
Alfmre advanced znalysis of the distribution of gains among individuals is given by

Chacholiades (1978), Chapter 12.

o
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CHAPTER

6

THE CAUSES OF
INTERNATIONAL
TRADE

6.1 THE NO-TRADE MODEL

In the previous chapter, we emphasized that countries gain from trade by
importing what is relatively costly to produce at home and by exporting
what is produced relatively cheaply (efficiently) at home. But what are
the underlying characteristics of an economy that give it its pattern of
comparative advantage? Part 2 of this book, comprised of Chapters 6-13,
turns to this question. These chapters, with the exception of Chapter 12,
examine alternative sources of national differences that can give rise to
trade. Chapter 12 focuses on scale economies, which can give rise to trade
even between identical economies. Part 2 of the book is thus concerned
with the determinants of the direction of trade, those characteristics that
determine the pattern of imports and exports by particular countries.

In fact, the trade of any country iz a complex outcome of many causes
all operating at the same time. There is generally no single cause of trade,
but in order to understand the overall picture, we need to study how each
possible cause of trade operates in isolation. The empirical question of
which particular determinant of trade is the most important for a particular
country is addressed in Chapter 14.

A convenient method of examining the causes of trade is to first
imagine a world in which there is no trade. In terms of our simple model,
this would be true if all autarky price ratios were identical and there
were no scale economies. Thus, we begin by imagining a situation in which
all countries have identical, convex production sets and in which the same set

79



80 II: Causes and Consequences of Trade

of community indifference curves prevails in all countries. We are assum-
ing that any two countries can be represented by the situation shown in
Fig. 6.1.

What assumptions are necessary to ensure that the demand and supply
situations in all countries are identical? This question is eagily answered by
recalling from Chapters 2 and 3 the underlying assumptions that were made
in deriving the production possibility curve and the community indifference
curves. On the demand side it is sufficient to assume that identical and homo-
geneous tastes exist throughout the world. On the production side three con-
ditions determine the position and shape of the production possibility curve:
degree of homogeneity, factor endowments, and production functions. Thus,
to achieve identical production possibility curves in all countries, it is suffi-
cient to assume that all countries have the same congtant-returns preduction
functions and that all countries have the same factor endowments. These
assumptions will give the same aggregate demand and supply relationships
in all countries, but there is one further restriction that we must impose. We
are seeking conditions that will make commodity price ratios the same in all
countries, and this will be the case only if commodity prices are determined
by aggregate demand and supply. We must, in other words, ensure that
equilibrium prices are determined by the tangency between the highest
community indifference curve and the production possibility curve as shown
in Fig. 6.1, and to ensure this we assume that there are no distortions in the
model. Distortions include taxes, subsidies, and imperfect competition. We
can write down a set of five conditions that together guarantee the no-trade
situation. These are

1. Identical production functions among countries
2. The same relative endowments in all countries

X  FIGURE 6.1
Two identical countries.
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X FIGURE 6.2
Offsetting bases for trade.

o T T

9. Constant returns to scale
4. Identical and homogeneous tastes in all countries
5. The absence of distortions {e.g., taxes, subsidies, imperfect competition)

While these five conditions are sufficient to imply that there will be
no trade, there are obviously many other models that could be invented in
which autarky prices would be identical so that no trade would take place.
In other words, while this set of assumptions will guarantee no trade, it.is
not the only set of assumptions that will do so. This is illustrated in Fig.
6.2, where subscripts 2 and f refer to the countries H and F, respectively.
Production conditions are clearly different in the two countries, with H
producing relatively more ¥ and F relatively more X at any common price
ratio. Demand conditions also differ, however, and in the situation shown,
these differences are just enough to offset the production conditions, leaving
autarky prices identical. _

The real importance of these five conditions is not that they describe
a world in which there will be no trade, for such a situation is not of much
interest, but that they summarize the various things that can cause trade. If
any one of the five conditions is relaxed, a situation will arise in which trade
will be possible. These five conditions can therefore be thought of as the five
broadly defined determinants of, or bases for, trade. The next seven chapt_ers
will investigate how the relaxation of each of these five assumptions can give
rise to internationa! trade and will diseuss the implications of the models
derived in each situation.

62 SOME METHODOLOGICAL

CONSIDERATIONS

In the last section it was argued that the relaxzation of any one of the five
assumptions listed will give rise to a situation in which international trade
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can take place. To illustrate this, we will relax each of the assumptions
in turn, maintaining all four of the others, and examine the implications
for international trade. This approach is sometimes criticized as being
unrealistic in the sense that the models generated do not accurately describe
the real world. To assess the relevance of this criticism, we must understand
precisely why this approach is being employed and what kinds of conclusions
we expect to draw from the analysis.

It is clear that no conclusions about a specific cause of trade can be
derived unless we can be sure that no other things are causing trade at
the same time. For example, we could not identify the effects of demand
differences in a model in which endowments were also different, for it would
generally be impossible to separate the effects of these two variables. This
is the situation of Fig. 6.2, where the two conditions are offsetting, resulting
in identical autarky prices. Our analysis can be thought of as a kind of
theoretical experiment in which, in order to study the effects of one variable,
all other variables are neutralized.

At this stage of the analysis, then, the question of whether the model
is “realistic” is not a relevant one, for no claim has been made about its
predictive powers. In each of the models developed in subsequent chapters,
the strict assumptions made are necessary in order to isolate the effects of the
particular determinant being examined. The assumptions of no distortions,
identical production functions, and so on, are made not to describe the real
world but to allow individual determinants to be considered in isolation.

While developing realistic models is not necessary for the kind of
theoretical experiments that we have just described, it is the principal
focus of empirical analysis. If we were interested in empirical tests of trade
models, we would be faced with determining a set of assumptions appropriate
for a model used to explain real-world trade flows. If the implications of
the various determinants of trade models are different, then we would
ideally include any variable that can cause trade. In practice, of course,
some simplification is necessary, and each investigator has to decide which
variables are important and how the model should be constructed.

To strengthen this last point, consider the fact that none of the five
conditions holds between any two countries in the world (although in some
cases, a condition can be “close” to holding). In comparing the characteristics
of North America, the European Union, and Africa, for example, we would
find that the United States and Canada have a higher ratio of land endow-
ment to labor endowment relative to Europe. North America and Europe
have superior technology and higher endowments of physical and human
capital relative to unskilled labor when compared to Africa. We would find
that many impertant industries such as aircraft, autos, and chemicals have
strong scale economies. We would find that tastes differ across countries
and are far from homogeneous in any one country. (For example, the share
of income spent on food declines steadily with per capita income.) Countries
have tax systems that differ significantly from one another, and many indus-
tries (generally those with strong scale economies) are characterized by small
numbers of firms and significant imperfect competition.
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CHAPTER

7

DIFFERENCES
IN TECHNOLOGY

7.1 A SIMPLE MODEL OF PRODUCTION
FUNCTION DIFFERENCES

The determinants-of-trade question will be analyzed in the next seven
chapters by relaxing, in turn, each of the five assumptions from Chap-
ter 6 and examining the implications for international trade. The first
model we consider is one in which production functions (technologies) differ
across countries, This model is often associated with 19th-century British
economist David Ricardo. In order to keep the model simple and the focus as
clear as possible, we will assume that labor is the only factor of production.
By differences in technology, we mean that the amount of output that can
be obtained from one unit of !abor differs across countries. The one-factor
model can be thought of as a special case of condition 2 of the previous
chapter: with one factor, the issue of differences in relative endowments
does not arise.!

Constant returns to scale are assumed. In terms of the production
functions of Chapter 2, 2 one-factor model with constant returns will have a
linear production possibility frontier. As we will see later, this assumption
significantly simplifies the analysis. We also impose the remaining condi-
tions of Chapter 6: there are no distortions such as imperfect competition or
taxes, and tastes are identical and homogeneous (the last assumption is not
actually needed for any of the principal results).
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7.2 ABSOLUTE AND COMPARATIVE
ADVANTAGE

The Ricardian model assumes that labor is the only constraint on the
production process. Thus, assuming that two goods, X and Y, are produced,
the production functions and the labor constraint can be written as

X = F,(L;) (7.1)
Y = F,(Ly) (7.2)
L=L,+L, (1.8)

We assume that the production functions are characterized by constant
returns to scale, and this implies that Eqgs. (7.1) and (7.2) take the simple
forms

X = al, (7.4)
Y = gL, (1.5)

where a and  are some positive constants. The assumption that production
functions differ between countries implies that the values of @ and 3 will be
different in the two countries. Note that « and 8 are the marginal products
of labor in industries X and Y respectively: a and 8 give the additional
outputs obtained from one unit of labor.

The Ricardian approach is iltustrated in Table 7.1 (similar to Table 5.1),
where we show the outputs of X and Y produced from one unit of labor in
two countries, H and F. It is assumed that in Country H, 20 units of X are
produced from one unit of labor, whereas 30 X can be produced in Country F
with one unit of labor. Home produces 20 Y from one unit of labor, while
Foreign produces 10 Y from one unit of labor.

It can be shown that in this situation, profitable production special-
ization is possible for both countries. Country F has an advantage in the
production of X, while Country H has an advantage in the production of
Y. We can imagine a situation in which Country F' specializes in X and
Country H specializes in ¥ and in which consumers in both countries max-
imize their welfare through international trade. Using the terminology of
Chapter 5, F is said to have an absolute advantage in the production of X:
@, < or. H is said to have an absolute advantage in the production of ¥':

Bn > Br.

TABLE 7.1

Marginal products of labor
Home Foreign

X o = 20 ar =30

Y By = 20 g =10
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TABLE 7.2

Changes in outputs due to labor
reallocation of one worker from X to
Y in Country H and one worker from
¥ to X in Country F

Home Foreign Total
X —20 +30 +10
Y +20 —10 +10

Table 7.2 shows the poasibility of increasing world production of doth
commodities through specialization. If we move one worker from X to ¥ in
Home and one worker from ¥ to X in Foreign, the total world production of
each commodity rises by 10 units.

Now consider Table 7.3, where we again show the outputs of X and
Y produced from one unit of labor in two countries, but where we have
changed the marginal products of labor in X and Y in Country H from 20
to 5. Now Country F is more efficient in the production of both commodities,
8o it is said to have an absolute advantage in the production of both X and
Y. The question that now arises is whether profitable trade is still possible
in this situation. The same type of exercise we performed in Chapter 5 will
convince us that it is, for we observe that while Country H has an absolute
disadvantage in the production of both commeodities, there is a comparative
advantage for H in the production of commodity ¥ : Bu/ay > Bler. In
Country F, three units of X must be sacrificed to produce one unit of Y, but
in Country H, only one unit of X must be sacrificed to produce a unit of ¥.
The opportunity cost to Country F of producing a unit of ¥ is three times as
much as in Country H.

Table 7.4 illustrates that there are still production efficiency gains to
be captured by the two countries. In Table 7.4, we perform an experiment
similar to that in Table 7.2, except that we move four workers from X io ¥ in
Country H and one worker from ¥ to X in Country F. The total world outputs
of both goods rise, demonstrating that there are still gains from specializa-
tion to be captured even if one country is more efficient at producing both
goods. Table 7.4 illustrates the principle of comparative advantage, which we
defined in Chapter 5. What is needed to ensure gains from specialization is

TABLE 7.3

Marginal products of labor
Home Foreign

X a =5 a = 30

Y Bi=5 By =10
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TABLE 7.4
Changes in outputs due to labor

reallocation of four workers from
X to Y in Country H and one worker
from Y to X in Country F

Home Foreign Total
X —20 +30 +10
Y +20 -10 +10

a pattern of comparative advantage, by which we mean that the ratios of
the marginal products of labor differ in the two countries.

7.3 THE PRODUCTION POSSIBILITY
FRONTIER

Figure 7.1 illustrates the production frontiers for countries H and F based
on the pattern of comparative advantage indicated in Table 7.1. I@t Ly and
ff denote the labor endowments of countries H and F, respectively. TEe
production frontier for Country H, H H', has a maximum X output of a, Ly
and a maximum Y output of 8;L;. The production frontier for Country F,
FF' bas a maximum X output of arL; and a maximum Y output of 87L;.
The distance of a country’s production frontier from the origin depends on
the absolute levels of its labor productivity coefficients {«, ) and on its labor
endowment ().

The slope of a country’s production frontier is simply the ratio of that
country’s labor productivity coefficients: —AY /AX = g/a. In autarky, Home
and Foreign are in equilibrium at points A; and A;, respectively. This simple
Ricardian model with linear production frontiers has the property that a
country’s autarky price ratio is given by the slope of its production fronti(-:?r.z
Because the slope of the production frontier reflects a country’s comparative

Y
H
F Ah
Af
FIGURE 7.1
X Production frontiers and autarky
) o F equilibria.
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FIGURE 7.2
X Specialization at alternative world price
o ratios.

advantage, aularky prices reflect comparative advantage. Absolute advan-
tage is reflected in the distance of the production frontier from the origin, as
just noted.

Figure 7.2 considers how Country H will respond to the possibility of
trade. The first important point is that if the world price ratio p* happens to
equal the domestic autarky price ratio py, then H will wish to consume at
Ay, but will be indifferent to producing at any point between and including
H and H' on the production frontier. For example, H could specialize in
Y and produce at H in Fig. 7.2, exporting ¥ and importing X to reach
eonsumption point A, . Or it could just as well specialize in X at point ' in
Fig. 7.2, exporting X and importing Y.

‘What about trade at world price ratios that differ from the autarky
price ratios? At any price ratio p* that differs from the slope of the production
frontier, a country will specialize completely. At the world price ratio p; > pg
in Fig. 7.2, H will specialize in X at point H ', exporting X and importing
Y to reach consumption point C,. At the world price ratio p; < p#, H will
specialize in Y at point H in Fig. 7.2, exporting Y and importing X to reach
consumption point Cs. In order to see that specialization is an equilibrium
when p* differs from py, recall from Eq. (2.12) of Chapter 2 that the slope
of the produetion frontier is the ratio of the marginal products of labor in
the two industries: MRT = MPry/MPry = B/a. Thus, if the price ratio is
steeper than the production frontier, as if is in the case of p] in Fig. 7.2,
then we must have

P: > MRT = B 5 pra>pip 7.6)
Py @ " '
The value of the marginal product of labor in X is greater than the value
of the marginal product of labor in Y. The only way to ensure equilibrium
is to produce X with the equilibrium wage w equal to the value of labor’s
marginal product in X. Y is then unprofitable and is not produced. It can-
not be the other way around, because if w were equal top, 8, then p, a would
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exceed w, and it would be profitable for a firm to enter the X industry.
Equilibrium with p* > p® is thus given by
p:a=w>p;B$X=}T, Y =0 1.n

where X is the economy’s maximum output of X (H' in Fig. 7.2).

7.4 EXCESS DEMAND AND
INTERNATIONAL EQUILIBRIUM

The fact that countries can potentially gain from trade does not necessaljily
ensure that they will in fact capture these gains. The purpose of this section
is to examine a competitive equilibrium between two countries and show
that in general, both gain. As we will show in the next section, the worst
outcome for one country is for it to capture zero gains, but it cannot be made
worse off through trade in a competitive, distortion-free world.

Results from the previous section are transferred to an excess demand
diagram in Fig. 7.3. The “fat” section of Country H's excess den_land curve at
its autarky price ratio pj corresponds to the results discussed in connection
with Fig. 7.2: at the autarky price ratio, H will consume at Ap but will be
indifferent to producing at any point on its production frentier H '. The
distance O H ' in Fig. 7.2 thus corresponds to the distance H'H in Fig. 7.3.
This horizontal section of the excess demand curve is of some interest, as
we shall see shortly. ..

At world price ratios p* greater than pj;, H will wish to export X . p} in
Fig. 7.3 corresponds to p{ in Fig. 7.2. At world price ratios pi‘ less than py,
H will wish to import X . p; in Fig. 7.3 corresponds to p; in Fig. 7.2,

Figure 7.4 presents the excess demand curves for both countries based
on their production frontiers in Fig. 7.1. Each excess demand curve has a flat

P=p./p,

Dy
i |
- 1 c
I P2 “‘:‘“ 2
| |
-x-X) H 0 H &~X) ~&X) E, o] E, (X,-X)
FIGURE 7.3 FIGURE 74

Country H’s excess demand curve. International equilibrium.
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section at that country's autarky price. In the situation shown in Fig. 7.4,
international equilibrium occurs at price ratio p* at which the import
demand of H (E; > 0) matches the export supply (E,; < 0) of Country F.
As we discussed earlier in the hook, the equilibrium world price ratio falls
between the autarky price ratios of the two countries. If this were not the
case, then both countries would want either to import or export the same
good. For example, if p* > p?, then both countries would wish to export X,
which cannot result in an equilibrivm.

We know from Chapter 5 that when the free trade price ratio differs
from each country’s autarky price ratio, as in Fig. 7.4, both countries
must gain from trade. However, the gains from trade are not necessarily
distributed “evenly” (whatever that might mean), and the country that
trades farther away from its autarky price ratio gains more than the other.

7.5 THE ROLE OF WAGES

We have shown that in the Ricardian model, comparative advantage is deter-
mined simply by the relative productivity of labor in producing commodities,
or, equivalently, by international differences in production functions. It may
seem surprising that wage rates did not enter the discussion. After all, there
has been much concern expressed in high-income economies about the pos-
sible effects of competition from low-wage workers in developing countries.
In this section we examine the role of wages in the Ricardian framework.
We will show that in this model, international differences must adjust to
reflect underlying real productivity differences, but that all workers gain
real income in moving from autarky to free trade. However, more productive
economies do enjoy higher real wages in equilibrium.

Begin with a simple ohservation about wages in autarky in the Home
country, for example. Because of perfect competition, the value of the mar-
ginal product of labor must equal the wage rate in each sector, as we have
discussed before.

Pior =wn  pyPr = Wy (7.8)

Here, @ and 8 are the marginal products of labor in goods X and Y. It
immediately follows that the relative price in autarky is independent of the
wage rate:

P = Balay (7.9)

This equation reflects what Ricardo referred to as the Labor Theory of
Value. Relative prices must equal relative real costs in terms of labor inputs.
Here, if sector Y has a relatively low marginal product and sector X has
a relatively high marginal produet, the home country is likely to have its
comparative advantage in good X. The wage rate, which is the nominal
price of labor, has no effect on relative commodity prices as long as it is the
same in both sectors.
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The wage rate is relevant for determining real wages, or the living
standards of laborers. Note from Eqs. (7.8) that real wage rates equal
marginal labor productivities:

wplp? = @y wylpy = B (7.10)

These “real wages” can be interpreted graphically as the end points on the
budget line of an individual worker. Assume that 1 worker owns 1 unit of
labor. 8 is the maximum amount of ¥ that can be purchased if all income is
spent on Y ; similarly, « is the maximum amount of X that can be purchased
if all income is spent on X . An individual worker’s budget line is given in
Fig. 7.5. :

Consider again the movement from autarky to free trade. This change
will alter nominal wages in both countries, generating wage rates w, and
wy. To determine the impacts on real wages, note that in free trade the
home country exports good ¥ and the foreign country exports good X . Since
the free trade prices of each good must equal the average cost of producing
them, we know that real wages for a home laborer are constant in terms
of good Y. However, the worker can now purchase good X at price ratio
p* < Bi/ay. Because the price ratio p* is the vertical intercept of the budget
line (85 ) over the horizontal distance, the horizontal intercept (i.e., the real
wage wy/p!) must be 8,/p* > a. The intercepts of the consumer’s budget
line in free trade are now given by

wilpy = Balp™ > & walp; = Pa (7.11)

Thus, trade does not alter the home country’s real wage in terms of its export
good, biit it does change the real wage in terms of its import good. The free
trade budget line is shown in Fig. 7.5, where we see that the welfare of an
individual worker rises from U, to Uy. A corresponding argument can be
made about the welfare of an individual worker in Country F, whose income
ig fixed in terms of good X but rises in terms of Y.

Y

FIGURE 7.6
Budget line of an individual worker
in Country H.
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There is an important final point to make: It is quite possible that

in free trade, real wages are higher in one country than in the other. We P
can show that if the home country, for example, has an absolute advantage E,

in both goods, it will necessarily have a higher real wage than does the F,

foreign country. In such a situation, we have a; > ar, where oy is a worker E,

in Country F's real wage in terms of X. Using a; > ay together with
Eqgs. (7.11), we have

wplpl > o > ap = welp; (7.12)

We can similarly show that a worker in Country H earns a higher wage
in terms of good Y when H has this absolute advantage in both goods. In
summary, absolute advantage is important for determining differences in
real wages (per capita incomes) across countries, but comparative advantage

determi i i X _
etermines fhe direction of trade o -XX,) o (XX,
_ ) _ FIGURE 7.6 FIGURE 7.7
7.6 THE DISTRIBUTION OF GAINS Growth in Country F. : Expansion in Country F's excess demand,

FROM TRADE: BIG VERSUS SMALL
COUNTRIES

The purpose of this section is to use the Ricardian model to discuss the
division of gains from trade between two countries. One principal determi-
nant of this division is the economic size of countries, measured in terms of
either their factor endowments or their produetivity levels. In other words, a
country grows “bigger” economically as its production frontier moves farther
from the origin. Let. us conduct a thought experiment with our two countries
in which we make Country F bigger by shifting its production frontier in
a parallel fashion farther out from the origin. This can be accomplished
either by increasing F’s endowment of labor or by improving its technology:
increasing « and B in the same proportion.

The effect of this is shown in Fig. 7.6, where F F is the initial
production frontier and F,F) is the expanded frontier. This expansion
will leave F’s autarky price ratio unchanged and increase the length of
the horizontal segment of its excess demand curve {equal to Country F's
maximum output of X, OF}). Suppose that pj in Fig. 7.6 is the initial world
equilibrium price ratie, so that F specializes in the production of X and
consumes at point Cy. Now expand the production frontier to F,F . If we
hold the world price ratio constant at pg, F will now wish to produce at
F and consume at C;. Provided that Country F wishes to spend some of
its increased income on Y (homogenecous demand may exist, but it is not
necessary), then Country F will wish to export more X and import more ¥
at the existing equilibrium price ratio pg.

The same argument can be made for any price ratio. The expansion
of the production frontier will lead Country F to wish to trade more at any
world price ratio. The effect on Country F’s excess demand curve is shown
in Fig. 7.7. EfE; is Fs initial excess demand curve. The new excess de-
mand curve is shown by E/E/. The herizontal segment, corresponding to the

distance OF ] in Fig. 7.5, expands; therefore, the country now desires to
trade more at any price ratio other than its autarky price ratio.

Assuming that nothing has happened in Country H, p} can no longer
be an equilibrium price ratio. Country H wants to import the same amount
of X that it did previously, but Country F now wants to export more X . There
is an excess supply of X, so the world price ratio must fall to reestablish
equi*librium. This is shown in Fig. 7.7 as a fall in the price ratio from )
to p;.

The change in the world price ratio due to the inerease in Country Fs
size (productivity) has important implications for the gains from trade.
First, Fig. 7.6 could be used to show that Country F gains less by growth
than if the price ratio had stayed constant at p; (try to redraw Fig. 7.6 with
the price ratio falling from pj to p;). In technical language we say that F°s
terms of trade have deteriorated: the equilibrating price change involves a
fall in the relative price of F’s export good. For Country H, on the other
hand, the price change due to I’s growth is beneficial. F’s terms of trade
have improved: the price change involves an increase in the relative price of
H’s export good (fall in the relative price of H's import good). This is shown
in Fig. 7.8, where the price change from p; to p} leads to a consumption and
welfare increase from Cy to Cy.

An extreme case of unequal distribution of the gains from trade between
countries is shown in Fig, 7.9. In this case, Country F is sufficiently larger
than H so that the equilibrium occurs at Country F’s autarky price ratio P
The equilibrium world price ratio is at one extreme of the feasible spectrum
between the two autarky prices. Country H imports the quantity £}, , while
Country F exports E; of good X . In this case, Country F captures no gains,
although it is not worse off with trade. All gains from trade are captured by
the smaller Country H. Country F is indifferent to trade.
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Effect of growth in Country F on Equilibrium world price equal to Country F's autarky
Country H. price.

Two things can be learned from this exercise. First, smaller countries
are likely to be major gainers from free trade. This result is of consid-
erable importance insofar as some smaller countries worry about their
positions vis-a-vis large countries. Many Canadians, for example, worry
about whether Canada gets a “good deal” in trade with the United States,
whose economy is approximately 10 times larger. But the analysis we have
just made suggests that, in a free trade situation, Canada may be doing
very well indeed. At the same time, it does not follow that the United States
does not gain from trade. Although not small compared to Canada, the
United States is certainly small compared to the world as a whole and can
therefore expect significant gains from trade. (Later in the book, we will
discuss the ability of large countries {o use tariffs to extract more gains
from trade.)

The second thing to learn from this analysis is that a country may
benefit from productivity growth in its trading partner. Trade is not warfare,
as we have noted, and productivity growth in a trading partner should not
be likened to increasing arsenals in an enemy country. Figures 7.6 to 7.9
illustrate that Country F passes on the benefits of its productivity growth
to Country H in the form of a lower price for its import good.? Indeed, it is
theoretically possible that the deterioration in the terms of trade may be so
severe for Country F that it is made worse off by its productivity growth
(although it still gains from trade relative to autarky). This possibility is
referred to as immiserizing growth and will be discussed in the final chapter
of the book. American consumers have benefitted from the tremendous
productivity growth in Japanese consumer electronics, and Japanese have
similarly benefitted from the great improvement in many American exports
such as aircraft.
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7.7 CONCLUDING REMARKS

This chapter is the first of several that explain the underlying differences be-
tween economies that can lead to differences in autarky price ratios, thereby
leading to trade. Here we focus on differences in production functions or
technologies between two countries. Countries can exploit these differences,
with each country specializing in the good in which it has a comparatively
better technology and exporting that good in exchange for the good in which
is has a comparatively poorer technology. The principal results of the chapter
are summarized here.

1. The slope of a eountry’s production frontier reflects its relative abilities to
produce X and Y . If these relative abilities differ between two countries,
a pattern of comparative advantage exists. The two countries will then
have different autarky prices, which creates the potential for gains from
trade. Having a comparative advantage and the potential of gains from
trade is comparable to having an absolute advantage in producing both
goods: a country in this situation can still benefit from trade.

2. The fact that potential gains from trade exist for both countries does not
guarantee that these gains are captured in free trade. After constructing
the production frontiers for the two countries, we construct excess de-
mand curves for the two countries. The equilibrium free trade price
ratio must lie between the autarky price ratios for the two countries.
This implies that the countries specialize according to their comparative
advantages and that both countries eapture gains from trade. Further,
every individual worker in each couniry gains from trade by having
an improved standard of living relative to autarky. Real wages can be
different in the two countries, however, and a country with an absolute
advantage necessarily has the higher real wages. Absolute (productivity)
advantage is thus important for international real wage comparisons but
does not affect the direction of trade.

8. The distribution of gains from trade between the two countries depends
on several factors, but one important factor is each country’s absolute
“economic size,” by which we mean the distance of its production frontier
from the origin. A country is better off as it trades farther away from its
own autarky price ratio and closer to the other country’s autarky price
ratio. We showed that when a country becomes bigger or more productive,
its terms of trade tend to deteriorate (the equilibrium world price ratio
moves closer to that country’s autarky price ratio). This transfers some
of the benefits of the productivity growth to the other country.

4, An implication of the previous point is that small countries are likely
to be major gainers from international trade. A second implication is
that countries benefit from productivity growth in trading partners,
although in more generai models this requires that the productivity
-growth be either neutral between exports and imports or concentrated in
export sectors. The price mechanism allows a country to benefit from its
partner’s growth through the decrease in prices for import goods.
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PROBLEMS

1. Can the notion of comparative advantage apply to trade between individuals?
Suppose a lawyer is a better typist than his or her secretary. Who should do the
typing? Why?

2. Interpret Table 7.3 as the maximum feasible outputs of X and Y for countries H
and F (i.e., each has one unit of labor). Draw the production possibility sets for
both and find the possible range of equilibrium commodity prices.

3. Does it make any difference to anything whether we double Country H's maximum

outputs of X and Y by (a) doubling H'’s labor supply or by (b) doubling « and 8

for Country H? (Hint: what about per capita income?)

Does the manner in which Country H doubles its maximum feasible outputs (in

question 3) make any difference to Country F?

5. Suppose that in free trade, the wage rate in Country H is $10 per unit of labor,
while the wage in Country F is $100 per unit of labor. Using the data in Table 7.3,
compute the average costs of production of both goods in both countries. Indicate
why this cannot be an equilibrium set of wages and describe what must happen
to these wages. What are the limits to the relative wage ratio in this case?

6. Is the horizontal section of Country H’s excess demand curve necessarily symmet-

ric around zero? That is, are O H and H 'Q of equal length in Fig. 7.3? Under what

special circumstance are they of equal length? (Hint: the answer has something
to do with preferences.)

If the growth in Country F shown in Figs. 7.6 and 7.7 is due solely to growth in

labor supply, what is the implication of the deterioration in the terms of trade for

the real income of labor (or per capita consumption)? (Hint: begin with Eq. (7.7))

8. With reference to Figs. 7.6 and 7.7, what would happen instead if the productivity
growth in Country F were in only the ¥ indusiry? Show how F’s excess demand
curve shifts.

-~

h

NOTES

1. In more formal terms, we could show that the assumption of ane factor is equivalent to a
special case of the two-factor model: countries have identical relative factor endowments,
and baoth goods use factors in the same proportions (the goods have identical relative factor
intensities). The latter assumption is somewhat stronger than condition 2 of Chapter 6.

2. An exception could occur if there were no tangency between an indifference curve and the
production frontier, or alternatively, if the highest feasible indifference curve were reached
at a corner on the ¥ or X axiz. In this case, the country specializes in autarky. We will not
discuss this case here, but it is of some importance with increasing returns to scale, in which
it is very costly for a small country to produce a wide range of goods in autarky. This will be
discussed in Chapter 12.

8. This is not a completely general result. When production frontiers are concave (“bowed
out”), as they will be in the next chapter, countries will generally not specialize completely.
Thus, if a country achieves a productivity improvement in an import-competing industry,
it will wish to import less, and the terms of trade will move against its trading partner. In
general, productivity improvements in a country’s export industries are partially passed on
to trading partners through lower prices.
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