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A B S T R A C T

There has been commentary on the seeming success of the world trading system in responding to the large
shock of the 2008 financial crisis without an outbreak of retaliatory market closing. The threat of large
retaliatory tariffs and fears of a 1930s style downturn in trade have been associated with numerical trade
modelling, which projects post retaliation optimal tariffs in excesses of 100%. In the relevant numerical
modelling, it is common to use the Armington assumption of product heterogeneity by country. Here, we argue
and show by numerical calculation that the widespread use of this assumption gives a large upward bias to
optimal tariffs, both first step and post retaliation, relative to alternative homogenous good models used in trade
theory. The reason is that optimal tariffs equal the inverse of the foreign export supply elasticity and are
negatively related to the elasticity of the foreign offer curve. The Armington assumption model has a much more
bowed foreign offer curve, which generates unrealistic larger optimal tariffs.

1. Introduction

The reasons why the Armington assumption is so widely used in
numerical modelling are well documented (see Whalley (1975) and
Srinivasan and Whalley (1986)). First, there is the size of intra-industry
trade, which, for the United States (US), can run at 80% of gross trade
for 2-digit HS trade data. Netting out trade flows, as would be implied
by use of a homogenous goods trade model in the Hecksher–Ohlin
tradition, seems to unrealistically shrink the role of trade. Second
comes a feature of conventional goods and factors models, which is that
the implied production possibilities frontiers with conventional [Cobb-
Douglas, CES (Constant Elasticity of Substitution)] production func-
tions are close to linear (see Johnson, 1966), resulting in specialization
in production in the model, for even small changes in trade policies,
such as tariffs. Third comes the convenience of allowing for model
calibration via the elasticities of substitution in preferences among
Armington goods to literature estimates of import price elasticities.

As some research has shown, the use of Armington assumption
models might lead to non-true identification of tariffs as being optimal;
however, the literature has seldom focused on analyzing how the
Armington assumption influences optimal tariffs numerically. This
paper explores how the use of the Armington assumption of product

heterogeneity by country influences the size of optimal tariffs projected
from numerical trade modelling. Our work aims to give valuable new
empirical foundations for the relationship between the Armington
assumption and optimal tariffs.

Our approach is to consider three groups of models, which we treat
as observationally equivalent, in the sense that all the models within
groups can be calibrated to the same base case data set. We then
compute optimal tariffs for each and compare their size.

The first group of models are pure exchange 2-country 2-good
models. One model is of the Armington variety, with country goods
being endowed exclusively to countries with goods interpreted as being
manufacturing and non-manufacturing, and with trading of the
country goods being conducted. The other group consists of homo-
geneous goods’ models, with net trade appearing in the two goods.

The second group of models consists of similar general equilibrium
models, but with an added production structure and a balanced trade
assumption. Endowments of traded goods in the pure exchange model
are replaced by endowments of productive inputs. One model is of the
Armington type, with product heterogeneity by country, and two
models produced goods for each country and two factor inputs.
Specialization is avoided, since specialization already occurs in
Armington goods. The other model incorporates homogenous goods
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in each country but uses production structures with fixed sector specific
inputs and diminishing marginal productivity of mobile across sector
labor. The model avoids specialization by using a construction in which
the marginal productivity of labor equals zero as output in the sector
approaches zero.

The third group of models consists of similar general equilibrium
models with production, but trade is unbalanced. We use exogenous
fixed trade imbalances in both homogeneous and Armington good
models. Structures in the third group are, thus, the same as in the
second group, except for trade imbalance assumption. In total, there
are six models (three groups and two models in each group).

We then construct a base case data set for calibration of all models
which identifies the US, the European Union (EU), China, and the Rest
of the World (ROW) as separate entities. We use trade and production
data for 2013, taken separately from the United Nations’ Comtrade
database and World Bank World Development Indicators database
(WDI). We adjust for trade imbalances to yield data sets in both
adjusted form (meeting country trade balance) and in unadjusted form
incorporating trade imbalances.

We calibrate each model type to the relevant data set, assuming
CES preferences, CES technology in goods and factor (Armington)
models, and diminishing marginal productivity functions. We then use
GAMS solutions’ software to compute optimal tariffs for alternative
groups of countries into pairwise categories discussed in the text (US–
ROW, EU–ROW, and China–ROW). The use of these pairwise groups
reflects the difficulties of computing post retaliation (Nash) tariffs in
higher dimensions than 2, and follows a considerable body of earlier
literature. We compute both first step and post retaliation (Nash)
tariffs.

We report optimal tariff calculation results, which show an optimal
tariff in the hundreds of percent (depending specifically on elasticity
parameters) for Armington type models which are much smaller for
comparable homogenous good models. Differences between Armington
and non-Armington model results are similar for models with produc-
tion and models without production. Models with and without trade
imbalances yield similar optimal tariffs. Optimal tariffs, both post
retaliation and first step, are not that different. The difference in results
for Armington models reflects the large terms of trade effects present in
these models. In this paper, we gives the intuition of why Armington
assumption will give optimal tariffs a significant upward bias.

Thus, our analysis suggests that optimal tariffs in models using the
Armington goods assumption are significantly larger than are those
under a homogeneous goods assumption and that the Armington
assumption produces a larger upward bias regarding optimal tariffs.
As computations for Armington type models have been the basis for the
belief that trade retaliation, if unchecked, will lead to both a very high
tariff and a sharp decline of trade, the behavior of major global
economies in the 2008/2009 crisis is seen as hard to explain. Our
results suggest that a change in model structure to homogenous goods
goes a long way to accounting for this phenomenon.

2. Literature review

Optimal tariff literature can be traced back to Johnson (1953-
1954), Gorman (1958), and Kuga (1973), who analyze optimal tariffs in
two-country pure exchange models and conclude that optimal tariffs
equal the inverse of the export supply elasticity. Eaton and Grossman
(1985) analyze optimal tariffs when domestic markets are incomplete.
Kennan and Riezman (1988) show theoretically that big countries can
win tariff wars and have larger optimal tariffs. Lapan (1988) takes
account of production and consumption when analyzing optimal tariffs.
Grossman and Helpman (1995) introduce political economy considera-
tions to explore the structure of protection in non-cooperative and
cooperative tariff policy equilibria. Syropoulos (2002) analyzes how
and why monopoly power and country size influence optimal tariffs.

A few studies numerically calculate optimal tariffs using data and

calibration. Hamilton and Whalley (1983) is the earliest of these; in
this study, optimal tariffs are up to 300% under different assumptions.
Markusen and Wigle (1989) numerically explore the roles of country
size, scale economies, and capital mobility in optimal tariffs. Perroni
and Whalley (2000) calculate post-retaliation Nash tariffs by region
numerically and relate them to analyze regional agreement and trade
liberalization. Optimal tariffs in this paper are up to 1000%. More
recently, Ossa (2011) calculates non-cooperative tariffs numerically in
a “new trade” theory and analyzes GATT/WTO negotiations. The
ranges of optimal tariffs in this paper are up to 30% for different
preference elasticities. Whalley et al. (2011) use inside money trade
imbalance model structure to numerically calculate optimal tariffs for
China. Optimal tariffs in this paper are up to 200%. Ossa (2014)
incorporates political economy factors in a “new trade” model structure
to numerically calculate optimal tariffs, trade war equilibrium tariffs,
and trade talk equilibrium tariffs. Optimal tariffs in this paper are
mostly less than 100%. All these studies use an Armington structure in
numerical computation.

Some works in the literature have already addressed the fact that
the use of Armington-type models can lead to over-estimation of
optimal tariffs in trade modelling. McDaniel and Balistreri (2003)
review the Armington trade substitution elasticities, and find that
Armington elasticities are of fundamental importance in determining
the response of trade models to policy experiments. Meanwhile,
dynamic models and adjustment dynamic models often generate lower
trade policy effect like optimal tariffs. Balistreri and Markusen (2009)
illuminate the relationship between optimal firm pricing and optimal
trade policy by exploring a generalized model that accommodates
product differentiation at both the national and sub-national levels,
and contract with standard applications of Armington models, which
exhibit high optimal tariffs. Hillberry and Hummels (2013) discuss the
estimation of trade elasticity parameters, which includes Armington
elasticities, and analyze how the Armington elasticities influence trade
policy. Balistreri and Rutherford (2013) find a lower optimal tariff in
the monopolistic competition models (between 5% and 10%) relative to
the Armington model (about a 15% optimal tariff). Compared with
these studies, our paper focuses on exploring the influence of the
Armington assumption on optimal tariffs numerically and provides
new empirical foundations for the relation between the Armington
elasticity and the size of optimal tariffs.

3. Groups of models and the experiments

We use three groups of models to calculate optimal tariffs. Each
group of models includes, alternatively, the use of a homogenous goods
assumption and an Armington goods assumption of product hetero-
geneity by country. The three groups of models are pure exchange
models, balanced trade general equilibrium production models, and
imbalanced trade general equilibrium production models. The basic
structure of our models is two countries, two goods (manufacturing
goods and non-manufacturing goods), and two input factors (labor and
capital), see Fig. 1. Detailed model descriptions are given in an
Appendix A.1 We explore how the Armington assumption influences
the size of optimal tariffs.

3.1. Pure exchange models

The pure exchange models we use have a two-country and two-
goods structure. In the model group, two countries are sequentially and
separately identified as the US and ROW, the EU and ROW, and China
and ROW. The two goods are manufacturing goods and non-traded
non-manufacturing goods. Each country has an endowment of goods.
We assume preference functions are CES style. In the homogenous

1 Available on request from the authors.
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