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Abstract
We develop a methodology to determine numerically how globalized the world economy is moti-vated by the recent use in popular magazines such as the Economist and Foreign A�airs of Measuresof globalization for individual economies. We argue that such indices are hard to interpret for indi-vidual economies, and measures are more meaningful for a combined global economy. We presenta global general equilibrium model capturing major OECD economies and a residual rest of worldfor which alternative metrics of distance between observed, free trade and autarky equilibria canbe developed. We use data for 2000 and report a number of distance measures between the 2000observed trade restricted equilibrium and both free trade and autarky equilibria noting the absenceof prior literature on metrics of distance between equilibria. The measures are used to determine thedegree to which the world economy is globalized by reporting relative distance measures betweenfree trade and autarky.

�This is a revised draft of a paper �rst presented at a CES - ifo Area Conference on Global Economy held in Munich,Germany, December 10 - 11, 2004. The second author acknowledges �nancial support from SSHRC (Ottawa). We aregrateful to Eckhard Janeba, Horst Ra�, Nicholas Schmidt and other conference participants for helpful comments.
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1 Introduction
Popular magazines such as the Economist and Foreign A�airs now report each year indices showing

how globalized individual economies are. They typically focus on such measures as the ratio of trade to
GDP. Trade theory stresses that these measures are hard to evaluate for individual economies, since large
economies may have little change in behaviour when they remove their own barriers to trade, but these
will greatly a�ect economic activity in smaller economies. Instead, the question should perhaps be how
globalized is the world economy? One way to answer that question is to assess how far the world economy
is between autarky and free trade. Here we develop methodologies to answer that question numerically,
using welfare, price and quantity distance measures. Broader issues are raised by the distance measures
we construct since the main focus of prior general equilibrium literature is on comparative statics and
issues of existence, uniqueness, and stability (see Arrow and Hahn (1971), and Mas-Colell (1985)) not
measures of distance between equilibria 1. Our discussion builds on but goes substantially beyond that
of distance measure from free trade for individual economies in Riezman, Whalley and Zhang (2004).

We use a global general equilibrium model and data for 2000 for ten OECD countries (Australia,
Canada, Germany, Italy, Japan, Korea, Mexico, Norway, UK, US) and a residual rest of world to
calculate distance metrics for existing trade restricted global equilibria relative to both autarky and free
trade. The countries we consider vary by size, level of income per capita, trade pattern, and size of
trade barriers. Alternative distance metrics behave in di�erent ways, and no unambiguously preferred
metric seemed to o�er itself despite the growing importance attached to distance metrics in more popular
globalization debate. Also, the treatment of trade imbalances in the observed trade restricted equilibria
inuences results.

One feature of results is that with endogenous global prices as trade and other barriers are removed
or modi�ed little change in domestic prices need occur for large economies and so they are in this sense
already close to free trade. Distances from free trade for large economies may be small even if their own
barriers are large. Small economies will e�ectively integrate into larger economies if all barriers to trade
are removed globally, and so distance measures can be large even if their own barriers are small. Thus
barriers in foreign markets inuence the distance between free trade and autarky for any given economy
as well as (and in some cases more so than) barriers employed at home. Also, small economies which in
the presence of trade have consumption and production of sharply di�ering composition can su�er large
losses moving to autarky if the domestic production frontier has signi�cant curvature.

1Measures of distance between equilibria are also critical in a number of other subareas of economics. In calibration,for instance, inexact calibration (see Dawkins, Srinivasan, and Whalley (2001)) involves choosing parameter values forequilibrium structures so as to produce model generated equilibria as close as possible to observed data (pre-adjusted forcompatibility with model equilibrium conditions), and closely related metrics of distance between equilibria are also neededhere.
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2 Distance Measures between Free Trade and Autarky for the
Global Economy

Several possible distances measure suggest themselves in any assessment of how close or far away a
current trade restricted equilibrium for the world economy is either from that which would characterize
full integration by all economies into the global economy (free trade) or autarky for each economy. The
task is to compare an observed global trade (or factor ow) restricted equilibrium to unobserved full
integration or autarky equilibria. The general presumption is that with lower trade barriers in the global
economy as they have fallen under GATT / WTO negotiating rounds, the global economy is closer to
free trade than to autarky. Is this so?

To construct measures of distance between these equilibria, we �rst calibrate a model of global trade,
production and consumption by region to data in the presence of trade restrictions, and then use the
model parametrization generated in this way to compute the unobservable global free trade and autarky
equilibria. We thus compute the two unobservable equilibria, and our distance measures involve pairwise
equilibrium comparisons to a base case equilibrium. We make the strong assumption that the free trade,
autarky, and observed trade restricted equilibria are unique. 2

We �rst construct measures of distance between (computed) free trade, autarky, and (observed)
trade restricted global equilibria based on welfare metrics such as Hicksian compensating and equivalent
variants. How to take into account trade imbalances is a key issue here. We then construct a second
class of measures by summing the squares of di�erences across equilibria in endogenous variables (prices,
quantities). There are also a number of di�culties which arise with these measures. One is that if price
variables are involved measures are not invariant to alternative price normalizations. Another is that
the rationale for including all variables in such measures (such as both prices and quantities) is not
clear, while neither is it clear whether some variables should be excluded. Another is that one can have
pairs of equilibria for this class of measures which yield sharp di�erences in distance measures (close,
far) in prices and quantities. Also, if only a subset of variables are included in such measures one has to
rationalize which they are and why they should be so used. These metrics could also involve exogenous
variables such as endowments.

We then construct a third type of distance measure by computing excess demands in the neighborhood
of one equilibrium using the equilibrium prices associated with other equilibria. The absolute size of
excess demands relative to total demands then yields the distance measure. We calibrate our global model
using data generated in the presence of trade barriers and then introduce computed free trade equilibrium
prices into the calibrated model parameterzation in the presence of trade barriers and compute global
excess demands (i.e. the sum of country imports and exports). The distance measure this yields is the
absolute value of global excess demands generated in this way relative to total global demands. These2See the discussion of the likelihood of multiplicity of equilibria in models similar to those we use in Kehoe (1991) andWhalley and Zhang (2004).
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are model dependent measures in that the numerical value of the distance measure will vary with the
underlying model parametrization generated by calibration to observed equilibrium data in the presence
of country trade barriers (say, as elasticities of substitution and share parameters in CES functions used
in calibration to the same data set change). Other problems arise with these types of measures. One is
that these measures are only easy to use where there are point-to-point mappings, not correspondences.

Finally we use a fourth global distance measure which we construct in model parameter space, and
which is motivated by the Debreu (1951) coe�cient of resource utilization. This measure yields an
estimate of the maximum proportional uniform shrinkage in the endowments of all economies in the
global economy which can be achieved subject to the constraint that global utility (in the form of a
global social welfare function) is preserved as trade barriers are removed. Ideally these measures should
all yield a consistent measure of how globalized the world economy is as a whole. If they are not
consistent these is no obvious way of choosing between these measures, and no single measure dominates
all others.

To formalize this discussion we consider the case of a global economy with N countries, 2 produced
goods in each country and 1 mobile factor (labour) in production of each good, and decreasing returns
to scale. This form of production structure is used so as to avoid the specialization problems that arise
in numerical trade models of the Hecksher-Ohlin form as discussed by Johnson (1966), and Abrego and
Whalley (2003). We assume that products are homogeneous across countries, and thus are closer to pure
theory models of trade rather than the Armington type heterogenrous product models used in numerical
simulation models (see Whalley (1985)). Such a treatment is also needed for autarky equilibria to be
well de�ned. We further assume that there are various features which limit the integration of national
economies into the global economy, such as tari�s, domestic taxes, quotas and other policy interventions,
and that these are present in the observed trade restricted equilibrium but absent in a hypothetical
globally integrated free trade equilibrium. Because of the production structure we use, neither free
trade nor autarky equilibria will involve specialization and so computation of unobserved equilibrium is
relatively straight forward.

For each country n we assume production functions for the two goods to be given by
Qnj = �njL�njnj ; j = 1; 2 (1)

where Qnj denotes output of the j-th industry, Lnj is the labor input, �nj is the scale or units parameter,
and �nj < 1 is the distribution parameter.

World prices for goods are P0j and are endogenous to the model. The trade barriers on imports
of goods j in country n are assumed to be represented by the tari� rates rnj . rnj > 0 if good j is
imported (Xnj > Qnj), and rnj = 0 if good j is exported (Xnj � Qnj). The domestic price of good j is
Pnj = (1 + rnj)P0j .
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The wage rate wn in country n equals the value marginal product of labour in the sector, i.e.
wn = Pnj @Qnj@Lnj = �nj�njPnjL�nj�1nj ; j = 1; 2: (2)

On the demand side of each economy we consider a representative consumer with a Cobb-Douglas
utility function given by

Un = Y
j=1;2X

�njnj = X�n1n1 X�n2n2 (3)
where Xnj is the quantity of good j demanded by the consumer, and �nj is the share parameter
(Pj=1;2 �nj = 1).

Consumer income in each economy has four parts: endowment income wnEn; pro�tsPj=1;2 PnjQnj�wnEn; tari� revenues Rn = Pj=1;2 rnjP0jZnj ; and an exogenous foreign resource transfer Bn =Pj=1;2 P0jZnj �nancing the trade imbalance 3.
In = wnEn +

2
4Xj=1;2PnjQnj � wnEn

3
5+Rn +Bn = X

j=1;2PnjQnj +Rn +Bn (4)
where En is the consumer's endowment of labor, and Znj = Xnj �Qnj are imports and exports of good
j (excess demands for goods).

The consumer budget constraint in country n is
X
j=1;2PnjXnj = In (5)

where Pnj is the consumer price for good j.
Demand functions from utility maximizing behaviour are

Xnj = �njInPnj ; j = 1; 2: (6)
A global equilibrium in this model is such that world demand equals world supply for goods and

labour markets clear in each country. More explicitly these equilibrium conditions are that
[1] Demand equal supply for goods in the world

X
n=1;��� ;NXnj = X

n=1;��� ;N Qnj ; j = 1; 2; (7)
[2] Demand equal supply for labour in each country

X
j=1;2Lnj = En; n = 1; � � � ; N: (8)

A global equilibrium is characterized by wage rate wn, and world prices P01 and P02, such that excessdemands for goods in the world are zero, and excess demands for labour in each country are zero.3We incorporate the trade imbalance in this way since actual data used in model calibration for individual economiesare not consistent with zero trade balance.
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At such an equilibrium imports and exports for each country can di�er in value terms if the trade
imbalance is equal to Bn in each country is �nanced by transfers from broad and is treated as exogenous
and �xed. As the base case data we calibrate to has these trade imbalances, we allow for non-zero
trade imbalances in the model. In this case the budget constraint for each country can be written, from
equation (4), as X

j=1;2PnjXnj = X
j=1;2PnjQnj +Rn +Bn; (9)

that is, X
j=1;2(1 + rnj)P0jZnj = X

j=1;2PnjZnj =
X
j=1;2 rnjP0jZnj +Bn: (10)

where Znj = Xnj �Qnj for j = 1; 2 and n = 1; � � � ; N . This implies
X
j=1;2P0jZnj = Bn: (11)

An autarky equilibrium for each country is characterized by market demand equaling market supply
for goods and labour inputs, i.e.

[1] Demand equal supply for goods in country n
Xnj = Qnj ; j = 1; 2; (12)

[2] Demand equal supply for labour in country n
X
j=1;2Lnj = En: (13)

These country equilibria are characterized by a country wage rate wn, and domestic prices Pn1 and Pn2,such that equations (12) and (13) hold.
For this model we consider three di�erent equilibria: an observed equilibrium in the presence of

barrier restrictions in each country, a free trade equilibrium, and an autarky equilibrium in which there
is no trade between countries.

Assuming for now that all 3 equilibria in this model are unique, we can construct alternative pairwise
equilibrium comparisons between equilibrium pairs. We label any pair of equilibria as �(1) and �(2).
Typically we have an observed equilibrium �(1) and a model parametrization calibrated to this and an-
other equilibrium �(2) computed as a counterfactual equilibrium. These two equilibria are characterized
by the endogenous variables (P (1)0j ; w(1)n ; P (1)nj ; Q(1)nj ; L(1)nj ; X(1)nj ) and (P (2)0j ; w(2)n ; P (2)nj ; Q(2)nj ; L(2)nj ; X(2)nj ) forn = 1; � � � ; N and j = 1; 2.

Conventional welfare measures across pairs of equilibria can be constructed to yield Hicksian equiv-
alent or compensating variations of the welfare changes involved using the country utility functions and
the price changes involve. These have to be modi�ed in light of the trade imbalances in the benchmarch
equilibrium which disappear in autarky. This involves using a modi�ed measure of Hicksian welfare
change in which any change in trade imbalance is added to the conventional welfare measure. This
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is discussed in more detail later. Distance metrics of the Debreu type require a global social welfare
function, and in this case global utility is taken, for simplicity, to be additive in utility across the N
countries, i.e. U =Pn=1;��� ;N �nUn with share parameters for each country given as

�n = Q0n1 +Q0n2Pn=1;��� ;N (Q0n1 +Q0n2) : (14)
Normalized Euclidean distance measures between pairs of equilibria for each country in prices

and quantities can also be constructed as
Mwn = jw(1)n � w(2)n j12Pm=1;2 w(m)n (15)

MPn =
rPj=1;2 hP (1)nj � P (2)nj i214Pm=1;2Pj=1;2 P (m)nj (16)

MQn =
rPj=1;2 hQ(1)nj �Q(2)nj i214Pm=1;2Pj=1;2Q(m)nj (17)

MLn =
rPj=1;2 hL(1)nj � L(2)nj i214Pm=1;2Pj=1;2 L(m)nj (18)

MXn =
rPj=1;2 hX(1)nj �X(2)nj i214Pm=1;2P2j=1X(m)nj (19)

We can also compute global Euclidean distance measures of prices and quantities for pairs of
equilibria as

MP0 =
rPj=1;2 hP (1)0j � P (2)0j i214Pm=1;2Pj=1;2 P (m)0j (20)

MQ =
rPj=1;2 nPn=1;��� ;N hQ(1)nj �Q(2)nj io214Pm=1;2P2j=1Pn=1;��� ;N Q(m)nj (21)

MX =
rPj=1;2 nPn=1;��� ;N hX(1)nj �X(2)nj io214Pm=1;2P2j=1Pn=1;��� ;N X(m)nj (22)

We also construct global excess demand measures between equilibria: �(1) and �(2) and the associ-
ated variable equilibrium values: (P (1)0j ; w(1)n ; P (1)nj ; Q(1)nj ; L(1)nj ; X(1)nj ) and (P (2)0j ; w(2)n ; P (2)nj ; Q(2)nj ; L(2)nj ; X(2)nj )for n = 1; � � � ; N and j = 1; 2 by assuming �(1) is observed, and then introducing prices from �(2) into
the model parametrization supporting �(1) and computing excess demands. This procedure does not
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yield an equilibrium solution to the model, but does indicate locally how large excess demands for goods
(i.e. trade) would be were characteristics of �(2) (free trade or autarky) to be introduced into the model
parameterization supporting �(1).

To construct excess demand measures in goods space for each country and hence across all countries,
we introduce the world prices P (2)0j into model supporting equilibrium �(1), and then solve for P (10)nj , w(10)nand L(10)nj hence Q(10)nj from Equations (1), (2) and (9) (or (14)).

Consumer's income is given from (4) as
I(10)n = X

j=1;2P
(2)nj Q(10)nj + X

j=1;2 r
(1)nj P0jZ(10)nj +Bn (23)

where Z(10)nj = X(10)nj �Q(10)nj .
Solving for consumption X(10)nj from (6), for j = 1; 2, yields

X(10)nj = �njP (2)nj
8<
:Xj=1;2P

(2)nj Q(10)nj + X
j=1;2 r

(1)nj P0j hX(10)nj �Q(10)nj i+Bn
9=
; (24)

We can also generate a global excess demand distance measure between �(1) and �(2) using goods
excess demands Z(10)nj . This yields a goods excess demand measure of distance for country n as

R(1)Gn =
Pj=1;2 P (10)nj jZ(10)nj jPj=1;2 P (10)nj X(10)nj (25)

Global excess demand measures in goods space between economies are calculated by introducing
the world prices P (2)0j into the model supporting equilibrium �(1). To yield the domestic good prices
P (10)nj ,

P (10)nj = (1 + r(1)nj )P (2)0j : (26)
We solve for w(10)n and L(10)nj hence Q(10)nj from Equations (1), (2) and (12) and obtain consumer income
I(10)n and consumption X(10)nj in equations (23) and (24), and hence goods excess demands Z(10)nj . This
yields a single goods excess demand measure of distance between �(1) and �(2) as

R(1)G = Pn=1;��� ;NPj=1;2 P (10)nj jZ(10)nj jPn=1;��� ;NPj=1;2 P (10)nj X(10)nj : (27)
Finally we constructDebreu type shrinkage measures of distance between the two global equilib-

ria: �(1) and �(2) and their characteristics: (P (1)0j ; w(1)n ; P (1)nj ; Q(1)nj ; L(1)nj ; X(1)nj ) and (P (2)0j ; w(2)n ; P (2)nj ; Q(2)nj ;L(2)nj ; X(2)nj ) for n = 1; � � � ; N and j = 1; 2. To do this we use P (2)0j in the model speci�cation supporting
Economy �(1), and compute a free trade equilibrium for the case where trade barriers are eliminated
in all countries and there are supporting endowments of factors E(10)n = [1 + R(1)Dn]E(1)n which yields
unchanged utility for each country representative consumer n. R(1)Dn yields the Debreu type shrinkage
measure of distance for country n between the two equilibria �(1) and �(2). For the global economy, there
is a supporting scalar adjustment of endowments of factors E(10)n = [1 + R(1)D ]En (for all n = 1; � � � ; N)
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which yields unchanged global utility. R(1)D yields the Debreu type shrinkage measure of distance between
the two equilibria �(1) and �(2). A similar calculation can be made for the autarky case, but here there
are separate scalar adjustments endowments for each economy.
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3 Calculating Distance Metrics for the Global Economy
To calculate pairwise distance measures between observed free trade and autarky equilibria, we use a

Ricardian 2 good, 1 factor per country global trade model (as set out above) and construct alternative
distance measures using a model of the global economy involving the larger OECD economies and
a residual rest of world (ROW). We treat Australia, Canada, Germany, Italy, Japan, Korea, Mexico,
Norway, UK, US as separate OECD economies which di�er in size, trade patterns, levels of development,
and their degree of openness and add a residual rest of the world yielding a 10 region model. We use the
OECD STAN database for 2000 as the foundation for the construction of an observed trade restricted
equilibrium for the global economy. This provides consistent data on consumption, production, and
trade for all OECD economics and into this we introduce measures of average tari� rates on imports
also taken from OECD sources. This OECD data is simpler for us to use for our purpose and is in some
ways more applicable to our needs than the GTAP data base currently widely used by trade equilibrium
modellers.

The initial base case equilibrium in the resulting global data set reecting an equilibrium for each of
these economies in the presence of domestic trade restrictions is set out in Table 1. We have generated
this by taking information from the STAN database in value terms in domestic currency, from which we
assemble data on consumption, production, factor by sector, and net trade for each country for the year
2000.

We then consider two aggregate traded goods sectors which we take to reect manufacturing and
non-manufacturing activity. In using this two sector classi�cation for each economy, we ignore all service
related and non-tradable transactions such as utilities, government activity, retailing, wholesaling, dis-
tribution, banking, and �nancial services. From the STAN data, \total manufacturing" is taken as man-
ufacturing and \agriculture, �shing, forestry, and mining / quarrying" are taken as non-manufacturing.
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STAN data yield value added for this sectoral classi�cation, and also data on compensation of em-
ployees by sectors. The return by sector to an assumed �xed factor in each country is constructed by
residual as the di�erence between the two. We make the strong assumption that the output of each sec-
tor is given only by the value added originating in the sector, and ignore all intermediate transactions.
This yields data on output and factor use by sector in value terms for each country for our benchmark
year. This data is in value terms. To produce equilibrium data on both prices and quantities we need
to adopt a units convention for the measurement of both goods and factors. We follow the convention
attributed to Harberger (1962) and discussed in Shoven and Whalley (1992) of assuming unitary prices
for factors, and unitary world prices for goods in the observed trade distorted equilibrium. This yields
domestic prices for imports as one plus the trade barrier (tari�) rate.

Given our use of a model with homogeneous products across countries, we use the trade data in
STANs on a net trade basis netting out imports and exports by good (in value terms) for our 2 sector
classi�cation for each country. This yields consumption as production plus net trade. This substantially
reduces trade volumes as they appear in each country model relative to published trade data. Most of
the OECD economies we consider are net exporters of manufactured goods. Trade balance does not
hold in this net trade data since some countries have trade surpluses and others (notably the US) have
de�cits. Rather than modify the data to force trade balance we use a model which incorporates a �xed
trade imbalance (which is non-zero). For the US, this yields the feature that both goods are imported
and �nanced by foreign resource transfers supporting the observed trade imbalance.

Trade barriers (tari�s rate data) are from OECD sources and are used as our trade barrier repre-
sentation in the observed equilibrium. 4 Table 2 which reports the barrier data is from OECD Sources
which report bound tari� rates by Harmonized Nomenclature section headings, and gives the fraction of
line items in speci�ed tari� lines falling in numerical ranges of tari� rates. We use statutory rather than
e�ective tari� rates, and we aggregate this data using simple means for in sample ranges. We do not
employ trade weighted average, nor use applied rather than bound tari� rates. There is a considerable
literature on constructing tari� averages, which for simplicity we ignore.

4This data is also used by Riezman, Whalley and Zhang (2004).
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The benchmark equilibrium in Table 1 is taken as an observed equilibrium. We calibrate the model
to this data which we assume to be generated in the presence of trade barriers (tari�s). We then apply
the procedures set out in the previous section and construct distance measures for the observed equilibria
relative to free trade and autarky. We use these measures to assess how globalized (how far between free
trade and autarky) the global economy is.

The procedures set out in Section 2 are relatively simple to implement, but there are a number
of issues of detail which arise. One is that in reality there are many barriers beyond tari�s which
limit integration of national economies into the global economy including other trade measures (quotas,
dumping and countervailing duties), national standards, di�erential regulation of �nancial institutions,
transportation regulation, agricultural policies, and others. Each of these ideally calls for an explicit
model representation which would di�er from representation through an advalorem equivalent tari� if
they were able to be incorporated into such analyses. Extensions of this approach could be used to
analyze how these barriers also a�ect distance measures.

Table 3 presents the calibrated model parameter values for the global model, along with model data
on endowments and tari� rates. The calibration procedures we use are set out in Dawkins, Srinivasan
and Whalley (2001). To implement calibration we rely on a literature search to generate substitution
elasticities by sector by country, and use values roughly consistent with those reported in Piggott and
Whalley (1985) and Hammermesh (1993) of 2.0 in non manufacturing and 0.5 in manufacturing. We use
the country model to compute free trade and autarky equilibria. We are then able to then construct sum
of squares distance measures between these equilibria as set out in previous section, and use the model
parameterizations supporting the observed and counterfactual equilibria to construct excess demand
distance measures, and Debreu type shrinkage measures of distance of economies from both autarky and
free trade.
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4 Distance Measures between Observed, Free Trade, and Au-
tarky Equilibria

We have used the 2 good global Ricardian trade model capturing 10 OECD countries and a residual
rest of the world to compute free trade and autarky equilibria, following calibration of the model to an
observed equilibrium given by the data reported above in Section 3. In this exercise trade barriers are
assumed only to apply to imports. Table 4 reports benchmark (2000), free trade and autarky equilibria
for the model.

Moving from the benchmark equilibrium to free trade increases the world prices of non-manufacturing
goods (P01 in Table 4) relative to that of manufacturing goods (P02 in Table 4), reecting the higher
trade barriers on non-manufacturing, and speci�cally in agriculture. Relative prices are the same in
all economies in the free trade equilibrium, and the output response matches the trade response as
the output of the non-manufacturing sector in manufacturing exporting countries rises, and falls in
non-manufacturing exporting countries. The welfare changes track the terms of trade change welfare
increases in most countries that experience a terms of trade improvement and fall in the ones whose
terms of trade deteriorate. Exceptions are Germany and the UK, but the welfare changes are small in
these two cases. Wage rates fall in Australia, Mexico, and UK and go up in the other countries.

The autarky equilibria reveal large changes in both relative goods prices and wage rates by country
as compared either to the benchmark equilibrium or free trade. Using computed relative autarky prices,
countries with a low relative price of non-manufactured goods such as Mexico, Norway and Australia
export the non-manufactured good at the benchmark equilibrium. Countries with high relative prices of
non-manufactured goods (Korea, Japan, and Italy for example) import non-manufactured goods at the
benchmark equilibrium. There are also large associated production responses by sector and the pattern
of consumption changes quite considerably.
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4.1 Welfare Comparisons Across Equilibria

While theory suggests to us that countries should always do better at free trade than autarky Table
4 indicates that Canada, Germany, and Italy do better at autarky than free trade. What explains
these impacts on country welfare is that they derive from utility calculations in Table 4 in which trade
imbalances are ignored. For instance, Table 3 indicates that Canada runs a 35.3720 billion (Canadian)
dollar trade surplus and so in free trade, Canada makes a 35.3720 billion (Canadian) dollar transfer
to foreigners. In the free trade utility calculation, this transfer is ignored while in autarky there are
no trade surpluses or de�cits and hence no transfers. So, for countries that have trade surpluses, as
Canada, Germany, and Italy do, welfare calculations are biased in favor of autarky. For countries, like
the United States, that run trade de�cits comparisons between autarky and free trade exaggerate the
welfare change given due to de�cits in free trade.

Table 4 also indicates that, in autarky, as national economies becomes disconnected are from another,
there can be very large impacts on relative prices within economies. This is especially so in Norway
where relative prices of non-manufacturing goods are in the order of 1:8 compared to benchmark world
prices of 1:1, and in Korea where domestic prices in autarky are on he order of 5:1.

In order to take these trade imbalances into account in welfare comparison between equilibria we
compare utility, income and trade imbalances for all countries. From Table 4, Australia, UK and the
US run trade de�cits while all other countries run trade surpluses. These de�cits and surpluses entail
claims or liabilities on future consumption and we need to correct our welfare measures to take these
into account. In Table 5 we �rst compute compensating variation (CV) and equivalent variation (EV)
measures of welfare gain or loss between pairs of equilibria, ignoring the trade imbalances. Then,
we construct modi�ed money metric compensating variation equivalent variation measures (MCV and
MEV). These modi�ed measures are computed using the CV and EV measures, but we add trade
surpluses to consumption and subtract trade de�cits from consumption. Thus we treats a trade surplus as
consumption since it is delayed future consumption and trade de�cits as a subtraction from consumption
since they represent future liabilities or borrowing. Comparing between benchmark and free trade
equilibria because MCV and MEV measures are the same trade imbalances do not change, but between
autarky and benchmark (or free trade) equilibria changes occur.

Table 5 reports all four measures of welfare change for each of the eleven countries for six pairwise
comparisons involving benchmark, free trade, and autarky equilibria. In the �rst two rows the CV is
the compensating income variation and EV is the equivalent income variation. The next two rows of
Table 5 report the MCV (modi�ed money metric compensating variation) and MEV (modi�ed money
metric equivalent variation) measures of welfare change. We regard the MCV and MEV measures as
more reliable measures of welfare change than the CV and EV since they adjust for trade imbalance
changes.
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We �rst consider comparisons between free trade and benchmark equilibria. Looking at the �rst row of
Table 5 5 for Germany, for example, we see that CV =MCV = $188:484 and EV =MEV = $186:573 6.
Both of these measures imply that Germany's welfare increases moving from the benchmark equilibrium
to free trade. If they are negative, as the case for Italy, it means that moving from the benchmark
equilibrium to free trade reduces welfare. One can see from Table 5 that Australia, Canada, Germany,
Mexico and Norway bene�t from a move from the benchmark equilibrium to free trade while Italy,
Japan, Korea, UK and the US lose.

Moving from the benchmark equilibrium to free trade in Table 4 the relative price of non-manufactured
goods rises by around 7:6%. Most countries who bene�t moving to free trade are net exporters of non-
manufactured goods while losers are importers of manufactured goods. The exceptions are Germany and
the UK. In the case of the UK, at the benchmark equilibrium they are net exporters of non-manufactured
goods but they export a small amount. For Germany, they are net importers of non-manufactured goods
and their welfare rises in a move to free trade. The welfare results can be explained, for the most part,
by the terms of trade e�ects of moving from the benchmark equilibrium to free trade.

Comparing autarky to free trade requires making use of the modi�ed money metric measures of
welfare change. Looking at the �rst two rows of the last box of Table 5 we see that using an CV or
EV, Canada, Germany, Italy and Japan lose moving from autarky to free trade. This result is explained
by examining the last row of Table 3. Here we see that all of these countries have trade surpluses.
At autarky there can be no trade de�cit or surplus, but for these four countries trade surpluses arise
at free trade. The CV and EV measures do not count the trade surplus as part of consumption and
hence the trade surplus does not factor into free trade welfare. Thus, autarky appears to lead to higher
welfare than free trade because the free trade calculations ignore the trade surpluses. This is con�rmed
by looking at the MCV and MEV measures. For these measures the trade surpluses are included in the
welfare calculations at free trade and one can see from the last two rows of Table 5 that once this is
done all countries bene�t in the move from autarky to free trade.

Further con�rmation of this interpretation can be seen by considering the United States. Table 3
con�rms that the U.S. has a large trade de�cit. The CV and EV calculations only consider consumption
and ignore the large trade de�cit. However, the trade de�cit implies the existence of some future liability
that the welfare calculations ignore. Once we account for these de�cits in the MCV and MEV measures
we see that the gain from moving from autarky to free trade falls from almost $400 billion under the EV
measure to about $8 billion under MEV. These results con�rm that the money metric measures are the
appropriate ones for welfare comparisons.5All entries in Table 5 are in U.S. dollars.6Note that if we look at the �rst four rows of Table 5 one can see that CV =MCV and EV =MCV . The reason thatthese measures don't change is that in both the benchmark and free trade equilibria the measures are adjusted to reecttrade imbalances so the comparison between them does not change. As we will see when comparing autarky (there canbe no de�cit or surplus at autarky) to either the benchmark equilibrium or free trade the money metric measures give youvery di�erent results than the measures that ignore the trade imbalances.
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� Winners and Losers
So, who wins and who loses from Globalization? There are several ways to answer that question.

First, we might ask who bene�ts from the status quo? That is, who gains moving from autarky to the
benchmark equilibrium? Using benchmark income from Table 4 we compute the modi�ed welfare gain
as a the percentage of income countries receive moving from autarky to the benchmark equilibrium. The
results are displayed in Table 6. What we see is that all countries gain in the move from autarky to
the benchmark equilibrium. Norway and Korea are the big winners in the move from autarky to the
benchmark while countries like the US and the UK gain relatively little in percentage terms; smaller
countries gain more than larger ones.

In the Korean case structure of production in autarky is heavily in favour of manufacturing. In this
case, increasing consumption of manufacturing by money along the domestic production frontier occurs
in a region of the frontier which has sharper curvature and so it is costly to adjust to the consumption
bundle in autarky implied by domestic preferences with no trade. This is reected in the sharp rise in
the relative price of non-manufacturing goods in autarky. This e�ect operates in the opposite direction
and is even more pronounced in the Norwayan case. Here benchmark production is heavily of the
non-manufactural good and adjusting consumption in favour of more manufacturing in autarky involves
again adjustment along a portion of the domestic frontier with sharp curvature. There is a sharp fall in
the relative price of non-manufactures to manufactures, and a large adjustment in consumption. Very
large gains thus occur in moving from autarky to the benchmark equilibrium in the Norwayian case.
Table 6 Welfare Gains Obtained Moving from Benchmark Equilibrium to Free Trade

and from Autarky to Benchmark Equilibrium

Country Welfare Gains Obtained as a % of GDP
from Benchmark Equilibrium to Free Trade from Autarky to Benchmark Equilibrium

Australia 1.13310 13.64046
Canada 1.57348 4.57758
Germany 0.05328 8.30243
Italy - 0.32978 5.72884
Japan - 0.20781 7.57468
Korea - 0.19180 22.92523
Mexico 2.17538 5.52408
Norway 11.56845 105.35620
UK - 0.40692 0.72354
US - 0.89305 1.54638

ROW 1.37307 7.47249
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Table 6 also displays the welfare gains obtained moving from the benchmark equilibrium to free
trade. Here the results are mixed. Australia, Canada, Germany, Mexico, Norway and the ROW all
bene�t from a move from the benchmark equilibrium to free trade. Italy, Japan, Korea, UK and the US
all lose in the move to free trade. This shows there are winners and losers in moving from the status
quo to free trade.

The other striking �nding is that the gains moving from autarky to the benchmark equilibrium are
much larger than the gains moving from the benchmark equilibrium to free trade. This suggests that the
world has already reaped most of the bene�ts to trade liberalization. Or, put another way these welfare
results suggest that the world is already highly globalized if we measure the extent of globalization in
terms of how completely the gains from trade are exploited by the global economy. So, while these
results suggest that the additional welfare gains from trade liberalization are rather modest they also
imply that the risks from increasing protection are large. That is, were the world to move substantially
in the direction of autarky the welfare losses would be large.

We next look at prices and trade volumes to see if these results are consistent with the conclusion
that the world is highly globalized.
4.2 Results on Prices and Quantity Measures of Distance

Table 7 reports distance measures between autarky, benchmark and free trade equilibria, both for the
world economy and for individual economies. These measures are similar to those obtained in Riezman,
Whalley and Zhang (2004) 7 for individual economies considered as separate price taking economies,
not part of an intergated global model. The measures di�er sharply from each other and highlight some
of the di�culties involved in choice of measure. Consider the �rst set of measures in Table 7. These
measure the distance between the benchmark equilibrium and free trade for the global economy. One
can see that the measures vary from 0.12 for prices to 9.39 for exports. This suggests, a small distance
between observed and free trade equilibria in prices, but a large distance in exports. So, the apparent
extent of globalization di�ers depending on whether one looks at prices or quantities. The two excess
demand measures for the global economy are similar, but the Debreu shrinkage measures though small
di�er in sign.

7This paper can be downloaded at: http://www.biz.uiowa.edu/faculty/rriezman/index.html
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Table 7 also contains three tables that compute distance measures for each country for each of our
three comparisons. These measures di�er sharply across countries, and these in turn depart from those
for the global economy. In addition, as in the case of the measures for the global economy, di�erent
measures paint a di�erent picture of the extent of globalization.

Of interest here is Table 8 which reports normalized Euclidean distance measures for comparisons
between benchmark, free trade, and autarky equilibria. We normalize the distance between autarky and
free trade to be one and then ask how close the benchmark equilibrium is to those two equilibria. Then,
for each distance measure we can determine how close the measures are to the autarky value and the
free trade value. Consider the distance measure for wages, Mw. According to Table 8 for Australia the
benchmark wage rate is 80% of the way towards the free trade wage from autarky. For Canada the
benchmark quantity measure is 82% of the way from autarky towards free trade. We have computed
averages for each of the distance measures and looking at the averages for each measure we can say that
according to these the world appears to be about 80% of the way to complete globalization from autarky.

Which measures to use, and how to interpret such measures when calculated is not always clear. Not
only do they vary in size, they also vary in their percentage changes across barrier reductions of di�erent
depth. Measures will also vary further with the degree of disaggregation in models, the structural form
of models, and the treatment of factor ows and barriers.
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5 Concluding Remarks
This paper reports metrics of distance between observed, free trade and autarky equilibria both for

the world economy and for individual economies. These are constructed as distance measures between
barrier restricted and globally integrated or country segmented equilibria. Literature on equilibrium
metrics in general is limited, and our paper is a contribution to part of a potentially wider discussion of
metrics of distance across equilibria in other circumstances.

We report measures generated using a global model involving 10 OECD countries and residual rest of
world using 2000 data applied to relatively simple 2 good country models. These suggest both substantial
di�erences in measures for the global economy and di�erences across countries in country measures for
the same degree of globalization. Measures suggest that large economies integrating with small economies
experience little relative price change and hence are already integrated into the global economy (their
own). Small economies measures of integration are inuenced as much if not more by foreign barriers as
their own.
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