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Abstract

Static trade models imply modest gains from trade. I quantify the gains from trade
in a multi-country dynamic stochastic environment, taking into account the contribu-
tions to welfare of trade across states of the world, and over time, as well as trade
within dates and states (3-D gains). For developing countries, which have volatile pro-
ductivity, standard risk aversion implies that 3-D gains from trade are at least twice as
big as static gains, even under financial autarky. Because productivity is less volatile
for developed countries, their 3-D gains from trade are only modestly bigger than static
gains, even under complete markets.

1 Introduction

The ability to trade internationally allows countries to consume a different bundle of goods
and services from the bundle of goods and services they produce. This is true both at a
point in time, and across dates and states of the world. Overall gains from trade, i.e. the
welfare costs of moving from the current level of trade openness to full autarky, therefore
depend not only on the contribution to welfare of trade within dates and states, but also on
the contributions to welfare of trade across states of the world and trade over time. Static
multicountry quantitative trade models imply that given the current level of trade openness,
gains from trade are modest. I quantify the gains from trade taking into account all three
dimensions of trade (3-D gains). For developing countries, which face volatile productivity,
I find that gains from trade across states of the world and over time are large, even under
∗The views expressed here are those of the author and not those of the Federal Reserve Bank of Min-
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financial autarky. As a result, 3-D gains from trade are at least twice as big as static gains.
For developed countries, productivity is less volatile and more correlated across countries.
For these countries 3-D gains from trade are only modestly bigger than static gains, even
when international financial markets are complete.

I start by laying out a dynamic stochastic environment with multiple countries, inelastic
labor supply, Armington specialization, iceberg costs of trade within dates and states of
the world, and roundabout production. An exogenous stochastic process for productivity is
the source of uncertainty. I assume constant relative risk aversion (CRRA) expected utility
preferences, the same in all countries. I allow for very general frictions in international asset
markets.

Within this environment, I generalize the formula for welfare gains from trade popularized
by Arkolakis, Costinot and Rodriguez-Clare (2012). The first order welfare gain associated
with infinitesimal changes in trade costs can be written as the sum of two terms. The
first term is the weighted sum across all dates and states of changes in within-date-and-state
shares of expenditure on own output, normalized by the negative of the trade elasticity. This
echoes the formula in Arkolakis et al (2012). The second term is the weighted sum across all
dates and states of changes in the share of total ex-ante expenditure devoted to consumption
at a particular date and state, normalized by 1 minus the CRRA parameter. The weights
in these sums are ratios of date- and state-specific value added to the value of total ex-
ante expenditure on consumption. Under complete markets, once goods are appropriately
defined, all countries face the same ex-ante prices. Under asset market frictions this is not
in general true, but the formula remains the same as long as expenditures are valued using
ex-ante prices from the perspective of the country whose welfare is being calculated.

This formula illustrates first, that 3-D gains from trade in a dynamic stochastic environ-
ment depend not just on the share of expenditure at each date and state that is domestically
produced, but also on how consumption is distributed across dates and states of the world.
This in turn depends on how the terms of trade and trade balance comove with output and
productivity. Second, it shows that in a dynamic stochastic environment it is not possible to
calculate ex-ante gains from trade using summary statistics. This is not only because gains
from trade depend on the process for shocks rather than just realised outcomes. It is also
because the change in welfare depends on expenditure shares that are not directly observed
even for realized states. To calculate the 3-D gains from trade, it is necessary to calibrate
the full model. This includes taking a stand on model parameters, the exogenous process
for productivity, the nature of frictions impeding trade across dates and states of the world,

2



and resource costs of trade within dates and states.
To quantify the 3-D gains from trade, I therefore start by constructing a 50-year time-

series for productivity for a large sample of countries in a model-consistent way. To do so, I
first infer cross-sectional relative output prices and trade costs from data on bilateral import
shares and expenditure PPPs by “inverting” the model. This does not require taking a stand
on preferences for consumption across dates and states of the world, or on the nature of
frictions in asset markets. I benchmark time-series variation in output prices using the US
output price deflator from the Bureau of Economic Analysis (BEA). Using the resulting
output price and trade cost series, I calculate labor productivity consistent with the model
assumption of roundabout production.

I next use these time series to estimate a process for productivity that allows for (a)
long-run growth that is the same for all countries, and equal to the US long-run growth rate
(b) a rate of convergence to the productivity frontier that differs between developed and
developing countries, (c) deviations of growth from trend that may be persistent, correlated
across countries, and where the relevant parameters differ between developed and developing
countries, and (d) a standard deviation of innovations to deviations of growth from trend that
differs between developed and developing countries. The estimates imply that convergence
is slower for developing than developed countries. Deviations of growth from trend are
less correlated across developing and developed countries than they are within developed
countries. Crucially, the standard deviation of innovations to deviations of growth from
trend is higher for developing than for developed countries.

I then calculate ex-ante gains from trade from the perspective of 2019 for the 156 countries
for which I have the required data, holding trade costs and population fixed at their 2019
levels. I assume an Armington elasticity of 4 and a coefficient of relative risk aversion of
4. I do this under two polar assumptions about international asset markets in the trade
equilibrium: (a) financial autarky, and (b) complete markets with zero net foreign asset
positions in 2019. Since I must recover consumption allocations in order to calculate prices
and expenditure shares, I calculate exact changes in welfare rather than relying on the first
order approximation. For small changes in welfare, the first order approximation yields an
answer close to the exact welfare gain, but for large gains (and I find evidence of large gains)
the first-order approximation performs poorly.

For developing countries, the 3-D gains from trade are considerably greater than static
gains. In 2019, the static gains from trade under financial autarky imply that for the average
developing country, being able to trade is equivalent to consumption that is permanently
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17% higher than autarky consumption. But the 3-D gains under financial autarky imply
that for the average developing country, being able to trade is equivalent to consumption
that is permanently 58% higher than autarky consumption. For developed countries, the
corresponding numbers are 21% and 22%.

Meanwhile, for developing countries, the 3-D gains from trade under complete markets
are dramatically bigger than static gains. For the average developing country, being able
to trade under complete markets is equivalent to consumption that is permanently 3 times
greater than autarky consumption. For the average developed country, the corresponding
number is 27% higher than autarky consumption.

Why are 3-D gains so big for developing countries? The key is that my model-consistent
productivity series imply that developing countries face a lot of idiosyncratic risk. In the
baseline calibration, agents are risk averse, so consumption in different states of the world is
complementary. This implies that for developing countries, there is a lot of value to being able
to engage in international trade across states of the world. And because the goods produced
by different countries are imperfect substitutes, endogenous movements in the terms of trade
provide risk sharing even under financial autarky, as in Cole and Obstfeld (1991). Of course,
under complete markets, the amount of trade across states of the world is dramatically higher
than under financial autarky, and the gains from trade are correspondingly bigger. And why
are gains so much smaller for developed countries? For these countries productivity is less
volatile and more correlated. In addition, developing countries are big. The risks they face
are both modest, and mostly uninsurable aggregate risk. This implies that the gains from
trade across states for these countries are limited, even under complete markets.

Related literature

This paper is closely related to Arkolakis et al (2012). They highlight that in a large class
of quantitative multi-country trade models, gains from trade are a parsimonious function
of the share of expenditure that is sourced domestically and the trade elasticity. Observed
domestic expenditure shares and standard estimates of the trade elasticity imply modest
gains from trade. Relative to their work, I show that redefining the commodity space to
include goods indexed by state and time adds additional sources of gains from trade, and I
quantify those gains. The role I identify for risk aversion (complementarity) in generating
substantial gains from trade across states of the world is related to Ossa (2015), who notes
the potential importance of sectors with very low trade elasticities in driving overall welfare
gains in a static environment.

4



While much of the quantitative literature on the gains from trade focuses on static models,
the literature on trade and endogenous growth examines dynamic environments. Sampson
(2016), Buera and Oberfield (2020) and Perla, Tonetti and Waugh (2021) find additional
sources of gains from trade in second best economies where productivity growth is endoge-
nous to the extent of trade. In contrast to this literature, I assume productivity growth is
stochastic, and exogenous to trade. Alvarez (2017) and Ravikumar, Santacreu and Sposi
(2019) quantify the gains from reducing trade costs in deterministic neoclassical environ-
ments with trade costs and capital accumulation. They focus on the difference between
steady state-to-steady state comparisons, and comparisons which take into account transi-
tion dynamics. Alessandria and Choi (2014), Alessandria, Choi and Ruhl (2021) and Boehm,
Levchenko, Pandalai-Nayar and Toma (2024) examine how differences between short- and
long-run trade elasticities may affect gains from trade. Like the literature on endogenous
growth and trade, these papers do not address the possibility of gains from trade across time
between countries with different long-run growth trajectories, nor do they incorporate gains
from trade across states of the world into their frameworks.

An older theoretical literature e.g. Helpman and Razin (1978), Newbery and Stiglitz
(1984), addresses potential gains from trade in environments with uncertainty. A more recent
literature quantifies the relationship between trade and output volatility in environments
with endogenous specialization, e.g. Caselli, Koren, Lisicky and Tenreyro (2019), Allen and
Atkin (2022). However these papers do not try to measure the contribution to gains from
trade of trade across states of the world.1

My work is closely related to a literature in international macroeconomics that calcu-
lates the welfare gains from moving from frictional asset markets to optimal international
consumption risk sharing in environments with uncertainty, i.e. an asset market counter-
factual rather than the trade cost counterfactual I perform here. See Van Wincoop (1999)
and Heathcote and Perri (2014) for summaries, and Coeurdacier, Rey and Winant (2020)
for a more recent example. This literature assumes costless trade, and focuses mostly on
developed countries. An exception is Fitzgerald (2012). In that paper, I calculated ex-post
gains from moving from historical asset markets to optimal international consumption risk
sharing in an environment with international specialization and trade costs. The results I
present here on ex-ante gains from trade are consistent with my previous finding that ex-
post gains from moving from historical asset markets to optimal risk sharing are bigger for

1I assume that the volatility of productivity and the pattern of specialization are exogenous to trade
openness in order to focus on gains from trade between countries with comparative advantage in different
states of the world and at different time horizons.
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developing countries, which face a lot of idiosyncratic risk, than for developed countries,
which face mainly aggregate risk. Also related is Gourinchas and Jeanne (2006), who focus
on the welfare gains from moving from incomplete asset markets to optimal intertemporal
trade in the absence of idiosyncratic risk. They find small gains from optimal intertemporal
trade between countries at different distances from steady state, consistent with the results
presented here.

Outline

Section 2 lays out the model environment, and derives an expression for first order welfare
changes due to changes in trade costs. Section 3 describes the data. Section 4 explains how
historical productivity and trade costs are calculated. Section 5 describes the estimation
of the productivity process. Section 6 quantifies ex-ante gains from trade under financial
autarky and under complete markets. The final section concludes.

2 Model

Summary

There are N countries in the world, indexed i = 1, . . . , N . Labor in each country is inelas-
tically supplied and deterministic. Each country produces a distinct tradeable intermediate
good, also indexed i, using labor and materials. Productivity is stochastic. There are trade
costs for intermediates which take the iceberg form. Intermediates are combined using a
CES aggregator, the same in all countries, to produce a non-tradeable final good which is
used for consumption and as the material input into the production of the intermediate.
Agents have CRRA expected utility preferences over consumption of the final good. I first
lay out the case of complete and frictionless asset markets and later generalize to the case
of frictions in asset markets.

Uncertainty

In each period t, the world economy experiences one event, st ∈ S. Denote by st the history
of events from date 0 to date t, {s0, . . . , st}. The probability at date 0 that history st will
be realized at date t is given by π0,t (st), with

∑
st π0,t (st) = 1.

Preferences

Agents have identical CRRA expected utility. It is convenient to describe the problem as if
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country i had a single agent with date-0 (ex-ante) utility given by:

U i
0 = Lit

(
∞∑
t=0

∑
st

(1− β) βtπ0,t
(
st
)(Ci

t (st)

Lit

) ρ−1
ρ

) ρ
ρ−1

(1)

where Ci
t (st) is aggregate consumption in country i at date t given that history st is realized,

Lit is deterministic population (and labor supply), so Ci
t (st) /Lit is per capita consumption.

Technology and trade costs

Country i’s output of intermediate good i at date t after history st is Y i
t (st), with:

Y i
t

(
st
)

= Ait
(
st
) (
Lit
)1−µ

M i
t

(
st
)µ (2)

where Ait (st) is productivity, and M i
t (st) is material input. The production function for the

final good, X is:

X i
t

(
st
)

=

(
N∑
k=1

Zki
t

(
st
) η−1

η

) η
η−1

(3)

where Zki
t (st) is absorption of the k-country intermediate in country i at st. The Armington

elasticity of substitution between different intermediates (η) determines the static trade
elasticity. The resource constraint for the non-traded final good in country i is:

X i
t

(
st
)

= Ci
t

(
st
)

+M i
t

(
st
)

(4)

There are (deterministic) resource costs of trading intermediate goods. In order for one
unit of k’s intermediate good to arrive in i at t, τ kit ≥ 1 units must be shipped, with
τ kjt τ

ji
t ≥ τ kit . Trade costs need not be symmetric, i.e. it may be the case that τ ikt 6= τ kit .

Trade costs are normalized to zero within a country, i.e. τ iit = 1 ∀i. The resource constraint
for each intermediate good must take account of the resource costs of trade:

Y i
t

(
st
)

=
N∑
k=1

τ ikt Z
ik
t

(
st
)

(5)

Markets for labor, intermediate and final goods

The market for intermediate goods is perfectly competitive. Let Qk
t,t (st) be the price of 1

unit of the country-k intermediate good in country k at date t after history st in terms of
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date-t “dollars” (freely traded). The price of the country-k intermediate in country k is equal
to the marginal cost of production:

Qk
t,t

(
st
)

=
1

Akt (st)

(
W k
t,t (st)

1− µ

)1−µ(
P k
t,t (st)

µ

)µ

where W k
t,t (st) is the wage in country k at t after st expressed in date-t dollars, and P k

t,t (st)

is the price of the final good in country k at t after st expressed in date-t dollars. Since τ kit
units of intermediate k must be purchased in country k in order for 1 unit to be delivered
in country i, the price of 1 unit of the country-k intermediate in country i at date t after
history st is τ kit Qk

t,t (st). Within date t and state st, all agents face the same relative prices
for trading claims to intermediate goods appropriately indexed by country of production and
country of delivery.

Markets for final goods are also perfectly competitive, so price is equal to marginal cost.
The price of 1 unit of the final good in country i after history st expressed in date-t dollars
is therefore:

P i
t,t

(
st
)

=

(
N∑
k=1

(
τ kit Q

k
t,t

(
st
))1−η) 1

1−η

(6)

Since the final good is non-traded, there is no additional condition relating final goods prices
across countries.

The labor market is perfectly competitive and labor is paid its marginal product:

W k
t,t

(
st
)

= (1− µ)µ
µ

1−µAkt
(
st
) 1

1−µ Qk
t,t

(
st
) 1

1−µ P i
t,t

(
st
) −µ

1−µ

Asset markets

At date 0 after observing s0, agents trade the full menu of Arrow-Debreu securities, which
are indexed by country of production and country of delivery. All agents face the same prices
for these securities. by Let Qk

0,t (st) be the price of 1 unit of intermediate good k in country
k at date t at st in terms of date-0 dollars (date-0 price). Since τ kit units must be purchased
in country k in order for 1 unit to be delivered in country i, the date-0 price of 1 unit of
good k in country i at date t at st is τ kit Qk

0,t (st).
Meanwhile, Bi

0 is net wealth of country i entering period 0 expressed in date-0 dollars.
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Date-0 net wealth of the world as a whole is equal to zero:

N∑
k=1

Bk
0 = 0

This implies that the date-0 budget constraint for country i can be written:
∞∑
t=0

∑
st

N∑
k=1

τ kit Q
k
0,t

(
st
)
Zki
t

(
st
)
≤ Bi

0 +
∞∑
t=0

∑
st

Qi
0,t

(
st
)
Y i
t

(
st
)

(7)

Competitive equilibrium

A competitive equilibrium is given by sequences of ex-ante prices
{{{

Qi
0,t (st)

}N
i=1

}
st

}∞
t=0

, in-

termediate goods absorption
{{{{

Zki
t (st)

}N
k=1

}N
i=1

}
st

}∞
t=1

, materials
{{
{M i

t (st)}Ni=1

}
st

}∞
t=0

and consumption
{{
{Ci

t (st)}Ni=1

}
st

}∞
t=0

such that:

1. Given ex-ante prices, country i chooses absorption of each of the N intermediate goods,
materials, and consumption Ci

t (st) for each date and state, to maximize welfare, sub-
ject to the country-i final good resource constraints, and the country-i ex-ante budget
constraint.

2. All intermediate and final goods resource constraints are satisfied.

Alvarez and Lucas (2007) and Allen, Arkolakis and Takahashi (2020) provide conditions un-
der which equilibrium exists and is unique in static one-sector gravity models with balanced
trade. I conjecture that given the nested CES structure of the environment here, extensions
of these results to multi-sector models with a continuum of sectors may be used to prove ex-
istence and uniqueness in this case, with each realization {t, st} interpreted as corresponding
to a “sector.”

Some first order conditions

The nested CES form of the utility function and the intermediate aggregator function implies
that several useful price indexes take a familiar form. Let P i

0,t (st) be the price of the aggregate
good in country i at st in terms of date-0 dollars (i.e. the date-0 price). Then:

P i
0,t

(
st
)

=

[
N∑
k=1

(
τ kit Q

k
0,t

(
st
))1−η] 1

1−η
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Let Πi
0 be the price of U i

0 in terms of date-0 dollars:

Πi
0 =

[
∞∑
t=0

∑
st

((
(1− β) βt

)
π0,t
(
st
))ρ (

P i
0,t

(
st
))1−ρ] 1

1−ρ

By writing the Lagrangian for country i at different levels of aggregation, and taking
the first order conditions with respect to those aggregates, one can derive the following
expressions for expenditure shares as functions of date-0 relative prices (note that Πi

0 is
equal to the inverse of the multiplier on the date-0 budget constraint):

λki0,t
(
st
)

=
τ kit Q

k
0,t (st)Zki

t (st)

P i
0,t (st)X i

t (st)
=

(
τ kit Q

k
0,t (st)

P i
0,t (st)

)1−η

(8)

φi0,t
(
st
)

=
P i
0,t (st)Ci

0,t (st)

Πi
0U

i
0

=
((

(1− β) βt
)
π0,t
(
st
))ρ(P i

0,t (st)

Πi
0

)1−ρ

(9)

Meanwhile, the first order condition with respect to M i
t (st) implies that expenditure on

materials is a constant share of the value of output:

P i
0,t (st)M i

t (st)

Qi
0,t (st)Y i

t (st)
= µ (10)

First-order change in welfare

With the price indexes and expenditure shares in hand, one can derive a first order approx-
imation to the change in welfare induced by changes in trade costs or foreign productivity
which relates to familiar expressions in the literature. Write the ex-ante budget constraint
as:

Πi
0U

i
0 = Bi

0 +
∞∑
t=0

∑
st

(1− µ)Qi
0,t

(
st
)
Ait
(
st
) (
Lit
)1−µ

M i
t

(
st
)µ

Making use of the first order condition for M i
t (st) yields:

Πi
0U

i
0 = Bi

0 +
∞∑
t=0

∑
st

(1− µ)µ
µ

1−µAit
(
st
) 1

1−µ LitQ
i
0,t

(
st
) 1

1−µ
(
P i
0,t

(
st
))− µ

1−µ

Normalize Πi
0 = 1 (this pins down what a dollar is). Assume d lnBi

0 = 0 (initial net
wealth is invariant to the change in trade costs or foreign productivity), d lnAit (st) = 0, and
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d lnLit = 0. Then:

d lnU i
0 =

∞∑
t=0

∑
st

(1− µ)Qi
0,t (st)Y i

t (st)

Πi
0U

i
0

(
d lnQi

0,t (st)

1− µ
−
µd lnP i

0,t (st)

1− µ

)

Let
θi0,t
(
st
)

=
(1− µ)Qi

0,t (st)Y i
t (st)

Πi
0U

i
0

(11)

i.e. θi0,t (st) is the ratio of date-t history-st value added to date-0 expenditure on consumption
at all dates and states, expressed in terms of date-0 prices. Making use of the expenditure
shares defined above yields (see Appendix for details):

d lnU i
0 =

∞∑
t=0

∑
st

θi0,t
(
st
)( d lnλii0,t (st)

(1− µ) (1− η)
+
d lnφi0,t (st)

(1− ρ)

)
(12)

This expression for the first order change in welfare induced by changes in trade costs or
productivity in other countries generalizes the formula for welfare gains from trade in a static
environment popularized by Arkolakis et al (2012). The first term, which is the weighted sum
of changes in the domestic share in domestic expenditure normalized by the negative of the
trade elasticity (and an adjustment for roundabout production), is familiar from Arkolakis
et al (2012). It captures gains from trade within dates and states of the world. The second
term, which is the weighted sum of changes in the share of ex-ante consumption expenditure
devoted to consumption at a particular date and state of the world, normalized by 1 minus
the CRRA parameter, captures gains from trade across states of the world and over time.
The weights are given by ratios of value added at the relevant date and state to total ex
ante consumption expenditure. Note that while the first order approximation provides a
good guide for the impact of small changes in trade costs, moving to autarky is not a small
change. For large changes in trade costs, higher order terms, including cross terms, matter.
See the Appendix for more details.

The first key take-away from expression (12) and the corresponding expressions with
higher order terms is that the gains from trade in a dynamic stochastic environment depend
not just on the share of expenditure that is domestically produced, but on how consumption
is distributed across dates and states of the world. Intuitively, within-date-and-state gains
from trade are more valuable in dates and states where marginal utility is high than when
it is low. This in turn depends on how the terms of trade and trade balance comove with
productivity. If the terms of trade (price of output over price of consumption) is high when
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productivity is low, this valuable in welfare terms. Negative net exports depress the domestic
share in domestic expenditure, and it is therefor more valuable in welfare terms to run a
trade deficit when productivity is low than when it is high.2

The second key take-away is that in contrast to the static case, it is not possible to cal-
culate the first order welfare impact of small changes in trade costs using summary statistics
alone. The domestic share in expenditure λii0,t (st) is observed only for realized histories.
Even for realized histories, the expenditure shares φi0,t (st) and θi0,t (st) are unobserved, be-
cause total ex-ante expenditure on consumption, Πi

0U
i
0 is unobserved. This is also true of the

corresponding shares under the counterfactual of infinite trade costs. As a result, the model
must be calibrated and solved for both baseline and counterfactual in order to calculate
the gains from trade. Of course, once the full baseline and counterfactual model have been
solved, it is straightforward to calculate exact changes in welfare, and approximations are
not necessary.

Asset market frictions

Under frictions in asset markets, different countries may face different marginal rates of
substitution across dates and states. As long as an equilibrium consumption allocation
exists and is known, date-0 shadow prices for each country i can be computed based on
country-i marginal utilities at the equilibrium allocation. Let Qk

0,t;i (s
t) denote the date-0

shadow price for country i of putting 1 unit of intermediate k in country k in period t after
history st. Using these shadow prices, a shadow date-0 budget constraint for country i can
be written:

Πi
0U

i
0 = Bi

0 +
∞∑
t=0

∑
st

(1− µ)Qi
0,t;i

(
st
)
Ait
(
st
) (
Li
)1−µ

M i
t

(
st
)µ

Maximization of utility subject to this shadow budget constraint yields first order conditions
which are satisfied by the equilibrium consumption allocation. Using this expression, and
the expenditure shares λii0,t;i (st), φi0,t;i (st) and θi0,t;i (s

t), which correspond to (8), (9) and
(11) measured using the appropriate date-0 country-i prices, one can derive an expression
for first order changes in welfare similar to the expression in the complete markets case:

d lnU i
0 =

∞∑
t=0

∑
st

θi0,t;i
(
st
)( d lnλii0,t;i (s

t)

(1− µ) (1− η)
+
d lnφi0,t;i (s

t)

(1− ρ)

)
(13)

Note that recovering the date-0 country-i-specific prices required to calculate d lnλii0,t;i (s
t),

2This is sensitive to the fact that there is no investment in the model.
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d lnφi0,t;i (s
t) and θi0,t;i (st) in all dates and states requires characterizing the nature of asset

market frictions in order to construct the resulting equilibrium consumption allocation.

Special case of asset market frictions: Financial autarky

Financial autarky is a special case of asset market frictions where it is straightforward to
construct the equilibrium consumption allocation. As long as goods are freely traded within
dates and states subject to iceberg trade costs, then within dates and states all countries
face the same relative prices for intermediate goods indexed appropriately by country of
production and country of delivery. Date-by-date and state-by-state the value of output
must equal the value of expenditure at these common prices:

Qi
t,t

(
st
)
Y i
t

(
st
)

=
N∑
k=1

Qki
t,t

(
st
)
Zki
t

(
st
)

This condition is sufficient to construct the equilibrium consumption allocation. In general,
shadow date-0 prices for delivery at t > 0 differ across countries. As noted above, these
shadow prices may be obtained by evaluating marginal utilities at the equilibrium consump-
tion allocation. Calculating the expenditure shares θi0,t;i (st), λii0,t;i (st) and φi0,t;i (st) using the
appropriate prices yields expression (13) for the first order change in welfare.

Financial autarky additionally implies that φi0,t;i (st) = θi0,t;i (s
t), where

1 =
∞∑
t=0

∑
st

φi0,t;i
(
st
)

and therefore

0 =
∞∑
t=0

∑
st

φi0,t;i
(
st
)
d lnφi0,t;i

(
st
)

so the first order change in welfare reduces to:

d lnU i
0 =

∞∑
t=0

∑
st

φi0,t;i
(
st
) d lnλii0,t;i (s

t)

(1− µ) (1− η)

This looks like a straightforward generalization of Arkolakis et al (2012). Note however
that higher order terms involving d lnλii0,t;i (s

t) and d lnφi0,t;i (s
t) do not cancel. For large

changes in trade costs, the change in welfare therefore depends on d lnφi0,t;i (s
t) as well as

d lnλii0,t;i (s
t).

Special case of preferences: Log utility
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Under log utility, the share of ex-ante expenditure devoted to each date and state (i.e.
φi0,t;i (s

t)) is constant and equal to ((1− β) βt) π0,t (st). Therefore d lnφi0,t;i (s
t) = 0. This

implies that the first order change in welfare can be written:

d lnU i
0 =

∞∑
t=0

∑
st

θi0,t;i
(
st
) d lnλii0,t;i (s

t)

(1− µ) (1− η)

Under log utility and financial autarky, consumption shares and output shares are equal, so
the first order change in welfare can be written:

d lnU i
0 =

∞∑
t=0

∑
st

(
(1− β) βt

)
π0,t
(
st
) d lnλii0,t;i (s

t)

(1− µ) (1− η)

Of course for large changes in trade costs, the change in welfare depends on higher powers
of d lnλii0,t;i (s

t), even under log utility.

3 Data

Since a sufficient statistics approach is not possible, computing welfare requires information
on all details of the environment, including trade costs, initial productivity, and a process
for productivity. I require the following data to construct trade costs and productivity
consistent with the model: (a) national income accounts expressed in current US$ at market
exchange rates (b) the matrix of bilateral trade flows expressed in current US$ at market
exchange rates, (c) labor supply, proxied by population, (d) relative expenditure prices across
countries, and (e) time series of real gross output for the U.S. I also make use of data on the
ratio of gross output to value added to calibrate the model. I construct an unbalanced panel
dataset with variables (a)-(d) covering 160 countries and the period 1970-2019. Subject to
some restrictions, I include countries for which there are at least 10 consecutive years of
complete data on the required variables. The number of countries present in each cross-
section ranges from 85 in 1970 to 160 in the 2010s, with 156 countries present in 2019. I also
construct a Rest of the World (ROW) aggregate. Full details of data coverage are reported
in the Appendix.
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3.1 Data sources

3.1.1 National income accounts

I obtain national income accounts data (GDP, exports, and imports measured in current US$
at market exchange rates, along with the merchandise share in total balance of payments
imports) for most countries from the World Development Indicators (WDI). I supplement
this with data from the Organization for Economic Cooperation and Development (OECD)
for a number of countries for which OECD time-series coverage is better. I use data from the
OECD on national income accounts for the former West Germany, 1970-1990. I obtain data
for Taiwan directly from the Taiwanese statistical agency. For details, see the data section
in the Appendix.

3.1.2 Bilateral trade

I obtain bilateral merchandise trade data for 1970-1994 from Feenstra and Lipsey’s NBER-
United Nations Trade Data. I obtain bilateral merchandise trade data for 1995-2019 from the
CEPII’s Baci dataset. I obtain bilateral services trade data for 1995-2004 from WTO-OECD
BaTiS, version BPM5. I obtain bilateral services trade data for 2005-2019 fromWTO-OECD
BaTiS, version BPM6. All of these data sets measure bilateral import flows in current US$
at market exchange rates.

3.1.3 Labor supply

I use population as a proxy for labor supply. I obtain data on population for most countries
from the WDI. I supplement this with OECD data for a number of countries for which
coverage is better. I use the Penn World Tables 5.6 to obtain population for the former
West Germany, 1970-1990. I obtain population data for Taiwan directly from the Taiwanese
statistical agency.

3.1.4 Expenditure prices

I obtain expenditure PPPs from the Penn World Tables, version 10.01. The variable I use
is “pl_da.”

3.1.5 US real GDP

I obtain time series data on US constant price real gross output, used to benchmark output
growth over time, from the Bureau of Economic Analysis (BEA).
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3.1.6 Gross output to value added ratio

I use the OECD’s national accounts data to obtain the ratio of nominal gross output to
nominal value added for a subsample of the countries and years from the full data set. This
guides my choice for the parameter governing µ, i.e. the materials share in gross output.

3.2 Construction of the working dataset

The average ratio of gross output to value added in the OECD national accounts data
is approximately 2, and time-variation in this ratio is modest for most covered countries.
Guided by this fact and by equation (10), I use the value µ = 0.5 for the materials share.

I then use the data on GDP to calculate the value of gross output of country i at date
t using OUT it = GDP i

t /µ. For Singapore, Hong Kong, and Luxembourg this value implies
that exports exceed gross output in at least some years, so I drop these countries from the
sample.3 I measure a country’s imports from itself as gross output less total exports from
national income accounts:

IM ii
t = OUT it − EXnait

I measure a country’s total absorption as gross output less exports from national income
accounts plus imports from national income accounts:

ABSit = OUT it − EXnait − IMnait

For the period 1970-1994 I use bilateral merchandise trade data to calculate bilateral
import shares in total imports:

IMki
t∑

j 6=i IM
ji
t

=
Merchimki

t∑
j 6=iMerchimji

t

For the period 1995-2019, for countries for which I observe the share of merchandise in BOP
imports, I construct bilateral import shares in total imports as follows:

IMki
t∑

j 6=i IM
ji
t

=
Merchimki

t∑
j 6=iMerchimji

t

BOPmerchimi
t

BOPimi
t

+
Servimki

t∑
j 6=i Servim

ji
t

(
1− BOPmerchimi

t

BOPimi
t

)

If the share of merchandise in BOP imports is not available, I continue to use bilateral
merchandise import shares to measure bilateral import shares. Shares in absorption are

3The OECD reports 21 years of gross output data for Luxembourg, and there is a marked downward
trend in the ratio of value added to gross output over this period.
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then calculated by multiplying the bilateral import shares in total imports by the ratio of
imports from national income accounts to absorption:

IMki
t

ABSit
=
IMnait
ABSit

IMki
t∑

j 6=i IM
ji
t

I construct a rest of the world (ROW) aggregate composed of all countries not included
in the baseline sample using WDI data on world GDP and bilateral trade data on world
imports and exports. The ROW aggregate accounts for more than 10% of world GDP in the
1970s, falling to just over 2% from 2000. It accounts for around 1% of imports of in-sample
countries in the 1970s and early 1980s, falling to between 0.5% and 0.6% of imports of in-
sample countries for the remainder of the sample period. Of course the importance of the
ROW as a trade partner differs across countries.

Expenditure PPPs from the PWT are used to measure the price of the expenditure basket
in each country at date t relative to that in the US:

P̂ i
t

P̂US
t

=
PPP i

t

PPPUS
t

4 Constructing productivity and trade costs

In order to recover historical trade costs and productivity consistent with the model, I need
to take a stand on the values of µ, the materials share, and η, the elasticity of substitution
between intermediates produced by different countries. As explained in the previous section,
guided by data on the ratio of gross output to value added, I set µ = 0.5. Following the
trade literature, I choose a baseline value of η = 4, implying a trade elasticity of 3.

Recovering output prices and trade costs

The first step in constructing trade costs and productivity is recovering time-series for trade
costs and output prices consistent with the model. Remember the model tells us (dropping
state-contingent notation and using prices expressed in date-t dollars) that:

IMki
t

ABSit
=
τ kiQk

tZ
ki
t

P i
tX

i
t

=

(
τ kit Q

k
t

)1−η∑N
j=1

(
τ jit Q

j
t

)1−η (14)

and (
P i
t

)1−η
=

N∑
j=1

(
τ jit Q

j
t

)1−η
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These expressions imply that given information on own import shares and expenditure prices,
the vector of relative output prices can be recovered using:

(
Q̂i
t

)1−η
=

IM ii
t

ABSit

(
P̂ i
t

)1−η
Then, given the vector of output prices for each country, bilateral trade costs can be recovered
from bilateral import shares:

(
τ̂ kit
)1−η

=
IMki

t

ABSit

(
P̂ i
t

Q̂k
t

)1−η

The bilateral trade costs recovered using this approach and the data described above on
import shares and expenditure prices do not always satisfy the restriction τ̂ kit ≥ 1. This
is problematic for counterfactuals, as it implies that output can be created costlessly by
shipping intermediate k from k to i. I take the stand that these negative implied trade costs
are the result of systematic mismeasurement of expenditure prices. This is strongly suggested
by the fact that negative trade costs are clustered in developing countries importing from
developed countries in time periods in the neighborhood of strong shifts in the developing
country expenditure price. To deal with this issue, I apply an adjustment to the measured
expenditure PPPs for problematic importer country-time pairs. This adjustment imposes
τ kit ≥ 1 for all partners k 6= i, with equality for the pair for which τ̂ kit is smallest (i.e. most
negative trade costs):

(
P̃ i
t

)1−η
=
(
P̂ i
t

)1−η
max
k

ABSitIMki
t

(
P̂ i
t

Q̂k
t

)η−1


I then construct output prices and iceberg trade costs using the adjusted expenditure prices:

(
Q̃i
t

)1−η
=

IM ii
t

ABSit

(
P̃ i
t

)1−η
(
τ kit
)1−η

=
IMki

t

ABSit

(
P̃ i
t

Q̃k
t

)1−η

This procedure recovers trade costs and cross-sectional relative output prices, but does
not pin down how output prices (and therefore real quantities) evolve over time. To do this,
I use time series data on US real output from the BEA. I recover time-series variation in the
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US output price using:
QUS
t

QUS
1970

=
OUTUSt /RealoutUSt
OUTUS1970/Realout

US
1970

I normalize QUS
1970 = 1. The output prices used to calculate productivity are then constructed

using: (
Qi
t

)1−η
=

(
Q̃i
t

Q̃US
t

QUS
t

QUS
1970

)1−η

Corresponding expenditure prices are constructed using

(
P i
t

)1−η
=
ABSit
IM ii

t

(
Qi
t

)1−η

Productivity

Real output is obtained by dividing the current dollar value of output by the appropriate
output price:

Y i
t =

OUT it
Qi
t

Given the value of µ, materials inputs to production are calculated using:

M i
t = µ

Qk
t Y

k
t

P i
t

Using these implied materials inputs to production, and data on labor input (i.e. population),
productivity is given by:

Ait =
Y i
t

(Lit)
1−µ

(M i
t )
µ

Results

Figure 1 plots the resulting time-series of productivity for all countries in the sample, with
US productivity normalized to 1 in 1970. As this figure shows, the productivity series for
countries other than the US are quite volatile. For countries which do not use the dollar,
output measured in current dollars moves around a lot relative to US output, and this is not
fully offset by the output prices recovered through the lens of the model, nor by the implied
movements in materials inputs to production. Volatile productivity is the only way in which
the model can be consistent with the data. Some of the largest productivity swings, and most
of the cases where productivity is above that of the US, are associated with oil-producing
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Figure 1: Model-consistent productivity

Endogenous risk sharing through movements in the terms of trade plays an important
role in governing 3-D gains from trade under financial autarky. To explore what the histor-
ical data implies about this, I calculate correlations between the measured terms of trade
and productivity. In particular, I calculate the correlation between log changes in the terms
of trade defined as the price of output over the price of expenditure (∆ ln (Qi

t/P
i
t )), and log

changes in productivity (∆ lnAit), country-by-country. Figure 2 plots the histogram of these
correlations. The mean correlation across OECD countries is 0.12, while the mean correla-
tion across non-OECD countries is -0.29. A negative correlation implies that in good times
(high productivity) the price of a country’s output falls relative to the price of consumption,
precisely the correlation necessary for endogenous risk sharing. Clearly, this type of corre-
lation is more prevalent for developing than it is for developed countries in the historical
data.
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Figure 2: Correlation of log change in terms of trade & log change in productivity

5 Productivity process

With the productivity series in hand, the next step is to estimate a stochastic process for
productivity. The ideal process should be flexible enough to account for (a) long-run growth,
(b) conditional convergence at rates that may differ across countries, (c) persistent deviations
of growth from trend, (d) correlations in deviations of growth from trend across countries,
and (e) heterogeneous volatility of deviations of growth from trend across countries.

I implement this by assuming that the US is the world technology leader. Let ait = lnAit.
I assume that aUSt grows at constant rate gUS. Actual US productivity growth equals trend
growth gUS, plus deviations from trend εUSt , which may be persistent, i.e.

∆aUSt = gUS + εUSt

where
εUSt = ψUSεUSt−1 + σUSνUSt

with νUSt ∼ N (0, 1).
Meanwhile, trend productivity in i 6= US grows at the same average rate as the US

(i.e. the rate of growth of the technology frontier) plus a term reflecting convergence to the
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frontier. Actual productivity growth again equals trend growth, plus deviations from trend.

∆ait = gUS + γi
(
aUSt−1 − ait−1

)
+ εit

Here, γi governs the speed of convergence to the frontier. In the case of i 6= US, deviations
from trend may depend on lagged deviations of US productivity growth from trend, as well
as innovations to US deviations of growth from trend:

εit = ψiεit−1 + ψi,USεUSt−1 + σiνit + σi,USνUSt

with νit ∼ N (0, 1). This dependence of deviations from trend on deviations of US produc-
tivity growth from trend induces correlation in deviations of productivity growth from trend
across non-US countries.

To implement this in a parsimonious fashion, I divide countries into three groups: the
US, non-US OECD and non-OECD. The Appendix lists which are the OECD members. I
assume γi = γO for non-US OECD members, while γi = γN for non-members of the OECD.
I assume ψi = ψO and ψi,US = ψO,US for non-US OECD members, while ψi = ψN and
ψi,US = ψN,US for non-OECD countries. Finally, I assume σi = σO and σi,US = σO,US for
non-US OECD members, while σi = σN and σi,US = σN,US for non-OECD countries. I first
estimate the parameters of the US productivity process. I then estimate the process for the
remaining countries by maximum likelihood, conditioning on

{
gUS, ψUS, σUS

}
. Details are

reported in the Appendix. I restrict the estimation sample to the 80 countries (plus the US)
for which I have a balanced panel of data. The Appendix lists the countries included in this
sample.

The parameter estimates are reported in Table 1. The process for productivity differs
substantially between developed and developing countries. Productivity in developed coun-
tries converges faster to that of the US. Deviations of growth from trend are comove more
with US deviations of growth from trend. And the standard deviation of idiosyncratic inno-
vations to deviations from trend is substantially lower in developed than it is in developing
countries.
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Table 1: Parameters of estimated productivity process
Parameter Value
US LR growth rate gUS 0.0085
Autocorrelation of deviations from trend, US ψUS 0.31
SD of innovations to deviations from trend, US σUS 0.002
Rate of convergence to US, OECD γO 0.0102
Autocorrelation of deviations from trend, OECD ψO 0.11
Correlation with lagged US deviations from trend, OECD ψO,US 0.38
SD of innovations to deviations from trend, OECD σO 0.02
Correlation with US innovations to deviations from trend, OECD σO,US 0.001
Rate of convergence to US, non-OECD γN 0.0027
Autocorrelation of deviations from trend, non-OECD ψN -0.04
Correlation with lagged US deviations from trend, non-OECD ψN,US 0.24
SD of innovations to deviations from trend, non-OECD σN 0.09
Correlation with US innovations to deviations from trend, non-OECD σN,US 0.001

6 Gains from trade

Calculating the ex-ante gains from trade in a dynamic stochastic environment requires taking
a stand on trade costs and asset markets in the trade equilibrium. I assume trade costs are
fixed at their levels in 2019, the last year in my sample, and the year for which I calculate
ex-ante gains from trade. The literature on international macroeconomics has not converged
on a way of modeling frictions in asset markets that performs well in matching international
comovements at a business cycle frequency. Clearly from the fact that net exports deviate
from zero, some asset trade is possible. Yet Heathcote and Perri (2002) conclude that
financial autarky does a better job of matching features of international business cycles
in developed countries than either complete markets, or trade in a single non-contingent
nominal bond, another popular benchmark. With this in mind, I focus on two polar cases,
financial autarky, and complete markets, which have the advantage of being straightforward
to compute, leaving analysis of gains from trade under alternative asset market structures
to future research.

To compute the gains from trade I must therefore solve for equilibrium consumption
allocations and prices under three different scenarios:

1. Infinite trade costs (full autarky) at all dates and states, including 2019. Because
trade costs are infinite, there is no incentive to trade assets, and the structure of asset
markets is irrelevant for allocations.
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2. Trade costs held fixed at their 2019 levels at all dates and states; financial autarky in
all dates and states, including 2019.

3. Trade costs held fixed at their 2019 levels at all dates and states; complete and fric-
tionless asset markets with zero net wealth (Bi

0 = 0) for all countries in 2019.

In all three scenarios, productivity in 2018 and 2019 is held fixed at the levels calculated in
Section 4. From 2020 forward, productivity is assumed to follow the process estimated in
Section 5. In addition, labor supply is held fixed at 2019 levels.

Under scenarios (1) and (2), there are no dynamic decisions, so the problem can be
treated as if all choices are made at date 0. Under scenario (3), re-opening markets at any
date or state does not lead countries to change their asset positions vis-a-vis the choices
made at date 0. Given this, I can approximate the solution to the date-0 problem under
each scenario by simulating S paths of length T from the process for at = lnAt, starting at
t = 2019, and conditioning on {a2019,∆a2019}. I then solve for the equilibrium from a date-0
perspective under the assumption that each of these S paths has equal probability. I now
describe how equilibrium is calculated in each of the three scenarios.

1. Autarky equilibrium

In autarky, the sum of consumption and materials equals output in each country at each
date and state. Given the optimal choice of materials, the consumption allocation is given
by:

Ci,aut
t

(
st
)

= (1− µ)µ
µ

1−µAit
(
st
) 1

1−µ Li

and this allows U i,aut
0 to be calculated. In autarky, the country-i output price is equal to the

country-i expenditure price at each date and state. Given the consumption allocation, the
prices of output and expenditure at date t after history st relative to the price of ex-ante
utility can be recovered from the first order condition for consumption:

Qi,aut
0,t;i (st)

Πi,aut
0;i

=
P i,aut
0,t;i (st)

Πi,aut
0;i

=

(
1− β

1− βT+1

)
βtπ0,t

(
st
)(Ci,aut

t (st)

U i,aut
0

)− 1
ρ

2. Trade equilibrium with financial autarky

I use a tatonnement algorithm to solve for the competitive equilibrium quantities and prices
under financial autarky. I guess a vector

{
Qk,fa
t,t (st)

}N
k=1

of output prices for each interme-
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diate at each date and state, and use excess demands for each intermediate at each date and
state to update the output price vector, increasing prices when excess demand is positive and
reducing them when excess demand is negative, and iterating until excess demands converge
to zero. Excess demand is given by:

EDk,fa
t

(
st
)

=
N∑
i=1

τ ki2019Z
ki,fa
t

(
st
)
− Y k,fa

t

(
st
)

where

Y k,fa
t

(
st
)

= Lk
(
Akt
(
st
)) 1

1−µ

(
µQk,fa

t,t (st)

P k,fa
t,t (st)

) µ
1−µ

and

Zki,fa
t

(
st
)

=

(
P i,fa
t,t (st)

τ ki2019Q
k,fa
t,t (st)

)η
Ci,fa

t

(
st
)

+ µ
1

1−µ

(
Qi,fa
t,t (st)Ait (st)

P i,fa
t,t (st)

) 1
1−µ

Li2019


and, imposing financial autarky:

Ci,fa
t

(
st
)

= (1− µ)
Qi,fa
t,t (st)Y i,fa

t (st)

P i,fa
t,t (st)

Given the resulting consumption allocation, date-0 expenditure prices for country i rel-
ative to Πi,fa

0;i can be recovered from the the first order condition for consumption:

P i,fa
0,t;i (st)

Πi,fa
0;i

=

(
1− β

1− βT+1

)
βtπ0,t

(
st
)(Ci,fa

t (st)

U i,fa
0

)− 1
ρ

and date-0 output prices for country i can be recovered using:

Qi,fa
0,t;i (s

t)

Πi,fa
0;i

= (1− µ)
P i,fa
0,t;i (st)

Πi,fa
0;i

Ci,fa
t (st)

Y i,fa
t (st)

3. Trade equilibrium with complete and frictionless asset markets

I use a tatonnement algorithm to solve for the competitive equilibrium quantities and prices

under complete markets. I first guess a vector
{{{

Qk,cm
0,t (st)

}N
k=1

}
st∈S

}T
t=1

of date-0 output

prices for each intermediate at each date and state. I use this vector to calculate expenditure
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prices in each country at each date and state, and therefore Πi,cm
0 as outlined in Section 2. I

then use excess demands for each intermediate at each date and state to update the output
price vector, increasing prices when excess demand is positive and reducing them when excess
demand is negative, and iterating until excess demands converge to zero. Excess demand is
given by:

EDk,cm
t

(
st
)

=
N∑
i=1

τ ki2019Z
ki,cm
t

(
st
)
− Y k,cm

t

(
st
)

where

Y k,cm
t

(
st
)

= Lk
(
Akt
(
st
)) 1

1−µ

(
µQk,cm

0,t (st)

P k,cm
0,t (st)

) µ
1−µ

and

Zki,cm
t

(
st
)

=

(
P i,cm
0,t (st)

τ ki2019Q
k,cm
0,t (st)

)η
Ci,cm

t

(
st
)

+ µ
1

1−µ

(
Qi,cm

0,t (st)Ait (st)

P i,cm
0,t (st)

) 1
1−µ

Li2019


and making use of the CES structure of preferences, complete markets and Bi

0 = 0:

Ci,cm
t

(
st
)

=

Πi,cm
0

(
1−β

1−βT+1

)
βtπ0,t (st)

P i,cm
0,t (st)

ρ(
(1− µ)

∑∞
t=1

∑
st Q

i,cm
0,t (st)Y i

t (st)

Πi,cm
0

)

The solution to this problem delivers both equilibrium allocations and date-0 prices.

Welfare gains from trade

I use the equilibrium consumption allocations under autarky and trade (with the two different
configurations of asset markets) to calculate the exact welfare gains from trade. I measure
welfare gains in country i as the factor κi by which country-i autarky consumption would
have to be increased at each date and state in order for i to be indifferent between autarky
consumption and consumption in the trade equilibrium. This notion of welfare corresponds
to the measure of welfare costs of business cycles in Lucas (1987). Due to the homotheticity
of the utility function, κi is given by:

κi =

(∑T
t=0

∑
st

(
1−β

1−βT+1

)
βtπ0,t (st)

(
Ci
t (st)

tr
) ρ−1

ρ

) ρ
ρ−1

(∑T
t=0

∑
st

(
1−β

1−βT+1

)
βtπ0,t (st)

(
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t (st)aut

) ρ−1
ρ

) ρ
ρ−1

where tr ∈ {fa, cm}.
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The first order change in welfare using the formula derived in Section 2, can implemented
as follows:

ln κ̃i =
T∑
t=0

∑
st

θi,aut0,t;i

(
st
)( lnλii,tr0,t;i (st)− lnλii,aut0,t;i (st)

(1− µ) (1− η)
+

lnφi,tr0,t;i (s
t)− lnφi,aut0,t;i (st)

(1− ρ)

)

This turns out to be a poor approximation to exact changes in welfare, so I focus on exact
changes.4

Parameters

As already noted, it is necessary to assume values for η and µ in order to calculate pro-
ductivity and trade costs, and the baseline values I choose are η = 4 and µ = 0.5. For
the counterfactuals, values for {β, ρ} are also required. I set β = 0.96, and ρ = 1/4. I set
T = 100 and S = 200.

Results

Table 2 reports statistics on the distribution of 3-D gains from trade, for the case of financial
autarky and for the case of complete markets. Statistics are reported for the full sample, and
for the OECD and non-OECD subsamples. The table also reports statistics on the static
gains from trade for 2019 under financial autarky.5 The results are also illustrated in Figures
3 and 4, which plot 3-D gains under financial autarky and 3-D gains under complete markets
against static gains from trade evaluated in 2019.

Table 2: Distribution of gains from trade
Static gains 3-D gains

2019 Financial autarky Complete markets
All Rich Poor All Rich Poor All Rich Poor

Mean 1.18 1.21 1.17 1.50 1.22 1.58 2.78 1.27 3.19
Med 1.15 1.15 1.14 1.39 1.16 1.46 2.72 1.21 2.89
Min 1.04 1.05 1.04 1.05 1.05 1.11 1.06 1.06 1.87
Max 2.22 1.65 2.22 4.54 1.69 4.54 7.54 1.78 7.54
Pop-wgt mean 1.09 1.12 1.08 1.25 1.13 1.28 1.35 1.17 2.60

4I calculate the approximation up to third order. For small changes in welfare, a first order approximation
is sufficient. For large changes, even a third order approximation performs poorly.

5In the Appendix, I report static gains from trade for 2019 under observed trade balances. For countries
which run trade deficits in 2019, gains from trade under observed trade balances are larger than under
balanced trade. For countries which run surpluses in 2019, gains from trade are smaller than under balanced
trade.
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Figure 3: 3-D gains: financial autarky Figure 4: 3-D gains: complete markets

Table 2 and Figures 3 and 4 show that 3-D gains from trade are bigger than static
gains, especially for developing countries, and especially under complete markets. For OECD
countries, 3-D gains under financial autarky are 1.005 times static gains on average, while
3-D gains under complete markets are 1.05 times static gains. Meanwhile, for non-OECD
countries, 3-D gains under financial autarky are 1.33 times static gains. This implies that
3-D gains from trade are more than double static gains. Under complete markets, 3-D gains
for non-OECD countries are on average 2.71 times static gains. In the Appendix, I provide
scatter plots of the first, second and third order approximations of changes in welfare against
exact changes, showing that the the first approximation performs well for small changes in
welfare, but poorly for large changes. Indeed, even the third order approximation performs
poorly for the large welfare changes under complete markets.
Decomposing ex-ante gains

Since the first-order approximation of changes in welfare performs poorly for large changes,
it does not provide a useful way of decomposing overall gains into contributions from trade
within dates and states, and contributions from trade across states of the world and over
time. So to better understand the sources of overall gains from trade, I perform an alterna-
tive exercise based on decomposing consumption under the different scenarios into different
components.

Consumption in country i under world productivity history s ∈ S and market scenario
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mkt ∈ {aut, fa, cm} (i.e. autarky, financial autarky or complete markets) can be written:

Ci
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)
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)
where

gi (s)mkt =
1

T

T∑
t=1

∆ lnCi
t (s)mkt

Using this decomposition of consumption, the overall gains from trade κi can be decomposed
into two terms:

κi =
Ci,tr

0
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Table 3 reports statistics on the distribution of κi1 and κi2.6 For developed countries, most of
the gains from trade are due to static gains, even under complete markets. For developing
countries however, there are substantial gains from trade across dates and states, under
financial autarky as well as under complete markets.

In addition, the following objects can be calculated based on the decomposition of con-
sumption:
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These measures reflect the contributions to welfare of smoothing average growth rates across
alternative histories, and of smoothing deviations of growth from trend within histories
respectively. Note however that κi2 cannot be written as the product of κi3 and κi4. The
bottom two panels of Table 3 report statistics on the distribution of κi3 and κi4. These
statistics indicate that both dimensions contribute to gains from trade across dates and
states of the world.

6In the case of financial autarky, κi1 is identical to the static gains for 2019 reported in Table 2.
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Table 3: Decomposing exact gains from trade
Financial autarky Complete markets
All Rich Poor All Rich Poor

Static gains: κ1
Mean 1.18 1.21 1.17 1.27 1.23 1.27
Median 1.15 1.15 1.14 1.23 1.18 1.24
Min 1.04 1.05 1.04 0.98 1.02 0.98
Max 2.22 1.65 2.22 2.43 1.62 2.43

Gains from trade across dates and states: κ2
Mean 1.26 1.00 1.33 2.19 1.03 2.50
Median 1.20 1.00 1.25 2.18 1.04 2.33
Min 1.00 1.00 1.05 0.97 0.97 1.54
Max 2.36 1.02 2.36 6.55 1.10 6.55

Gains from trend consumption: κ3
Mean 1.14 1.00 1.18 1.29 1.02 1.36
Median 1.06 1.00 1.09 1.18 1.02 1.24
Min 1.00 1.00 1.01 0.98 0.98 1.03
Max 2.83 1.01 2.83 4.87 1.06 4.87

Gains from deviations from trend: κ4
Mean 1.12 1.01 1.15 1.92 1.01 2.17
Median 1.11 1.01 1.13 2.03 1.01 2.12
Min 1.00 1.00 1.04 0.97 0.97 1.71
Max 1.43 1.02 1.43 3.45 1.05 3.45

The role of the process for productivity growth

To examine the role of the estimated process for productivity in driving the results, I redo the
welfare calculations under the assumption that developing countries face the same process
as developed countries. I hold fixed productivity levels in 2018 and 2019, as well as trade
costs. I also hold fixed the productivity process for the US. The implied distribution of gains
is reported in the top panel of Table 4. With this modification, the gains from trade for both
developed and developing developing countries under financial autarky are almost exactly
equal to the static gains from trade. Gains from trade under complete markets for both
developed and developing countries are marginally higher than static gains from trade. For
developed countries, these gains are close to those under the estimated productivity process,
but for developing countries they are dramatically lower.

I repeat this exercise changing only one feature of the non-OECD productivity process
at a time. Results are reported in the lower panels of 4. They shows that the key feature of
the non-OECD productivity process is the standard deviation of innovations to deviations
of growth from trend (second panel). Changing only this feature of the process largely
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eliminates gains from trade across dates and states of the world for developing countries.

Table 4: Distribution of gains from trade under alternative productivity processes
Static gains 3-D gains

2019 Financial autarky Complete markets
All Rich Poor All Rich Poor All Rich Poor

OECD productivity process for Non-OECD
Mean 1.18 1.21 1.17 1.18 1.22 1.17 1.23 1.25 1.22
Med 1.15 1.15 1.14 1.14 1.16 1.14 1.19 1.20 1.19
Min 1.04 1.05 1.04 1.04 1.05 1.04 1.06 1.06 1.08
Max 2.22 1.65 2.22 2.23 1.69 2.23 2.29 1.75 2.29

OECD innovation variance for Non-OECD
Mean 1.18 1.21 1.17 1.18 1.21 1.18 1.22 1.25 1.21
Med 1.15 1.15 1.14 1.15 1.16 1.14 1.18 1.20 1.17
Min 1.04 1.05 1.04 1.04 1.05 1.04 1.05 1.05 1.06
Max 2.22 1.65 2.22 2.25 1.68 2.25 2.30 1.74 2.30

OECD comovement with US for Non-OECD
Mean 1.18 1.21 1.17 1.50 1.22 1.58 2.78 1.27 3.19
Med 1.15 1.15 1.14 1.39 1.16 1.46 2.73 1.21 2.90
Min 1.04 1.05 1.04 1.05 1.05 1.11 1.06 1.06 1.87
Max 2.22 1.65 2.22 4.55 1.69 4.55 7.47 1.78 7.47

OECD convergence for Non-OECD
Mean 1.18 1.21 1.17 1.28 1.22 1.30 1.85 1.27 2.01
Med 1.15 1.15 1.14 1.20 1.16 1.23 1.80 1.22 1.87
Min 1.04 1.05 1.04 1.05 1.05 1.06 1.07 1.07 1.48
Max 2.22 1.65 2.22 3.01 1.69 3.01 4.11 1.79 4.11

OECD persistence for Non-OECD
Mean 1.18 1.21 1.17 1.85 1.22 2.02 4.85 1.28 5.80
Med 1.15 1.15 1.14 1.58 1.16 1.75 4.27 1.22 4.93
Min 1.04 1.05 1.04 1.05 1.05 1.14 1.07 1.07 2.41
Max 2.22 1.65 2.22 7.30 1.69 7.30 23.3 1.90 23.3

Robustness to alternative values of key parameters

The two key parameters in the model are the Armington elasticity η, and the CRRA pa-
rameter ρ. I examine the sensitivity of 3-D gains from trade to alternative values for each.
For η I consider values in the range [1.5, 8], which runs from the lower end to the upper end
of values used in the trade literature.7 For ρ I consider values in the range [0.1, 1.5] which

7International macroeconomics often uses values for η on the interval [0, 1], but values less than or equal
to 1 do not make sense in the context of a model with iceberg trade costs, as they imply that import shares
in expenditure are insensitive to or increasing in iceberg trade costs.
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corresponds to values of the CRRA parameter in the range [0.75, 10], i.e. from less risk
averse than log utility to risk aversion of 10. The upper panel of Table 5 reports the mean
welfare gains for different values of η, holding ρ fixed at its baseline value, while the lower
panel reports the mean welfare gains holding η fixed and varying ρ. Note that trade costs
and the productivity process depend on η, so when I change η, I recompute trade costs and
productivity and re-estimate the productivity process before redoing the counterfactuals. In
the Appendix, I report the estimated parameters of the productivity process corresponding
to each value of η.

As is well known, holding fixed trade openness, static gains from trade are decreasing in
the value of η. This is reflected in the top left panel of Table 5. In addition to this effect,
in the 3-D gains calculation there are two additional offsetting effects. First, endogenous
risk sharing through the terms of trade increases as η → 1.8 Second, lower η implies higher
trade costs are necessary to rationalize observed trade in 2019, and as a result, trade costs
are higher throughout. This reduces the ability of trade to provide optimal smoothing of
consumption across dates and states of the world. The net effect of these two offsetting forces
is that 3-D gains from trade under financial autarky are always greater than static gains, but
the contribution of trade across dates and states of the world (i.e. κi2) to welfare gains does
not vary much with η, and 3-D gains overall are decreasing in η. In the case of complete
markets, 3-D gains are always greater than static gains, and for developing countries there
is a U-shaped relationship between 3-D gains and η.

Turning to ρ, which governs risk aversion and the elasticity of intertemporal substitution,
higher risk aversion (lower ρ) implies higher gains from trade, both under financial autarky
and complete markets. The increase in gains from trade with higher risk aversion is most
dramatic for developing countries, which have productivity that is more volatile and less
correlated with aggregate risk than the productivity of developed countries. A commonly
used value of the intertemporal elasticity of substitution corresponds to ρ = 0.5. For this
value of ρ, 3-D gains are only modestly higher than static gains, even for developing countries.
Risk aversion of 8, corresponding to a value of ρ = 0.125 is not out of line in the finance
literature. For this value of ρ, 3-D gains for developing countries are dramatically higher
than static gains, even under financial autarky. For intuition, note that risk aversion implies
that consumption is complementary across dates and states. This relates to the work of Ossa
(2015) which shows that sectors with low elasticities of substitution can play an important
role in magnifiying static gains from trade.

8Cole and Obstfeld (1991) consider the case where η = 1, where movements in the terms of trade perfectly
offset shocks to productivity. In an environment with iceberg trade costs, values of η ≤ 1 do not make sense.
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Table 5: Average gains from trade under alternative parameter values
Static gains 3-D gains

2019 Financial autarky Complete markets
η ρ All Rich Poor All Rich Poor All Rich Poor
1.5 0.25 3.21 3.59 3.11 5.04 3.65 5.42 6.69 3.81 7.47
3 0.25 1.28 1.33 1.27 1.62 1.34 1.70 2.57 1.40 2.88
4 0.25 1.18 1.21 1.17 1.50 1.22 1.58 2.78 1.27 3.19
5 0.25 1.13 1.15 1.13 1.45 1.16 1.52 3.08 1.23 3.57
6 0.25 1.10 1.12 1.10 1.43 1.13 1.50 3.47 1.21 4.08
8 0.25 1.07 1.08 1.07 1.39 1.09 1.47 4.26 1.21 5.07
4 1.5 1.18 1.21 1.17 1.18 1.21 1.17 1.29 1.23 1.30
4 0.75 1.18 1.21 1.17 1.20 1.21 1.20 1.47 1.25 1.53
4 0.5 1.18 1.21 1.17 1.23 1.21 1.23 1.63 1.26 1.73
4 0.25 1.18 1.21 1.17 1.50 1.22 1.58 2.78 1.27 3.19
4 0.125 1.18 1.21 1.17 1.97 1.22 2.17 7.79 1.29 9.54
4 0.1 1.18 1.21 1.17 2.03 1.22 2.25 9.88 1.29 12.18

Discussion

The most striking finding in Table 2 is that under financial autarky, 3-D gains from trade for
developing countries are more than twice as big as static gains from trade. The decomposition
of gains into static gains and gains from trade across dates and states, as well as examination
of the role of the productivity process, and the relationship between values of η and ρ and
implied gains, suggests that this is because developing countries are subject to a lot of
idosyncratic risk, endogenous movements in the terms of trade provide insurance against
this risk, and this insurance is valued by risk averse agents. Focusing only on the static gains
from trade ignores this benefit of trade openness.

The role of the terms of trade in risk sharing is illustrated by the negative correlation (-
0.93) between log changes in the terms of trade (price of output over the price of consumption)
and log changes in productivity under financial autarky. This mechanism is exactly that
highlighted by Cole and Obstfeld (1991). Notice that although there is more consumption
risk sharing under complete markets, the correlation between the terms of trade and output
is less negative in this scenario (-0.84), consistent with risk sharing being provided at least
partially through non-zero trade balances.

For developed countries, which are relatively open, the static gains from trade are larger
on average than they are for developing countries. But gains from trade across dates and
states of the world are substantially smaller, implying smaller 3-D gains from trade both
under financial autarky and complete markets. Why are 3-D gains less dramatic for devel-
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oped than for developing countries? The results on the role of productivity process in Table
4 show that this can be accounted for in large part by the fact that the standard deviation
of innovations to productivity growth is much lower for developed than developing coun-
tries. With relatively little idiosyncratic risk, gains from trade across states of the world are
modest.

7 Conclusion

Static multi-country models of international trade imply relatively modest losses associated
with moving from the current level of trade openness to full autarky. But static models ignore
a potentially important role for international trade in allowing countries to smooth consump-
tion across states and over time. Under standard CRRA preferences with a reasonable degree
of risk aversion, access to this channel of smoothing is potentially welfare-increasing. The
extent of welfare gains from access to trade across states and over time depends on the
volatility and correlation of productivity across countries, endogenous risk sharing through
movements in the terms of trade, and access to financial markets.

I quantify the gains from trade taking into account gains from trade across states and
over time, as well as gains from trade within dates and states (3-D gains). For developing
countries, which have volatile productivity growth which is not very correlated with that of
developed countries, there are substantial gains from trade across states of the world and
over time. This is true even under financial autarky. For developing countries, 3-D gains
from trade under financial autarky are more than twice as big as static gains from trade.
Intuitively, endogenous movements in the terms of trade (as in Cole and Obstfeld (1991))
provide some insurance even under financial autarky, as long as the goods produced by
different countries are substitutes, but not perfect substitutes. This insurance is valued if
agents are risk averse.

For developed countries, which have less volatile productivity, and face mainly aggre-
gate risk, both because they are big, and because their productivity growth is more highly
correlated, gains from trade under financial autarky are very close to static gains. Under
complete markets, the 3-D gains from trade for developing countries are dramatically bigger
than static gains. However for developed countries, even under complete markets, 3-D gains
are only modestly bigger than static gains.

Future work will examine the robustness of these results to alternative specifications of the
productivity process, to allowing for capital accumulation, and potentially to non-expected
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utility and disaster risk.
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A Derivation of welfare formula

The budget constraint for country i is:
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Now make use of the expression for the domestic share in date-t, history st expenditure,
λii0,t (st), to get:
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Substitute this back into the welfare expression to get:
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Now make use of the expression for φi0,t (st) to get:
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This generalizes the formula for static welfare gains from trade popularized by Arkolakis,
Costinot and Rodriguez-Clare (2012). Note that the derivation does not assume that different
countries face the same relative prices across dates or states of the world. This implies that
conditional on fixing initial net wealth W i

0, it is independent of what is assumed about
international financial markets.

A.1 Second order approximation

Normalizing Πi
0 = 1, taking a second order approximation of
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yields:
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then

d lnU i
0 =

∞∑
t=0

∑
st

θi0,t
(
st
) [ d lnλii0,t (st)

(1− µ) (1− η)
+
d lnφi0,t (st)

(1− ρ)
+

1

2

((
d lnλii0,t (st)

(1− µ) (1− η)

)2

+ 2
d lnλii0,t (st)

(1− µ) (1− η)

d lnφi0,t (st)

(1− ρ)
+

(
d lnφi0,t (st)

(1− ρ)

)2
)]

where
θi0,t
(
st
)

=
(1− µ)Qi

0,t (st)Y i
t (st)

Πi
0U

i
0

Higher order approximations are derived analogously. Figures ?? and ?? illustrate the
performance of first, second and third order approximations to the gains from trade under
financial autarky and complete markets respectively.

B Data

Tables 6, 7, and 8 list the countries in the sample used to recover productivity, along with
the dates for which they are present. They also note whether the country is present in the
balanced panel used to estimate the productivity process, and whether data is present for
2019 (countries included in the sample used for welfare calculations). OECD membership is
also listed.
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C Estimation of the productivity process

Let at =
[
lnAUSt , AO1

t , . . . , A
ONO
t , AN1

t , . . . , A
NNN
t

]′
be the vector of log productivity for all

countries in the estimation sample at date t. The first country is the US, then NO OECD
countries, followed by NN non-OECD countries. The productivity process to be estimated
can be written:

(at − at−1) = g + Γat−1 + εt

where
εt = Ψεt−1 + Ωηt

and

g =



gUS
gUS

...
gUS



gUS

...
gUS





Γ =



[0]
[

0 . . . 0
] [

0 . . . 0
]

γO

...
γO



−γO . . . 0
... . . . ...
0 . . . −γO




0 . . . 0
... . . . ...
0 . . . 0



γN

...
γN




0 . . . 0
... . . . ...
0 . . . 0



−γN . . . 0
... . . . ...
0 . . . −γN





Ψ =



[
ψUS

] [
0 . . . 0

] [
0 . . . 0

]
ψUSO
...

ψUSO



ψOO . . . 0
... . . . ...
0 . . . ψOO




0 . . . 0
... . . . ...
0 . . . 0



ψUSN
...

ψUSN




0 . . . 0
... . . . ...
0 . . . 0



ψNN . . . 0
... . . . ...
0 . . . ψNN




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Ω =



[
σUS

] [
0 . . . 0

] [
0 . . . 0

]
σUSO
...

σUSO



σOO . . . 0
... . . . ...
0 . . . σOO




0 . . . 0
... . . . ...
0 . . . 0



σUSN
...

σUSN




0 . . . 0
... . . . ...
0 . . . 0



σNN . . . 0
... . . . ...
0 . . . σNN




Condition on a1. Then at t = 2:

(a2 − a1) = g + Γa1 + ε2

and
ε2 = Ψε1 + Ωη2

so
(a2 − a1) = g + Γa1 + Ψε1 + Ωη2

We don’t observe ε1, but we do know its unconditional distribution:

ε1 ∼ N
(

0, (I −Ψ)−1 ΩΩ′
(
(I −Ψ)−1

)′)
.

Meanwhile, ε1 and η2 are independent. So

(a2 − a1) |a1 ∼ N
(
g + Γa1,ΩΩ′ + Ψ (I −Ψ)−1 ΩΩ′

(
(I −Ψ)−1

)′
Ψ′
)
.

In general, for t > 2

(at − at−1) = g + Γat−1 + εt

while
εt = Ψεt−1 + Ωηt

and
εt−1 = (at−1 − at−2)− g − Γat−2

so
(at − at−1) = (I −Ψ)g + (Γ + Ψ) at−1 −Ψ (I + Γ) at−2 + Ωηt
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and

(at − at−1) |a1, . . . , at−1 ∼ N ((I −Ψ)g + (Γ + Ψ) at−1 −Ψ (I + Γ) at−2,ΩΩ′)

Let θ = {g,Γ,Ψ,Ω}.The log likelihood conditional on a1 is given by:

L (∆aT , . . . ,∆a2|a1;θ) = −
T∑
t=2

1

2


(∆at − µt (a1, . . . , at−1;θ))′Σt (θ)−1 (∆at − µt (a1, . . . , at−1;θ))

− ln
(∣∣Σt (θ)−1

∣∣)+Nt ln (2π)


with

µt (a1, . . . , at−1;θ) =

g + Γa1 t = 2

(I −Ψ)g + (Γ + Ψ) at−1 −Ψ (I + Γ) at−2 t > 2

and

Σt (θ) =

ΩΩ′ + Ψ (I −Ψ)−1 ΩΩ′
(
(I −Ψ)−1

)′
Ψ′ t = 2

ΩΩ′ t > 2

The idea is to choose θ = {g,Γ,Ψ,Ω} to maximize the log likelihood L (∆aT , . . . ,∆a2|a1;θ).
This is done in two steps. First, the parameters θUS =

{
gUS, ψUS, σUS

}
are chosen to max-

imize L
(
∆aUST , . . . ,∆a2|a1;θUS

)
. Then the remaining parameters

{
θO,θN

}
are chosen to

maximize the log likelihood conditional on the estimates of θUS. That is, what is maximized
is L

(
∆anonUST , . . . ,∆anonUS2 |anonUS1 ,θUS;θO,θN

)
.

D Additional results

Table 9: Static gains from trade under observed trade balances (2019)
All Rich Poor

Mean 1.21 1.18 1.21
Med 1.17 1.14 1.19
Min 0.62 1.05 0.62
Max 2.11 1.74 2.11
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Table 10: Parameters of productivity process for alternative values of η
Value of η

Parameter 1.5 3 4 5 6 8
gUS 0.0085 0.0085 0.0085 0.0085 0.0085 0.0085
ψUS 0.31 0.31 0.31 0.31 0.31 0.31
σUS 0.002 0.002 0.002 0.002 0.002 0.002
γO 0.0053 0.0089 0.0102 0.0108 0.0122 0.0128
ψO 0.11 0.15 0.11 0.10 0.05 0.04
ψO,US 0.26 0.32 0.38 0.45 0.53 0.64
σO 0.03 0.02 0.02 0.03 0.03 0.04
σO,US 0.001 0.001 0.001 0.001 0.001 0.001
γN 0.0025 0.0026 0.0027 0.0027 0.0022 0.0014
ψN -0.08 -0.05 -0.04 -0.05 -0.04 -0.04
ψN,US 0.05 0.17 0.24 0.27 0.23 0.21
σN 0.10 0.09 0.09 0.10 0.10 0.10
σN,US 0.001 0.001 0.001 0.000 0.000 0.000

Figure 5: Exact vs approx: fin autarky Figure 6: Exact vs approx: complete mkts
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