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Abstract

We study welfare gains from trade in a dynamic, multicountry model with capital
accumulation. We compute the exact transition paths for 93 countries following a per-
manent, uniform, unanticipated trade liberalization. We find that while the dynamic
gains are different across countries, consumption transition paths look similar except
for scale. In addition, dynamic gains accrue gradually and are about 60 percent of
steady-state gains for every country. Finally, the contribution of capital accumulation

to dynamic gains is four times that of TFP.
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1 Introduction

Recently, there have been a few papers computing gains from trade in dynamic models, e.g.,
Anderson, Larch, and Yotov] (2015)), [Brooks and Pujolas| (2018]), |Alvarez (2017), Ravikumar,
Santacreu, and Sposi (2019), Mix (2020)), and |Alessandria, Choi, and Ruhl| (2021). In this
paper, we decompose the dynamic gains from trade into gains from capital accumulation vs
gains due to total factor productivity (TFP) changes.

Comparative advantage dictates that trade liberalization results in allocations that in-
crease measured TFP. The increase in TFP, in turn, increases the rate of return to capital
and, hence, the investment rate in a dynamic model. Under the assumption that production
of investment goods is more tradables intensive than production of consumption goods, trade
liberalization reduces the price of investment relative to the price of consumption; this also
increases the investment rate. Thus, trade liberalization yields a higher stock of capital,
higher output, and higher consumption.

Our trade environment is the multicountry model of Eaton and Kortum (2002)). Our
capital accumulation environment is a two-sector neoclassical growth model. We combine the
two models, similar to|Alvarez (2017), and study the interaction between international trade
and capital accumulation. A continuum of tradable intermediate goods is used to produce
investment goods, final consumption goods, and intermediate goods. A key assumption in
our model is that the intensity of tradables is higher in the production of investment goods
than in the production of consumption goods. Trade is balanced in each period. Each
country is endowed with an initial stock of capital. Capital is accumulated in the same
manner as in the neoclassical growth model.

We calibrate the steady state of the model to reproduce the observed bilateral trade
flows across 93 countries. We then conduct a counterfactual exercise in which there is
an unanticipated, uniform, and permanent reduction in trade frictions for all countries.
We compute the exact levels of endogenous variables along the transition path from the
calibrated steady state to the counterfactual steady state and calculate the welfare gains
using a consumption-equivalent measure as in Lucas| (1987)).

We find that (i) Consumption transition paths look similar across countries except for
scale, (ii) Comparing only steady states overstates the gains from trade; the dynamic gains
accrue gradually and are about 60 percent of steady-state gains for every country, (iii) Both
the dynamic gains and steady-state gains differ across countries: The dynamic gain for Belize

is 5 times that of the United States, and (iv) The contribution fo capital accumulation to



dynamic gains is four times that of TFP.

Our paper is closely related to |Anderson, Larch, and Yotov| (2015) who also compute
dynamic gains from trade. In their model, the transition path is a solution to a sequence
of static problems since changes in trade frictions have no effect on the investment rate and
relative price of investment. In our model, the changes in trade frictions affect the transition
dynamics of investment rate and relative price of investment.

The rest of the paper proceeds as follows. Section [2] presents the model. Section [3]derives
the welfare gains from trade. Section [4] describes the calibration while Section [5] reports the

quantitative results from the counterfactual exercise. Section [f] concludes.

2 Model

Our model has I countries indexed by ¢« = 1,..., I, discrete time, running from¢t =1, ..., oo,
and three sectors: consumption, investment, and intermediates, denoted by c,z, and m,
respectively. There is a unit interval of varieties in the intermediates sector. Each variety
within the sector is tradable and is indexed by v € [0,1]. Neither consumption goods nor
investment goods are tradable. There is a continuum of intermediate wvarieties that are
tradable. Production of all goods is carried out by perfectly competitive firms. As in Eaton
and Kortum (2002), each country’s efficiency in producing each intermediate variety is a
realization of a random draw from a country-specific distribution. Trade in intermediate
varieties is subject to iceberg costs. Each country purchases each intermediate variety from
its lowest-cost supplier and all of the varieties are aggregated into a composite intermediate
good. The composite good is used as an input along with capital and labor to produce the
consumption good, the investment good, and the intermediate varieties.

Each country has a representative household. The representative household in country ¢
is endowed with a labor force of size L; in each period, which it supplies inelastically, and

an initial stock of capital, K.

Composite good Within the intermediates sector, all of the varieties are combined ac-

1 n/(n—1)
M = [/ qz‘t(U)ll/ndvl )
0

where 7 is the elasticity of substitution between any two varieties and g;;(v) is the quantity of

cording to

good v used by country ¢ to construct the composite good at time ¢ and M;; is the quantity



of the composite good available in country i to be used as an input.

Varieties The technologies for producing each variety are given by
Ymit(v) - Zmz(”) (Kmit(v)aLmit(U)l_a)Vm Mmit(v)l_ym~

The parameter v, € [0,1] denotes the share of value added in total output and a denotes
capital’s share in value added. These parameters are constant across countries and over
time. The term M,,;;(v) denotes the quantity of the composite good used by country i as an
input to produce Y,,;;(v) units of variety v, while K,,;;(v) and L,,;(v) denote the quantities
of capital and labor used.

The term z,,;(v) denotes country i’s productivity for producing variety v. The pro-
ductivity draw comes from independent Fréchet distributions with shape parameter # and
country-specific scale parameter T,,;, for i = 1,2,...,1. The c.d.f. for productivity draws in
country 7 is F,;(2) = exp(—T}277).

In country 7 the expected value of productivity is 7_1Tii, where v =T'(1+ (1 — n))ﬁ
and I'(-) is the gamma function, and Tjw is the fundamental productivity in country i.
If T.,; > T, then on average, country 7 is more efficient than country j at producing
intermediate varieties. A smaller 6 implies more room for specialization and, hence, more

gains from trade.

Consumption and Investment goods The final consumption good is produced accord-
ing to
citcit cit

Yeir = Aci (Ka Llia)yc MU,

and investment goods according to

Yair = Aai (K L) My
The parameters «, v., and v, are constant across countries and over time. The term A
captures country ¢’s productivity in the consumption goods sector and A,; captures country
1’s productivity in the investment goods sector—these productivities vary across countries.
The terms K, L., and M,;; denote the quantities of capital, labor, and the composite good
used by country ¢ to produce Y,; units of consumption at time t, and K,;, Ly, and M,
denote the quantities of capital, labor, and the composite good used by country ¢ to produce

Y,; units of investment at time ¢.



Trade International trade is subject to frictions that take the iceberg form. Country i
must purchase d;; > 1 units of any intermediate variety from country j in order for one unit

to arrive; d;; — 1 units melt away in transit. We normalize d;; = 1 for all i.

Preferences The representative household’s lifetime utility is given by

() . (Cit/Li)l_l/a
D S VAR

t=1

where Cj;/L; is consumption per capita in country ¢ at time ¢, 5 € (0,1) denotes the dis-
count factor and o denotes the intertemporal elasticity of substitution. Both parameters are

constant across countries and over time.

Capital accumulation The representative household enters period ¢ with K; units of

capital, which depreciates at the rate §. Investment, X;;, adds to the stock of capital.
Kitt1 = (1 = 0) Ky + Xy

Budget constraint The representative household earns income by supplying capital and
labor inelastically to domestic firms earning a rental rate r;; on capital and a wage rate w;
on labor. The household purchases consumption at the price P.; and purchases investment

at the price P,;;. The budget constraint is given by
PoitCit + Prin Xy = 13t Ky + wie L.

Equilibrium A competitive equilibrium satisfies the following conditions: (i) taking prices
as given, the representative household in each country maximizes its lifetime utility subject
to its budget constraint and technology for accumulating capital, (ii) taking prices as given,
firms maximize profits subject to the available technologies, (iii) intermediate varieties are
purchased from their lowest-cost provider subject to the trade frictions, and (iv) all domestic
markets clear and trade is balanced in each period. At each point in time, we take world GDP
as the numéraire: » .7y K, +wyL; = 1 for all t. We describe each equilibrium condition in

more detail in Appendix [A]



3 Welfare Gains

We measure changes in welfare using consumption equivalent units as in |Lucas (1987). In

steady state, consumption is proportional to income and the ratio of consumption to income,
rie Kittwie Lt

_ ad
! PeitLit

lf(lfé) )
8
Appendix [B] shows that

is the same across countries. Real income per capita at time ¢ is y;; =

Tmi }9;:16 K’L “
Yir KX Agi (77_7&) ( 7 ) (1)

3.1 Steady-state gains

We measure the steady-state gains in country ¢, A}®, according to:

.$s ‘)‘(* y**
1 Lt =2 2
* 100 ¢ yr’ 2)

where ¢ and ¥y are the per-capita consumption and per-capita income, respectively, in the
initial steady state in country ¢ and ¢* and y™* are the per-capita consumption and per-capita

income, respectively, in the counterfactual steady state in country .

Contribution of capital Country i’s steady-state per-capita income is given by

c )

1—v a(l—vg
Tmi Ovm, a j—quZ (1—a)Ovm,

i i
g

TFP contribution Capital contribution

See Appendix [B] for the derivation.

Changes in steady-state per-capita income are completely accounted for by changes in
home trade share resulting from changes in trade costs. Equation (3]) allows us to compute
the contributions of TF'P and capital in accounting for the steady-state gains. The log-change

in steady-state welfare due to a log-change in the home trade share is

Oln(y;) 1—-1v, a(l —v,)
Oln(my) OV * (1— )by, ' ()
~—— ———

through TFP  through capital




Two remarks are in order here. First, If the intensity of tradables is the same in the
production of consumption goods and investment goods, i.e., v, = v, then the contribution
from capital would be just one half of the contribution from TFP, assuming a typical capital
share of a = % If investment goods are more tradables intensive, ie., 1 — v, > 1 — 1,
then the contribution of capital would be more than one half. Second, the decomposition is
constant across countries in our model since (0, a, V., Uy, ;) are all constant across countries.
This does not imply that the change in income is the same across countries, only that the

relative contributions from TFP and capital are the same.

3.2 Transition and Dynamic Gains

Along the transition path, consumption might not be proportional to income. The dynamic

L. . \d
gain in country i, A;¥", solves:

~ 1 1/c

iﬁt—l (<1 " %> c?>1_1/a — Zﬁt 1 (Cir) (5)

— 1-1/o 1—1/0

where ¢;; is the per-capita consumption at time ¢ in the counterfactual. Note that in steady
state, equation collapses to equation .

Trade liberalization results in an immediate and permanent drop in the home trade shares
and, hence, permanently higher measured TFP on impact. The increase in TFP yields a
higher rate of return to capital. While capital stock does not change on impact, the higher
rate of return induces capital to increase gradually. The rate of accumulation depends on

the investment rate, which is governed by the intertemporal Euler equation:

C; T 7 P:m Pci 7
t+1 5 (1 4 Jit4l t+1 5) ( t+1/ t+1) ’ (6)
Cit P xit+1 P, xit/ P

where the relative price

P xit Aci Tmi Vg;"l:c
) 7
P > <Amz> <7Tz'z‘t) ( )

The lower home trade share implies a lower relative price of investment since v, < v,, so a

larger share of income can be allocated to investment without sacrificing consumption.

Combining the Euler equation with the budget constraint and the capital accumulation



technology, the equilibrium law of motion for capital in every country must obey:

Tit4+1 Prity1 Wit41 Priri1
( Pxit—l—l Pcit+1 i Pcit+1 Pcit+1 e

— g (1 i Tit+1 _5)0 (Pm'tJrl/PcitJrl)U
P:):itJrl Pxit/Pcit

Tit Py Wit Py
1 _ —rit ) K, )L, - Kl .
8 |:( - Pm't 6) (Pcz't) ’ + (Pcit> ’ (Pcit) Zt+1:| (8)

Note that the dynamics of capital in country ¢ depend on the capital stocks in all other

countries due to trade. The dynamics are pinned down by the solution to a system of [
simultaneous, second-order, nonlinear difference equations. The optimality conditions for
the firms combined with the relevant market clearing conditions and trade balance pin down
the prices as a function of the capital stocks in all countries.

Equation also reveals that a change in trade friction for one country affects the

dynamic path of all countries.

4 Calibration

We calibrate the parameters of the model to match several observations in 2011. We assume
that the world is in steady state at this time. Table provides the equilibrium conditions
that describe the steady state. Our technique for computing the steady state is standard,
while our method for computing the transition path between steady states is a special case
of the algorithm in Ravikumar, Santacreu, and Sposi (2019)).

Our data covers 93 countries (containing 91 individual countries plus 2 regional country
groups). Table in the appendix provides a list of the countries. This set of countries
accounts for 90 percent of world GDP as measured by the Penn World Tables version 8.1
(Feenstra, Inklaar, and Timmer, 2015, hereafter PWT 8.1) and for 84 percent of world trade
in manufactures as measured by the UN Comtrade Database. Appendix [C] provides the

details of our data.

4.1 Common parameters

The values for the common parameters are reported in Table[I} Our elasticity of substitution
parameter = 2 plays no quantitative role in our results and satisfies the condition 1+ %(1 —
n) > 0.



Table 1: Common parameters

0 Trade elasticity (Simonovska and Waughl [2014) 4

n  Elasticity of substitution between varieties 2

a  Capital’s share in value added (Gollin, |2002) 0.33
£ Annual discount factor 0.96
0  Annual depreciation rate for stock of capital 0.06
o Intertemporal elasticity of substitution 0.67
v, Share of value added in final goods output 0.91

v, Share of value added in investment goods output 0.33
v, Share of value added in intermediate goods output 0.28

In line with the literature, we set the discount factor to f = 0.96, so that the steady-
state real interest rate is about 4 percent, and the intertemporal elasticity of substitution to
o = 0.67.

We compute v, = 0.28 by taking the cross-country average of the ratio of value added
to gross output of manufactures. We compute v, = 0.33 by taking the cross-country average
of the ratio of value added to gross output of investment goods.

Computing v, is slightly more involved since there is no clear industry classification
for consumption goods. Instead, we infer this share by interpreting the national accounts
through the lens of our model. We begin by noting that by combining firm optimization and

market clearing conditions for capital and labor we get

«
g l—a (9)

In steady state, the Euler equation and the capital accumulation technology imply

oo w; L; w; L;

%—(1—5)1—04:%

P.X;, = )
l—«

We compute ¢, by taking the cross-country average of the share of gross fixed capital for-

mation in nominal GDP. The household’s budget constraint then implies that

l -«

w; L;

Pci i —
¢ l—«

Consumption in our model corresponds to the sum of private and public consumption,

changes in inventories, and net exports. We use the trade balance condition together with



the firm optimality and the market clearing conditions for sectoral output to obtain

w; L;
11—«

PriM; = [(1 = ) + (1 — ve)(1 — ¢2)] + (1 — vy) Pi M, (10)

where P,,; M; is total absorption of manufactures in country ¢ and % is the nominal GDP.

We use a standard method of moments estimator to back out v, from equation |I|

da

Given the value of ¢, and the relation ¢, = T
B

0 = 0.06.

the depreciation rate for capital is

4.2 Country-specific parameters

We set the workforce, L;, equal to the population in country ¢ documented in PWT 8.1. The
remaining parameters A, Tr,;, Ay, and d;;, for (i,7) = 1,...,1, are not directly observable.
We back these out by linking steady-state relationships of the model to observables.

The unobserved trade frictions between any two countries are related to the ratio of

intermediate goods prices in the two countries and the trade shares by:

6
i Prnj o
Ty _ (I d=?. 11
T4 (sz> Y ( )

717

Appendix[C]describes how we construct the empirical counterparts to prices and trade shares.
For observations in which m;; = 0, we set d;; = 10%. We also set d;; = 1 if the inferred value
of trade cost is less than 1.

Lastly, we use three structural relationships to pin down the productivity parameters

1 Using input-output data for 40 countries we find that there is indeed variation in v, and v,. In every
one of these countries v, — v, < 0, with a range from -0.35 to -0.71. However, we assume that both v, and
v, are constant across countries since (i) we do not have data on these shares for our sample of 93 countries
and (ii) country-specific values for these parameters add noise to the channels that we explore. We should
note that allowing for these shares to differ across countries is straightforward with our solution algorithm.

10
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Equations f are derived in Appendix . The three equations relate observables—the
price of consumption relative to intermediates, the price of investment relative to intermedi-
ates, income per capita, and home trade shares—to the unknown productivity parameters.
We set Ay = T,y = A,y = 1 as a normalization, where the subscript U denotes the United
States. For each country 7, system f yields three nonlinear equations with three
unknowns: A, T, and A,;. Information about constructing the empirical counterparts to
P.i, P, Pui, i and y; is in Appendix [C]

These equations are quite intuitive. The expression for income per capita provides a
measure of aggregate productivity across all sectors: Higher income per capita is associated
with higher productivity levels, on average. The expressions for relative prices boil down
to two components. The first term reflects something akin to the Balassa-Samuelson effect:
All else equal, a higher price of capital relative to intermediates suggests a low productivity
in capital goods relative to intermediate goods. In our setup, the measured productivity
for intermediates is endogenous, reflecting the degree of specialization as captured by the
home trade share. The second term reflects the relative intensity of intermediate inputs. If
measured productivity is high in intermediates, then the price of intermediates is relatively

low and the sector that uses intermediates more intensively will have a lower relative price.

4.3 Model fit

The correlation between model and data is 0.96 for the bilateral trade shares (see Figure

, 0.97 for the absolute price of intermediates, 1.00 for income per capita, 0.96 for the

11



price of consumption relative to intermediates, and 0.99 for the price of investment relative
to intermediates. Our model does not perfectly replicate the data as there are more data

points than parameters.

Figure 1: Model fit for bilateral trade share

10-2 T T T T
PR 450
4 ; *
107 | * 7
. *
10 ; ) 1
108} : 1
* "3: F
* ** **¥ % S
10 L o ]
T A~
o B
. *

10710 108 10 107 1072

Notes: Horizontal axis, data; Vertical axis, model.

The correlation between the model and the data is 0.93 for the absolute price of consump-
tion and 0.97 for the absolute price of investment. The correlation for the price of investment
relative to consumption is 0.95. Recall that there are more data points than parameters in
our calibration.

Our model has implications also for the (untargeted) cross-country differences in capital
and investment rates. Figure |2| shows that the model matches the data on capital-labor
ratios; the correlation is 0.93.

Our model is also broadly consistent with the real investment rate, =. The nominal

yL
investment rate, Ifl';f: is the same across countries in the steady state and is equal to 19.5

percent; in the data, it is 23.3 percent, and uncorrelated with economic development. Since
we assume that the world is in steady state in 2011, the investment rate is proportional to the
capital-output ratio. Our model matches GDP by construction and also does well matching

capital stocks, so our ability to replicate the investment rate is limited to the extent that

12



Figure 2: Model fit for capital-labor ratio
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the steady-state assumption is valid in the data.

5 Trade Liberalization and Welfare Gains

In our counterfactual trade liberalization, the world begins in the calibrated steady state.
At the beginning of period ¢t = 1, trade frictions fall uniformly in all countries such that the
ratio of world trade to GDP increases from 50 percent in the calibrated steady state to 100
percent in the new steady state. This amounts to reducing d;; — 1 by 55 percent for each
country pair ¢, j. All other parameters are fixed at their calibrated values. The decline in
trade frictions is unanticipated and permanent.

Appendix [D] describes our algorithm for computing the transition path in the counter-
factual. Our solution method is gradient free and generalizes the algorithm of |Alvarez and
Lucas| (2007) by iterating on a subset of prices using excess demand equations. We deliver
the entire transition path for 93 countries in less than 4 hours on a basic laptop computer.
Our method is computationally less demanding than nonlinear solvers.

Specifically, we first reduce the infinite dimension of the problem down to a finite time

model with ¢ = 1,...,T periods. We make T sufficiently large to ensure convergence to

13



a new steady state. This requires us to first solve for a terminal steady state to use as a
boundary condition for the path of capital stocks. The other boundary condition is the set
of capital stocks in the calibrated steady state; the transition path starts from this set. We
guess the entire sequence of wages and rental rates in every country. Given the wages and
rental rates, we recover all remaining prices and trade shares using optimality conditions for
firms, then solve for the optimal sequence of consumption and investment in every country
using the intertemporal Euler equation. Finally, we use deviations from domestic market
clearing and trade balance conditions to update the sequences of wages and rental rates. We

continue the process until we reach a fixed point where all markets clear in all periods.

Steady-state gains We compute the steady-state gains from trade using equation ([2).
The steady-state gains vary substantially across countries, ranging from 18 percent for the
United States to 92 percent for Belize (Figure [3). The median gain (Greece) is 53 percent.
(Recall that consumption is proportional to income in steady state, so the welfare gain can

be measured by change in per capita income.)

Figure 3: Distribution of steady-state gains from trade
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Change in capital accounts for 79 percent of the change in income per capita across

steady states; change in TFP accounts for the remaining 21 percent. Recall from equation

14



that the relative contributions from TFP and capital are the same across countries since
(0, , Ve, Um, V) are all constant across countries even though the change in income is different

across countries.

Dynamic gains We compute the dynamic gains from trade using equation . We cal-
culate sums in using the counterfactual transition path from ¢ = 1,...,150 and set-
ting the counterfactual consumption equal to the new steady-state level of consumption for
t=151,...,400.

Dynamic gains also vary substantially across countries, ranging from 11 percent for the
United States, to 56 percent for Belize, with the median country (Greece) being 32 percent
(see Figure . Similar to the findings in the existing literature (Waugh and Ravikumar,
2016; Waugh|, 2010), the gains are systematically smaller for large, developed countries, and
countries with smaller export frictions. Furthermore, the magnitude of our changes in welfare
is similar to that in Desmet, Nagy, and Rossi-Hansberg (2015)) who consider a counterfactual
increase of 40 percent in trade costs in a model of migration and trade, and find that welfare
decreases by around 34 percent.

Figure |4alshows that the dynamic gains are smaller than steady-state gains. The average
ratio of dynamic gains to steady-state gains is 60.2 percent and varies from a minimum of
60.1 percent to a maximum of 60.5 percent (see Figure . This result is not specific to the
magnitude of the trade liberalization: The ratio of dynamic to steady-state gains is about 60
percent in every counterfactual where trade frictions are uniformly reduced across countries.

The ratio of roughly 60 percent is a result of (i) the initial change in consumption and (ii)
the rate at which consumption converges to the new steady state. If consumption jumped to
its new steady-state level on impact, then the ratio would be close to 100 percent. If instead
consumption declined significantly in the beginning and then converged to the new steady
state slowly, then the ratio would be closer to 0 percent since there would be consumption
losses in earlier periods, while higher levels of future consumption would be discounted.

A few remarks are in order here. One could imagine computing the welfare gain along
the transition path by using equation to compute the change in the income due to the

change in home trade share, period by period:

l—v. a(l—uv,)

Aln(y;) = — ( ke a)@um> Aln(my).

This is invalid. First, along the transition, consumption is not proportional to income. For
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Figure 4: Distribution of gains from trade

(a) Gains from trade (b) Ratio: dynamic-to-steady-state gains
0.7r

—Dynamic gains

= = Steady-state gains

Lo EE e s A R, ey

0.6+
ATTT ~
’ N
4 AY
, AY
X4 AY
’ \
/,, \\
== B D
0 20 40 60 80 100 12 1 2 4 8 16 32 64
Gains, percent Income per capita, thousands 2005 US$

instance, consumption in the median-gain country grows by 4.7 percent between periods 2
and 3, while income grows by only 3.4 percent. Second, even if consumption was roughly
proportional to income, changes in the home trade share between any two periods does not
describe changes in income. Figure [5| plots the transition path for the home trade share,
consumption and income in our model for the median-gain country. The home trade share
jumps on impact to the new steady state level and remains constant thereafter (see Figure
. Income grows gradually to the new steady state; see Figure .

Role of capital deepening Trade liberalization increases each country’s output, making
more consumption and investment feasible. First, the immediate increase in output is driven
by an immediate increase in measured TFP; capital does not change on impact. Optimal
allocation of the higher output to consumption and investment determines the dynamics and
is governed by the relative price of investment and the return to capital, as revealed by the
Euler equation @ Second, the changes in measured TFP are pinned down by the changes
in home trade share; see equation . Since the home trade share jumps on impact to the
new steady state level and remains constant thereafter, TFP also jumps on impact to the
new steady state and remains constant thereafter; see Figure [6]

Trade liberalization reduces the relative price of investment. The reason is that trade

liberalization decreases the price of traded intermediates, and intermediates are used more
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Figure 5: Transition for home trade share, consumption, and income in the median country
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Notes: The country with the median dynamic gain is Greece. Variables are indexed to 1 in the
initial steady state. Year 0 is the initial steady state and year 1 is the period of liberalization.

Figure 6: Transition path for TFP in the median country
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Notes: The country with the median dynamic gain is Greece. TFP is indexed to 1 in the initial
steady state. Year O is the initial steady state and year 1 is the period of liberalization.
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intensively in the production of investment goods than in consumption goods (v, < v.),
the price of investment goods falls relative to that of consumption goods. The decline in
the relative price of investment implies that investment can increase by a larger proportion
than the increase in output without giving up consumption. This would result in a higher
investment rate i.e., a higher rate of capital accumulation.

Figure [7] shows the transition paths for the relative price of investment and the return to
capital for the country with the median gain. The transition paths for other countries are

similar, but differ in their magnitudes: Belize is at one extreme and the U.S. is at the other.

Figure 7: Transition paths for relative price the median country
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T
1
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0.4¢ x x x x =
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Notes: The country with the median dynamic gain is Greece. Variables are indexed to 1 in the
initial steady state. Year 0 is the initial steady state and year 1 is the period of liberalization.

The relative price differences across countries are large in our calibrated steady state
and in the data: The relative price in Belize is more than twice that in the U.S. Trade
liberalization reduces these price differences: The relative price in Belize is only 10 percent
higher than that in the U.S. after liberalization.

The return to capital on the transition path, (1 + ;:—;11 — 5), is higher than the steady-
state return, % This is because, following the trade liberalization, measured TFP is higher.
With the higher return, households invest more and the capital-labor ratio increases along

the transition. This drives the return back to its initial steady-state level. As capital
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accumulates, output increases. Recall that the increase in output on impact is entirely due
to TFP, whereas the increase in output after the initial period is driven entirely by capital
accumulation. With higher output, both consumption and investment increase and settle to

the new, higher steady-state levels.

Figure 8: Transition paths for return to capital in the median country
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1
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Notes: The country with the median dynamic gain is Greece. Variables are indexed to 1 in the
initial steady state. Year 0 is the initial steady state and year 1 is the period of liberalization.

Remarks As noted earlier, the contribution of capital deepening to the gains from trade
depends on the values of v, and v.. The contribution of capital deepening is just one half
of that of TFP when v, = v., whereas the contribution is four times that of TFP in our
calibration. In our calibration we interpret P,,;M; as the absorption of manufactures in
country ¢ and use to determine v.. Alternatively, one could interpret P,,; M; as the total
amount of absorption of intermediate goods in country i as Ravikumar, Santacreu, and Sposi
(2019) do. Under the alternative interpretation, P,,;M; is greater than the value of gross
manufacturing output, which results in a smaller value of v, = 0.56. The lower value of v,
reduces the contribution of capital deepening to three fourths of that of TFP.

Recent trade models solve for the effects of changes in trade costs using “exact hat

algebra.” This approach has the advantage that it does not require one to know most of the
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structural parameters of the model and does not require one to know the level of trade cost
before the change. This approach cannot be used to compute gains from trade in our model:
Reducing the trade costs, d;; — 1, by 55 percent requires us to know the initial trade cost.ﬂ
Furthermore, model validation, which requires knowledge of potentially all of the structural
parameters, is not part of the exercise in the hat algebra approach. For instance, it would
be useful to validate our model to ensure that it is consistent with the observed capital
deepening before evaluating how much of the gains from trade is due to capital deepening.
We assume balanced trade in our computation of dynamic gains: Households cannot
borrow from or lend to other countries. The welfare gains from trade under this assumption
could thus be an underestimate. Ravikumar, Santacreu, and Sposi (2019)) study a model
with endogenous trade imbalances by introducing one-period bonds that can be traded freely
across countries and show that each country’s gain from trade depends on its net foreign

asset, position.

6 Conclusion

We build a multicountry trade model with capital accumulation where the relative price of
investment and the investment rate are affected by trade frictions. We use this framework
to study dynamic welfare gains after a trade liberalization and quantify the contribution of
measured TFP and capital deepening to gains from trade. Our computational algorithm
efficiently solves for the exact transitional dynamics for a system of second-order, nonlinear
difference equations.

Our counterfactual trade liberalization suggests that the dynamic gains differ by a factor
of 5 across countries. The dynamic gains are 60 percent of the steady-state gains. Almost
80 percent of the gains are due to capital deepening.

Trade liberalization reduces the relative price of investment, allowing countries to invest
more without forgoing consumption, and therefore attain permanently higher capital-labor
ratios. Trade liberalization also increases total factor productivity which increases the rate
of return to investment affecting the dynamic path of investment. As capital accumulates,
consumption increases and the welfare gains accrue over time.

Almost all of the changes in measured TFP take place at the time of the liberalization.

This immediate change in measured TFP suggests that one can compute the transition paths

2See Dingel (2021) for thought experiments where the exact hat algebra cannot be used. Ravikumar,
Santacreu, and Sposi| (2019)) note that following the exact hat algebra approach might also yield negative
trade costs in the counterfactual.
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in our model by solving the transition paths for closed economies as follows. First, compute
the home trade share in the counterfactual steady state for each country; this can be done
without solving for the transition paths. Second, use the home trade shares to compute
the measured TFP in each country. Third, endow each country with its “new” measured
TFP and compute its transition path assuming it is closed. Our conjecture is that the path

computed in this manner would be almost identical to the one in our open economy model.
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Appendix
A Equilibrium conditions
We describe each equilibrium condition in detail below.

Household optimization The representative household chooses a path for consump-

tion that satisfies the following Fuler equation:

CitJrl ( Tit+1 )g (Pm’tJrl/PcitJrl)U
=51+ S R = iasvaatciansy Iy Al
Cit 5 P:m'tJrl Pxit/Pcit ( )

Combining the household’s budget constraint and the capital accumulation technology

and rearranging, we get:

Tit4+1 Pyt Wiy Py
Cyop=(1+ —""—-94 K; L, — | =— | K. A2
' ( +Pxit+]— ) (Pcit> t+(Pcit> <Pcit) s (4.2)

Firm optimization Markets are perfectly competitive, so firms set prices equal to

marginal costs. Denote the price of variety v, produced in country j and purchased by
country 4, as ppi;j(v). Then pu;;(v) = pmj;j(v)dij; in country j, py,;;(v) is also the marginal
cost of producing variety v. Since country ¢ purchases each variety from the country that
can deliver it at the lowest price, the price in country i is py,;(v) = min;_y __ 1[Pm;; (V) dmi;]-

The price of the composite good in country ¢ at time ¢ is then

=

I

Poit =7 [Z(uﬁdij)‘eij

j=1

, (A.3)

) QVm ] (1—a)vm ] 1—vm
where uj;, = ( — ) < Ll ) <i> is the unit cost for a bundle of inputs

Qavm (1—a)vm 1—vm

for intermediate goods producers in country n at time ¢.
Next we define total factor usage in the intermediates sector by aggregating across the

individual varieties.

1 1
Kpie = / Kmit(v)dv7 Lynit = / Lmit(v)dv7
0 0

1 1
Mmit = / Mmit<v)dva Ymit = / Ymit(v)dv'
0 0
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The term L,,;;(v) denotes the labor used in the production of variety v at time ¢. If country
i imports variety v at time ¢, then L,,;(v) = 0. Hence, L,; is the total labor used in
sector m in country ¢ at time t. Similarly, K,,; is the total capital used, M,,;; is the total
intermediates used as an input, and Y,,;; is the total output of intermediates.

Cost minimization by firms implies that, within each sector b € {c, m, x}, factor expenses

exhaust the value of output:

Tit Kpir = vy Pt Ypir,
Wit Lyiy = (1 - OZ)Vbez‘thit,
PritMyir = (1 — 1) Pyit Yot

That is, the fraction ar, of the value of each sector’s production compensates capital services,
the fraction (1 — a)v, compensates labor services, and the fraction 1 — v, covers the cost of

intermediate inputs; there are zero profits.

Trade flows The fraction of country i’s expenditures allocated to intermediate varieties

produced by country j is given by

(umjtdijt)ieTm'
S (tmjedi) T

, (A4)

Tijt =
where ,,;; is the unit cost of intermediate varieties in country j.

Market clearing conditions The domestic factor market clearing conditions are:

> Ky =Ky, > Ly =L, > My = M.

be{c,m,x} be{c,m,x} be{c,m,x}

The first two conditions impose that the capital and labor markets clear in country ¢ at each
time ¢. The third condition requires that the use of the composite good equals its supply.
Its use consists of demand by firms in each sector. Its supply consists of both domestically
and foreign-produced varieties.

The next set of conditions require that goods markets clear.

I
Cit = Yei, Xit = Yair, Z Prjt (Meje + Moje + Myji) Tjir = ProitYomit-

j=1
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The first condition states that the quantity of (nontradable) consumption demanded by the
representative household in country ¢ must equal the quantity produced by country i. The
second condition says the same for the investment good. The third condition imposes that
the value of intermediates produced by country ¢ has to be absorbed globally. Recall that
P, j+ My is the value of intermediate inputs that country 7 uses in production in sector b.
The term 7;; is the fraction of country j’s intermediate good expenditures sourced from
country ¢. Therefore, P,,;;My;imjix denotes the value of trade flows from country 7 to j.
Finally, we impose an aggregate resource constraint in each country: Net exports equal

zero. Equivalently, gross output equals gross absorption:

Pmitymit - PmitMit-

B Derivations of structural relationships

This Appendix shows the derivations of key structural relationships in the balanced trade
model. We refer to Table for the derivations and omit time subscripts to simplify

notation. We begin by deriving an expression for

Wi

Pmi

that will be used repeatedly.

Combining conditions 17 and 19, we obtain

0 u;ngi
Ty =7 F .

Use the fact that w,,; = er,o“’mw(l_o‘)

3 (2

Toni o ri N\ w T
Pmi - - Pmi
=) @) (&)

1

ym plovm where By, is a collection of constants; then

rearrange to obtain

Note that this relationship holds in both the steady state and along the transition.

Relative prices We show how to derive the price of consumption relative to inter-

mediates; the relative price of investment is analogous. Begin with condition 16 to obtain
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B ra N w; 7
Pci: - = - Pmi7
(Acz'> <wz) (sz>

where B, is a collection of constants. Substitute equation (B.1]) into the previous expression

P, B. ( -
— = -7 . B.2

and rearrange to obtain

Analogously,

&:(ﬁ) Cfm_)é ”’”' (B.3)

Note that these relationships hold in both the steady state and along the transition.

Capital-labor ratio We derive a structural relationship for the capital-labor ratio in
the steady state only and refer to conditions in Table [D.I Conditions 1-6 together with

conditions 10 and 11 imply that
Ki . (0] w;
Li n 11—« T .

Using condition 23, we know that

n=(5-0-9)r

which, by substituting into the prior expression, implies that

% S \a-a) (;— (1-9)) <g> |
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which leaves the problem of solving for 5. Equations 1) and 1' imply
w; [ W P
1N T
Tmi 0 "
. Agi < Tii ) w; \*
\ B, vBm '

in the previous expression yields
Ti

Substituting once more for

0 oy (@)
(1) - (3-a-0) " (&) [

Solve for the aggregate capital-labor ratio

ks
|

L\ et
- — Q) Vs
o _1 Tmz o "
_ <A> i
— — Hai

— : (B.4)
(/% (- 5)> —a YBm

Note that we invoked steady-state conditions, so this expression does not necessarily hold
along the transition path.

Income per capita We define (real) income per capita in our model as

ri K + w; L;
LiPci

We invoke conditions from Table for the remainder of this derivation. Conditions 1-6,

Yi =

10, and 11 imply that

28



To solve for 5=, we use condition 16:
c1

Substituting equation 1} into the previous expression and exploiting the fact that 1:—
(52) (%) vields

1—ve

S () (BE) ()

L;

(B.5)

equation (B.4)) as

Note that this expression holds both in the steady state and along the transition path.
The steady-state income per capita can be expressed more fundamentally by invoking

1—ve+ 7

1,a(1*Vz)
[¢] Tmz % o
Aci Am T ( Tig )
1—a B. B, '

(B.6)

Income per capita as a function of capital-output ratio Define 7 = A, <
and k = % Then, we can write (B.5)) as

1—ve
Tmi Ovm
T4

Y X 2k

Dividing both sides by y“ and rearranging, we get

Yi X 71 (—) .
Yi

The first term is the direct effect of measured TFP on per capita income and the second

term is the effect of capital accumulation. Unlike the neoclassical growth model, the two
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effects are not orthogonal. To determine the capital-output ratio, note that (B.4)) implies

1—vg
Tmi ) (1—a)0vm

Tii

Using the fact that y; o< Zk;%, we get

1—vyg
k’z‘ 1 Tmz Ovm
L ()%
vi 2 i
SO
o a(l—vg)
ZL A.Z’Z l1-a Tmz (1—a)0vm
. 11—«
Yi X 7 .

_a a(ve—vg)
~ Zﬁ <A3”> l1—a (Tmz) (1—a)Ovm,
Aci Ty

Recall that Z is a function of m;;. Thus,

aln(yz) _ - Ve a(yc - Vac)

oln(ry) | (1—a)fu, i (1 —«a)bvy,
throué}rl TFP through k/y

For our parameters, the capital-output ratio effect is twice as large as the TFP effect.

C Data

This section describes the sources of data and any adjustments we make to the data to map

it to the model.

C.1 Production and trade

Mapping the trade dimension of our model to the data requires observations on both pro-

duction and international trade flows. Our focus is on manufactured intermediate goods.

We interpret manufacturing broadly as defined by the International Standard Industrial

Classification (ISIC).

We obtain production data from multiple sources. First, we use value added and gross
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output data from the INDSTAT database, which are reported at the two-digit level us-
ing ISIC. The data for countries extend no further than 2010 and not even to 2010 for
many countries. We use data on value added output in UN National Accounts Main Ag-
gregates Database (UNNAMAD, http://unstats.un.org/unsd/snaama/Introduction.asp), for
2011. For countries that report both value added and gross output in INDSTAT, we use
the ratio in the year closest to 2011 and apply that to the value added from UNNAMAD to
recover gross output. For countries with no data on gross output in INDSTAT for any years,
we apply the average ratio of value added to gross output across all countries and apply that
ratio to the value added figure in UNNAMAD for 2011. In our dataset, the ratio of value
added to gross output does not vary significantly over time and is also not correlated with
level of development or country size.

Our source for trade data is the UN Comtrade Database (http://comtrade.un.org). Trade
is reported for goods using revision 2 Standard International Trade Classification (SITC2)
at the four-digit level. We use the correspondence tables created by |Affendy, Sim Yee, and
Satoru (2010) to map SITC2 to ISIC. We also omit any petroleum-related products from
the trade data.

Using the trade and production data, we construct bilateral trade shares for each country

pair by following Bernard, Eaton, Jensen, and Kortum (2003) as follows:

~ ABS,,;’

where 7 denotes the importer, j denotes the exporter, X;; denotes manufacturing trade flows

7Tij

from j to i, and AB.S; denotes country ¢’s absorption defined as gross output less net exports

of manufactures.

C.2 National accounts and price

GDP and population We use data on output-side real GDP at current Purchasing
Power Parity (2005 U.S. dollars) from PWT 8.1 using the variable cgdpo. We use the variable
pop from PWT 8.1 to measure the population in each country. The ratio % corresponds
to GDP per capita, y, in our model.

In our counterfactuals, we compare changes over time with past trade liberalization
episodes using the national accounts from PWT 8.1: rgdpna, rkna, and rtfpna.

We take the price of household consumption and the price of capital formation (both

relative to the price of output-side GDP in the Unites States in constant prices) from PWT
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8.1 using variables pl_c and pl_i, respectively. These correspond to P. and P, in our model.

We construct the price of intermediate goods (manufactures) by combining disaggre-
gate price data from the World Bank’s 2011 International Comparison Program (ICP;
http: / /siteresources.worldbank.org/ICPEXT/Resources/ICP_2011.html). The data have sev-
eral categories that fall under what we classify as manufactures: “Food and nonalcoholic
beverages,” “Alcoholic beverages, tobacco, and narcotics,” “Clothing and foot wear,” and
“Machinery and equipment.” The ICP reports expenditure data for these categories in both
nominal U.S. dollars and real U.S. dollars. The PPP price equals the ratio of nominal
expenditures to real expenditures. We compute the PPP for manufactures as a whole of
manufactures for each country as the sum of nominal expenditures across categories divided
by the sum of real expenditures across categories.

There is one more step before we take these prices to the model. The data correspond
to expenditures and thus include additional margins such as distribution. To adjust for this,
we first construct a price for distribution services. We assume that the price of distribution
services is proportional to the overall price of services in each country and use the same
method as above to compute the price across the following categories: “Housing, water,
electricity, gas, and other fuels,” “Health,” “Transport,” “Communication,” “Recreation
and culture,” “Education,” “Restaurants and hotels,” and “Construction.”

Now that we have the price of services in hand, we strip it away from the price of goods
computed above to arrive at a measure of the price of manufactures that better maps to our
model. In particular, let Py denote the price of distribution services and P, denote the price
of goods that includes the distribution margin. We assume that P, = Pf P=Y where P,, is

the price of manufactures. We set ¢y = 0.45, a value commonly used in the literature.

D Solution algorithm

In this Appendix, we describe the algorithm for computing (i) the steady state and (ii) the
transition path. Before going further into the algorithms, we introduce some notation. We
denote the steady-state objects using the % as a superscript; that is, K is the steady-state
stock of capital in country . We denote the vector of capital stocks across countries at time
tas Ky = {Ky}L,.
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Table D.1: Steady-state conditions
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D.1 Computing the steady state

The steady-state consists of 22 objects: w*, 7, ]36*, 1377*1, ﬁ;, 6*, X, [?*, ]\7[*, }70*, }7;2, }7;3*, [?c*,
I?,*n, [?;, Ijj, E;l, E;, M;, ]\7[;” M;, 7 (we use the double-arrow notation on 7, to indicate
that this is an / x I matrix). Table provides a list of 23 conditions that these objects
must satisfy. One market clearing equation is redundant (condition 12 in our algorithm).
We use the technique from Mutreja, Ravikumar, and Sposi (2014), which builds on
Alvarez and Lucas| (2007)), to solve for the steady state.
of wages, then recover all remaining prices and quantities using optimality conditions and

market clearing conditions, excluding the trade balance condition. We then use departures
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from the trade balance condition in each country to update our wage vector and iterate until

we find a wage vector that satisfies the trade balance condition. The following steps outline

our procedure in more detail:

(i)

(i)

(iii)

We guess a vector of wages @ € A = {w € R] : S wils — 1} that is, with world

i=1 11—«

GDP as the numéraire.

We compute prices P;, ﬁx, ﬁm, and 7 simultaneously using conditions 16, 17, 18, and
23 in Table To complete this step, we compute the bilateral trade shares 7 using

condition 19.

_Q Wil

T n_Li, for all 4, which derives easily
from optimality conditions 1 and 4, 2 and 5, and 3 and 6, coupled with market clearing
conditions for capital and labor 10 and11 in Table [D.1]

We compute the aggregate capital stock as K; =

We use condition 22 to solve for steady-state investment X. Then we use condition 21

to solve for steady-state consumption C.

We combine conditions 4 and 13 to solve for Ec, combine conditions 5 and 14 to solve
for Ez, and use condition 11 to solve for Em Next we combine conditions 1 and 4
to solve for I?c, combine conditions 2 and 5 to solve for K M, and combine conditions
3 and 6 to solve for ffx Similarly, we combine conditions 4 and 7 to solve for Mc,
combine conditions 5 and 8 to solve for Mm, and combine conditions 6 and 9 to solve
for Mx

We compute Y, using condition 13, compute Y., using condition 14, and compute ?x

using condition 15.

We compute an excess demand equation as in |Alvarez and Lucas| (2007)) defined as

PmiYmi - szMz
Z;(w) = ,

wy

(the trade deficit relative to the wage). Condition 20 requires that Z;(w) = 0 for all 1.
If the excess demand is sufficiently close to 0, then we have a steady state. If not, we
update the wage vector using the excess demand as follows:

AL(@) = w, (HML@),
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which is the updated wage vector, where v is chosen to be sufficiently small so that
A > 0. Note that 337, Al(iL =S wili 4 ) S w; Zi(i). Asin|Alvarez and Lucas

(2007), it is easy to show that 3_1_, w; Z;(1) = 0 which implies that S71_, LGl _ g

-«

and hence, A : A — A. We return to step (ii) with our updated wage vector and repeat
the steps. We iterate through this procedure until the excess demand is sufficiently

close to 0. In our computations we find that our preferred convergence metric,
1 —
max {[Z;(w)[},

converges roughly monotonically towards 0.

D.2 Computing the transition path

The equilibrium transition path consists of 22 objects: {0, }52,, {7152, {P}e2, {Pmi )2y,
{Par}i2r ACH2 AX D2 AKD 21 {Qma) 21 Yok 2y (Vine}i2e, (Yardi2e, (K e}, {Kme} s,
{ﬁxt}z?ila {Ect}toilv {Emt}toila {f/wt}filv {Mct}fila {Mmt};ﬁla {Mzt}fila {%t}z?il (we use the
double-arrow notation on 7 to indicate that this is an I x I matrix in each period t). Table
provides a list of equilibrium conditions that these objects must satisfy.

We reduce the infinite horizon problem to a finite time problem from ¢ = 1,... T, with
T sufficiently large to ensure that the endogenous variables settle to a steady state by 7.
As such, solving the transition first requires solving for the terminal steady state. Also, it
requires taking the initial stock of capital as given (either by computing an initial steady
state or by taking it from the data, for instance).

Our solution method mimics the idea of that for the steady state but is slightly modified
to take into account the dynamic aspect as in |Sposi| (2012)). Basically, we start with an initial
guess for the entire sequence of wage and rental rate vectors. From these two objects we
can recover all prices and quantities, across countries and throughout time, using optimality
conditions and market clearing conditions, excluding the trade balance condition and the
market clearing condition for the stock of capital. We then use departures from these two
conditions at each point in time and in each country to update the sequence of wages and
rental rates. Then we iterate until we find wages and rental rates that satisfy the trade
balance condition and the market clearing condition for the stock of capital in each period.

We describe our procedure in more detail below.
(i) We guess the entire path for wages {w,;}._, and rental rates {r;}., across countries,
such that Y, “tli = 1(V¢). In period 1, set 7 = (1) (%) since the initial stock
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Table D.2: Dynamic equilibrium conditions
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(i)

(iii)

of capital is predetermined.

We compute prices {Py}L,,{P,}T,, and {P,}L, simultaneously using conditions
16, 17, and 18, in Table [D.2 To complete this step, we compute the bilateral trade

shares {7, }Z_, using condition 19.

Computing the path for consumption and investment is slightly more involved. This
requires solving the intertemporal problem of the household. We do this in three
steps. First, we derive the lifetime budget constraint. Second, we derive the fraction
of lifetime wealth allocated to consumption at each period t. And third, we recover

the sequences for investment and the stock of capital.

Deriving the lifetime budget constraint For the representative household in
country ¢, begin with the period budget constraint from condition 21 and combine it

with the capital accumulation technology in condition 22 to get

w; Ty P
Kitt1 = <Pt)Li+ <1+Pt —5) Kit — (P—t) Cit.
xit xit xit

We iterate the period budget constraint forward through time and derive a lifetime

budget constraint. At time t = 1, the stock of capital, K;; > 0, is given. Next,

compute the stock of capital at time ¢t = 2:

Wiy Ti1 P
2 (Pml) * ( +P:ml > ! (P:(:zl) !

Similarly, compute the stock of capital at time ¢ = 3, but do it so that it is in terms

the initial stock of capital.
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Continue to period 4 in a similar way:

w;3 T3 Pes
K= L; 1 —0 | K3 — C;
! (Pa:ZS) * ( * PxiS ) ’ (Pm?)) ’

Before we continue, it is useful to define (1 4+ Ry) =[]’ _, (1 + 5 = 5). Then:

(L+ Rig) (#2) L (14 Ri) ($2) L (1+ Rip) (32) L
+
+ (14 Ri3) K
(1+ R (s
(1+ Rj3) (1+ R
_|_

3 (14 Riz) (=) Ly, 3 i3) (5= ) Cin
:>Ki4zz ’ (]-+(-Rzn)> —Z a +( > + (1 + Riz) K

n=1

:>Ki4:

By induction, for any time t,

L Ra) () L 2 (4 Ra) (55 G

mzn

Kip1 = 1+ Ri) K
it+1 Z (1+Rzn nz:l ( —|—Rln) +( ‘I‘th) il

n=1

= Ki1 = (1+ Ry) zt: <wm) zt: ( m:) o + Ky

1+Rm
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Finally, observe the previous expression as of ¢ =T" and rearrange terms to derive the

lifetime budget constraint:

T T
Pcanm mez Kz
S Pl g vl e K (D.1)
n—1 Pmn(l + Rzn) n—1 Pmn(l + R'm) (1 + R’LT)
Wi

In the lifetime budget constraint , we use W; to denote the net present value of
lifetime wealth in country i. We take the capital stock at the end of time, K;r,q, as
given; in our case, it is the capital stock in the new steady state with 7" sufficiently large.
Note that the terminal condition, K71 = K, automatically implies the transversality
condition since limy_,o(1 + R;7) = oo and limy_, Kiry1 = K7
Solving for the path of consumption Next we compute the consumption ex-
penditures in each period. The Euler equation (condition 23) implies the following

relationship between consumption in any two periods t and n:
_ 14+ Ri)\? [ Pein\* [ Pt \°
Cin = o(n—t) (( in ) ( mn) ( ci ) c,
’ (L+Ra)) \Pur) \Pan) "
o—1 l1-0o
- Pcinoin _ /Bg(nft) P:czn(]- + Rzn) Pcin Pcitcit .
Prin(1 4 Riy) Prir(1+ Ry) Py Prit(1+ Ry)

P(‘Z’I’LCZTL e .
n=l P (i) — W;, then we can rearrange the

Since equation (D.1)) implies that Z

previous expression to obtain

PeCi BT Pry (1 + Ra)" ' Py W, (D.2)
let(l + th) Z::l ﬁanpglnl(l + Rm)a IPclzno z
Eit

That is, each period the household spends a share &;; of lifetime wealth on consumption,

with 371, & = 1 for all 4. Note that &, depends only on prices.

Computing investment and the sequence of capital stocks Given the paths
of consumption, we solve for investment {)?t}tT:l using the period budget constraint
in condition 21. The catch here is that there is no restriction that household invest-

ment be nonnegative up to this point. Looking ahead, negative investment cannot

39



(vi)

satisfy market clearing conditions together with firm optimality conditions. As such,
we restrict our attention to transition paths for which investment is always positive,
which we find is the case for the equilibrium outcomes in our paper. However, off the
equilibrium path, if during the course of the iterations the value of X;; is negative,

then we set it equal to a small positive number.

The last part of this step is to use condition 22 to compute the path for the stock
of capital. {Kt I+l Note that K, is taken as given and that KTH is equal to the

(computed) terminal steady-state value.

We combine conditions 4 and 13 to solve for {Ly}”,, combine conditions 5 and 14
to solve for {L4}L,, and use condition 11 to solve for {L,}7,. Next we combine
conditions 1 and 4 to solve for {[?Ct}thl, combine conditions 2 and 5 to solve for
{K,:}T_,, and combine conditions 3 and 6 to solve for {K;}7 . Similarly, we combine
conditions 4 and 7 to solve for {M4}Z ,, combine conditions 5 and 8 to solve for

{M,,,}T_,, and combine conditions 6 and 9 to solve for {M}L .

We compute {Y,;}7, using condition 13, compute {Y,,;}Z, using condition 14, and

compute {Y,;}Z, using condition 15.

Until this point, we have imposed all equilibrium conditions except for two: The trade

balance condition 20 and the capital market clearing condition 10.

Trade balance condition We compute an excess demand equation as in |Alvarez
and Lucas (2007)) defined as

PmitYmit - PmitM'it
3

Zi (firipL) = T
3

(the trade deficit relative to the wage). Condition 20 requires that Z3 ({@, 7} }{_,) = 0
for all 7. If this is different from zero in some country at some point in time we update

the wages as follows:

zv (L, 7 T
A% (1Y) = <1 L me}t_l))

L;

is the updated wages, where v is chosen to be sufficiently small so that A* > 0.
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Market clearing condition for the stock of capital We compute an excess de-

mand equation
o wi L 1K
Z; ({wnrt}le) _ it _ 1t zt.

11—« o

Using conditions 1-6, we have imposed that within each sector ”ti{ bit — wif;"t. We

have also imposed condition 11 that the labor market clears. Hence, the market for
capital is in excess demand (i.e., Ko + Kyt + Ky > Kjp) in country ¢ at time ¢ if

wit L
e

and only if ( ) > (r’%f”) (it is in excess supply if and only if the inequality is <).
If this condition does not hold with equality in some country at some point in time,

then we update the rental rates as follows. Let

A% ({wn??t}fﬂ) = (1 ié ) (%) Ay ({whft}le)

«

be the updated rental rates (taking into account the updated wages).

We return to step (ii) with our updated wages and rental rates and repeat the steps.
We iterate through this procedure until the excess demand is sufficiently close to 0. In

our computations we find that our preferred convergence metric,

max {max {12 ({@, 7} |+ 125 ({073 11}

t=1

converges roughly monotonically toward zero.

Along the equilibrium transition, . wyL; + r;;K;; = 1 (Vt); that is, we have chosen

world GDP as the numéraire at each point in time.

The fact that I?TH = K* at each iteration is a huge benefit of our algorithm compared to

a shooting algorithm or algorithms that rely on using the Euler equation for updating. Such

algorithms inherit the instability (saddle-path) properties of the Euler equation and generate

highly volatile terminal stocks of capital with respect to the initial guess. Instead, we impose

the Euler equation and the terminal condition for IZ'TH — K* at each iteration and use excess

demand equations for our updating rules, just as in the computation of static models (e.g.,

Alvarez and Lucas| (2007)). Another advantage of using excess demand iteration is that we

do not need to compute gradients to choose step directions or step size, as in the case of

nonlinear solvers. This saves computational time, particularly as the number of countries or

the number of time periods is increased.
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E List of countries and their gains from trade

Table E.1: Gains from trade (%) following uniform reduction in frictions by 55 percent

Country Dyn SS
Armenia 472 T7.8
Australia 20.8 34.5
Austria 26.9 44.6
Bahamas 40.8 67.2
Bangladesh 31.1  51.5
Barbados 52.7 86.6
Belarus 27.3 453
Belize 55.7 91.6
Benin 43.7 72.0
Bhutan 40.4  66.5
Brazil 14.6 24.3
Bulgaria 373 61.6
Burundi 25.3 42.0
Cote d’Ivoire 40.2  66.3
Cabo Verde 42,7 70.4
Cambodia 36.4 60.1
Cameroon 37.4 61.8
Canada 19.0 31.5
Central African Rep. 25.8 42.8
Chile 30.2 499
China, Hong Kong, Macao 11.5 19.1
Colombia 27.8 459
Costa Rica 40.7 67.0
Cyprus 40.0 66.0
Czech Rep. 28.9 478
Denmark 29.6 48.9
Dominican Rep. 23.7  39.2
Ecuador 39.0 64.4
Egypt 33.9 56.1
Ethiopia 35.7  59.1
Fiji 41.0 67.6
Finland 30.6 50.6
France 21.4 356
Georgia 46.6  76.8
Germany 20.7 344
Greece 32.3 535
Guatemala 27.8  46.0
Honduras 37.7 62.1
Hungary 216 359
Iceland 475 78.1
India 17.0  28.3
Indonesia 26.2 43.4
Iran 21.0 34.9
Ireland 29.6  49.0
Israel 37.7 622
Italy 21.9 36.3
Jamaica 41.8 68.9
Japan 13.1  21.8
Jordan 38.8  64.0
Kyrgyzstan 40.4  66.7
Lesotho 30.6 50.6
Madagascar 36.9 60.9
Malawi 41.2  68.0
(Continued)
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Table E.1 — Continued

Country Dyn SS
Maldives 46.2  76.1
Mauritius 44.8 73.8
Mexico 12.5 20.8
Morocco 38.7  63.9
Mozambique 43.1  71.0
Nepal 29.5 488
New Zealand 33.1 54.7
Pakistan 21.5 356
Paraguay 409 67.3
Peru 279 46.2
Philippines 29.5 488
Poland 26.4 43.8
Portugal 30.7  50.7
Rep. of Korea 24.2  40.0
Rep. of Moldova 40.5 66.8
Romania 32.8 54.2
Russian Federation 23.9 395
Rwanda, 22.5 37.2
Saint Vincent and the Grenadines | 56.4  92.7
Sao Tome and Principe 39.9 65.8
Senegal 46.6 76.8
South Africa 29.6  49.0
Southeast Europe 32,9 544
Spain 21.9 36.3
Sri Lanka 32.4 53.6
Sweden 28.1 46.5
Switzerland 28.7 475
TFYR of Macedonia 38.9 64.2
Thailand 324 53.6
Tunisia 40.7 67.1
Turkey 26.8 44.3
USA 11.0 18.3
Uganda 225 374
Ukraine 30.7 50.9
United Kingdom 23.8 39.5
United Rep. of Tanzania 441 72.7
Uruguay 36.9 60.9
Venezuela 29.2 48.4
Viet Nam 36.5 60.2
Yemen 42.0 69.2
Note: “Dyn” refers to dynamic gains and “SS” refers to steady-state

gains. The group “Southeast Furope” is an aggregate of Albania,
Bosnia and Herzegovina, Croatia, Montenegro, and Serbia.
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