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Abstract

We investigate whether the losses from an increase in trade costs (protectionism)
are equal to the gains from a symmetric decrease in trade costs (liberalization). We in-
corporate dynamics through capital accumulation into a multicountry trade model and
show that the welfare changes are asymmetric: Losses from protectionism are smaller
than the gains from liberalization. In contrast, standard static trade models imply
that the losses equal the gains. The intuition for asymmetry in our model is that,
following protectionism, the economy can coast on its previously accumulated capital
stock, so higher trade costs do not imply large losses immediately. We develop an ac-
counting device to decompose the source of welfare asymmetries into three time-varying
contributions: share of income allocated to consumption, measured productivity, and
capital stock. Asymmetry in capital accumulation is the largest contributing factor,

and measured productivity is the smallest.
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1 Introduction

Following decades of globalization after World War 11, a vast literature emerged to quantify
the welfare gains from trade. In recent years, however, there has been a reversal in trade
sentiment: Britain’s 2016 Brexit referendum, the U.S.-China trade war beginning in 2018,
and export restrictions on essential medical equipment during the COVID-19 pandemic.
Each of these represent a return to protectionism (see Fajgelbaum, Goldberg, Kennedy,
and Khandelwal, 2019). These reversals lead to a natural question: Are the losses from
protectionist policies equal to the gains from liberalization?

The answer from workhorse static models of trade is yes. In such models, the change in
welfare is the change in income due to a change in trade costs; see, for instance, |Arkolakis,
Costinot, and Rodriguez-Clare (2012) and [Waugh and Ravikumar| (2016)). If the changes in
trade costs are symmetric in the protectionism and liberalization scenarios, i.e., the initial
distribution of trade costs in one scenario is identical to the final distribution of trade costs
in the other, then the welfare changes in the two scenarios would be equal in magnitude.

Evidence from post World War II, however, suggests that the costs of protectionism are
less than the gains from liberalization. Figure[I]illustrates the per-capita income growth after
a policy change. Five years after a protectionist policy, countries experience a reduction in
income growth. The magnitude, however, is smaller compared with the increase in income
growth following liberalization. The difference in magnitude persists even after 10 years.
Using a dataset of trade agreements from 1986 to 2016, |Ait Benasser| (2020) finds that
import volumes respond more to liberalizing policies, whereas reversals to protectionism do
not erase the gains from liberalization. Evidence of asymmetry has also been noted in spatial
economics (e.g., |Glaeser and Gyourko, 2005): Cities grow faster than they decay.

We incorporate dynamics through capital accumulation and show that the welfare losses
from an increase in trade costs (protectionism) are smaller than the welfare gains from a
symmetric decrease in trade costs (liberalization). The intuition is that, following protec-
tionism, the economy can coast on its previous investments. In other words, decades of low
trade costs facilitate the accumulation of capital stock, but higher trade costs do not imply
large losses immediately. As a result, in the short run, the magnitude of the growth rate
following liberalization exceeds the magnitude of the (declining) growth rate following pro-
tectionism. We use a consumption-equivalent measure of welfare changes, as in|Lucas| (1987),
so consumption in the short run has more weight and, hence, the losses from protectionism
are smaller.

We embed a model of trade between many countries, a la Armington, into a neoclassical



Figure 1: Per-capita GDP Growth—Trade Liberalization and Protectionism
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Notes: The figure illustrates the 3-year moving average after reform, relative to the pre-reform growth rate. The data in the
figure are for Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and Peru. Each dot in the figure represents, for each
country and each year after the policy reform, the difference between a 3-year moving average growth rate and the pre-reform
growth rate (i.e., average growth rate 10 years before the reform). This is an unbalanced panel spanning the period 1950-2017.
The case of liberalization is on the Y-axis, and the case of (negative of) protectionism is on the X-axis. A positive number on
the Y-axis indicates that countries are growing faster post-reform than pre-reform. A positive number on the X-axis indicates
the opposite: Countries are growing at a slower rate post-reform than pre-reform. If all observations were to lie at the
45-degree line, that would indicate symmetric gains. Observations that are off the 45-degree line represent asymmetry.
Specifically, those above the 45-degree line imply that the gains from liberalization are larger than the losses from
protectionism.

model of capital accumulationﬂ We then examine the transition path from an “observed
steady state to an autarky steady state and the path in the reverse direction. In both cases,
we initiate a one-time, permanent change in trade costs.

We impose balanced trade in each period, which helps us compute the steady state in-
dependently from the transitionﬂ We construct two steady states—observed and autarky—
such that they are symmetric in the change in trade costs. That is, the change in the
distribution of trade costs is the same between the two steady states. The welfare changes

between the steady states are symmetric, by construction, but the transition paths between

LAll of our results go through if we use Eaton and Kortum| (2002) or |[Krugman| (1980) structures for trade
since the aggregate intratemporal expressions for prices and trade flows are identical.

2Recent examples of multicountry dynamic models with capital accumulation and balanced trade include
|Anderson, Larch, and Yotov] (2015), |Alvarez| (2017)), Brooks and Pujolas| (2018)), and [Mix (2023).




the two steady states need not be symmetric. The symmetry between the steady states is
a critical disciplining feature of our exercise so that any asymmetries that emerge are solely
from transitional dynamics.

Each country’s steady-state level of consumption, output, investment, capital stock, and
measured productivity can be analytically expressed in terms of its fundamental produc-
tivity, its home trade share, and some elasticities. In the long run, the investment rate is
invariant to the trade regime so changes in consumption are identical to changes in income.
In contrast, the share of income allocated to consumption (consumption rate) varies along
the transition path. The decoupling of consumption from income implies that changes in
income, brought about by changes in measured productivity and capital stock, do not fully
describe consumption dynamics. In order to evaluate the consumption dynamics and, hence,
dynamic measures of welfare, we turn to computation.

We calibrate the model to data for 136 countries, assuming a steady state prior to the
trade reform. The calibrated model is our “open” economy where the bilateral trade volumes
are those in 2015. Our closed economy is autarky, one that has prohibitively high trade costs.
The protectionism scenario starts from the open steady state and suddenly moves to autarky.
The liberalization scenario starts from the autarky steady state and suddenly moves to the
open economy.

Our quantitative results are as follows. First, the dynamic gains and losses from the
change in trade costs are heterogeneous across countries. Vietnam, for instance, is in the
95th percentile of gains and losses and its welfare change is more than 20 times that of
Australia, which is in the 5th percentile. This heterogeneity is common to dynamic models
of trade (e.g., Alvarez, [2017)).

Second, the change in welfare due to the change in trade costs is asymmetric: Vietnam
gains almost 60% from liberalization but loses 56% by moving to autarky. These differences
do not mechanically emerge from either different base values of welfare in the two scenarios
or our functional form for preferences. Our consumption-equivalent measure is invariant to
such concerns.

Third, we develop an accounting procedure, much in the spirit of growth accounting,
to decompose the welfare changes into contributions coming from the consumption rate,
the share of spending on domestically produced goods (which implies changes in measured
productivity through selection), and the capital stock. Asymmetry in capital accumulation
accounts for the largest share of the asymmetry between dynamic gains and losses, followed
by asymmetry in consumption rates. Asymmetry in measured productivity accounts for the
smallest share.

The asymmetry in capital accumulation stems from the fact that the boost in capital stock



after liberalization exceeds the decline following protectionism. The size and persistence of
asymmetry depend on the depreciation rate of capital. Asymmetry is small and disappears
quickly when the depreciation rate is high. For instance, when capital fully depreciates
every period, it ceases being a durable input to production, so the model becomes static for
practical purposes and, thus, has no asymmetry.

The reason for the quantitative importance of capital stock in the welfare asymmetries
could be that the previously accumulated capital stock helps smooth consumption. How-
ever, in a “Solow” version of our model where the consumption rate is held constant so its
contribution to the asymmetry is zero, the contribution of capital stock remains large. It is
twice as large as the contribution from measured productivity.

There could be alternative explanations for the asymmetry in the data. One possibility
is asymmetry in the underlying shocks: Liberalization shocks may be greater in magnitude
than protection shocks. We argue that asymmetries can naturally emerge in the presence of
a durable factor of production, even when the magnitudes of the respective shocks are equal.
Another possibility is that frictions such as downward nominal wage rigidity yield asymmetric
outcomes (see Rodriguez-Clare, Ulate, and Vasquez, 2020). However, such rigidities would
imply that the losses from protectionism are less than those relative to a world with no

rigidities and, hence, imply more asymmetry in welfare changes relative to our model.

2 Quantitative Framework

The world economy consists of N countries, indexed by n or ¢ = 1,..., N. Time is discrete

and runs fromt =1,...,00.

Firms In each country, there is a representative retail firm and a representative pro-
duction firm. The retail firm sources imperfectly substitutable goods that are differentiated
based on their country of origin as in Armington| (1969). The quantity that country n sources
from country ¢ at time ¢ is denoted by g, ;+, and the aggregate basket made available by the

retail firm in country n is given by

1+6

N g
6
Qn,t = [Z (QTL,i,t) 1+6] ) (]‘)

i=1
where 0 is the trade elasticity. The composite good, @), ., is split between domestic con-

sumption and investment.

The production firm in country n produces output, v, ;, using capital and labor according



to

Ynt = An(kn,t>a (‘gn,t)l_a . (2)

The term A,, is the country-specific fundamental productivity. The inputs k,,; and ¢,,; denote
the amounts of capital stock and labor used in production and « denotes capital’s share in

value added.

Trade International trade is subject to iceberg costs: Destination n must purchase
d,; > 1 units of the good from origin 7 in order for one unit to arrive. As a normalization,

dy,n = 1 for all n. Trade is balanced in each period.

Households Each country has a representative household of size L,,. Lifetime utility

is the discounted sum of per-period flows:
0o C, .
U, = “In (L) , 3
;6 7 (3)

where C,,; is consumption and 3 € (0,1) is the discount factor.

The household enters period ¢ with capital stock, K, ;. It inelastically supplies both
capital and labor to domestic production firms, earning a rental rate r,, on capital and a
wage rate w;, ;.

Investment in physical capital is X,,;. At the end of the period, a fraction J of the capital
stock depreciates. Capital stock at the beginning of the next period is

Kn,t—i—l = (1 - 5)Kn,t + Xn,t- (4)

The household’s factor income is spent on consumption and investment, both of which

have price p, ;. The period budget constraint is thus given by

pn,tcn,t + pn,tXn,t = Tn,tKn,t + wn,tLTu (5)

2.1 Equilibrium

A competitive equilibrium satisfies: 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) goods and labor markets clear, and (iv) trade is balanced. At

each point in time, we take world GDP as the numéraire: ) 7, K, +w, L, = 1 for all £.



The household optimally chooses a consumption path according to the standard intertem-

poral Euler equation:

C, t+1 (Tn t+1 )
Zttl gl 6
Cn,t B DPnt+1 ( )

Prices are determined competitively so that the price faced by country n for a product

originating in country i, is country ¢’s marginal cost scaled by the bilateral trade cost:

ui,tdn,i,t

Pn,it = A—i,t’ (7)

where u;; = (ris/a)®(w; /(1 — @)1 is the unit cost for factor inputs in country i. The

ideal price index for the entire basket of goods in country n is

—1

Pnt = (Z(pn,i,t)_6> . (8)

=1

Country n's demand for products originating in country i is

Dot —(146)
Qn,it = <L) Qn,t, (9)
pn,t

where @, = C,; + X,;. Country n's gross production must fulfill the global demand

(including its own) for its output, so

N
PntYnt = Zpi,n,t%’,n,t- (10)

i=1

Balanced trade requires that the final goods market clears in each country:

Ynt = Qn,t~ (1]-)
Market clearing in factors implies
Kth = kn,t and Ln = €n7t. (12)

In the aggregate, constant returns to scale in technology imply that factor payments

must exhaust total revenue:

Tn,tkn,t = OPn tYnt, wn,tgn,t = (1 - a)pn,tyn,t' (13)



2.2 Calibration

We use a set of 136 countries spanning the world income distribution. We assume the world
economy is in steady state as of 2015, which is prior to the Brexit vote and the U.S.-China
trade war and, thus, is unlikely to reflect any anticipatory effects of those shocks. Each
period in the model corresponds to one year.

The values for the parameters common to all countries are reported in Table [l We set
the discount factor 5 = 0.96 so that the steady-state real interest rate is about 4 percent. We
set the share of capital in value added a = 0.33 (Gollin 2002) and the rate of depreciation
d = 0.06. Finally, we the trade elasticity § = 4 (Simonovska and Waugh, [2014)).

Table 1: Common parameters

Discount factor 0.96
Capital’s share in value added 0.33
Rate of capital depreciation 0.06
Trade elasticity 4

T 0 ™

We calibrate the country-specific productivity and trade costs using data on bilateral
trade flows and geography variables from CEPII, along with aggregate GDP and population
from the Penn World Table version 10.0F]

We exploit the model’s structure relating unobserved productivity and trade costs to
observed trade flows and factor prices. Specifically, the ratio of country n’s imports from

country ¢, relative to its domestic purchases, can be expressed as

(ﬁ) _ A (rfw ) _6 g0

Xom A, (r%w%*a)_e i

Since bilateral trade costs are unobservable, we impose a parsimonious relationship with

observable “gravity” variables as follows:
6
—6 ln(dm) = Z ”}/pdisti’i + ¢Bn,z —e; + Mn,i- (14)
p=1

The contribution to trade costs of the distance between countries n and 7 falling into the
p'® interval (in miles), defined as [0,350], [350, 750], [750, 1500], [1500, 3000], [3000, 6000],
(6000, maximum), is disti,i. The other gravity control variables in B, ; include common

border effect, common currency effect, and regional trade agreement between country n and

3http://www.cepii.fr/ and https://www.rug.nl/ggdc/productivity/pwt/?lang=en, (see Feenstra,
Inklaar, and Timmer} 2013)).
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country ¢. Asymmetry in trade costs is captured by an exporter-specific component, e;,
based on [Waugh (2010)). We assume the usual independence of the error terms 7, ;.
Combining the previous two expressions, we estimate the following system of gravity

equations:

6
X .
(X_::L) = exp (hl(Mi) —In(S,) + pz:; Pdisty ; + @B + n"’i) ’

We run a regression using PPML; as in [Silva and Tenreyro (2006)), to handle the zeros in the
bilateral trade data. Structurally, S, = A, (Tgwﬂf"‘)_e is the estimated importer fixed effect
and M; = S;/exp(e;) is the estimated exporter fixed effect. Using data on rental rates r,
and labor compensation w,,, we recover productivity A, from the estimated importer fixed
effect S,,. We recover e; as the difference between the estimated exporter and importer fixed
effects: e; = In.S; — In M;. Knowing e; and the estimates 7* and ¢, we infer the bilateral
trade costs d,,; as the predicted value from the specification ([14)).

The estimates for productivity and trade costs are depicted in Figure 2l The left panel
shows a strong positive correlation between the estimated fundamental productivity and
income per capita (each relative to the US). The right panel shows that countries with

higher income per capita have lower export costs.

Figure 2: Calibrated Productivity and Trade Costs
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Notes: Income per capita is from Penn World Table version 10.0. Fundamental productivity and ex-
port costs are the authors’ calculations. Fundamental productivity and income per capita in the U.S. are

normalized to one. Trade cost is the export-weighted value of bilateral trade costs for each country.

2.3 Model Solution

This model is a simplified version of that in Ravikumar, Santacreu, and Sposi (2019), par-
ticularly in that there are no adjustment costs to investment and trade is balanced in each

period. Because of these differences we develop a distinct algorithm to compute the exact



transition path. Intuitively, we interpret each point in time as a separate dimension in the
commodity space, similar to an Arrow-Debreu economy. We restrict the time dimension to
be bounded by some limit 7', which is “sufficiently large” to ensure that the economy has
reached a steady state. Since investment is reversible, we derive a lifetime budget constraint
and allocate the present value of lifetime wealth to consumption at each point in time.

To illustrate this idea, we briefly digress and work through some equations that are
explicitly incorporated in the solution method. First, we use equations and to derive

a lifetime budget constraint, so the present value of lifetime wealth is given by

T
i me Kn,T—l—l
W“:ZP—JFKn,l—ma (15)

where K, r is the new steady state to where the economy is headed. The compounded, real,

gross rate of return on investment is defined as

t
1+ R =[] (r"’t' +1—5).

/
=1 pn,t

Euler equation (@ implies that the present value of consumption in any period is some

share, &, , of lifetime wealth, where Zthl Ent = 1t

Cn,t . /Bt W
14+ Rus ET: g "
t'=1
£n,t

Detailed steps are outlined in Algorithm [A.1], with corresponding equilibrium conditions
provided in Table

3 Dynamic Welfare Asymmetries

We investigate asymmetries in dynamic welfare gains from trade under two scenarios: liber-
alization and protectionism. In the liberalization scenario, we begin in a steady state with
autarky levels of trade costs and then permanently reduce the trade costs in period 1 to
the calibrated levels. In the protectionism scenario, we begin in a steady state with the
calibrated level trade costs and then permanently increase the trade costs in period 1 to the

autarky levels. In both scenarios, we assume that the change in trade cost is a one-time

10



unanticipated permanent event; and after the sudden change, agents have perfect foresight.
By design, the changes in the two trade costs are symmetric, in that the initial distribution
of trade costs in one scenario is identical to the final distribution of trade costs in the other.

We compute changes in welfare using consumption equivalent units, as in |Lucas| (1987)).
Specifically, starting from a steady state at time 0 with consumption C}, we compute the
proportionate change in per-period consumption that is required to make the household
indifferent to an alternative consumption path {C,,,}72,. The compensating factor, or welfare

change, is the value of A,, that satisfies

D B (A =) B (Cry).
t=1 t=1

We simplify the expression and compute the dynamic gains in log points as

A =In(A,) =(1-5)Y p'ln (%) :
t=1 n

In the liberalization scenario, A, will be positive since consumption increases relative to
the initial steady state and in the protectionism scenario A, will be negative. In the figures
that follow, we report the negative of A, for ease of illustration.

With balanced trade, we can compute the steady state without knowing the transition

path. In particular, the steady-state consumption rate (as a share of output) is

. O ad

A el e TR
r* KX+ wt Ly, 5—(1-0)

(16)

Since this rate depends only on the deep parameters that are common across countries and
constant over time, it is invariant to the trade regime. So, consumption is proportional to

output in steady state. Thus, the per-capita consumption in steady state is:

C* A, \T=
L_n“(m,m) ’ 1"

where 77, is the steady-state home trade share in country n.

Following changes in trade costs, the only terms that change across the steady states are
the home trade shares, which are sufficient to characterize the change in consumption and,
hence, the welfare gains or losses between steady states. Since we construct the change in the
distribution of trade costs to be the same in both liberalization and protectionism scenarios,

there is no asymmetry when we compare only steady states. That is, the presence of capital

11



does not induce any asymmetry between steady Statesﬁ

Along the transition path, consumption changes gradually over time following a one-time
change in trade costs. Thus, the concept of symmetry in a dynamic context must include
all of the time periods. With g < 1, we choose a terminal period T sufficiently large so that
BT 2 0 and the economy is sufficiently “close” to the new steady state. We then compute

the dynamic welfare change as

A= (1 B)iﬁt m () (18)

Lib
n o

Denoting the change in welfare following trade liberalization by A and that following
protectionism by AP™. we define the dynamic welfare asymmetry as ¢, = AP + AP Note
that ALP > 0 and AP™ < 0, and welfare is dynamically symmetric when ¢, = 0.

Figure [3| provides a generic illustration of what transition paths for consumption might
look like following permanent trade shocks. In the left panel, the economy is at the initial
steady state through period 0. Then, in period 1, the shock hits and the economy begins
transitioning to a new steady state. The liberalization path (Lib) begins in a steady state at
a value of 1, then gradually transitions to a new steady state of 2. The protectionism path
(Pro) begins in a steady state at a value of 2, then gradually transitions to 1.

In the middle panel we transform the levels in two steps. The first step computes the
log of the consumption path under liberalization or protectionism relative to the respective
initial steady states, {In(C;/C*)}. This means that both paths begin at the value 0. The
second step constructs a mirror image of the protectionism path around zero. If the two
transition paths are symmetric, then the negative of the protection path (increasing dashed
curve) would overlap with the liberalization path (solid curve) in the middle panel.

Finally, in the right panel, to map the consumption paths into welfare, we take into
account the role of discounting. The right panel plots the discounted, log-normalized paths,
{8"In(C;/C*)}. The area enclosed between each curve and the zero line captures the dynamic
welfare change. The area between the solid and dashed curves depicts the dynamic welfare
asymmetry. Since the liberalization path lies above the “reflected” protectionism path in
this example, the asymmetry would be positive, meaning that the gains from liberalization

exceed the losses from protectionism.

4While capital does not give rise to asymmetry between steady states, it is a primary determinant of the
welfare changes. |[Ravikumar, Santacreu, and Sposi| (2023) document that the contribution of capital to gains
(or losses) is four times that of measured productivity.

12



Figure 3: Illustrative Consumption Paths Under Liberalization and Protectionism
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Notes: The left panel depicts the consumption level. The middle panel depicts log-point deviations from

the initial value. The right panel depicts the discounted log-point deviations.

3.1 Quantitative Findings

Among the 136 countries, the dynamic welfare gains from liberalization range from 1.3% to
72.6% (horizontal axis in Figure [4)). The gains are small for most countries, but they are
skewed. The mean gain is 15.1% and the median is 9.2%. The heterogeneity in gains is
due to country size (measured by the country’s share of world GDP) and trade cost (right
panel of Figure . Consider three countries: Brazil, Kyrgyzstan, and Mexico. Brazil and
Mexico are similar in size, but the trade cost in Mexico is two thirds of that in Brazil. Thus,
Mexico’s gains from liberalization are more than Brazil’s, by a factor of 2.5. Kyrgyzstan and
Mexico have similar trade costs, but Mexico is nearly 200 times larger than Kyrgyzstan. As

a result, Kyrgyzstan gains 2.5 times more than Mexico.

Figure 4: Welfare Asymmetries and Gains from Liberalization
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Notes: Welfare asymmetry is the difference between the gains from liberalization and losses from protection.

The ranking of losses from protectionism is virtually identical to that of gains from

liberalization. When comparing the magnitudes, we find that the gains exceed the losses.
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That is, the asymmetry is positive, as illustrated in Figure ] The asymmetry for Vietnam,
for example, is 3.7% (difference between 59.3% gain and 55.6% loss).

The cross-country distribution of asymmetry is also skewed. The asymmetry is 0% for
Australia, 0.06% for Burkina Faso, and 5.5% for Singaporeﬂ Furthermore, countries with
higher gains also have a higher ratio of asymmetry to gains.

In our analysis, recall that the asymmetries reflect only the asymmetric transitional dy-
namics, not steady states. To get a sense of whether the asymmetries accrue in the short
run or the long run, we compute the change in consumption. In particular, for Vietnam, the
change in consumption as of period 1, relative to the initial steady state, is 31.6% follow-
ing liberalization and —27.5% following protectionism, yielding a consumption asymmetry
of 4.1% in period 1. The change in consumption as of period 5, relative to the initial
steady state, is 47.3% following liberalization and —39.8% following protectionism, yielding
an asymmetry of 7.5%. The change in consumption as of period 10, relative to the initial
steady state, is 57.5% following liberalization and —50.8% following protectionism, yielding
an asymmetry of 6.7%. That is, the consumption asymmetry initially widens, then shrinks.
These numbers indicate that, after liberalization, consumption grows rapidly in the short and
medium runs; whereas, after protectionism, the loss in consumption accrues more gradually
over time.

The intertemopral Euler equation expresses the cumulative log-change in consumption
between any two periods ¢’ and ¢ as a function of the cumulative gross rate of return to

investment, net of depreciation, between ¢’ and t:

In(Cpy) —In(Chyp) = (t — ') In(B) + Z In (rn’T +1-— 5)

T=t'4+1 Pnr

The first term on the right-hand side associated with the discount factor does not depend on
whether the scenario is liberalization or protectionism. Thus, the asymmetries in consump-
tion are captured by the second term on the right-hand side—dynamics in the cumulative
return to investment. This term captures the dividends afforded by past investment deci-
sions. Following liberalization, investment jumps and yields a long-lasting flow of returns in
the future. Following protectionism, the yield from past investments continues. This is the
key reason for the asymmetric dynamics. In order to get a better understanding of how the
asymmetries accrue over time, we develop an accounting procedure, much like the one used

in growth accounting exercises.

5Nine countries in our sample have negative asymmetries, i.e., the losses from protectionism exceed the
gains from liberalization. However, the negative asymmetries are negligible in magnitude, with the largest
negative asymmetry being —0.02%.
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3.2 Accounting Decomposition of the Welfare Asymmetries

In equilibrium, consumption can be expressed as a (potentially time varying) share of output,
where output is determined by measured productivity and capital stock. Specifically, we have

two equations that characterize the dynamics of aggregate consumption:

Cn,t - QOn,tYn,t
_ o l—«
Ynat - ZnatKn,th

The term ¢, is the consumption rate (consumption as a share of output) at time ¢ and
is determined endogenously along the transition path. The variable Z, ; denotes measured
productivity at ¢ and is composed of an exogenous fundamental productivity A, and an
endogenous component that depends on the home trade share =, ,; at time ¢ and trade
elasticity 6:

Znt X An(ﬂnvnyt)_?l

Transition dynamics The transition path for consumption, relative to the initial

steady state, can be characterized by

=1 «
Cn,t _ @n,t 7Tn,n,t 0 Kn,t
Cr ©n T K3

The superscript “x” denotes steady state values before the change in trade costs. Taking

logs and inserting into equation (18 , the dynamic welfare change becomes
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The first term, A\¥, captures the contribution from changes in the consumption share. The
second term, A, captures the contribution from measured productivity. The third term, A%,
captures the contribution from changes in the capital stock. Each of these terms is dynami-
cally co-dependent, so each term has indirect effects on other terms. For example, changes
in the consumption rate in one period induce changes in the capital stock in subsequent
periods; and differential changes in capital stocks across countries lead to changes in home
trade shares. That said, this is just an accounting device similar to the ones used in tradi-
tional growth accounting exercises. We use it to illustrate how each component contributes
to welfare changes along the transition.

Recall, ¢, = AMP 4 AP i the dynamic welfare asymmetry. If welfare changes are dy-
namically symmetric then ¢, = 0. Similarly, we define ¢¥,(?, and (¥ as the contributions
to dynamic welfare asymmetries stemming from the three main components: consumption

rate, measured productivity, and capital stock. By construction, ¢, = (¢ + ¢Z + ¢X.

Quantitative findings on the decomposition Figure [5]illustrates the contribution
from the three terms in equation ([19). For Vietnam, the consumption rate accounts for
38% of the dynamic asymmetry (1.4% out of 3.7%), less than the contribution of 45% from
capital stock (1.7% out of 3.7%). The remaining 17% (0.6% out of 3.7%) is accounted for
by measured productivity. While the asymmetries vary across countries (0.05% in Canada

and 0.3% in Mozambique), the decomposition for all countries in our sample is similar.

Figure 5: Decomposition of Welfare Asymmetries

Canada Mozambique

11% 11%

Vietnam

I Capital stock
[ Measured productivity
[__IcConsumption rate

17%

Notes: The welfare asymmetry is 0.05% for Canada, 0.3% for Mozambique, and 3.7% for Vietnam.

As noted earlier, nine countries in our sample have negligible negative asymmetries. Neg-

ative asymmetries emerge as a result of measured productivity dynamics. Following a move
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to autarky, the home trade share jumps to one instantaneously and remains there, meaning
that measured productivity declines once and for all. Following liberalization, however, the
home trade share drops on impact, then undergoes small gradual increases or decreases over
time, depending on whether the country experiences faster or slower capital accumulation
relative to the rest of the world. Countries experiencing slower capital accumulation, all else
equal, experience a decline in their share of global output and thus experience a decrease
in their home trade share and an increase in measured productivity. For such countries,
because the future is discounted, their welfare is impacted more by the drop in measured
productivity after autarky than the rise in measured productivity after liberalization.
Figure [0] illustrates how the asymmetries emerge for Vietnam. The solid line corresponds
to the liberalization scenario, and the dashed line to the protectionism scenario. The entirety
of the asymmetry occurs within the first 25 periods. The initial boost in consumption under
liberalization exceeds the initial drop in consumption under protectionism in absolute value.
For a few periods the growth rate of consumption under liberalization continues to exceed the
rate of decline under protectionism. Eventually the relationship between the two growth rates
reverses. The reason for the eventual reversal is that the two steady states are symmetric,
so the “distance” covered between steady states is the same in both directions. Since the
future is discounted, the growth asymmetries in the beginning of the transition carry more

weight, so that the dynamic gains from liberalization exceed the losses from protectionism.

Figure 6: Consumption Paths for Vietnam
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Notes: Discounted log-deviations from initial steady state for Vietnam. “Lib” refers to transition path
under trade liberalization following a change from autarky to observed trade costs. “Pro” refers to negative
transition path under protectionism following a change from observed trade costs to autarky. The “shock”

occurs in period 1.

Asymmetry in consumption The asymmetry in the consumption path could arise

from two (extreme) scenarios: (i) asymmetry in the share of output allocated to consumption
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but no asymmetry in output and (ii) asymmetry in output but no asymmetry in the con-
sumption share. Our results indicate that the scenario in Figure [6] is somewhere in between.
To assess (i), Figure [7] illustrates the consumption share. It shows that the share “mimics”
the consumption path in Figure [6} The path is asymmetric, and the asymmetry is more in
the short run and persists for 25 periods. To assess (ii), Figure [§ illustrates asymmetry in
the two components of output—measured productivity and capital stock. There is indeed

asymmetry in the path of output and it predominantly stems from the asymmetry in capital
stock.

Figure 7: Consumption Rate for Vietnam
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Notes: Discounted log-deviations from initial steady state for Vietnam. Consumption rate is the ratio
of consumption to GDP, ¢, ;. “Lib” refers to transition path under trade liberalization following a change
from autarky to observed trade costs. “Pro” refers to negative transition path under protectionism following
a change from observed trade costs to autarky. The “shock” occurs in period 1.

Figure 8: Measured Productivity and Capital Stock for Vietnam
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Notes: Discounted log-deviations from initial steady state for Vietnam: (i) measured productivity (home
trade share adjusted by the trade elasticity), (m,..+)'/?, and (ii) capital stock (adjusted by capital’s share in
GDP), (K,,¢)®. “Lib” refers to transition path under trade liberalization following a change from autarky to
observed trade costs. “Pro” refers to negative of the transition path under protectionism following a change
from observed trade costs to autarky. The “shock” occurs in period 1.
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The transition paths for measured productivity, which are accounted for entirely by the
change in home trade share, are quantitatively close to being symmetric. However, small
asymmetries emerge in the first few periods. In the case of Vietnam, being a small country, its
productivity initially jumps after liberalization and then undergoes a slight gradual decline
as it accumulates capital more quickly than the rest of the world and grows in relative size,
resulting in a decline in its home trade share, hence, higher measured productivity from
period 2 onwards.

The short-run boost in the capital stock after liberalization exceeds the corresponding
short-run decline after protectionism. The primary reason is that capital is durable, so
under protectionism the economy can coast on its previously accumulated capital stock
and keep consumption smooth. The size of the asymmetry in any given period, as well as
how long the asymmetry persists, depends on the depreciation rate. Figure [0 demonstrates
this point. The top-left panel shows the transition paths for capital when the depreciation
rate is low (§ = 0.01) while the top-right panel shows these paths when the depreciation
rate is high (§ = 0.5). With low depreciation, the distance between the liberalization and
protectionism paths is greater in every period relative to the distance under high depreciation,
and it clearly persists for a longer time. These dynamics directly translate into different
asymmetries in consumption paths, as shown in the bottom two panels. With § = 0.01,
the welfare asymmetry is 5.8% for Vietnam, with 2.3% stemming from the capital stock,
2.5% from the consumption rate, and 1% from measured productivity. With 6 = 0.50,
the welfare asymmetry is only 0.7% in Vietnam, with 0.3% stemming from asymmetric
paths for the capital stock, 0.2% from the consumption rate, and 0.2% from measured
productivity. In sum, asymmetry in the capital stock accounts for about four-tenths of the
welfare asymmetry under various depreciation rates. Meanwhile the contribution from the
consumption rate decreases with higher rates of depreciation, while the contribution from

measured productivity increases.

Depreciation The empirically plausible estimate of the depreciation rate is important
for our quantitative results. To see this we compare the gains from liberalization with
the losses from protectionism under values for the depreciation rate ranging from 0.01 to
0.99, holding all other parameters fixed at their calibrated values. The asymmetry for
Vietnam is plotted in Figure [I0] The asymmetry is high when capital depreciates slowly.
Past investments yield returns long into the future, so asymmetries persist for a very long
time. Conversely, the welfare asymmetry is low when capital depreciates quickly. Intuitively,
when capital fully depreciates, it essentially becomes a “nondurable” intermediate input in

production, rendering the model akin to a static one, which has no asymmetry.
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Figure 9: Capital and Consumption Under Low and High Depreciation Rates for Vietnam
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Discounted log-deviations from initial steady state for Vietnam. Consumption, C,, ;, and capital
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following a change from autarky to observed trade costs.

“Pro” refers to megative of the transition path

under protectionism after a change from observed trade costs to autarky. The “shock” occurs in period 1.

Figure 10: Welfare Asymmetry for Vietnam Under Various Depreciation Rates

Capital stock and consumption smoothing

6

Percent

O 1 1
0 0.2 0.4

Depreciation rate

0.6

0.8 1

There are two natural questions at this

stage. First, how much does the asymmetry hinge on the economy being able to “eat” into the

capital stock following a protectionist policy? That is, if we impose an irreversible-investment
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constraint that gross investment must be non-negative, then what are the implications for
the transitional dynamics under protectionism? Second, under protectionism, the previously
accumulated capital stock helps smooth consumption, which makes the cost of protectionism
low. Put differently, is the quantitative importance of capital stock in the decomposition of
welfare asymmetries in Figure [5| stemming solely from its role in consumption smoothing?

The answer to the first question is, irreversible investment is not important for our
quantitative results. In our calibrated model, the gross investment is almost always positive.
When the protectionist policy is introduced, while all countries immediately reduce their
investment rates, gross investment stays positive. The only exception is Singapore. Even for
Singapore, the gross investment is negative only in the initial period. Thus, our results on
asymmetry do not hinge on our specification that investment is reversible.

To answer the second question, we disentangle the contributions from the capital stock
and consumption rate by considering a specification where the consumption rate is held
constant. In contrast to our baseline in Section [2, saving decisions are exogenous as in the
Solow growth model. We refer to this specification as the Solow specification. In the Solow
specification, an exogenous fraction, ¢, of current income is spent on current consumption

in every period:

pn,tCn,t = @ (Tn,tKn,t + wn,th) . (2())

By construction, optimal consumption smoothing using previously accumulated capital
stock is not possible in the Solow specification. However, note that the Solow specification
admits an identical steady state as the baseline when the exogenous consumption rate ¢ is
chosen appropriately as in equation . The two specifications differ only in the transitional
dynamics.

The dynamics of the Solow specification satisfy all but one of the conditions from the
baseline. Namely, equation (20)) replaces equation @ The solution boils down to a sequence
of static calculations. In each period the capital stock is predetermined so we apply a
standard algorithm to compute the static equilibrium in that period as in |Alvarez and Lucas
(2007). The capital stock available in the next period is the outcome of the investment made
in the current period, which is decided in a non-forward-looking fashion. Detailed steps are
outlined in Algorithm[A.2] with corresponding equilibrium conditions provided in Table[A.2]

The Solow specification yields positive asymmetries, qualitatively in line with those from
the baseline. The median gain from liberalization is 9.2% and the median loss from pro-
tectionism is 9.1%, yielding a 0.1% asymmetry for the median country. The countries at
the 5%, 50" and 95" percentiles are Australia, Burkina Faso, and Vietnam, respectively,

as in the baseline. For Vietnam, the asymmetry is 3.1%, a bit lower than the value of 3.7%
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in the baseline. In this case the contribution from the consumption rate is nil, by design,
meaning that the contribution from capital is not solely a byproduct of the consumption
rate dynamics. The contribution from capital (2.0% out of 3.1%) is about twice as large
as the contribution from measured productivity (1.1% out of 3.1%). In the baseline, the
contribution of capital relative to measured productivity was a factor of 2.8. In both the
baseline and Solow specification, capital accumulation accounts for more of the asymmetry

in welfare than the consumption rate or measured productivity.

4 Other Considerations

4.1 Adjustment costs

In this section we incorporate adjustment costs to temporal changes in the capital stock.

Specifically, the capital accumulation equation becomes
A 1-)
Kn,t+1 - (]_ - 5)Kn,t + Xn,t (5Kn,t) .

This specification follows [Lucas and Prescott| (1971)) and has the property that there are no
adjustment costs in the steady state. Moreover, it has the property that optimal investment
will always be positive, which implies that capital cannot be consumed, i.e., investment is
irreversible. Thus, the only way for the capital stock to decline is when the depreciated
capital exceeds new investment outlays.

If A = 1 there is no adjustment cost and the specification boils down to our baseline
linear depreciation technology . Lower values of A imply greater adjustment costs: More
investment is needed, relative to the size of the capital stock, to achieve a given future capital
stock level. We set the adjustment cost parameter to A = 0.76, following Eaton, Kortum,
Neiman, and Romalis (2016]).

Quantitatively, adjustment costs do not alter the cross-country ranking of gains, losses,
or asymmetries. Dynamic welfare asymmetries still emerge, although they are slightly at-
tenuated. For instance, for Vietnam, the welfare asymmetry is 3.1%, compared with 3.7%
in our baseline. The dampened asymmetry is accounted for primarily by the consumption
rate contribution, which is now 0.2% compared to 1.4% in the baseline. The capital stock
contribution is now 2.0%, compared to 1.7% in the baseline. As in the baseline, capital

accumulation accounts for most of the asymmetry.
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4.2 Trade imbalances

Our model imposes balanced trade, while the calibration of productivity and trade costs
makes use of data that have trade imbalances. To close this gap between the model and
data, we can proceed in one of two ways: incorporate trade imbalances into the model, or
reconstruct the data to be consistent with balanced trade.

One can incorporate trade imbalances into our model in a couple of ways: Treat trade
imbalances as exogenous transfers between countries as in |Dekle, Eaton, and Kortum!/ (2007))
or endogenize trade imbalances via cross-country trade in one-period bonds as in |[Ravikumar,
Santacreu, and Sposi| (2019). Inserting exogenous trade imbalances is not a feasible approach
in our context since there is no trade in autarky and, hence, no transfer of resources between
countries in our exercises of moving to and from autarky. Endogenizing trade imbalances
violates the spirit of our exercise since the steady state would then depend on the asset/debt
accumulation along the transition, so steady-state changes would no longer be symmetric.
Hence, it would be impossible to isolate the asymmetries brought about solely by transitional
dynamics.

An alternative is to reconstruct the trade data so that it is consistent with balanced
trade, while still capturing the observed patterns of bilateral trade between countries. To
do this, we employ the RAS method. This class of methods was developed to deal with
missing data in input-output tables (see McDougall, [1999) and can be directly applied to
our setting. In our setting, the RAS method makes “optimal” bi-proportionate adjustments
to the bilateral trade share matrix so that the sum of each row (country spending) equals
the sum of each column (country production). The adjustments impose minimum deviations
from the observed trade shares. We describe the details of this adjustment in Appendix

Using the reconstructed bilateral trade flows, we recalibrate productivity and trade costs
and carry out the same counterfactual analysis as in our baseline. The gains in the baseline
range from 1.3% to 73%, whereas with the alternative bilateral trade shares the range is
1.4% to 73%. The distribution of gains is also roughly the same in the two scenarios: In the
baseline, the mean gain is 15% and the median is 9.2%; the corresponding numbers in the
alternative are 15% and 9.5%. As a further check, we examined the asymmetry results for
the U.S. (a country with a large deficit) and Germany (a country with a large surplus). The
asymmetries for Germany are 0.05% and 0.06% in the baseline and alternative, respectively;

the asymmetry for the U.S. is practically zero in the two scenarios.
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5 Conclusion

We incorporate dynamics through capital accumulation into a standard multicountry trade
model and show that the losses from protectionism are smaller than the gains from liber-
alization. In contrast, standard static trade models imply that the losses equal the gains.
The intuition for the asymmetry between losses and gains in our model is that, following
protectionism, the economy can coast on its previously accumulated capital stock, so higher
trade costs do not imply large losses immediately.

We show that countries with larger gains from liberalization also have larger losses and,
thus, a larger magnitude of asymmetry. Durability of capital plays a critical role in the
asymmetry.

We develop a tractable method to decompose welfare changes into contributions from (i)
changes in capital stock, (ii) changes in the consumption share of income, and (iii) changes in
measured productivity, which reflect changes in home trade share through selection. Asym-
metry in capital accumulation is the largest factor contributing to the asymmetry between
losses and gains, and measured productivity is the smallest. We provide algorithms that can
efficiently compute the exact transitional dynamics for the global economy in a matter of
minutes.

Our results extend to other contexts that involve durable factors of production, such as
human capital and intellectual property. For instance, trade liberalization may affect the
incentive to invest in skills, as in |Auer| (2015) and Burstein and Vogel (2017)). The stock of
skills is likely to persist in spite of the trade regime. Thus, akin to physical capital, human
capital may exhibit an asymmetric response to changes in the trade costs. Indeed, other
confounding factors, such as sector-specific skills, may affect the usefulness of certain skills

under different trade regimes; we leave this interesting issue for future research.

24



References

Ait Benasser, Youssef. 2020. “Evaluating The Symmetry of Trade Policy: Evidence From

Liberalization Reversals.” Working paper, University of Oregon.

Alvarez, Fernando. 2017. “Capital Accumulation and International Trade.” Journal of

Monetary Economics 91:1-18.

Alvarez, Fernando and Robert E. Lucas. 2007. “General Equilibrium Analysis of the Eaton-
Kortum Model of International Trade.” Journal of Monetary Economics 54 (6):1726-1768.

Anderson, James, Mario Larch, and Yoto Yotov. 2015. “Growth and Trade with Frictions: A
Structural Estimation Framework.” Working Paper 21377, National Bureau of Economic

Research.

Arkolakis, Costas, Arnaud Costinot, and Andrés Rodriguez-Clare. 2012. “New Trade Models,
Same Old Gains?” American Economic Review 102 (1):94-130.

Armington, Paul S. 1969. “A Theory of Demand for Products Distinguished by Place of
Production.” Staff Papers (International Monetary Fund) 16 (1):159-178.

Auer, Raphael A. 2015. “Human Capital and the Dynamic Effects of Trade.” Journal of
Development Economics 117:107-118.

Brooks, Wyatt J. and Pau S. Pujolas. 2018. “Capital Accumulation and the Welfare Gains
from Trade.” Economic Theory 66 (2):491-523.

Burstein, Ariel and Jonathan Vogel. 2017. “International trade, technology, and the skill
premium.” Journal of Political Economy 125 (5):1356-1412.

Dekle, Robert, Jonathan Eaton, and Samuel Kortum. 2007. “Unbalanced Trade.” American

Economic Review 97 (2).

2

Eaton, Jonathan and Samuel Kortum. 2002. “Technology, Geography, and Trade.” FEcono-

metrica 70 (5):1741-1779.

Eaton, Jonathan, Samuel Kortum, Brent Neiman, and John Romalis. 2016. “Trade and the
Global Recession.” American Economic Review 106 (11):3401-3438.

Fajgelbaum, Pablo D, Pinelopi K Goldberg, Patrick J Kennedy, and Amit K Khandelwal.
2019. “The Return to Protectionism.” Quarterly Journal of Economics 135 (1):1-55.

25



Feenstra, Robert C., Robert Inklaar, and Marcel Timmer. 2013. “The Next Generation of
the Penn World Table.” Working Paper 19255, National Bureau of Economic Research.

Glaeser, Edward L. and Joseph Gyourko. 2005. “Urban decline and durable housing.” Jour-
nal of Political Economy 113 (2):345-375.

Gollin, Douglas. 2002. “Getting Income Shares Right.” Journal of Political Economy
110 (2):458-474.

Krugman, Paul. 1980. “Scale economies, product differentiation, and the pattern of trade.”
American Economic Review 70 (5):950-959.

Lucas, Robert E. 1987. Models of Business Cycles, vol. 26. Basil Blackwell, Oxford.

Lucas, Robert E. and Edward C. Prescott. 1971. “Investment Under Uncertainty.” FEcono-
metrica 39:659-681.

McDougall, Robert. 1999. “Entropy Theory and RAS are Friends.” GTAP Working Papers
300, Center for Global Trade Analysis, Department of Agricultural Economics, Purdue

University.

Mix, Carter. 2023. “The Dynamic Effects of Multilateral Trade Policy with Export Churn-

ing.” International Economic Review 64:653-689.

Ravikumar, B., Ana Maria Santacreu, and Michael Sposi. 2019. “Capital accumulation and

dynamic gains from trade.” Journal of International Economics 119:93-110.

. 2023. “TFP, Capital Deepening, and Gains from Trade.” Federal Reserve Bank of
St. Louis Review Third Quarter:150-76.

Rodriguez-Clare, Andrés, Mauricio Ulate, and José P. Vasquez. 2020. “Trade with Nominal
Rigidities: Understanding the Unemployment and Welfare Effects of the China Shock.”
Working Paper 27905, National Bureau of Economic Research.

Silva, J.M.C. Santos and Silvana Tenreyro. 2006. “The log of gravity.” Review of Economics
and Statistics 88 (4):641-658.

Simonovska, Ina and Michael E. Waugh. 2014. “The Elasticity of Trade: Estimates and

Evidence.” Journal of International Economics 92 (1):34-50.

Waugh, Michael E. 2010. “International Trade and Income Differences.” American Economic
Review 100 (5):2093-2124.

26



Waugh, Michael E. and B. Ravikumar. 2016. “Measuring openness to trade.” Journal of
Economic Dynamics and Control 72:29-41.

27



A Dynamic Equilibria and Computational Algorithms

This section of the Appendix provides equilibrium conditions and algorithms to compute
the exact transitional dynamics. The equilibrium conditions for the baseline are in Table
[A1] and the corresponding methodology to compute the dynamic equilibrium is in Algo-
rithm [A.T] The equilibrium conditions for the Solow specification are in Table and the
corresponding methodology to compute the dynamic equilibrium is in Algorithm [A.2]

Table A.1: Equilibrium Conditions in Baseline

L Pz = % Y(n,t)
N _o\ /!
2 Pnt = (Zizl (pn,i,t) ) ‘v’(n, t)
3 pthn,t + pn,tXn,t == Tn,tKn,t -+ wn,th \V/(TL, t)
4 Kpppr=(1-0)Ks+ Xy V(n,t)
T
5 Coy=(1+Ruy) (ﬁt > ﬁ“) W, V(nt)
t'=1
T Wn,t L K, 1
6 Wa=>,, Prt(L+ Rt + K1 — 1+7€:T Y(n)
7 1+ R =11, (;“jj v1- 5) V(n, t)
8 Qn,t = Cn,t + Xn,t V(n, t)
9 Gnix = (Pn,i,tzépn,t)_(lw) Qn,it Y(n,i,t)
10 prtYnt = D iy PriitGniit V(n,t)
11 rn,tkn,t = QPn tYn,t \V/(TL, t)
12 wn,ten,t - (1 - a)pn,tyn,t \V/(TZ, t)
13 Kn,t = kn,t \V/(n, t)
14 L’I’L — En,t v(n’ t)
15 pn,th,t = DntYn,t V(n t)
Is X; =0k, v

=
GGk

5s r;:<%—(1—5))Pg

Note: Units costs ups = B (rp)” (wm)( @) with con-
stant B = a~%(1 —a)~ (1= In steady state, conditions 4
and 5 collapse to conditions 4s and 5s, respectively.

1—
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Algorithm A.1 Baseline Model
The following steps reference equilibrium conditions in Table given initial and terminal (steady
state) capital stocks (K, K741).

1. Guess matrices of factor prices {wy, rt}le. Normalize this guess to the (N — 1) x N x T-
simplex: A = {({wt,rt}?d) € RANT . 25:1 Wnt Ly = 1,V(t)}.

2. Compute bilateral prices, py, ;¢ ({Wt, rt}tT::l), using condition 1. Then compute country-level

prices, pp+ ({wt, rt}?ﬂ), using condition 2.

3. First, construct the compounded return to capital R,, ¢ <{Wt, rt}thl) using condition 7, then
compute the present value of lifetime wealth W, ({wt, rt}fﬂ) using condition 8. Finally,

compute the path for consumption C, ({wt, rt}tT:1>, using condition 5.

4. Compute the paths for investment, X, ¢ ({wt, rt}thl), and capital, Ky, ¢ ({wt, rt}tT:1>, using
conditions 3 and 4, respectively.

5. Solve for total absorption, Q, ({Wt,rt};r:l) and bilateral trade, gy ;+ ({Wt, rt};fﬂ)? using
conditions 8 and 9, respectively.

6. Solve for output, wyn: ({Wt, rt}fﬂ), and factor demands—Fk, <{Wt,rt}f:1) and
Up ({wt, rt}fﬂ)—using conditions 10-12, respectively.

7. Check factor market clearing to see if conditions 13 and 14 hold. Our preferred metric is the
[M]aximum [A]bsolute [E]xcess [D]emand:

If MAED is higher than some tolerance, then update the matrices of factor prices:

wn,tgn,t ({Wt, rt}?:l) Tn,tkn,t ({Wt, rt}31:1>
nt n,t .
Ln Kn ({Wta rt}thl)

MAED = max {

n=1,..., N
1 T

k‘n,t ({Wt,l‘t}?zl) - Kn,t

_|_

gt ({Wta ft}tT:1) — Ly

new __ new __

w

Normalize these updated factor prices to be in the simplex and return to step 2. If MAED
is lower than the tolerance, then condition 15 will automatically hold by Walras’ law.
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Table A.2: Equilibrium Conditions in Model with Ex-
ogenous Consumption Rate (Solow Specification)

1 pnis = W%di"’i V(n,t)
1
2 pni= (Zi\; (pn,i,t)_6> ' V(n,t)
3 PntCnt = @(rnifns + wneLn) V(n,t)
4 pn,tcn,t + pn,tXn,t = Tn,tKn,t + wn,th V(n, t)
5 Qni=Cht+ Xny V(n,t)
6 Gnit= (pn,i,t/pn,t)_(1+6) Qn.t V(n,i,t)
T DntlYnt = Zf\; PritQn,it V(n,t)
8  Tnthnt = QP tYns V(n,t)
9wy plng = (1 — Q)PntYns Y(n,t)
10 Kn,t = kn,t V(n, t)
11 L, =4y, Y(n,t)
12 puiQnt = PntYnt V(n,t)
13 Kppy1=(1—0)Kns + Xy V(n,t)
135 X' =0k; Y 1)

Note: Units costs unt = B (rp:)” (wm)(l_a) with con-
stant B = a~*(1 — a)~(=%_ In steady state, condition
13 collapses to condition 13s.
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Algorithm A.2 Model with Exogenous Consumption Rate (Solow Specification)
The following steps reference equilibrium conditions in Table [A.2]

1. Start in period 1 with the initial capital stock, K, 1, as given. In other periods ¢t > 1, capital
is pre-determined from the equilibrium investment in period ¢t — 1 (described below).

(a) Guess a vector of wages for period ¢: w;. Normalize this guess to the (N — 1)-simplex:
A={wecRV: ZnN:1 wpLy = 1}.

(b) Use conditions 8-11 to solve for the vector of rental rates, r,, +(w¢).

(c) Compute bilateral prices, py, i +(W¢), using condition 1. This notation exposes the depen-
dency of the computed prices on the guessed factor prices. Then compute country-level
prices, p,+(w¢), using condition 2.

(d) Compute investment, X, ;(w¢) and consumption Cj¢(w;), using condition 3 and 4,
respectively.

(e) Solve for total absorption, @ (W), using condition 5 and bilateral trade, gn ;+(W¢),
using condition 6.

(f) Solve for output, yy, +(w¢), and factor demands—=k;, ;(w¢) and ¢, ¢(w;)—using conditions
7-9, respectively.

(g) Check factor market clearing to see if condition 11 holds.

MAED = max {|fns(we) = Lal}-

n=1,...,

If MAED is less than some tolerance (in which case, by Walras’ Law, condition 12 also
holds) then proceed to step 2. Otherwise, update the vector of wages as follows:

new __ wmtgmt (Wt)
wn,t - L
n

Normalize this updated wage vector to be in the simplex and return to step 1(b).

2. Compute the capital stock in the next period, K, +11, using condition 13.

3. Return to step 1(a) with the next-period capital stock and continue through period 7', where
T is sufficiently high enough to ensure the economy is “in” the new steady state.
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B RAS Method for Balancing Trade Data

Our model imposes balanced trade, while the calibration makes use of data that has trade
imbalances. In order to construct bilateral trade flows that are consistent with balanced
trade, while still capturing the observed patterns of bilateral trade between countries, we
employ the RAS Method. To implement this method we construct an entropy-like loss
function defined to be the weighted sum of log-deviations from the observed bilateral trade
data, with weights given by the corresponding observed bilateral trade flows. We then
minimize the loss function subject to the constraint that row sums and column sums both
equal country output. Formally,

. Xn,i
m)éan,i In (eXg i )

N

s.t. Z Xoi = DnYn, ¥ (n)

=1
N
n=1

In the objective function, X}, denotes the observed bilateral trade flow from country i
to country n, X, ; denotes the corresponding trade flow to be chosen, and e denotes the base
of the natural logarithm which serves as a useful normalization. Alternatively, one can use
data on spending instead of production. However, since production does not equal spending
in the presence of trade imbalances, the important thing is that both constraints use the
same variable. The first constraint binds the trade matrix row sums, while the latter binds
the column sums.

Let A\, be the Lagrange multiplier on the first constraint and ~; be the multiplier on the
second. First-order conditions are given by

X =eMel X . (B.1)

Substituting this condition into each constraint, and solving for A, and ~;, yields two sets of
equations:

A = In(pny,) — In (Z e X > (B.2)
~vi = In(p;y;) — In (Z e’\”Xgﬂ-) (B.3)

We use an iterative procedure to solve this. First, we guess initial vectors for each of A(?)
and v At any iteration k, we update ()\(k),'y(k)) by solving equations dB.QI) and dB.B[) to
get updated vectors ()\(kﬂ), ~#+1)). Once two consecutive iterations yield sufficiently close
vectors, we have settled on a fixed point as the solution. Finally, using this solution, we
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compute the bilateral trade matrix X using equation (B.1). By definition, this matrix is
consistent with balanced trade for each country.
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