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Abstract

International trade in capital goods has quantitatively important
effects on economic development through capital formation and TFP.
Capital goods trade enables poor countries to access more efficient tech-
nologies, leading to lower relative prices of capital goods and higher
capital-output ratios. Moreover, poor countries use their comparative
advantage and allocate their resources more efficiently, and increase
their TFP. We quantify these channels using a multisector, multicoun-
try, Ricardian model of trade with capital accumulation. The model
matches several trade and development facts within a unified frame-
work. Frictionless trade in capital goods reduces the income gap be-
tween rich and poor countries by 40 percent. More than half of the
reduction in the income gap is due to the TFP channel.
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1 Introduction

Cross-country differences in income per worker are large. Development ac-
counting exercises (e.g., Caselli, 2005) show that differences in inputs—capital
and labor—account for roughly 50 percent of the income differences and total
factor productivity (TFP) differences account for the rest.

We provide a quantitative theory of economic development where interna-
tional trade in capital goods is an important component. Two facts motivate
our emphasis on capital goods trade: (i) capital goods production is concen-
trated in a few countries (see Eaton and Kortum, 2001) and (ii) the dependence
on capital goods imports is negatively related to economic development. Ten
countries account for almost 80 percent of world capital goods production.
Capital goods production is more concentrated than gross domestic product
(GDP) and other manufactured goods.! The imports-to-production ratio for
capital goods is negatively correlated with income per worker. Malawi imports
14 times as much capital goods as it produces, Australia imports almost twice
as much, while the US imports just over half as much.?

In our theory, international trade in capital goods affects economic devel-
opment through two channels: capital formation and TFP. First, reductions
in barriers to capital goods trade enable poor countries to access capital goods
produced in rich countries. This reduces their relative price of investment and
increases their investment rate and capital-output ratio. Second, by import-
ing more capital goods, poor countries allocate their resources more efficiently
which increases their TFP. Quantitatively, the removal of capital goods trade
frictions results in a 40 percent reduction in the income gap between rich and
poor countries. More than half of the reduction in the income gap is due to
the TFP channel.

1Sixteen countries account for 80 percent of the world’s GDP while seventeen countries
account for 80 percent of the global output of intermediate goods.

20One strand of the literature on economic development explains the income differences
via misallocation of capital in closed economies where cross-country differences in financial
frictions imply cross-country differences in capital (e.g., Buera, Kaboski, and Shin, 2011;
Greenwood, Sanchez, and Wang, 2013). Given the facts above, closed economy models can
provide only part of the reason for cross-country differences in capital.



Our framework is a multicountry Ricardian trade model, &4 la Eaton and
Kortum (2002), embedded into a multisector neoclassical growth model. Coun-
tries differ in their technologies for producing a continuum of tradable capi-
tal goods and a continuum of tradable intermediate goods (i.e., non-capital
goods). Trade is subject to frictions. Non-tradable final goods productivity is
country-specific. Relative to the neoclassical growth model, TFP is endoge-
nous in our framework; relative to trade models such as Waugh (2010) capital
formation is endogenous in our framework and depends on trade frictions.

Differences in income per worker in our model are a function of differences
in trade frictions and productivities. The main quantitative discipline for
calibrating the trade frictions is the observed bilateral trade flows across 102
countries. We calibrate the productivities to match the observed income per
worker and relative prices of capital goods and intermediate goods.

Our model reconciles several trade and development facts in a unified
framework. First, we account for the concentration of capital goods produc-
tion in the world and for the fact that poor countries are net importers of
capital goods. Second, the contribution of input differences in accounting for
cross-country income differences in our model is similar to the contribution in
the data. Third, we deliver the facts on investment rates and prices. For in-
stance, in the model and in the data, the price of capital goods is uncorrelated
with income per worker.

Comparing the calibrated steady state to a counterfactual steady state with
frictionless trade in capital goods, the gap in income per worker—the ratio
of top decile to bottom decile in the world income-per-worker distribution—
decreases from roughly 28 to almost 17, or by 40 percent. This reduction in
income gap can be decomposed into reductions in (i) TFP gap and (ii) capital-
output ratio gap. The reduction in TFP gap is standard in Ricardian trade
models (see Waugh, 2010): Countries reallocate resources in the direction of
their comparative advantage. However, in the Ricardian trade models factors
of production are fixed, so there is no effect on capital formation. The reduc-
tion in capital-output ratio gap occurs in our model because the relative price

of capital decreases in poor countries leading them to increase their investment



rate. Ignoring changes in TFP, the change in capital-output ratio would have
decreased the income gap to almost 24, a reduction of 12 percent. In other
words, the change in TF'P contributes more to the reduction in the income gap.
This TFP effect is absent in the neoclassical growth model. (See Restuccia
and Urrutia, 2001, for a model with ezogenous relative price of capital.)

Change in the relative price of investment is an important channel for the
change in cross-country income differences in our theory, so we have to confront
two noteworthy facts. (i) The investment rate measured in domestic prices is
uncorrelated with income per worker, while the investment rate measured in
international prices is positively correlated and (ii) the price of investment rel-
ative to consumption is negatively correlated with income per worker, but this
negative correlation is entirely due to the behavior of the price of consumption
(see Restuccia and Urrutia, 2001; Hsieh and Klenow, 2007). Our theory is
quantitatively consistent with both facts and is based on factors that affect
investment, not factors that affect saving.

Contrary to Hsieh and Klenow (2007), trade costs play a major role in our
theory. In their model, trade frictions affect the price of capital goods but not
the price of consumption. However, since the observed price of capital goods
is uncorrelated with economic development, their inferred capital goods trade
frictions are unrelated to development. As a result, frictionless trade in capital
goods in their model does not alter the cross-country differences in relative
price of investment or in investment rates. In our model, (i) the inferred capital
goods trade costs are systematically higher for poor countries and (ii) the trade
costs affect the relative price mainly through the price of consumption. Despite
the higher trade cost in poor countries, the price of capital goods is roughly the
same across countries in our model because productivity in the capital goods
sector is lower in poor countries. Frictionless capital goods trade increases the
price of consumption goods in poor countries relative to rich countries due to
a more efficient allocation of resources and higher measured productivity in
all sectors (i.e., the Balassa-Samuelson effect). The resulting decline in the
relative price in poor countries leads to an increase in their investment rates.

In related work, Eaton and Kortum (2001) also quantify the role of capital



goods trade frictions in accounting for cross-country income differences. They
construct a “trade-based” price of capital goods using a gravity regression and
a relative price of investment using the observed price of final goods. As noted
by Hsieh and Klenow (2007), the trade-based price is negatively correlated
with economic development whereas in the data the price is uncorrelated. In
our structural model, both capital goods prices and final goods prices are
endogenous and consistent with the observed prices. Furthermore, removal
of trade frictions affects TFP in our model and reduces the income gap, a
quantitatively important channel that is absent in Eaton and Kortum (2001).

In Armenter and Lahiri (2012), policies that affect relative prices and in-
vestment rates also affect measured TFP, as in our model. However, they
assume frictionless trade in capital goods in order to deliver the observed
prices of capital goods, so by design, frictions in capital goods trade play no
role in accounting for the observed cross-country income differences. As noted
in Mutreja et al. (2014), frictionless trade is not necessary for price equaliza-
tion and does not deliver the observed trade flows. We deliver the observed
prices, bilateral trade flows, and capital goods production in a model with
trade frictions.

Hsieh (2000) provides evidence for the channels in our model by contrasting
Argentina and India. India reduced barriers to capital goods imports in the
1990s which led to a fall in the relative price of capital and a surge in capital
goods imports and investment rate. Argentina restricted imports of capital
goods after the Great Depression, which led to an increase in the relative price
and a decline in the investment rate.

The rest of the paper is organized as follows. Section 2 develops the model
and describes the equilibrium. Section 3 describes the calibration. The quan-

titative results are presented in Section 4. Section 5 concludes.

2 Model

We extend the framework of Alvarez and Lucas (2007), Eaton and Kortum
(2002), and Waugh (2010) to two tradable sectors and embed it into a neo-



classical growth framework (see also Mutreja, 2017).

There are I countries indexed by ¢ = 1,..., [ and time is discrete, running
from t = 1,...,00. There are four sectors: final goods (consumption), inter-
mediates, capital goods, and structures, denoted by f, m, e and s, respectively.
Neither consumption goods nor structures are tradable. There is a continuum
of intermediate varieties and a continuum of capital goods varieties that are
tradable. Each country’s efficiency in producing each tradable variety is a
realization of a random draw from a sector- and country-specific distribution.
Trade is subject to iceberg costs. Each country purchases each tradable va-
riety from its lowest-cost supplier and all of the varieties in each sector are
aggregated into a sector-specific composite good. The composite intermediate
good is used with capital and labor to produce the consumption good, the in-
vestment goods, and the intermediate varieties. The composite capital good is
used to augment the stock of producer durables. (We use “producer durables”
and “capital goods” interchangeably.)

Each country has a representative household that owns its country’s stocks
of producer durables and structures, and labor, which it supplies inelastically.
It purchases consumption and investment goods.

We assume that trade is balanced, but allow for trade imbalances at the

sectoral level. We consider only steady states.

2.1 Endowments

The representative household in country 7 is endowed with a labor force of size
L; and initial capital stocks of producer durables and structures per worker,

k§; and kg;, respectively.

2.2 Technology

There is a unit interval of varieties in both the intermediates and capital goods

sectors. Each variety is tradable and is indexed by v, € [0,1], for b € {e, m}.



Composite goods Within each tradable sector, all of the varieties are

combined with constant elasticity to construct a sectoral composite good:

1 n/(n—=1) 1 n/(n—=1)
Qei = [/ q@i(ve)l_l/"dve] and ¢,,; = [/ qmi(vm)l_l/”dvm
0 0

where 7 is the elasticity of substitution between any two varieties, gy;(v,) is the
quantity of variety v, used by country i to construct the sector b composite

good, and ¢; is the quantity of the composite good available in country .

Varieties FEach variety is produced using capital, labor, and the compos-

ite intermediate good. The technologies for producing each variety are:

Yei(Ve) = zei(Ve) [(KE(ve)" ki (ve) ™) ei(ve) ™)™ mes(ve)' ™,

ymi(vm) = ZmZ(Um> [(kgu‘(Um)“kfni@m)l_#)agmi(vm>1_a}Vm mmi(vm)l_ym‘

The term my;(v,) denotes the quantity of the composite intermediate good
used by country i to produce yp; (vp) units of variety vy, while &, (v,) and kj; (vp)
denote the quantities of producer durables capital and structures capital, and
lyi(vp) denotes the fraction of labor used. The parameter v, € [0, 1] denotes
the share of value added in total output in sector b and « denotes capital’s
share in value added. The parameter p € [0, 1] denotes the share of producer
durables capital in the aggregate capital stock. These parameters are constant
across countries.

The term z;(v,) denotes country i’s productivity for producing variety vy, in
sector b. The productivity draw comes from independent Fréchet distributions
with shape parameter # and country-sector-specific scale parameter Tp;. The
c.d.f. for productivity in sector b in country i is Fy;(2) = exp(—Tyiz7%).

In country 7, the expected value of productivity is v‘lTb%, where v =
I(1+3(1— n))ﬁ and I'(+) is the gamma function, and 75, is the fundamental
productivity in country i. If T,; > T¢;, then on average, country ¢ is more
efficient than country j at producing capital goods. A country with a relatively

large ratio T./T,, will tend to be a net exporter of capital goods and a net



importer of intermediate goods. The parameter § > 0 governs the coefficient
of variation of productivity. A smaller value of # implies more variation in

productivity and, hence, more room for specialization.

Nontradable goods FEach country produces a final consumption good

using capital, labor, and intermediates according to
yri = Agi [((K5)" (k3) )20 ] mygaop) =7

Country-specific TFP in final goods is given by Ay;.

Structures are produced similarly:
ysi = Asi [((RG) (R3) )0 )™ mai(vs)' =

2.3 Trade

International trade is subject to frictions of the iceberg form. Country ¢ must
purchase 7;; > 1 units of any sector-b variety from country j in order for one

unit to arrive. As a normalization, we assume that 7,; = 1 for all 4.

2.4 Preferences

The representative household’s lifetime utility is given by

Z B In(c;),
t=0

where 5 < 1 is the period discount factor.

Capital accumulation The representative household enters period ¢
with a stock of producer durables, kf,, and a stock of structures, k;,. In-

vestment, z§, and z;, add to the respective stocks of capital, which depreciate



at the rates 9, and 9;.

K = (1= 6k + a5,
ki = (- 6,0k + a7,

We define the aggregate capital stock per worker as
b= (R (k)

2.5 Equilibrium

A competitive equilibrium satisfies the following conditions: (i) the represen-
tative household maximizes utility taking prices as given, (ii) firms maximize
profits taking prices as given, (iii) each country purchases each good from its
least cost supplier, and (iv) markets clear and trade is balanced. We take

world GDP as the numéraire: Y .(r;k; +w;)L; = 1 and focus on steady state.

Household optimization In each period, the stocks of producer durables
and structures are rented to domestic firms at the competitive rental rates r;
and rg. The household splits its income between consumption, ¢;, which has
price Py;, and investments in producer durables and in structures, z§ and z;,
which have prices P,; and Py;, respectively.

The household faces a standard consumption-savings problem that is char-
acterized by two Euler equations, a budget constraint, and two capital accu-

mulation equations. In steady state, these conditions are:

Tei = |:% - (1 - 56):| Pei7
Tsi = |:% - (1 - 55):| Psi7

Pfici + Peixf + Pszxf =w; + Teikie + Tsikf,



x; = 0.k, and

i
x; = 05k

Firm optimization Denote the price of variety z,, produced by country
j and purchased by country i, by py;(2). Then py; = puj;i(26) 755, Where
Pbjj(2) is the marginal cost of producing variety z, in country j. Since country
1 purchases variety z;, from the country that can deliver it at the lowest price,
the price in country i is ppi(z5) = minj—1__r[pe;;(25)7i]. The price of the

sector b composite good in country 7 is then

S

Py = [Z(Ul)kaz‘k>_0Tbk (1)

k

re O\ M s (1—p)avy w: (1—a)v P I-vy .
where Up; — <N06Vb) (m) (m) <1—_Vb> is the unit

cost in sector b in country 1.

Next we define sectoral aggregates for inputs and output.

= [ K,
= [ Kt
Cyi = /@i(zb)%(zb)d%,
My, = /mbi(zb>90b(zb)dzb7

Ypi = /ybz’<2b>90b(2b>dzb7

where ¢, = [ [, i is the joint density for productivity draws across countries
in sector b (yp; is country ¢’s density function). For instance, £;;(2,) denotes the
fraction of country ¢’s labor used in the production of variety z;,. If country
i imports variety z,, then £;(z,) = 0. Hence, £y, is the fraction of country
v’s labor used in sector b. Similarly, my;, kf;, and kj; denote the quantity of

the composite intermediate good and the quantities of the stocks of producer

10



durables and structures that country ¢ uses as an input in sector b. Lastly, y;
is the quantity of sector b output produced by country .
Cost minimization by firms implies that factor usage at the sectoral levels

exhausts the value of output.

kg = (1 — @)V Py,

riky = (1 — p)(1 — o) vp Py,
wily; = (1 — )V Poiyps,
Pmimbz (1 - Vb>szybz

Trade flows In sector b, the fraction of country i’s expenditures allocated

to varieties produced by country j is given by

(un; i)~ Ty
Thii — . 2
K Zk(ukabz’k)*eTbk ( )

Market clearing The domestic market clearing conditions are:

Coi + Lgi + Ui + gy = 1,
k; + k; + kfm + k;z = kf7
ki + kg + Ky + Ky = k7,

Mei + Mgi + My + mgi = Qmi-

The first condition requires that the labor market clears in country i. The
second and third conditions require that the stocks of producer durables and
structures be equal to the sum of the stocks used in production in all sectors.
The last condition requires that the use of composite intermediate good equals
its supply: Its use consists of inputs in each sector, its supply consists of both
domestically- and foreign-produced varieties.

The next three conditions require that the quantities of consumption and

investment goods purchased by the household must equal the amounts avail-
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able in country i:
e S
Ci = Yfir Ti = Qei, and a7 = Ys;.

The next condition requires that the value of output produced by country

i equals the value that all countries (including 7) purchase from country i.

L; Pyiyy = Z L; Pyiquimeii, b € {e,m}.
J

The left hand side is the value of gross output in sector b produced by country
t. The right hand side is the world expenditures on sector b goods: L;By;q;
is country j’s total expenditure on sector b goods and m,; is the fraction of
those expenditures sourced from country i. Thus, L;P;qy;msj is the value of
trade flows in sector b from country 7 to country j.

To close the model we impose balanced trade in each country:

LiP.iqei Z Teij + Li PrniGmi Z Mmij = Z LiPejqejmej; + Z L P Qi Tmgji-
J# J#i J#i j#i
The left-hand side denotes country ¢’s imports of capital goods and inter-
mediate goods, while the right-hand side denotes country ¢’s exports. This
condition allows for trade imbalances at the sectoral level within each coun-
try. However, a surplus in capital goods must be offset by an equal deficit in

intermediates and vice versa.

2.6 Role of capital goods trade

Our model provides a tractable framework for studying how trade affects cap-
ital formation, measured TFP, and income per worker. The real income per

worker in our model is y = (w + rk)/Py. In country 1,

1-v

Tmi za
yz-ocAf,-( ) ko (3)

Tmii

Measm:(;d TFP

12



(see Appendix A for the derivation). In equation (3), T, and Ay; are exoge-
nous. The remaining components on the right-hand side of (3), m,,; and k;, are
equilibrium objects. Measured TFP (up to a constant) is the term multiplying
k¥, as in the neoclassical growth model.

The expression for income per worker can be written more conveniently as

_1
171/f 1—

T\ om SR\
N ORI

In steady state, the capital-output ratios for equipment and structures are

b b
proportional to the respective investment rates: Z— x ‘Z— for b € {e, s}. More-

over, the investment rate is proportional to the inverse of the relative price:

b )
z— x 1;2' L. Therefore, the (aggregate) capital-output ratio is given by

ki (KM (k\TH
=6 G
A A N
~(5) (5)
Yi Yi
P\ " P\t
() (%) )

All else equal, any trade policy that affects the relative price of capital will

affect economic development via the capital-output ratio.

In equilibrium, the price of capital goods relative to final goods is given by

Ve—Vyg
Pei A [ Tmz Ovm

x AN < ) . (6)
Py (TeifTeii)? Tmii

The first term in equation (6) is the ratio of productivity in final goods, Ay;,

to the measured productivity in capital goods, (T, /7?,32-2-)%. A reduction in
frictions to trade capital goods reduces the relative price of capital goods via
a fall in the home trade share, 7.;;. Lower barriers improve specialization and

lead to higher measured productivity in the capital goods sector, and hence,

13



a lower relative price of capital goods.?

Equations (4), (5), and (6) imply that eliminating frictions in capital goods
trade reduces the relative price of capital goods which increases the capital-
output ratio and, hence, the income per worker.

The reduction in the relative price is typically greater for poor countries
than for rich countries because (i) the responsiveness of the home trade share to
otherwise identical reductions in trade frictions is larger for poor countries and
(ii) the trade frictions are larger in poor countries. Our calibration, combined
with equations (4) and (5), implies that a one percent reduction in a country’s
relative price of capital goods would increase its income per worker by % ~
0.28 percent. In the data, the relative price of capital goods in poor countries
is three times that in rich countries. The extreme scenario of reducing the
relative price in poor countries by two-thirds would equalize the relative prices
across countries and would increase the income per worker in poor countries by
19 percent relative to that in rich countries. We should note that eliminating
trade frictions in our model does not equalize the relative price of capital
goods across countries, so this calculation provides an upper bound for the
quantitative importance of the capital-output ratio channel.

Eliminating frictions in capital goods trade also reduces the intermediate
goods home trade share, 7,,;, in poor countries in equilibrium. Equation
(4) then implies that measured TFP gap shrinks and, hence, the income gap
shrinks. It turns out that the TFP channel is quantitatively more important
than the capital-output ratio channel. It is easy to see from equation (4) that,
for our calibrated value of «, a one percent increase in a country’s measured
TFP increases its income per worker by ﬁ = 1.5 percent. (The TFP in rich
countries is roughly 8 times that in poor countries.)

Equations (4), (5), and (6) also reveal that measured TFP and capital-
output ratio covary due to the link via trade. In contrast, in the neoclassical
growth model, the capital-output ratio is orthogonal to measured TFP.

Two remarks are in order regarding equations (4) and (5). (i) If 7y =

3Sposi (2015) discusses how trade barriers affect cross-country differences in the relative
price primarily through the price of nontraded goods.

14



Tmii = 1, then our economy reduces to a closed economy. (ii) If vy = 1,
then changes in trade frictions have no effect on income per worker in Alvarez
and Lucas (2007) or Waugh (2010) but will have an effect in our model via
capital-output ratio.

To summarize, capital goods trade affects economic development via mea-
sured TFP and capital formation. Comparative advantage parameters and
international trade frictions affect the extent of specialization in each country,
which affects the measured TFP and the relative price of investment. Changes
in the relative price affect the investment rate and, hence, the steady-state
capital-output ratio. In our quantitative exercise we discipline the model us-
ing relative prices, bilateral trade flows, and income per worker to explore the

importance of capital goods trade.

3 Calibration

We calibrate our model using data for a set of 102 countries for the year 2011.
This set includes both developed and developing countries and accounts for
about 90 percent of world GDP in version 8.1 of the Penn World Tables (see
Feenstra, Inklaar, and Timmer, 2015, PWT 8.1 hereafter). Our calibration
strategy uses cross-country data on income per worker, bilateral trade, output
for capital goods and intermediate goods sectors, and prices of capital goods,
intermediate goods, structures, and final goods. In Appendix B, we describe

data sources, data construction, and how we map our model to the data.

3.1 Common parameters

We begin by describing the parameter values that are common to all countries
(Table 1). The discount factor, /3, is set to 0.96 so that the steady-state
real interest rate is about 4 percent. Following Alvarez and Lucas (2007), we
set 7 = 2 (this parameter is not quantitatively important for the questions
addressed in this paper).

As noted earlier, the aggregate capital per worker in our model is k =

15



(k®)"(k*)!=#. The share of capital in GDP, «, is set to 1/3, as in Gollin
(2002). Using data from the Bureau of Economic Analysis (BEA), Green-
wood, Hercowitz, and Krusell (1997) estimate the rates of depreciation for
both producer durables and structures. We set 6, = 0.12 and d, = 0.06, in
accordance with their estimates. We also set the share of producer durables,

u, at 0.56 in accordance with Greenwood, Hercowitz, and Krusell (1997).

Table 1: Parameters common across countries

Parameter | Description Value
6] Discount factor 0.96
Elasticity of substitution in aggregator 2
Q k’s Share 0.33
e Depreciation rate of producer durables 0.12
O Depreciation rate of structures 0.06
1 Share of producer durables in composite capital | 0.56
Vm k and ¢’s Share in intermediate goods 0.67
Ve k and ¢’s Share in capital goods 0.80
Vs k and ¢’s Share in final goods 0.58
Vg k and ¢’s Share in structures 0.58
0 Variation in (sectoral) factor productivity 4

We compute v, and v, using input-output tables for 40 countries in the
World Input-Output Database (see Timmer et al., 2015). In the data, non-
capital goods manufactures account for only part of the total intermediate
inputs, while services account for a large share of intermediate inputs. We
fold the intermediate service inputs into the value added share of gross output.
We take the average of the value added shares across countries to get v, =
0.67. Similarly, 1 — v, is computed as the average ratio of non-capital goods
manufactures to gross output of capital goods. We fold the intermediate service
inputs into the value added in capital goods and arrive at v, = 0.80.

We set v, = vy in the model, which implies that the price of structures
relative to final goods is Ay;/A,;. Computing vy is slightly more involved since
there is no clear industry classification for consumption goods. We infer this
share by interpreting the national accounts through the lens of our model.

Each country’s expenditures on intermediate goods must equal the value of

16



intermediate inputs used across sectors in that country,

PriGmi = (1 —vy)Pricpi + (1 — vs) Pyl + (1 — ve) Poxf + (1 — v) PriYmi-
Rearranging the above expression yields
GOmi—EX i +1My; = (1—v5) (CON;+IN V) +(1=1e) GOei — (1= 1) GO,

where CON; is consumption expenditures in country i, I NVj; is gross capital
formation for structures, GOy; is gross output of sector b € {e,m} and EX,,;
and I M,,; are gross exports and imports of intermediates. Using a standard

method of moments estimator, our estimate of vy is 0.58.

Estimating the trade elasticity The parameter 6 in our model controls
the dispersion in productivity and, hence, the trade elasticity. We follow the
procedure of Simonovska and Waugh (2014) to estimate 6 (see Appendix C).

We estimate 6 for (i) all manufactured goods (producer durables + inter-
mediate goods), (ii) only intermediate goods, and (iii) only producer durables.
Our estimate for all manufactured goods is 3.7 (Simonovska and Waugh, 2014,
obtain an estimate of 4). Our estimate for the producer durables sector is 4.3;
for the intermediate goods sector it is 4. In light of these similar estimates, we
set # = 4 for both sectors.

3.2 Country-specific parameters

Country-specific parameters in our model are labor force, L; productivity pa-
rameters in the capital goods and intermediate goods sectors, T, and T,,,
respectively; productivity parameters in the final goods and structures sec-
tors, Ay and A,, respectively; and the bilateral trade frictions, 7. and 7,,,. We
take the labor force in each country from PWT 8.1. The other country-specific

parameters are calibrated to match a set of targets.
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Bilateral trade frictions Using data on prices and bilateral trade shares,
we calibrate the bilateral trade frictions in each sector using a structural rela-

tionship implied by our model:

mij _ (B bj) 0
= 1.0 €{e,m 7
i (F) e fem). @)
We set 7,;; = 100 for bilateral country pairs where m,;; = 0.

Poor countries have larger frictions to export capital goods than rich coun-
tries. One way to summarize this feature is to compute a trade-weighted

export friction for country 7 as X Z Thij Xbjis where Xpji 1s country 1@ 'S ex-
J#
ports to country j in sector b € {e,m} and Xj; is country i’s total exports

in that sector. The trade-weighted export friction in the capital goods sector
for poor countries is 9.40, while it is 1.96 for rich countries. The intermediate
goods sector displays a similar pattern: The trade-weighted export friction is

13.18 for poor countries and is 2.21 for rich countries.

Productivities Using data on relative prices, home trade shares, and
income per worker, we use the model’s structural relationships to calibrate
Tei, Tiniys Ayi, and Ag;, relative to the United States (denoted by subscript U).

The structural relationships are:

Jun

Ym—Vy¢

Pui/Pri <Afz) ( Toni | Tomii ) 9( T Tomii ) vm )
P.y/Pry A ) \Tow [ Tmuu Tt/ Tmuv ’
P.i/ Py (Aﬁ) ( Toi /i ) G ( Ty i >mf o)
P.v /Py A ) \Tow/mevu Tov / Tmuu ’
Psl/Pfl (Aﬂ) ( ) ( Tmi/ﬂ-mz’i )y:”’:f (10)
Py /Py Ay T/ Tmuu ’
A\ ( Tufmes 750 (A7
- (AfU) ( eU/WeUU> (A_sU)
1— Vf+1_a(;jZVe+(17/—")V5)
(rer) | a
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See Appendix A for derivations of the equations.

Our measure of income per worker for each country is not taken directly
from PWT but is constructed as in the model: %, where GDP; is
the gross domestic product for country 7 in current U.S. dollars using market
exchange rates. We normalize T.y, 15,0, Asy, and Ayy to 1 and solve for
Tei, Tini, Asi, and Ay, for each country 4 using equations (8)-(11).

Table E.1 in Appendix E reports the calibrated productivity parameters.
The average gap in productivity in the capital goods sector between rich and
poor countries is 14.1. In the intermediate goods sector, the average produc-
tivity gap is 5.3.% That is, rich countries have a comparative advantage in
capital goods production, while poor countries have a comparative advantage
in intermediate goods production. Thus, the model is consistent with the

observation that poor countries are net importers of capital goods.

4 Results

This section provides results on how well the model fits the data and quantifies

the role of capital goods trade in economic development.

4.1 Model fit

Calibration of the trade frictions uses 21(I —1) = 20, 604 observations on trade
shares and 2(I — 1) = 202 observations on prices of intermediate goods and
capital goods (relative to the U.S.) in order to pin down 2/(/ — 1) = 20,604
trade frictions—equation (7). Calibration of the productivities uses I—1 = 101
observations on income per worker (relative to the U.S.) and 3(1 — 1) = 303
observations on relative prices (relative to the U.S.) in order to compute 4(I —

1) = 404 productivity parameters—equations (8)-(11), respectively. As such,

4The productivity gap in each sector is in terms of gross-output productivity. This can
be a misleading comparison in terms of labor productivity when value added shares differ
across sectors. To adjust for this, we compute the value-added productivity gap across
countries in each sector. The gap in value-added productivity for the capital goods sector,

Te”e/e, is 8.3 and that for the intermediate goods sector is 3.1.
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the model utilizes 202 more data points than there are parameters and will
not match all of the data exactly.

Using the common parameters in Table 1 and country-specific values for
labor force, productivities, and trade frictions, we solve for the model’s steady
state. Table 2 reports the correlations between model and data for each tar-

geted variable.

Table 2: Model fit for targeted data

Variable Correlation
Income per worker, y 1.00
Price of capital goods, P. 0.87
Price of final goods, P 0.95
Price of intermediate goods, P, 0.99
Price of structures, P 0.99
Bilateral trade shares for capital goods, m;; (1 # ) 0.93
Bilateral trade shares for intermediate goods, m,,;;(i # j) 0.91
Home trade shares for capital goods, m.;; 0.90
Home trade shares for intermediate goods, m.;; 0.93

Notes: Correlations for each variable (relative to the U.S.) are between the model
and the data.

Prices The correlations between the model and the data for the absolute
price of capital goods, the relative price of capital goods, the absolute price
of intermediate goods, and the relative price of intermediate goods are 0.87,
0.91, 0.99, and 0.90, respectively.

Income per worker The model’s fit for income per worker is perfect
by construction since we can choose the final good sector productivity, Ay, to
match the observed income per worker. This is because the value of Ay does
not affect the home trade shares in our model, so equation (11) can be used

to pin down the income per worker exactly.
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Trade shares Figure 1 plots the bilateral trade shares in capital goods,
Teij, (i # 7). The correlation between the model and the data is 0.93. The
bilateral trade shares for intermediate goods also line up closely with the data;
the correlation is 0.91. The correlation between home trade shares in the
model and that in the data is 0.90 in the capital goods sector and is 0.93 in

the intermediate goods sector.

Figure 1: Bilateral trade shares in capital goods
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Notes: The vertical axis corresponds to the model and the horizontal axis
corresponds to the data.

4.2 Implications for untargeted moments

This subsection examines the quantitative implications of the model for data

that were not targeted in the calibration. Table 3 summarizes the implications.
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Table 3: Model fit for untargeted data

Data Model
Contribution to log-variance in y: ln(Zﬁ) 85.3% 83.3%
Contribution to log-variance in y: In((k/y)™<) 29%  2.0%
Contribution to log-variance in y: covariance 11.8% 14.7%
Elasticity of 2¢/y w.r.t. income per worker 39.7% 36.3%

Percent of capital goods production accounted for by
top 10 countries | 78.3% 79.5%
top 20 countries | 92.0% 91.9%
top 50 countries | 99.5% 99.8%

Notes: Z denotes measured TFP. Each elasticity is the slope coefficient estimated
by regressing In(variable) against In(income per worker).

Development accounting While the calibration directly targets income
per worker in each country, it does not target either capital or measured TFP.
We examine how the model distributes the burden of income differences to
differences in capital and differences in TFP.

Suppose we conduct a development accounting exercise, along the lines of
Caselli (2005), Hall and Jones (1999), and Klenow and Rodriguez-Clare (1997),

using the model’s output. Recall that income per worker can be written as

yi =2 (k—> ™" where Z denotes measured TFP. Log variance in (k/y)Ta

k3

accounts for 2 percent of the log variance in y in the model, compared to
2.9 percent in the data. Log variance in Z s counts for 83.3 percent of
the log variance in y in the model, compared to 85.3 percent in the data.
The model and the data place a larger burden on measured TFP than on
capital-output ratios to account for the cross-country income differences. This
feature consistent with the evidence in King and Levine (1994) who argue that
capital is not a primary determinant of economic development. Finally, in the
data both measured TFP and capital-output ratio are positively correlated
with economic development. Our model is consistent with this feature. The
covariance between the log of the two objects accounts for 14.7 percent of the

log variance in y in the model, compared to 11.8 percent in the data.
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Capital goods production and trade flows Our model also replicates
well the extent to which production of capital goods is distributed across coun-
tries. Figure 2 illustrates the cdf for capital goods production. In the model
and in the data, 10 countries account for almost 80 percent of the world’s
capital goods production. Furthermore, poor countries are net importers of

capital goods in the model and in the data.

Figure 2: Distribution of capital goods production
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Relative prices and investment rates In the data, while the relative
price of capital goods is higher in poor countries than in rich countries, the
absolute price of capital goods does not exhibit such a systematic variation
with the level of economic development. As noted in Section 4.1, our model
is consistent with data on the absolute price of capital goods and the price
relative to consumption goods. The elasticity of the absolute price with respect
to income per worker is 0.01 in the model and is -0.01 in the data; the elasticity
of the relative price is -0.36 in the model and is -0.30 in the data.
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The observed negative correlation between the relative price of capital
goods and income per worker is mainly due to the price of consumption, which
is lower in poor countries. Our model is consistent with this fact: The elasticity
of the price of consumption is 0.37 in our model and is 0.29 in the data.

Finally, the price of structures is positively correlated with income per
worker; the elasticity of the price is 0.41 in the model and is 0.36 in the data.

In our model, the capital goods investment rate and the structures invest-
ment rate, both measured in domestic prices, are constant across countries.
In steady state P.;x{ = ¢e re;kf{ and Pz} = ¢575k], where ¢ = % for
b € {e,s}. Recall k; = (k&) (ki)' so reki = prik; and rygkf = (1 — p)rik;.

Since capital income r;k; = w;a /(1 — @), it follows that

Pt = Jebic (12)
l—«
os(1 — p)w;a
Pual =" "7 1
ry = 220 (13)

Therefore, aggregate investment per worker is P.xf + Pyz? = [u¢d. + (1 —
w)os|w;a/(1 — ). Factor income is w; 4+ rk; = w; /(1 — «), so the aggregate

investment rate in domestic prices is

P.x{ + Pyx}

w; + riki = (I[Mgbe + (1 - M)gbs]a (14)

which is a constant. In the data, the investment rate measured in domestic
prices is uncorrelated with income per worker. The share of expenditures
allocated to final consumption is 1 minus the investment rate.

Our model also captures the systematic variation in investment rates mea-
sured in purchasing power parity (PPP) prices. Rich countries have higher
investment rates, ””y—e, than poor countries; the elasticity of capital goods in-
vestment rate with respect to income per worker is 0.36 in the model and is
0.40 in the data.
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4.3 Quantitative role of capital goods trade

To understand the quantitative role of capital goods trade, we conduct a coun-
terfactual experiment: we eliminate all frictions to capital goods trade by set-
ting 7.;; = 1 for all country pairs. We leave all other parameters at their
calibrated values; specifically, the intermediate goods trade frictions remain at
the benchmark levels.

Table 4 reports the income gaps and the components therein. We compute
the gap for each variable as the average of the 10 richest countries relative to

the average of the 10 poorest countries.

Table 4: Gap in income per worker and its components

Benchmark Frictionless trade

model in capital goods
Y 27.94 16.70
77 20.47 14.56
(k/y)T= 1.27 1.11
Z 7.61 6.05
k/y 1.62 1.23
(ke /y)H 1.92 1.37
k¢ /y 3.15 1.70

Notes: Gaps are defined as the ratio of the average for 10 richest countries (in
terms of income per worker) relative to the average for the 10 poorest countries.

(&3
1 — . . .
y=Zl-« (%) “ denotes income per worker, where Z is measured TFP and g is

the capital-output ratio. Aggregate capital is a Cobb-Douglas aggregate of the
producer durables capital and the structures capital: k = (k)" (k*)' 7. The ratio,
k—;, does not change in the counterfactual.

The gap in capital-output ratio falls from 1.62 to 1.23. If measured TFP
were held fixed, the smaller gap in capital-output ratio by itself would reduce
the income gap from 27.94 to 24.42, a reduction of 12 percent. However,
measured TFP in poor countries increases following the removal of capital
goods trade frictions since they can now import capital goods and specialize

more in intermediate goods. The gap in measured TFP falls from 7.61 to 6.05.
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The combined effect of lower gaps in capital-output ratio and measured TFP
is a 40 percent reduction in the income gap from 27.94 to 16.70. See Figure
3 for the counterfactual cross-country distribution of income per worker. The

log variance of income per worker declines from 1.08 to 0.83.

Figure 3: Income per worker, U.S.= 1
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Notes: The vertical axis corresponds to the model and the horizontal axis
corresponds to the data. The dots indicate the counterfactual values for each
country and the rust-colored line is the best linear fit for those dots. The red line
is the benchmark. Recall that our model matches the observed income per worker
perfectly, so the benchmark is the 45° line.

Comparative advantage and reallocation of resources In our model,
total labor in each country is held fixed when we go from the baseline to the
counterfactual. Furthermore, (i) the fraction of labor allocated to final goods
and structures is invariant to trade frictions and (ii) reallocation of factors

takes place between tradable capital goods and intermediate goods. Feature
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(i) arises from that fact that, measured in domestic prices, the shares of ex-
penditures that go toward final consumption, investment in capital goods, and
investment in structures are invariant to the trade frictions (see equations (12),
(13), and (14)). Since final consumption and structures are nontradable, the
expenditure shares on those sectors are proportional to the share of labor in
those sectors. Feature (ii) follows from the fact that capital goods and inter-
mediate goods are tradable. This means that changes in net exports in those
sectors, which depend on the trade frictions, break the link between expen-
diture shares and production shares. As a result, changes in trade frictions
cause a reallocation between capital goods and intermediate goods sectors.
Trade liberalization increases the size of the pie in each country i.e., it
changes the output in both intermediate goods and capital goods sectors. The
change in the size of the sector by itself would imply different allocations of
labor. To illustrate the comparative advantage forces and reallocation of re-
sources across sectors, we compute the change in labor in each sector relative
to the change in output of that sector. In poor countries, for instance, labor-
output ratio in the capital goods sector is 0.31 in the counterfactual relative
to its benchmark value and 0.39 in the intermediate goods sector. Put dif-
ferently, more resources are allocated by poor countries to the sector of their
comparative advantage. For rich countries, the corresponding ratios are 1.47
and 0.96 i.e., the rich countries allocate more resources to the sector of their

comparative advantage.

The relative price channel In the presence of capital goods trade fric-
tions, poor countries transform consumption into investment at an inferior
rate relative to the world frontier. In the frictionless world, poor countries can
import more units of capital goods for each unit of intermediate goods that
they export. That is, they transform consumption into investment at a higher
rate since they have access to a superior international production possibilities
frontier. The higher rate of transformation is reflected by a lower relative price
of investment and leads to a higher steady-state investment rate and a higher

capital-output ratio.
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The relative price of capital goods is a quantitatively important channel for
the higher capital-output ratio. For every one percent decrease in the relative
price, the ratio of producer durables capital to output increases by one percent
and the aggregate capital to output ratio increases by p = 0.56 percent. With
frictionless capital goods trade, the relative price in poor countries falls relative
to that in rich countries. In particular, the elasticity of the relative price with
respect to income per worker increases from -0.36 to -0.20.

The change in the elasticity is accounted for almost entirely by changes
in the absolute price of final goods. The elasticity of the price of final goods
decreases from 0.37 to 0.20 in the counterfactual i.e., final goods prices in poor
countries increase relative to those in rich countries. With frictionless trade
in capital goods, PPP holds so the elasticity of the absolute price of capital
goods is zero. However, this elasticity is close to zero in the benchmark as
well, see Table 5.

Table 5: Price elasticities with respect to income per worker

Benchmark Frictionless trade

model in capital goods
P. 0.01 0.00
Py 0.37 0.20
P. /P -0.36 -0.20

Empirical evidence Hsich (2000) provides evidence on the channel in
our model via a contrast between Argentina and India. During the 1990s,
India reduced barriers to capital goods imports that resulted in a 20 percent
fall in the relative price of capital between 1990 and 2005. This led to a surge
in capital goods imports and consequently the investment rate increased by
1.5 times during the same time period. After the Great Depression, Argentina
restricted imports of capital goods. From the late 1930s to the late 1940s, the

relative price of capital doubled and the investment rate declined.

Alternative estimate of trade frictions One reason why frictionless

capital goods trade reduces the income gap by 40 percent could be that the
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calibrated trade frictions are “too” high. Recall that they were calibrated to
be consistent with prices and trade flows (equation (7)). In Appendix D we
provide an alternative estimate of the trade frictions using gravity regressions
that are standard in the trade literature.

We find that (i) the correlation between the two estimates of trade fric-
tions is high, (ii) gravity-based trade frictions are higher than those in our
benchmark calibration, (iii) the difference in the gravity-based trade frictions
between rich and poor countries is larger than the difference in that in our
benchmark frictions, and (iv) eliminating the gravity-based capital goods trade

frictions reduces the income gap by more than 40 percent.

4.4 Technology vs. Policy

Our calibrated trade frictions could include policy barriers as well as techno-
logical impediments (equation (7)). Thus, when we set 7.;; = 1 in Section 4.3
we might have removed not only the policy barriers but also the technological
obstacles. In this subsection, we attempt to remove only the policy barrier.
We imagine an admittedly extreme scenario that the U.S. trade friction is
entirely technological. That is, even if one removes all of the policy barriers
the trade friction cannot be less that of the U.S. Suppose that every country
had the same trade friction as the U.S. To operationalize this experiment,
we compute the average trade-weighted export barrier for the U.S.: 7. =
X%U Z#U Teiv Xeiv, Where Xy is exports of capital goods from the U.S. to
country ¢ and X,y is total U.S. exports. This computation yields 7, = 1.81.
We set capital goods trade barriers for every bilateral pair to this value (i.e.,
Teij = 1.81). Figure 4 illustrates the cross-country distribution of income per
worker in three scenarios: benchmark, counterfactual with frictionless trade in
capital goods, and counterfactual with U.S. trade frictions in capital goods.
With the U.S. trade frictions, the income gap falls from 27.94 to 17.77,
a reduction of 36 percent. Recall that in the counterfactual with frictionless
capital goods trade the income gap declines from 27.94 to 16.70, so reducing

the frictions to the U.S. levels achieves almost the same results as completely
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Figure 4: Income per worker, US=1
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Notes: The vertical axis corresponds to the model and the horizontal axis
corresponds to the data. The rust-colored line and the green line are the best
linear fits for the respective counterfactual income per worker. The red line is the
benchmark. Recall that our model matches the observed income per worker
perfectly, so the benchmark is the 45° line.

eliminating the trade costs. This does not imply that income per worker would
not increase if we were to reduce the frictions below the U.S. levels. This
simply means that the increase in income from further reductions is roughly

proportionate in all countries, so the income gap remains roughly the same.

4.5 Other trade liberalizations

The previous counterfactuals focused on the effects of removing frictions on
capital goods trade. Trade liberalizations often involve reductions in frictions
to trading non-capital goods as well. We consider two other counterfactual

exercises in this subsection. First, we remove frictions to trading intermediate
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goods, while holding all other parameters, including capital goods trade fric-
tions, at the calibrated values. Second, we remove frictions to trading both
capital goods and intermediate goods.

Table 6 summarizes the effects of the different frictionless trade scenarios
on cross-country income differences. The key message from the table is the

same as our message from the previous counterfactuals.

Table 6: Log-variance: Income, capital-output ratio, and relative price

Benchmark Frictionless trade
Log-variance model in capital goods in intermediates in both
Yy 1.08 0.83 0.74 0.72
k/y 0.09 0.07 0.04 0.04
P./P; 0.22 0.15 0.10 0.09

Empirical evidence Starting in the 1960s Korea reduced the import re-
strictions (see Westphal, 1990; Yoo, 1993); the capital goods imports increased
11-fold subsequently. Over the next 30 years, the relative price of capital de-
creased by a factor of almost 2 and the investment rate increased by a factor
of nearly 4 (Nam, 1995).

Wacziarg and Welch (2008) identify dates that correspond to trade liberal-
ization for 118 countries, and show that, after such liberalizations, investment
rates increase. Furthermore, Wacziarg (2001) finds that trade increases GDP
primarily through an increase in investment.

Rodriguez and Rodrik (2001) find evidence that trade barriers in part de-
termine the cross-country difference in the relative price of capital that in turn

affects the investment levels.

5 Conclusion

In this paper we show that international trade in capital goods has quantita-

tively important effects on economic development through two channels: (i)
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capital formation and (ii) TFP. We embed a multicountry, multisector Ricar-
dian model of trade into a neoclassical growth framework. Our model matches
several trade and development facts within a unified framework. It is consistent
with the world distribution of capital goods production, cross-country differ-
ences in income, investment rate, and price of final goods, and cross-country
equalization of price of capital goods.

Frictionless trade in capital goods allows poor countries access to more effi-
cient technologies for capital goods in rich countries. This reduces the relative
price of investment in poor countries and increases their investment rates and
steady-state capital-output ratios relative to those in rich countries. Further-
more, by importing more capital goods, poor countries allocate their resources
more efficiently by using their comparative advantage, which increases their
TFP relative to rich countries. Both channels reduce the cross-country income
differences. Frictionless trade in capital goods reduces the gap in income per
worker between rich and poor countries by 40 percent. Setting capital goods
trade frictions in every country to U.S. levels has almost the same effect on
the income gap as moving to frictionless trade in capital goods.

We studied the role of capital goods trade for economic development under
the assumption of balanced trade. Trade imbalances can be incorporated into
our model by: (i) Fixing trade imbalances as a share of world GDP as in Dekle,
Eaton, and Kortum (2007), (ii) treating trade imbalances as net proceeds from
a global portfolio as in Caliendo, Parro, Rossi-Hansberg, and Sarte (2014), or
(iii) introducing one-period bonds as in Sposi (2012). In our model, with
or without trade imbalances, the steady-state investment rate measured in
domestic prices does not depend on the level of trade frictions. That is, the
investment rate in domestic prices is the same in all countries under frictionless
capital goods trade as well as under trade frictions. Trade imbalances could
have a different effect on the investment rate in PPP prices and, hence, income
per worker if the response of relative prices to changes in trade frictions is
different. However, the quantitative effect of the relative price channel is likely

to be similar to that in our model with balanced trade.
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A Derivations

A.1 Price indices and trade shares

In this section, we derive the price index and bilateral trade shares for inter-
mediates. The derivations for the capital goods sector follow analogously.
Let v = I'(1 + 0(1 — 7))~ where I'(-) is the gamma function. Re-

aVm (1—a)vm 1—vm
call that u,,; = ( L ) (uf”—’ym> <h> is the unit cost for

avm a) 1—vm
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intermediates in country 7. The price index for intermediates is

S

Pri =7 [Z(uijm,-j)—eij (A1)

J

Let 7,,;; be the fraction of country i’s intermediate varieties expenditure
that is spent on intermediate varieties sourced from country j. 7, is also
the probability that country j is the least cost provider to country 7. Fréchet

distribution for productivities implies that 7,,;; is given by

Tmij = Pr {pmij(z’") < min [pmzl(u)]} _ _UmyTmij) J

= S (i) T’ (A.2)

A.2 Relative prices

Here we derive expressions for the relative prices: P.;/Pf;, Pri/ Pyi, and Py;/ Py;.
Equations (A.1) and (A.2) imply that

-0

('YBm)GPn_ug

Tmis =

Substituting for the unit cost, u,,;, and rearranging we get:
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Similarly,

()" (2)"
P oc A il (A.4)
T,

() () P
Py . : (A.5)
)" ()"

Before proceeding, we use equation (A.3) to solve for w/P,, as it will be

useful for the remainder of our derivations:

1

W w:\ (T .\ ovm
‘ — i . A7
P > <Tz) (Wmu> A7

Taking ratios of the equations (A.4) and (A.6), then substituting for w; /Py,
using equation (A.7), we get

P, r; a(ve—vy) w; \ 7V A
rc() (5w
A Nl R e
B (Tez'/7Teu')é (E) [(T_Z) (sz’z’> ]
ve—v;

Ty
(Tei/ﬂm-)% Tinii '

Other relative prices can be derived analogously.

Vm —V Vs—V§

x - and — o« — [ — :
Pri (Toni )/ Tomii) ? Py Ay

Tmii
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A.3 Income per worker

Income per worker in our model is defined as total factor compensation per
worker deflated by the price of final goods: y; = % Using the fact that

capital income is proportional to labor income, r;k; = % w;, income per

worker is equivalent to

TP,
1wy Py
_1—Oszini‘

Wi

Using expressions derived above for £ and %, and using the fact that
mi fi

w;
T

= %kl we can solve out for income per worker as

1—-v

I
Tmi Ovm
Y; X Afl < ) k‘la

Tmii

A.4 Capital stock

Derivation of the expression for steady-state capital stock makes use of the

two Euler equations for investment in producer durables and in structures:

1
Te; = |:— — (1 - 56):| Pei (Ag)
g
1
g
Since r;k; = %-w;, aggregate stock of capital per worker k; o ZJ—Z =

H 1—p
Wi Wi W; . .
e’ﬁ—ff” x ( P;_) < P;) (note, re; < P.; and 1y o Py in equations (A.8)

and (A.9)). Using the expressions for relative prices we get:

Wi w; Py Toni om w;i\* (Tui/7 eii)% T S
= x | — — .
Poi P Py Tmii T (Tmi/ﬂ'mii>% Tmii
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Similarly,

1 Ym —Vs

w; ( Toni ) Ovm (wz‘)a Asi ( i ) fvm
Py Tmii T (Toni/ Tmii)® \ Tmii

Now, k; oc %, so
1 1 Vm —Ve 1Y
Tm'L vm Tei eii )0 Tmz vm
w () e ()
Tmii (Tni )/ Tmii)® \ Tmii
T\ Tom A T N\ o o
>< ( ma ) kza S - ( ma )
Tmii (Toni/Tmii) e \ Tmii
T\ 7 (T, N
. vm, . .. )9 . Ym
:> kl o ( ma ) ( BZ/T‘-GZT,) - < ma )
Tmii (Toni/Tmii)® \ Tmii

1—p
1 Ym —Vs 11—
( Toni ) fvm Asi ( T > fvm
X - .
Tmii (Toni )/ Tmii)® \ Tmii

To derive an expression for the capital-output ratio, note that investment

. . . . . . P..x¢
rates at domestic prices are identical across countries in our model: P—y’ and

fi¥i
Pz}
Pyriy;
ki = (E$)*(k$)'™# in terms of the relative price as follows: k¢ o< x

are constant. Therefore, z§/y; o< P/ P and x/y; o< P/ Py Write
¢ kY o xi,

xfJy; < Pp;/ Py, and @ Jy; < Py;/ Py;. Finally, using the expressions for relative

prices we get:

Ve—Vyf K Vs—Vf Nfl

ki Ayi ( Toni ) v Ayi ( Toni ) fvm
— - —m
Yi (Toi/meii)e \Tmii Agi \ Tmii

B Data

This section describes the sources of data as well as any adjustments we
make to the data to map it to the model. Our sample covers 102 coun-

tries, where 5 of the countries are actually country blocks. “Southeast Eu-
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rope” includes Albania, Bosnia and Herzegovina, Croatia, Montenegro, and
Serbia. “BeNeLux” includes Belgium, the Netherlands, and Luxembourg.
“China, Hong Kong, Macao” includes China, Hong Kong, and Macao. “East-
ern Europe” includes Estonia, Latvia, Lithuania, Malta, Slovakia, and Slove-

nia. “Malaysia-Singapore” includes Malaysia and Singapore.

B.1 National accounts and prices

We construct sectoral price levels for each country using disaggregate price
data from the World Bank’s 2011 International Comparison Program (ICP):
http://siteresources.worldbank.org/ICPEXT /Resources/ICP_2011.html. The
data has several categories that fall under what we classify as manufactures:
“Food and nonalcoholic beverages”, “Alcoholic beverages, tobacco, and nar-
cotics”, “Clothing and foot wear”, and “Machinery and equipment”. Of these,

2

capital goods in the model corresponds to “Machinery and equipment,” while
structures correspond to “Construction”; the remaining categories correspond
to intermediate goods. The ICP reports expenditure data for above categories
in both nominal U.S. dollars and real U.S. dollars for each country. The PPP
for each category equals the ratio of nominal expenditures to real expendi-
tures. Aggregate expenditures at market prices, i.e., total GDP, is defined as
the sum of all activities in the ICP. We compute real income in the data as
the aggregate GDP divided by the price of consumption at PPP, i.e., we do
not take income per worker directly from PWT.

Our measure of total employment is taken directly from version 8.1 of the

Penn World Table.

B.2 Production and trade

Construction of trade shares requires data on both production and interna-
tional trade flows. On the production side, we use two-digit International
Standard Industrial Classification (ISIC) categories. Capital goods correspond
to “Machinery and equipment” in the ICP; specifically, we use categories 29-

35 in revision 3 of the ISIC. Intermediates correspond to the remaining ISIC
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manufacturing industries, 15-37, excluding 29-35.

We obtain production data from multiple sources. First, we utilize value
added and gross output data from INDSTAT2, a database maintained by
UNIDO (2013). This data is reported at the two-digit level using ISIC. This
data extends no further than 2010 and not even to 2010 for many countries.
We use data on value added output from United Nations National Accounts
Main Aggregates Database for 2011. For countries that report both value
added and gross output in INDSTAT, we apply the ratio from the year that is
closest to 2011 to the value added from UNIDO in 2011 to recover gross output.
Countries for which data on gross output is not available in INDSTAT for any
of the years, we compute the average ratio of value added to gross output
across all countries, and apply that ratio to the UNIDO figure for 2011. In our
data set, 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.

Trade data is from the UN Comtrade Database http://comtrade.un.org.
In this database, bilateral trade is reported for goods at the four-digit level
of the Standard International Trade Classification (SITC), revision 2. We
use the correspondence tables from Affendy, Sim Yee, and Satoru (2010) to
map SITC into ISIC and construct bilateral trade flows for capital goods and
intermediates. We omit petroleum-related products from the trade data.

Using the trade and production data, we construct bilateral trade shares

for each country pair as in Bernard, Eaton, Jensen, and Kortum (2003):

- ABS,,;’

7T2'j

where X;; denotes manufacturing trade flows from j to ¢ and ABS; is country

1’s absorption defined as gross output less net exports of manufactures.

C Estimation of 0

Simonovska and Waugh (2014) build on the procedure in Eaton and Kortum
(2002) to estimate 6. We refer to these papers as SW and EK henceforth. We
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ignore sector subscripts, as 6 for each sector is estimated independently.
The EK methodology exploits cross-country data on disaggregate prices of

goods within the sector. In the EK model, as well as ours,

In (””‘) = —9(ln; —In P, +In P)) (C.1)
Tjj

where P; and P; are the aggregate prices in countries ¢ and j for the sector

under consideration. If we knew 7;;, estimating ¢ is straightforward. But 7;
is unknown.

Let x denote a particular variety in the continuum. Each country ¢ faces

a price, p;(z), for that variety. Ignoring the source of the producer of va-

riety x, a no-arbitrage argument implies that for any two counties i and j,

% < 7. Thus, the gap in prices between any two countries provides

a lower bound for the trade barrier between them. In our model, we as-

sume that the same bilateral barrier applies to all goods in the continuum,
pi(w)

SO mag?({ Py (z)} < 7,7, where X denotes the set of varieties for which disaggre-
xe

gate prices are available. Thus, an estimate of the bilateral trade barrier is
In7;;(X) = max,ex{Inp;(x) — Inp;(x)}.

EK derive a method of moments estimator of 6:
Zi Zj In (ﬁ)

>, #5(X) = In P(X) + In P(X)]

(C.2)

PEK = —

where In P;(X) = ﬁ > Inp;(z) is the average price of varieties in X in coun-
zeX

try ¢ and |X| is the number of varieties in X.

SW show that the EK estimator is biased. This is because the sample of
disaggregate prices is only a subset of all prices. Since the estimated trade
barrier is only a lower bound to the true trade barrier, a smaller sample of
prices leads to a lower estimate of 7;; and, hence, a higher pgk-.

SW propose a simulated method of moments estimator to correct for the
bias. Start with an arbitrary value of . Simulate marginal costs for all

countries for a large number of varieties as a function of . Compute the
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bilateral trade shares 7;; and prices p;(x). Use a subset of the simulated prices
and apply the EK methodology to obtain a biased estimate of 0, call it p(@).
Iterate on 6 until pgr = p(#) to uncover the true 6.

The first step is to parameterize the distribution from which marginal costs
are drawn. This step requires exploiting the structural equation:

T4
In -2

T
where F; = Inu, 9T.. In order to estimate the F;, SW use a parsimonious

gravity specification for trade barriers:
In7;; = disty, + brdr;; + exj + €i;. (C4)

The coefficient disty is the effect of distance between countries ¢+ and j lying
in the kth distance interval. The distance intervals are measured in miles
using the great circle method: [0,375); [375,750); [750,1500); [1500,3000);
[3000,6000); and [6000,max). The coefficient brdr;; is the effect of countries
¢ and j having a shared border. The term ex; is a country-specific exporter
fixed effect. Finally, €;; is an orthogonal residual. Combining the gravity spec-
ification with equation (C.3), SW use ordinary least squares to estimate F; for
each country and bilateral trade barriers for all countries.

The second step is to simulate prices for every variety in the “continuum”
in every country. Recall that p;;(x) = Tij%, where z; is country j’s pro-
ductivity. Instead of simulating these productivities, SW simulate the inverse
marginal costs, imc; = z;(x)/u;. They show that the inverse marginal cost
has the following distribution: F(imc;) = exp(—Fyime;?), where F; = exp(F).
Combining the simulated inverse marginal costs with the estimated trade bar-
riers, they find the least-cost supplier for every country and every variety and
then construct country-specific prices as well as bilateral trade shares.

The third step is to obtain a biased estimate of 6 using the simulated prices.
Choose X to be a subset of the simulated prices such that X contains the same

number of disaggregate prices as in the data. Call that estimate ps(#). Then
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perform S simulations. Finally, choose a value for € such that the average
“biased” estimate of # from simulated prices is sufficiently close to the biased
estimate obtained from the observed prices. That is, %Zle ps(0) = prKk.
One issue in implementing this method for the capital goods sector is that
the number of disaggregate price categories that fall under producer durables is
small. To circumvent this, we increase the sample size by including consumer

durables along with producer durables.

D Gravity-based trade frictions

In this subsection we provide an alternative estimate of the trade frictions
using gravity regressions that are standard in the trade literature.

Our model implies that, for each sector b € {e, m},

—0
Toij _ (@) (&) (75;) " (D.1)
= i ) )
Thii Up; Ty, !
where up; denotes the unit cost in sector b in country 1.

We specify trade frictions as follows:
log(Tyi5) = ey; + Vo,dis 108(disi;) + Voprabrdij + Vojanglangs; + vij,  (D.2)

where exy, ; is an exporter fixed effect dummy as in Waugh (2010), dis is the dis-
tance between two countries measured in miles using the great circle method,
brd is a dummy for common border, lang is a dummy for common language,
and ¢ is assumed to be orthogonal to the previous variables and captures other
factors that affect trade frictions. Note that this specification requires only
105 coefficients in order to estimate 10,302 bilateral trade frictions.

Using (D.2) and taking logs of both sides of (D.1) we get

In (Wbij) — In (ub_jeTbj) —In (ub—i‘)sz‘)

Fpy; Fy;

—0 [exbj + ’Ygis ln(dzsm) + ’Yll;Tdedij + %l)mglangij + Ebij
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We use OLS to estimate the bilateral trade friction in each sector.

The data for this specification, except for trade flows, are taken from the
Gravity Data set available at http://www.cepii.fr. Observations for which the
recorded trade flows are zero are omitted from the regression. The regression
for the capital goods sector produces an R? of 0.85 with 8211 usable observa-
tions (i.e., non-zero trade flows) out of 10,302 bilateral trade pairs, while the
regression for the intermediate goods sector produces an R? of 0.79 with 9018
usable observations.

The OLS regression coefficients yield estimates of trade frictions, 73;;, and
country fixed effects, Fbi. With these estimates in hand we use the model’s
structure to recover the productivities, Ty;, for b € {e,m}. By definition
Fbi =In (ub’ieT bi), so once we compute the unit costs, uy;, we can infer Tj;.

The unit costs are given by

N - a(1-p) w, A\ s p o N\1w
Up; = T — —_ :
’ avplt avy(1 — p) (1—a) 1—u

We use data on prices of capital goods and structures together with the Euler

equations (A.8) and (A.9) to measure the rental rates for each type of capital.
We measure wages: w; = (1 — a)c’%ﬂ. Finally, using data on prices of inter-
mediate goods, P,,;, we can estimate the unit costs, which yields estimates for
T.; and T,,;.

With the estimates for 7T¢; and 7,,,;, we compute A, and Ay to match
the price of structures relative to final goods and income per worker using
equations (10) and (11).

Figure D.1a plots the gravity-based estimates of the bilateral trade frictions
in the capital goods sector against those in our calibration in Section 3. While
the correlation is high—0.72—there are two important differences between the
two sets of frictions.

First, the gravity-based frictions are larger than the ones in our calibra-
tion. This can be seen in Figure D.1b, which illustrates the export-weighted
trade frictions for different income quartiles. Second, the difference in the

gravity-based trade frictions between rich and poor countries is larger than
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the difference in our calibrated trade frictions. Thus, if we were to repeat the
counterfactual in Section 4.3 starting from the gravity-based trade frictions,
we would find that the income gap between rich and poor countries would

reduce by more than 40 percent.

Figure D.1: Capital goods trade frictions: benchmark calibration and gravity
estimation

(a) Bilateral frictions (b) Export-weighted frictions
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Benchmark frictions

While the gravity approach implies larger trade frictions, it places less
burden on final goods productivity in order to reconcile the observed cross-
country income differences. As a result, the gravity approach yields larger
cross-country differences in the price of final goods than our benchmark; see
Table D.1. Although the gravity approach captures the pattern in the price of
capital goods as well as our benchmark does, it overstates the cross-country

differences in the relative price of capital goods.

Table D.1: Price elasticities with respect to income per worker

Data Benchmark Gravity-based
model model
P, |-0.01 0.01 20.01
Py 0.31 0.37 0.50
P./P; | -0.32 -0.36 -0.51

47



E Calibrated productivity parameters

Table E.1: Productivity parameters

T
Country Isocode | Ay | A, | TS5 | TO,
Armenia ARM 0.58 1 0.41 ] 0.20 | 0.50
Australia AUS 0.97 | 0.82 | 0.76 | 0.73
Austria AUT 0.76 | 0.95 | 0.44 | 0.72
Bahamas BHS 0.64 | 1.40 | 0.24 | 0.30
Bangladesh BGD 0.44 | 0.88 | 0.11 | 0.29
Barbados BRB 0.58 | 1.14 | 0.26 | 0.30
BeNeLux BNL 0.80 | 1.06 | 0.40 | 0.34
Belarus BLR 0.61 | 0.47 | 0.21 | 0.66
Belize BLZ 0.39 | 0.41 | 0.18 | 0.56
Benin BEN 0.44 | 0.50 | 0.07 | 0.15
Bhutan BTN 0.73 | 1.02 | 0.11 | 0.28
Bolivia (Plurinational State of) BOL 0.51 | 0.64 | 0.05 | 0.28
Botswana BWA 0.62 | 1.80 | 0.16 | 0.19
Brazil BRA 0.50 | 1.26 | 0.27 | 0.53
Bulgaria BGR 0.52 | 0.91 | 0.12 | 0.49
Burkina Faso BFA 0.33 | 0.46 | 0.06 | 0.08
Burundi BDI 0.23 | 0.32 | 0.04 | 0.12
Cambodia KHM 0.39 | 0.88 | 0.03 | 0.07
Cameroon CMR 0.38 | 0.48 | 0.06 | 0.32
Canada CAN 0.84 | 0.99 | 0.60 | 0.54
Central African Rep. CAF 0.28 | 0.43 | 0.07 | 0.14
Chile CHL 0.74 | 1.09 | 0.14 | 0.28
China, Hong Kong, Macao CHM 0.46 | 0.93 | 0.21 | 0.41
Colombia COL 0.51 | 0.78 | 0.19 | 0.64
Costa Rica CRI 0.54 | 0.98 | 0.13 | 0.58
Cyprus CYP 0.85 | 1.33 | 0.24 | 0.66
Czech Rep. CZE 0.71 | 1.02 | 0.09 | 0.53
Cte d’Ivoire CIV 0.37 | 0.66 | 0.10 | 0.17
Denmark DNK 0.72 | 1.06 | 0.40 | 0.47
Dominican Rep. DOM 0.63 | 1.00 | 0.25 | 0.60
Eastern Europe FSB 0.64 | 1.03 | 0.18 | 0.57
Egypt EGY 0.68 | 1.04 | 0.16 | 0.55
Ethiopia ETH 0.46 | 0.71 | 0.02 | 0.12
Fiji FJI 0.64 | 1.20 | 0.09 | 0.28
Finland FIN 0.76 | 1.12 | 0.77 | 0.69
France FRA 0.86 | 1.04 | 0.78 | 0.76
Gambia GMB 0.46 | 0.65 | 0.05 | 0.10
Georgia GEO 0.49 | 0.36 | 0.08 | 0.56
Germany DEU 0.80 | 0.91 | 0.75 | 0.73
Greece GRC 0.84 | 1.10 | 0.43 | 0.69
Guatemala GTM 0.53 | 0.94 | 0.22 | 0.49
Honduras HND 0.41 | 0.71 | 0.14 | 0.37
Hungary HUN 0.61 | 0.98 | 0.22 | 0.50
Iceland ISL 0.63 | 0.68 | 0.22 | 0.39
India IND 0.41 | 0.73 | 0.12 | 0.46
Indonesia IDN 0.52 | 1.23 | 0.19 | 0.38
Ireland IRL 0.63 | 1.61 | 0.76 | 0.47
Israel ISR 0.73 | 1.08 | 0.46 | 0.61
Italy ITA 0.76 | 1.31 | 0.74 | 0.80

Continued on next page. ..
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Table E.1 — Continued

T T

Country Isocode | Ay | A, | TS5 | TS,

Jamaica JAM 0.55 [ 1.04 | 0.24 | 0. 43
Japan JPN 0.82 | 0.95 | 0.86 | 0.66
Jordan JOR 0.70 | 1.03 | 0.13 | 0.66
Kazakhstan KAZ 0.71 | 0.56 | 0.27 | 0.28
Kyrgyzstan KGZ 0.44 | 0.24 | 0.08 | 0.33
Lesotho LSO 0.45 | 0.68 | 0.08 | 0.16
Madagascar MDG 0.35 | 0.49 | 0.03 | 0.19
Malawi MWI 0.26 | 0.45 | 0.03 | 0.20
Malaysia-Singapore SGM 0.62 | 1.31 | 0.21 | 0.40
Maldives MDV 1.19 | 1.61 | 0.27 | 0.25
Mali MLI 0.37 | 0.53 | 0.07 | 0.08
Mauritius MUS 0.66 | 1.39 | 0.14 | 0.51
Mexico MEX 0.73 | 1.03 | 0.17 | 0.55
Morocco MAR 0.44 | 1.37 | 0.09 | 0.44
Mozambique MOZ 0.26 | 0.37 | 0.05 | 0.13
Namibia NAM 0.57 | 1.44 | 0.16 | 0.18
Nepal NPL 0.44 | 0.61 | 0.04 | 0.19
New Zealand NZL 0.78 | 0.78 | 0.47 | 0.59
Niger NER 0.33 | 0.41 | 0.06 | 0.17
Pakistan PAK 0.53 |1 0.94 | 0.12 | 0.42
Panama PAN 0.75 | 0.88 | 0.08 | 0.34
Paraguay PRY 0.49 | 0.86 | 0.08 | 0.38
Peru PER 0.60 | 0.96 | 0.16 | 0.59
Philippines PHL 0.47 | 1.04 | 0.17 | 0.41
Poland POL 0.69 | 0.82 | 0.19 | 0.71
Portugal PRT 0.67 | 1.35 | 0.33 | 0.68
Rep. of Korea KOR 0.65 | 1.02 | 0.51 | 0.73
Rep. of Moldova MDA 0.55 | 0.36 | 0.11 | 0.42
Romania ROU 0.70 | 1.40 | 0.26 | 0.47
Russian Federation RUS 0.61 | 0.54 | 0.33 | 0.77
Rwanda RWA 0.31 | 0.37 | 0.06 | 0.21
Saint Vincent and the Grenadines VCT 0.64 | 1.16 | 0.18 | 0.36
Sao Tome and Principe STP 0.58 | 1.49 | 0.12 | 0.22
Senegal SEN 0.37 | 0.61 | 0.07 | 0.25
South Africa ZAF 0.55 | 1.17 | 0.27 | 0.52
SoutheastFEurope SEE 0.65 | 1.19 | 0.24 | 0.60
Spain ESP 0.74 | 1.28 | 0.63 | 0.80
Sri Lanka LKA 0.66 | 1.15 | 0.12 | 0.45
Sweden SWE 0.69 | 0.75 | 0.74 | 0.72
Switzerland CHE 0.84 | 1.04 | 0.35 | 0.68
TFYR of Macedonia MKD 0.73 |1 1.20 | 0.14 | 0.32
Thailand THA 0.50 | 1.16 | 0.19 | 0.47
Togo TGO 0.38 | 0.54 | 0.05 | 0.04
Tunisia TUN 0.59 | 1.85 | 0.07 | 0.40
Turkey TUR 0.69 | 1.34 | 0.43 | 0.72
USA USA 1.00 | 1.00 | 1.00 | 1.00
Uganda UGA 0.36 | 0.92 | 0.06 | 0.20
Ukraine UKR 0.51 | 0.34 | 0.06 | 0.46
United Kingdom GBR 0.87 | 1.10 | 0.61 | 0.55
United Rep. of Tanzania TZA 0.39 | 0.97 | 0.02 | 0.15
Uruguay URY 0.60 | 1.11 | 0.17 | 0.59
Viet Nam VNM 0.45 | 0.88 | 0.07 | 0.19
Yemen YEM 0.48 | 0.62 | 0.07 | 0.27
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