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A Unified Model of International
Business Cycles and Trade

Abstract

We present a unified dynamic framework to study the interconnections between international
trade and business cycle models. We prove an aggregate equivalence between a competitive,
representative firm model that has aggregate production externalities and dynamic trade models
that feature monopolistic competition, endogenous entry, and heterogeneous firms. The
production externalities in the representative firm model have to be introduced in the
intermediate and final good sectors so that the model is isomorphic to dynamic trade models that
embody love-of-variety and selection effects. In a quantitative exercise with multiple shocks, we
show that to improve the fit of the dynamic trade models with the data, the most important
ingredient is negative capital externality in the intermediate good sector. This presents a puzzle
for the literature as standard dynamic trade models provide micro-foundations for positive
capital externality.
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1 Introduction

The standard international business cycle model, the IRBC model (e.g., Backus, Kehoe
and Kydland (1994) and Heathcote and Perri (2002)), has been used extensively to an-
swer quantitative questions. While successful on many fronts, the model has difficulty
matching some important second moments such as a higher international correlation of
output compared to consumption, the positive cross-country correlations of investment
and hours, the high volatility of the trade balance, and the low cyclicality of the real ex-
change rate.

The basic IRBC model features a representative firm and perfectly competitive product
markets. One can alternatively consider environments used in the modern trade litera-
ture, as developed in Krugman (1980) and Melitz (2003), which were introduced in the
international business cycle literature by Ghironi and Melitz (2005).! A natural question
then is whether these alternative environments — primarily, monopolistic competition,
endogenous entry, and heterogeneous firms — lead to a better fit with the data in terms
of aggregate international moments. Even more importantly, how precisely do these alter-
nate environments affect the transmission mechanisms in response to aggregate shocks,
and how do they impact international business cycle dynamics?

We provide a unified model of international business cycles and trade that can ad-
dress these questions, both theoretically and quantitatively. On the theoretical front, our
main result establishes an isomorphism between an IRBC model extended with production
externalities in particular sectors — our unified model — and generalized versions of dy-
namic trade models (i.e., dynamic Krugman and Melitz models). On the quantitative front,
the theoretical results first enable us to precisely pin-point how trade features affect the
transmission of aggregate shocks over the business cycle. Second, they allow us to flexi-
bly explore how the fit with the data can be improved. We find that the most important
ingredient is negative capital externality in the intermediate good sector.

Let us now explain in detail the key components of our models and the results. In the
basic IRBC model, each country uses capital and labor in a Constant Returns to Scale tech-
nology to produce a unique and traded intermediate good. Intermediate goods originat-
ing from different countries are combined into a final good using a Constant Elasticity of
Substitution technology. The final good is used for consumption and investment into cap-
ital. Our unified model extends the basic IRBC model by introducing external economies

IThe Krugman model features monopolistically competitive homogeneous firms that produce differ-
entiated varieties and pay sunk costs of entry into the economy. The Melitz model additionally features
heterogeneity of firm productivities and fixed costs of exporting. An additional standard assumption for
the Melitz model is that firm productivities are drawn from a Pareto distribution.
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of scale in production of intermediate (in terms of both labor and capital) and final goods.
In addition to the unified model, we also formulate generalized dynamic versions of the
Krugman (1980) and Melitz (2003) models by extending their standard counterparts. These
set-ups then allow us to prove that the generalized dynamic versions of the Krugman and
Melitz models are isomorphic to the unified model in their aggregate predictions.

Aggregate externalities introduced in the unified model are key to establishing the
isomorphism, and these externalities do arise even in standard versions of the Krugman
and Melitz models. These standard versions, however, allow only a one-way mapping
to the unified model. This is because the standard models imply tight relationships be-
tween technological parameters in the corresponding unified model: Cobb-Douglas share
of capital in the intermediate good technology, elasticity of substitution between interme-
diate goods in the final good technology, and strengths of external economies of scale. In
particular, all of these parameters of the unified model are determined by only one struc-
tural parameter in the Krugman model — the elasticity of substitution between varieties,
and by two structural parameters in the Melitz model — the elasticity of substitution be-
tween varieties and the shape of Pareto distribution. The essence of our generalizations
of the Krugman and Melitz models is in breaking the implied tight relationships between
technological parameters in the corresponding unified model, which is needed to estab-
lish a two-way mapping (that is, an isomorphism).

One building block for our results is that the measures of firms in the Krugman and
Melitz models play the role of capital in the unified model. Thus, even though labor is
the only factor of production in both the Krugman and Melitz models, the corresponding
unified model features an aggregate production function for intermediate goods that uses
both capital and labor. The fotal capital’s exponent in this function is determined by the
love-of-variety effect in the Krugman model and the selection effect in the Melitz model.?

Next, under the usual assumption that in the Krugman and Melitz models technol-
ogy of production of differentiated varieties is linear in labor, the aggregate production
function for intermediate goods in the corresponding unified model is also linear in la-
bor. Only a part of capital and a part of labor used in this function are internalized by the

representative firm, while the remaining parts induce (positive) externalities. The inter-

2As shown in the trade literature, the love-of-variety effect is the source of externalities in the (static)
Krugman model, while the selection effect is the source of externalities in the (static) Melitz model (see, e.g.,
Kucheryavyy et al. (2019)). These are different effects, which gets reflected in different structural parameters
governing the total capital’s exponent in the aggregate production technology for intermediate goods in our
unified model. It is the elasticity of substitution across varieties in the standard Krugman model, while it is
the Pareto shape parameter in the standard Melitz model. Our dynamic perspective helps to bring to light
the fact that only a part of the externality induced by each of these effects works through the measure of
firms, while the other part works through labor.



nalized part of capital is equal to the share of firms’ revenues accrued as profits in both
the Krugman and Melitz models. Similarly, the internalized part of labor is equal to the
share of firms’ revenues that is paid as wages to labor used in production of varieties.

Besides externalities in production of intermediate goods, the Krugman model does
not generate other externalities. The Melitz model however, additionally generates a (pos-
itive) externality in production of the final good. This externality in the Melitz model
arises due to the selection effect that works through the importer’s total demand for vari-
eties: greater demand for varieties increases the number of exporters entering the market,
which lowers importer’s price index due to love-of-variety. The representative producer
of the final good does not internalize this entry effect on the price index.

Our generalization of the Krugman model introduces correction for the love-of-variety
effect in the production function for the final good, a labor externality in the production
function for varieties, and an externality in the production function for the final good.
The generalization of the Melitz model introduces correction of the selection effect in
fixed costs of serving markets and a labor externality in the production function for vari-
eties. Thus, to achieve the isomorphism with the unified model, we target the sources of
externalities directly (love-of-variety and selection) when possible, or introduce externali-
ties precisely into the production functions, thereby freeing the tight relationships among
externalities implied by the standard Krugman and Melitz models.

Given our theoretical results, we undertake a quantitative exercise. First, we show
that standard dynamic Krugman and Melitz models do not resolve the key empirical
puzzles related to cross-country correlations. Our theoretical result offers the explanation:
standard formulations and calibrations of these models lead to relatively small, tightly
restricted, and positive externalities. This then leads to transmission mechanisms and
aggregate second moments that are very similar to the IRBC model, as the endogenous
cyclical movements in productivity introduced by the externalities are minor.?

Second, we pinpoint what is needed to achieve a better fit with the data. We consider
two types of shocks, intermediate good and final good productivity shocks, and show
that an essential feature to improve fit with the data is a negative capital externality in the

intermediate goods technology for both shocks.* This exercise is possible only because

3In addition to assessing international correlations, we also explore the fit with the data in terms of
domestic correlations with output of key open economy variables, such exports, imports, real exchange
rate, and the trade balance. We find again that, due to the small externalities implied by the standard
Krugman and Melitz models, they lead to very similar moments as the IRBC model.

“The intermediate good productivity shock is a canonical shock in the IRBC literature, while the final
good productivity shock is new. The final good productivity shock leads to basic domestic comovements
that look the same as those caused by the intermediate good productivity shock. That is, the final good
productivity shock leads to a comovement of within-country consumption, output, hours, and investment,
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our unified model perspective allows us to isolate different types of shocks and, more
importantly, to vary the strengths of externalities independently from each other and from
other parameters of the model.’

To understand why negative capital externality in the intermediate goods technology
helps improve fit with the data, it is helpful to first review the main empirical puzzles
associated with the basic two-country IRBC model and their underlying source. In the
model, the international correlation of consumption is counterfactually higher than that
for output, while the international correlations of labor hours and investment are lower
than in the data.® A common source behind all these anomalous cross-country correla-
tions is the tendency in the IRBC model for a positive intermediate good shock in the
home country to lead to a substantial rise in factor use at home, while inducing a cut
in factor use abroad. A negative capital externality makes the transmission of both the
intermediate and final good productivity shocks endogenously negative. This limits the
persistent rise in factor use at home, while limiting the fall in factor use abroad and, thus,
helps with improving international correlations.”

Let us first discuss in more detail the standard intermediate good productivity shock.
With negative capital externality, from the perspective of individual firms, it is as if the
aggregate intermediate good productivity shock is less persistent, but has the same ini-
tial impact. This is because, in future, due to higher capital accumulation from a positive
shock, the productivity faced by the firms is lower than the exogenous shock. The less
persistent productivity increase leads to less persistent increase in hours, investment, and
output at home. This endogenous decrease in persistence of productivity at home also
acts against the reallocation of factors away from the foreign country. Moreover, with con-
sumption smoothing motives, in the face of a less persistent rise in income at home, con-
sumption increases by less initially and more importantly, its dynamic response changes

non-trivially due to change in the path of investment.

thereby generating a domestic business cycle. It is well understood in the closed economy literature that in
a real economy;, like the one studied in this paper, such domestic comovement is hard to generate for shocks
other than the intermediate good productivity shock. In an open economy, however, due to a relative price
effect, the final good productivity shock can generate a domestic business cycle. It is worth mentioning in
this context that our isomorphism results hold for any aggregate shock that drives the business cycle.

5Given the isomorphism (two-way mapping) between the unified model and the generalized dynamic
Krugman and Melitz models, we can then also interpret the underlying source of negative capital external-
ity from either model perspectives.

®In fact, labor hours and investments across countries often co-move negatively in the model while they
co-move positively in the data. With respect to the other key moment — the high cross-country correlation
in consumption — note that this anomaly is not entirely due to perfect risk-sharing. To make this last point
clear and for completeness, we present results for all three common variants of international risk-sharing:
complete financial markets, bond economy, and financial autarky.

"Negative labor or final good externalities, in contrast, do not help improve the fit uniformly.
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Overall, these changes to the transmission of the shock help increase output, invest-
ment, and hours correlation across countries while decreasing consumption correlation.
In addition, negative capital externality also leads to an endogenous positive correlation
of home productivity with the foreign, as typically the foreign country would decumulate
capital. This also leads, comparatively, to an increase in hours, output, and investment in
the foreign country.

For the final good productivity shock, a similar mechanism holds. The final good
productivity shock does not directly affect the intermediate good production function.
Endogenously, however, intermediate good productivity declines as there is higher future
capital accumulation in response to a positive final good shock. This negative effect on
intermediate good productivity acts in an opposite direction to the positive effect of the
final good productivity shock on the home country, thereby limiting the persistent rise in
factors use at home and the cut in factors use abroad.

Finally, we estimate our unified model with the intermediate and final good produc-
tivity shocks, which are not exogenously imposed to be correlated across countries, by
matching several second moments from the data.® In particular, we match not just cross-
country correlations, but also volatility and cyclicality of both domestic and open econ-
omy variables. We show that negative capital externality is important to improve fit with
the data based on this comprehensive quantitative exercise. We additionally find that the
final good productivity shock drives the international business cycle.” These quantitative
conclusions hold for either complete markets or the bond economy.

Our results on negative capital externality thus pose a new puzzle for the quantitative
literature that studies the interactions of international trade and business cycles models.
In particular, our results point towards two possible implications for future research. One
is to take a stance that existing models feature a case of “missing negative capital exter-
nality,” and thus, move to fully micro-found it in existing models. The other is to modify
the core structure of the dynamic trade models beyond those often considered in the liter-
ature such that positive capital externality, as embedded and micro-founded in dynamic
trade models, can help improve the fit on international moments. One possibility is to

8Two key components of our estimation exercise are that we do not impose exogenously correlated
shocks across countries and that we use a trade elasticity that is positive. Heathcote and Perri (2014) show
that the standard IRBC model with intermediate good productivity shocks, even under complete markets,
can match several key international correlations if the exogenous shock correlation is calibrated to match
cross-country output correlation, and if the trade elasticity is negative (such that the foreign and domestic
intermediate goods are complements).

While both the intermediate and final good productivity shocks lead to a domestic business cycle and
have similar implications for several open economy variables, for some open economy variables, the final
good productivity shock enables a better fit with the data. We explain this in more detail later.
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explore if introducing nominal/real wage rigidities affects the quantitative conclusions.

Our paper is related to several strands of the literature. In particular, Ghironi and
Melitz (2005) and Jaef and Lopez (2014), by extending the set-up in Melitz (2003) to a
dynamic setting, develop models most similar to the standard dynamic trade models we
present, and they assess how important international trade features are for real exchange
rate and business cycle dynamics. !’

Our result on isomorphism is related to a similar result in a static environment demon-
strated in Kucheryavyy et al. (2019). Kucheryavyy et al. (2019) present a version of the
competitive model with multiple manufacturing sectors that feature external economies
of scale in production. They show that their model is isomorphic to generalized static
versions of multi-industry Krugman and Melitz models. Here, we focus on dynamic ver-
sions of Krugman and Melitz models that have only one manufacturing sector and other
“non-manufacturing” sectors: final aggregate, investment and consumption.

Extension of the isomorphism from static to dynamic environments is non-trivial as
it adds several new features due to capital accumulation and endogenous trade deficits.
Most important are the the split of externalities between labor and capital, which plays
an important role both qualitatively and quantitatively, and the final good externality that
appears in the Melitz model because of endogenous trade balance.!! The general formu-
lation of externalities that can be used in both dynamic and static contexts constitutes
one of our theoretical contributions. We then use the general model for a quantitative
evaluation of business cycle statistics and transmission mechanisms.

Our paper is also related to the closed economy literature. In the closed economy en-
dogenous growth literature (e.g., Romer, 1986), growth is generated by increasing returns
in production, where externalities in the production function are modeled with respect to
the capital input. In our unified open economy model, production externalities exist with
respect to both capital and labor. In a closed-economy business cycle analysis, Benhabib
and Farmer (1994) introduced production externalities in the RBC model to generate the
possibility of multiple, bounded equilibria. In a closed economy set-up as well, Bilbiie
et al. (2012) discuss how firm dynamics and firm entry in a model with monopolistic com-

petition and sunk cost of entry look similar to capital stock dynamics and investment

19Eaton et al. (2016) develop a dynamic version of the competitive Eaton-Kortum model in Eaton and
Kortum (2002) with physical capital accumulation. For completeness, we also formulate a general version
of the competitive model of Eaton-Kortum with capital accumulation, but in that case, the equivalence
with the IRBC model is immediate as there are no externalities. Jaef and Lopez (2014) also features physical
capital accumulation, in an extension of Ghironi and Melitz (2005).

Even in the static context, we show clearly that, whether entry costs are paid in terms of labor (standard
assumption in the trade literature) or final good (more in line with the business cycle literature’s assumption
for investment), has important implications for the formulation of externalities.
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in the standard competitive business cycles model. Our general model provides a simi-
lar interpretation as well, while additionally showing formally how a competitive open
economy set-up with different levels and types of production externalities is in fact iso-
morphic to various generalized versions of monopolistic competition trade models with
firm heterogeneity.

2 Unified Model of Business Cycles and Trade

We present our unified model, a dynamic stochastic general equilibrium model with mul-
tiple countries and international trade. Time is discrete and the horizon is infinite. The
world consists of N countries with countries indexed by #, i, and j.!> Each country has
four production sectors: intermediate, final aggregate, consumption, and investment. In-
termediate goods are produced from capital and labor. Final aggregate is assembled from
intermediate goods. Consumption good is produced directly from the final aggregate.
Investment good is produced from the final aggregate and labor. All markets are per-
fectly competitive. Labor is perfectly mobile within a country. Technology of production
of intermediate goods and final aggregates features external economies of scale. There
are three aggregate exogenous shocks in the economy: productivity shocks in the inter-
mediate, final aggregate, and investment sectors. Only intermediate goods can be traded.
Trade is subject to iceberg trade costs. International financial markets structure is one of
the three standard alternatives: financial autarky, bond economy, or complete markets.

We now describe the model in detail.

2.1 Intermediate Goods and International Trade

Output of a country-n’s intermediate good producer that in period t employs ky ¢ units

k“X,K l“X,L

of capital and I ,; units of labor is given by S ¢ nthonts

where a, , > 0 and a,, > 0 with
Ay + oy, =1,and

Sx,nt = @x,nZX,ntKl/}X'K LIPX'L (1)

x,nt —x,nt

is aggregate productivity. The aggregate productivity consists of two parts: exogenous
productivity, O ,Zy ¢, and endogenous productivity, K;p oo L;f Wi~ The term Z ,; in the ex-
ogenous productivity part is an aggregate productivity shock, while the term ©y, is a

normalization constant that is introduced to later show isomorphisms between the cur-

12In all our quantitative exercises we focus on the case of N = 2 as is standard in the business cycles
literature. In formulating the theoretical framework with an arbitrary number of countries, we follow the
modern quantitative trade literature.



rent setup and dynamic versions of trade models. The endogenous productivity part
captures external economies of scale in production of intermediates, and it is taken by
tirms as given. The terms Ky, and Ly, are the total amounts of country n’s capital and
labor used in production of intermediates. Parameters ¢, , and 1), drive the strength of
external economies of scale. Perfect competition in production of intermediates implies
that the total output of intermediates in country » in period t is given by

Y
Xnt = Sx,ntK WL

x,nt=x,nt*

Let P+ denote the price of country n’s intermediate good in period t, and Wy; and

Ryt denote the wage and capital rental rate in country # in period t. Due to perfect com-

petition,
px ntXnt PxntXnt
Kt =0y, ——— and Ly =a,, ———
, X,K X,nt X,L .
Rnt Wnt
Moreover,
Xy k TATO% L
P _ Rnt Wnt 2
xnt =~ Pyx o’ ( )
OxnZynt Ky it L it

Xxx  Oxr

where Oy, = 2y ¥ a5 Oy .

Intermediate goods are the only traded goods, and trade in these goods is costly. Trade
costs are of the iceberg nature: in order to deliver one unit of intermediate good to country
n, country i needs to ship 7,;; > 1 units of this good. To guarantee absence of arbitrage
in the transportation of goods, we require that trade costs satisfy the triangle inequality:
TujtTjit = Tnip fOr any countries n, i, and j. This implies that the price of country i’s
intermediate good sold in country n is given by Py; ; = T 1P it

2.2 Final Aggregates and Consumption Goods

Final aggregate is produced by combining intermediate goods imported from different
counties. Let X,,;; denote the amount of intermediate good that country n buys from
country i in period t. The total output of final aggregate in country n at time ¢, Y, is
given by

_o_

N 1 o—1
Yyt = SY,nt [Z (wnixni,t)g] P



where w,,; > 0 are exogenous importer-exporter specific weights, o > 0 is an Armington

elasticity of substitution between intermediate goods produced in different countries, and

Py,ntYnt ) P (3)

Sy,nt = @Y,TIZY,nt (W—nf
is aggregate productivity with P, ,; being the price of the final aggregate.

As in production of intermediates, productivity in production of the final aggregate
R y,ntYnt P
W

has two parts: exogenous productivity, 6,7, »;, and endogenous productivity,
nt

with ¢, driving the strength of external economies of scale in production of the final ag-
gregate. The term Z, ,; is an aggregate productivity shock.'* We do not put any restric-
tions on its correlation with the shock Zy,; in the intermediate goods sector. The term
6, is anormalization constant introduced to later show isomorphisms between different
models. The endogenous part of S, ;; captures external economies of scale in production
of the final aggregate, and it is taken by firms as given. (P ntYnt) /Wyt is the number of
country-n’s workers that produce the same value as the value of the final aggregate.'

Perfect competition in production of the final aggregate implies that the price of the
final aggregate, P, 1, is given by

1
1-0c

[Zfil (Tni,tPX,it/wni)l_U}
Py,ntYnt ) P

4 (4)

Py,nt —

@Y,nzy,nt< Wnt

and country n’s share of expenditure on country i’s intermediate good, denoted by A,; ;,
is
1—
(Tni,tpx,it/wni) 7

/\ni,t - 1—0" (5)
Z]'Zi1 (Tnj,tpx,jt/wnj) 7

Final aggregate in country # is used directly as the consumption good in this country as
well as in the production process of the investment good, which we describe next.

13Since labor is perfectly mobile within a country, there is only one wage per country.

4The final good productivity shock Z, »+ is new to the IRBC model and plays an important role quanti-
tatively.

15The particular form in which the externality in production of the final aggregate is introduced is chosen
to later show isomorphism with the dynamic Melitz model. This term appears in the Melitz model because
of the fixed costs of serving markets that are paid in terms of the destination country labor.
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2.3 Investment Goods

Let I,;; denote the total output of the investment good in country n in period ¢, and P,
the price of this good. Investment good is produced from labor and the final aggregate
with the production technology given by

x; Ylfzx, ( 6)

Int-Int 7

Int - ®I,n Zl,nt L

where 0 < ;, < 1. Here L;,+ and Y}, are the total amounts of labor and final aggregate
used in production of the investment good, Z, ,; is an exogenous aggregate productivity
shock, and ©;, is a normalization constant introduced to later show isomorphisms be-
tween different models. We do not put any restrictions on correlation of Z,,; with the
shocks Zy ,+ and Z, ; in the intermediate and final goods sectors. 10

Perfect competition in production of the investment good implies

Plntlnt Plntlnt
Lint = &, W , and Y= (1—u) P
nt Y, nt
Moreover,

o pl—a;
P _ Wl’ltPY,nt 7
ot = —=————, (7)

@I,nZI,nt

- . _
where 0, = a! (1 —a,)! 7" O, .

2.4 Households

Each country n has a representative household with the period-t utility function given
by U (Cput, Lnt), where Cyt and Ly are the household’s consumption and supply of la-
bor in period t. The household chooses consumption, supply of labor, investment, and
holdings of financial assets (if allowed) so as to maximize the expected lifetime utility,
EtY 220 B°U (Chtts, Lnt+s), subject to the budget constraint and the law of motion of cap-
ital, where B € (0, 1) is the discount factor, and E; denotes the expectation over the states
of nature taken in period t. The law of motion of capital is given by

Kn,t+1 - (1 - 5) Knt + Int/

16Tn the IRBC model, investment is made directly from the final good. This standard technology can be
obtained from (6) by setting ©,,, = 1, Z;,+ = 1, and &, = 0. As we will see later, the technology for pro-
ducing the investment good in the standard versions of dynamic Krugman and Melitz models corresponds
to setting &; = 1 and having ©;,,Z;,+ # 1. As we show later in detail, these differing choices can have
non-trivial implications for the cyclicality of net exports, and, therefore, we take a general approach.
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where I,;; is investment in period t and ¢ € [0, 1] is the depreciation rate.

Depending on the international financial markets structure, households face different
budget constraints. Throughout the paper, we consider three standard alternatives for
international financial markets: complete markets, bond economy, and financial autarky.
In the case of financial autarky the budget constraint is given by'”

Py,ntcnt + Pl,ntlnt — Wntht + RntKnt-

In the case of the bond economy and complete markets the budget constraints can be
written by adding the expenditure and income from financial assets. Since the budget
constraints associated with each of these financial market structures are standard, to con-
serve space, we delegate their formal description to Appendix A.1. Also, in the same
appendix we provide the first-order conditions associated with the household problem.

In the case of complete financial markets and bond economy, international trade in
assets allows unbalanced trade in intermediate goods. For future use, we define country
n’s real trade balance TB,; as the value of net exports of intermediate goods in terms
of the final good, TByt = (PontXut — Bont Yat) / P, ut, and define country n’s real current
account CA,;; as the change in this country’s net financial assets position in terms of the
final good.!®

2.5 Market Clearing Conditions

The labor market clearing condition is given by
WntLX,nt + WiytLint = WyeLpt + aPY,nt -TByt, forn=1,...,N, (8)

where 4 is a constant. When a = 0, we have a standard labor market clearing condition.
The extra term aP, ;s - TB,; is introduced to show isomorphism with the dynamic Melitz
model, for which a > 0, and for which this term appears only if trade is unbalanced.

The rest of the market clearing conditions for the economy are standard. Since capital
is used only in production of intermediate goods, we have

lent:Knt, fOI'lel,...,N.

7Observe that, since the consumption good is directly produced from the final aggregate (and there are
no shocks in the consumption goods sector), the price of the consumption good is equal to the price of the
final aggregate, P, ;.

18The formal definition of CA,; is standard, but requires use of additional notation. Therefore, we leave
it to Appendix A.1.
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The final aggregate is used in consumption and production of the investment good
Cnt+Y[’nt:Ynt fOI'lel,...,N.

Demand for intermediate goods is equal to supply

N
Y TuipXnip = Xit, fori=1,...,N.
n=1
In the case of the bond economy and complete markets we also have the sets of market
clearing conditions for financial assets.

The full set of equilibrium conditions is provided in Appendix A.2.

3 Generalized Versions of Krugman and Melitz Models

We next present the key elements of generalized dynamic versions the Krugman and
Melitz models.!” The focus of this section is to present the elements of these models that
differ from their standard expositions, as they appear in the literature. Thus, our presen-
tation omits all the derivations, which are provided in Appendix B. Anticipating isomor-
phisms between the unified, Krugman, and Melitz models, we use the same notation for
parameters and variables of these models that map into each other. To mark some of the
parameters and variables as being specific to a particular model, we use superscripts “K”
for the Krugman model and “M” for the Melitz model.

3.1 Generalized Dynamic Version of the Krugman Model

3.1.1 Production of Varieties, International Trade, and Final Aggregate

Each country i produces a unique set of varieties ();;, which is endogenously determined
in every period t. Let M;; be the measure of this set. All varieties can be internationally
traded. Let p,;; (v) denote the price of variety v € Q2 produced by country i and sold in
country n. Assuming iceberg trade costs and no arbitrage in international trade implies
that ppis (V) = Tuigpiie (V).

Countries use varieties to produce non-traded final aggregates. Technology of produc-

9In Appendix B.1 we additionally present a generalized version of the Eaton and Kortum (2002) model
and show that it can be mapped into the unified model in a straightforward manner.
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tion of the final aggregate in country 7 is given by the nested CES production function

.rlK
n*-1 | n¥=1
N 1 K g, n
Y e o —1 or-l
Ynr = Sy,nt 2 MitYM ot / (wnixni,t (V)) o dl/] 7 (9)
i=1 veQ;

K

where x,;; (v) is the amount of variety v € ()j; that country n buys from country i in

period t, wy,; > 0 are exogenous importer-exporter specific weights, and

Py,ntYnt ) P

Sy,nt = @y,nzy,nt ( W

All terms of S, have the same meaning as in the corresponding definition (3) in the
unified model.

The nested CES structure of (9) implies that the elasticity of substitution between vari-
eties produced in one country, given by 0%, is different from the elasticity of substitution

between varieties produced in different countries, given by n. We assume that 0 > 1and

n“ > 1. The term M?ZY’M_ﬁ introduces correction for the love-of-variety effect, which is
the only source of externalities in the standard Krugman model with CES preferences. As
is discussed in Benassy (1996), parameter ¢, ,, governs the taste for variety in the Krug-
man model (the standard Krugman model implies that the strength of the taste for variety
is 1/ (0® —1)). At the same time, as we shall see later, in the unified model, parameter
¢y v governs the strength of economies of scale induced by capital in production of inter-
mediate goods. Having this parameter is critical for showing the isomorphism with the
unified model.

Assuming perfect competition in production of the final aggregate, we get the usual
CES demand:

K

K_ K—1 YM,7K1 K i -0 P, N
Xyt (1/) — S\T/lnt 1Mi(t6 )(‘P, o _1)6‘)21‘_1 (pnlz),t (1/)> (Pm,t) Ynt/ (10)
ni,t Y, nt

1
- (PY,M_O—K% —oX I=o¥
Pm',t = Mit( 1) {/ Pnit (V>1 ? dl/] ’ (11)
VEQ,‘t
. N - 1-n¥
Pt = S;nt Z (Pni,t/wni) i . (12)
i=1
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Production of variety v € (); requires only labor and is given by

xnt (V) = Sy ntlnt (v), (13)

where I;; (v) is the amount of labor used in production of variety v, and S ,,; = Oyn ZX,ntLi o
is the aggregate productivity in production of varieties.’’ The aggregate productivity
Sy nt consists of two parts: exogenous productivity, Oy ,Zy yt, and endogenous produc-
tivity, Lf, ;. Here Oy, is a normalization constant, Z ,; is an exogenous shock, and Ly
is the total amount of labor allocated to production of varieties in country »n in period
t. The endogenous part of the aggregate productivity is an additional source of external
economies of scale (on top of the love-of-variety effect) and is taken by firms as given.
Having this additional source of externality is critical for showing the full isomorphism
with the unified model.

Producers of varieties v are engaged in monopolistic competition. Hence, the price of

variety v € ();; is
o Tyt Wit

K __ K ’
o 1 X,it

Puit (V) =
the bilateral price index is Py; ; = T,; 1Py it, where
o~ Wi

ok —1 ®X,iZX,itM$Y'M L(PX,L

X, it

Px,it = (14)

and the share of expenditure of country n on country i’s varieties is

P A b
My = N(Tnz,t it/ Wni) — (15)
Zj:1 (Tnj,tpx,jt/wnj)

2In Appendix B.2 we consider a more general (nonlinear) technology xu; (v) = S, Iyt (v)7, with
7 > 0. This generalization allows us to demonstrate clearly the difference between internal versus external
economies of scale in labor in the Krugman model, without conceptually changing them. In particular,
from the perspective of the unified model, larger -y increases the Cobb-Douglas share of labor as well as
the strength of labor externality in production of intermediate goods, while decreasing the share of capital
and the strength of capital externality. Therefore, on one front, internal scale economies are similar to ex-
ternal scale economies as they both affect labor externality. We in the main text, however, consider external
economies in the generalized trade models for two reasons. First, introduction of parameter < in an oth-
erwise standard Krugman model still leaves the model restricted. We show in Appendix B.2 that having
v # 1 implies that ¢, , = %%L. Thus, both ¢, , and 1, , are restricted to have the same sign. This
matters substantively because, as we will see in Section 5, in order to match the data, we need to decrease
capital externality ¢, , until it becomes sufficiently negative, while having positive and large enough labor
externality ¢ ;. Second, introducing nonlinear-technology in the Melitz model breaks the isomorphism of
the Melitz model with the unified model (see Footnote 23). Therefore, we choose to have a more general and

completely flexible way of adjusting capital and labor externalities that can be applied in various models.
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The total expenditure of country n on country-i’s varieties is given by X,; 1 = Ay 1B ut Yt
Substituting expression for P,; ; into (12), we get

_1
[Zfil (Fl—ni,tpx,it/C‘)ni)l_n } o
Pt = . (16)

Py ntYnt ) P
e, , 7 e
Y, n &y, nt < Wnt

Here, P, ;; can be interpreted as the price of the output of varieties in country i in period ¢.
Let X, denote the value of total output of varieties in country 7 in period t, and D;
denote the average profit of country n’s producers of varieties (2,;. We have
O-K 1 Xnt

1WntLX,nt and Dy = g : Mnt.

Xt = (17)

ok —

3.1.2 Entry and Exit of Producers of Varieties

In order to enter the economy, producer of a variety in country n in period t needs to
o pl—u;
try,nt ~ :

pay sunk cost equal to %, where 0 < &, < 1, and ©,,Z;+ is an exogenous cost
ILn&int

Vnt

shifter. Paying this sunk cost involves hiring L, ;; = «; units of labor and using Y; s =

nt

Vi . . . o
(1—a) P "tt units of the final aggregate, where V,;; is the value of a variety in country n
Y,n

in period 2
In every period t, each country has an unbounded mass of prospective entrants (firms)
into the production of varieties. Entry into the economy is free, and, therefore, the value

of a variety is equal to the sunk cost of entry:

a; pl—a
Vi = cntbont (18)

n Zl,nt
Timing is as follows. Firms entering in period ¢ start producing in the next period. At the
end of each period t, an exogenous fraction J of the total mass of firms (i.e., a fraction 6 of
M,;) exits. The probability of exit is the same for all firms regardless of their age. Since
exit occurs at the end of a period, any firm that entered into the economy produces for at
least one period. Let M, ;;; denote the number of producers of varieties that enter into the
country n’s economy in period t. Given the described process of entry and exit of firms,

2lIn Appendix B.2 we derive the sunk cost by introducing an R&D sector and specifying an invention
process for new varieties. Labor and final aggregate needed to pay the sunk cost of entry are interpreted as
the production factors used in the R&D sector for the invention of varieties.
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the law of motion of varieties is
Mn,tJrl = (1 - 5) Myt + MI,nt- (19)
All producers of varieties are owned by households. We turn next to their problem.

3.1.3 Households

Similarly to the unified model, households in country n maximize the expected lifetime
utility, Eo Y52 B'U (Cut, Lnt), by choosing consumption Cy, supply of labor Ly, the num-
ber of new varieties M, ;t, and holdings of financial assets (if allowed). Constraints faced
by the households are the budget constraint and the law of motion of varieties given by
(19). The specification of the budget constraint depends on the financial markets struc-
ture. In the case of financial autarky the budget constraint is given by

PontCut + Vit Myt = Wit Lt + Dy Myt

The left-hand side of this expression contains household’s expenditure in period t: the
household spends its budget on consumption and entry of new firms. The right-hand
side of this expression contains household’s income in period t: it consists of labor income
and profits of firms. In the case of the bond economy and complete markets the budget
constraints can be written by adding the expenditure and income from financial assets in

the same manner as it is done in the unified model in Appendix A.1.

3.1.4 Markets Clearing Conditions

All market clearing conditions are standard. Labor is used for production and invention
of varieties, Lyt + L;»t = Ly, demand for varieties is equal to supply, E,If:l KXoy = Xit,
and the final aggregate is used for consumption and invention of varieties, Cy; + Yt =
Y. The complete set of equilibrium conditions for the generalized Krugman model is

provided in Appendix B.2.

3.2 Generalized Dynamic Version of the Melitz Model

Production side of the Melitz model is similar to the production side of the Krugman
model in using only labor in production of intermediate goods, featuring monopolistic
competition, and having sunk costs of entry into the economy. Additional features of the
Melitz model are heterogeneous firms with Pareto distribution of efficiencies of produc-

tion and the requirement that firms pay fixed costs of serving markets.
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3.2.1 Production of Varieties, International Trade, and Final Aggregate

In every period ¢, country i can produce any of the varieties from an endogenously de-
termined set of varieties ();; with measure M;;. All varieties from the set ();; can be inter-
nationally traded, but not all of them are available in a particular country n. The subset
of country-i’s varieties available in country n is denoted by (),,; ; (with Q),,;; € ), and
its measure is denoted by M,; ;. Subsets of varieties (),,; ; are endogenously determined.
Importantly, only a subset ();; ; of the whole set of varieties ();; is available in the domestic
market i, and, generally, some varieties from ();; are not available in any country. More-
over, in general it can happen that some varieties from ();; are available in country n # i,
but not in country i.

In order to sell in the country-n’s market, a country-i’s producer of a variety has to
pay two types of costs: the usual per-unit iceberg trade costs 7 , and fixed cost ®;; > 0,
which are paid in terms of country-n’s labor. The fixed cost ®,,; ; is an endogenous object.
Its formal definition is introduced later.

As in the Krugman model, countries combine varieties to produce non-traded final

aggregates using the nested CES technology,

M

|

N oM M1 | m¥-T
oM—1 oM-1 M

/ (wWnixpip (v)) o dv : (20)
Veﬂm',t

Ynt =

i=1

Differently from the Krugman model, we do not add correction for the love-of-variety
effect in (20) — the reasons for this are discussed below in Section 4.2.%% Also, (20), differ-
ently from (9), does not have an exogenous shock and external economies of scale. The
reason for this is that the structure of the Melitz model endogenously generates both the
exogenous shock and externalities in production of the final aggregate — both of these
components of production function come from the fixed costs of serving markets, which
are introduced below.

Perfect competition in production of the final aggregate implies the usual expressions
for the CES demand that are almost the same as the corresponding expressions (10)-(12)
in the Krugman model, except that there is no term correcting for the love of variety, and

in the definition of P,;; integration is over (),;; instead of ();;. For future reference, we

22Also, in Appendix B.3 we introduce the correction for the love-of-variety effect and formally explore
implications of this correction.
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provide the definition of P,

v, ] T
Pug=| [ s ) v @
veQni’t
Production technology of variety v € ();; is given by
xip (V) = Syuzi (V) L (v), (22)

where [;; (v) is the amount of labor used in production of v, z; (v) is the efficiency of

M

production of v, and S, = O, Zy ;s [ it " is the aggregate productivity in production

of varieties, with L

+ it being the total amount of labor used in production of varieties in

country i.”> As in the Krugman model, SY., features external economies of scale and is

taken by firms as given. Monopolistic competition in production of varieties implies that

the price of variety v € (),;; is given by (v) = o Tuit Wi
€ price or varie i+ 1S given 1 = : .
p nit 158 Prit oM —1 SV .z (v)

3.2.2 Entry and Exit of Producers of Varieties

This part of the Melitz model is almost the same as the corresponding part of the Krug-
man model with one important difference that, upon entry, producer of a new variety in
country n gets an idiosyncratic draw of efficiency of production, z, (v), from the Pareto
distribution given by its cumulative distribution function with shape 6™ and minimal ef-

ticiency zmin n,

M

Gy (z) =Problz, (v) <z]=1- (zm%)e

As in the Krugman model, the expected value of entry (before drawing the efficiency

o pl—a
of production) is denoted by V;;;. The sunk cost of entry is equal to % Assuming
In&Int
that entry is free, the sunk cost of entry is equalized with the expected value of entry in
equilibrium,
szl Pl—lxl
Vg = —bxnt (23)
I,nZI,nt

The number of producers of varieties entering into the country n’s economy in period ¢

ZDifferently from the Krugman model, having a more general (nonlinear) technology x;; (v) =
Syirzi (V) Ly (v)7, with v > 0, breaks the isomorphism of the Melitz model with the unified model even
in a simple case of just two countries. In particular, a combination of such nonlinear technology with fixed
costs of entry into markets generates variable trade elasticity that is a complicated function of other vari-
ables of the model. Also see Footnote 20 for the Krugman model.
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is denoted by M, ;. The law of motion of varieties is M;, ;11 = (1 — &) Myt + M, ¢ Since
the probability of exit is the same for all varieties v € (), the distribution of efficiencies
of production of varieties v € ), in any period f is given by G, (z).

Under the assumption that efficiencies of production of varieties are distributed Pareto,

we can derive that the set of country-i’s varieties available in country 7 is given by

Opiy = {V € Oy

2 (v) 2 Zhie }

o
where z; , is given by

M

Zmini | _ O"+1-—0" Xy
* oMoM Wyt Py 1Myt

Zni,t

with &); ; being the total value of varieties that country n buys from i in period t.

3.2.3 Fixed Costs of Serving Markets

At this point we need to introduce the formal definition of the fixed costs of serving mar-
ket n by firms from market i, ®,;;. Let L. be the total amount of country »n’s labor that
is used to pay the fixed costs of serving its market. We posit that

1

LM* FM - FL E
(I)ni,t = {Ml’et o LF,nt(P' } Fni,t/ (24)
: . GLM_(PF,M =y, ? :
where F;;; is an exogenous part of the fixed costs, | M;; L.,/ | 1isanendogenous
1
part of the fixed costs that is taken by firms as given, and ¢ = perm et Under the

; G Pea g 0=, | °
assumption that 0 > o™ — 1, we have that ¢ > 0. The term {Mﬁ Pr Lpln;PF'L} corrects

for the externalities that arise due to the selection effects.>* Parameter ¢r governs the
strength of capital externality in production of intermediate goods in the corresponding
unified model, while parameter ¢,, governs the strength of externality in production of
the final aggregate in the corresponding unified model.

Under the assumption (24) on the form on fixed costs of serving markets, we can

24Gelection effects are the changes in the decomposition of country i’s firms serving country 7 in response
to changes in market conditions in country n. A detailed explanation is in Section 4.2 later.
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derive that the bilateral price index is Py;; = T , Py iy, where
oV Wi
Boit = 51 " Fur 25
Zmin,i@gizx,itMitRM [B)A(,it]

is interpreted as the price of the output of varieties in country i in period ¢. The price of
the final aggregate is

1

1
oM G RA Y IR A s u —gug|
Pont = <m) ( (;“TW;Z) L (F i, Tni p Dt/ wm‘) , (26)

1
6= ; , (27)
(m - m) 0¥ +1
and the share of expenditure of country n on country i’s varieties is
_eMé
(B, o Pt/ o)
ni,t — (28)

_eMé’ *
N [
iy (B m Pt/ won )

The total expenditure of country n on country-i’s varieties is given by Xj,; p = Ap; 1Pyt Yot
The value of total output of varieties in country n, X};t, and total average profits of country

n’s producers of varieties, Dy, are given by

o™ oM —1 Xy
Xnt = mwntﬂfg,nt and Dy = oo Ml:zt' (29)
, . ) oM +1— o™
The total amount of country n’s labor used to serve its market is L;,; = v

P Y,
Yx ”t, which, using B, 1Yyt = Xyt — Pout - TByy and the above expression for &), can
t
alsonbe written as
1 1 " OV +1—0" P - TBy
Lent = (O'M 1 @) xnt DM oM ) W, (30)

3.2.4 Household’s Problem and Markets Clearing Conditions

The household’s problem is identical to the one in the Krugman model. Labor market
clearing condition is different from the corresponding condition in the Krugman model

— it involves labor used for serving markets, L; ¢,
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L?{,nt + Lent + Lint = Lt (31)

The other conditions are the same as in the Krugman model: 25:1 Xpir = Xy and Cyp +
Yint = Yot

The complete set of equilibrium conditions for the generalized Melitz model is pro-
vided in Appendix B.3.

4 Theoretical Results

We now formulate our main theoretical result: isomorphisms between the unified model
of Section 2 and the dynamic trade models of Section 3. In the rest of this section, for
brevity, when there is no risk of confusion, we refer to the generalized dynamic interna-

tional trade models of Section 3 simply as “the Krugman model” and “the Melitz model”.

4.1 Formal Characterization

The key results in establishing the link between the unified model of Section 2 and the
models of Section 3 are the following three lemmas.

Lemma 1. By an appropriate relabeling of variables and parameters, the price of country n’s out-
put of varieties in the Krugman and Melitz models — given, correspondingly, by expressions (14)
and (25) — can be written as the price of country n'’s intermediates in the unified model given by
expression (2).

Proof. Consider the Krugman model first. Expression (14) for Py ,+ can be written as

-1 Lo1-%
o o
P p = 1— l Dnt Wnt
xnt —
ox 6..7 M‘l’y,ML‘PX,LD%W*%’
xnexnttVipe by ntSnt VVnt

while expressions (17) can be written as W,y = (1 — %) Xt/ Lynt and Dy = %Xnt/Mnt.
Substituting W;;; and D,;; into the denominator of expression for P ¢, we get

1

1

1 1—L

oK oK
Dnt Wnt

Px,nt - (32)

@K

XN

1 17
I + =
ZX,I’Zt Mf;M oK quX,L oK

x,nt

where Oy, is a constant.
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Now consider the Melitz model. Using the same manipulations as above for the Krug-
man model, we get that in the Melitz model expression (25) for Py, can be written as

Lo, W
oMp oMP
P ;= Dnt Wnt
X,nt — M 7
4 ~M - oM_1 + oM—1
Prv—oon | M Pxt gt
®x,nZX/”ant ’ LX,nt
~M
where O, , is a constant. Defining
oM 1 "
Lyt = <0_M I @) Lx,nt/ (33)
we get that I+ can be written as
ol 1-9ud
oMo oM@
P _ Dnt Wnt (34)
xnt — T ¢ oM_1 ¢ o1’
EM T oMM 1 PxL T oMM
@%nZX,nant ’ Lx,nt ’

where @Qn is a constant.

By examining expressions (32) and (34), we see that they become identical to expres-
sion (2) for price in the unified model, if we (i) relabel variables D, as R;;; and M,;; as K u;
(if) map exponents of all variables in (32) and (34) to the corresponding exponents in (2);

and (iii) multiply the amount of labor used in production of varieties in the Melitz model,

Ly i, by (Gﬁ—fl — e%) to map it to the amount of labor used in production of intermediates
in the unified model, Ly ;. O

Informally, the average firms’ profit in country n and the measure of country n’s vari-
eties in the Krugman and Melitz models play the role of, correspondingly, return on capi-
tal in country n and the stock of country n’s capital in the unified model. The adjustment
to Ly ,; in the Melitz model has to be done because in the Melitz model — differently from
the other models — there is an extra use of labor to pay fixed costs of serving markets.
The labor used to pay fixed costs of serving markets can be written as

(35)

1 1 M eM + ]. - O-M Py/nt * TBnt
LF,nt = o : .
ovM—1 oM

B xnt T gugu Wyt

The sum of L; ,; and the first term on the right-hand side of the above expression gives the
right-hand side of (33). The second term on the right-hand side of the above expression

is mapped into the additional term on the right-hand side of the labor market clearing
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condition (8) in the unified model with

M+ 1—-0"

¢ MM

Mappings between exponents in expressions (34) and (2) are summarized in Table 1 and
discussed later in this section.

In order to formulate the next lemma, we need to introduce an additional assumption
for the Melitz model:

Assumption 1. (Melitz) (i) (1—“,11‘,,5/[%,1,,;)19 ™

M > 1 forall n, iand all t; and (i) (Fyy Fy ) ° T T, >
(FuitFunt)® Ty foralln, 1 iand all t.

Observe that, since ¢ = ﬁ — eLM and O™ > oM — 1, we have that 9 > 0. So the

sufficient conditions to guarantee Assumption 1 are (i) F,;; > Funt for all n, i and all ¢;
and (ii) F, +Fjit > FpitFant forall n, [, i and all £.

Lemma 2. By an appropriate relabeling of variables and parameters, the price of country n’s fi-
nal aggqregate in the Krugman model given — by expression (16) — can be written as the price of
country n’s final aggregate in the unified model given by expression (4). Moreover, under Assump-
tion 1, the price of country n’s final agqregate in the Melitz model — given by expression (26) —
can also be written as the price of country n'’s final aggregate in the unified model.

Proof. Comparing expression (16) for the Krugman model with expression (4) for the uni-
tied model, we see that they are almost identical. The only difference is in the exponents
of the aggregators of the CES price indices.

One way to achieve a mapping between expression (26) for the Melitz model and (4)
for the unified model is by making two redefinitions in the Melitz model. First, we can

9
Fni t
— , M
Thit = (P . Thi t+
nn,

Assumption 1 guarantees that 7, ; defined this way are, indeed, iceberg trade costs that

redefine iceberg trade cost as

satisfy the no-arbitrage condition. Second, we can write Fn_nﬂt = O}, Zy,nt and define

1
oM o1 PrL . .
Oy = (m) (0]~ 9r O (36)

Then we get expression for P, ,; in the Melitz model that is almost identical to (4). Again,
the only difference is in the exponents of the aggregators of the CES price indices. O
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Mappings between exponents in expressions (16) and (26) for the Krugman and Melitz
models and expression (4) for the unified model are summarized in Table 1 and discussed
later in this section.

Lemma 3. By an appropriate relabeling of variables and parameters, the value of a variety before
entry in the economy in the Melitz and Krugman models — given, correspondingly, by expres-
sions (18) and (23) — can be written as the price of country n’s investment good in the unified
model given by expression (7).

Proof. To prove the statement for the lemma, all we need to do is to relabel the value of a
variety before entry in the economy, V;;, as the price of the investment good in the unified
model, P, ;. After this relabeling, expressions (18) and (23) become identical to (7). O

Lemmas 1-3 lead to our main theoretical result formulated in the next proposition.

Proposition 1. By an appropriate relabeling of variables and parameters in the Krugman and
Melitz models, and by making an additional Assumption 1 for the Melitz model, we can write the
equilibrium system of equations in both models in a form identical to the equilibrium system of
equations in the unified model. Thus, these models are isomorphic to each other in their agqregate
predictions.

Proof. Appendix B. O

Proposition 1 says that, up to relabeling, the generalized versions of the Krugman and
Melitz models are essentially the same. Moreover, under certain parameterizations, these
models are identical to a standard IRBC model extended to allow for external economies

of scale in production and iceberg trade costs, despite having very different micro-foundations.

4.2 Economic Explanation

We now provide economic explanation of and detailed intuition for our results in Section
4.1. We start by formally introducing the standard Krugman and Melitz models. To do so,
we describe parameter restrictions that need to be imposed in the generalized Krugman
and Melitz models to obtain the standard versions of these models. In order to keep track
of these restrictions, it helps to refer to Table 1.

In order to obtain the standard Krugman model from its generalized version, we first
need to set the elasticity of substitution between varieties produced in different coun-
tries equal to the elasticity of substitution between varieties produced in one country (i.e.,
assume thatn* = 0*). Second, we need to remove the correction for the love-of-variety ef-

fect in the production technology for the final aggregate by imposing ¢, ,, = ——. Third,
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Trade

Model Oy Py Py, P, o, elasticity
Standard i 1 B l i 0 . I
Krugman oK ok—1 oX ok

Standard oM —1 1 oM —1 1 B i . o
Melitz oMEM  gMEM oMEM oM—1 o™

Generalized 1 1 1 .
Krugman oX Py — oK Pxr T+ ok 2% X nt—1
Generalized oM —1 oM —1 oM—1

Melitz oMM P — oMEM Px. T+ ToMOM Pr & 0"¢

Notes: ay , is the capital share in production of intermediates in the unified model. ¥, and ¢, are the scale
elasticities of capital and labor in production of intermediates in the unified model. 1, is the scale elasticity
of real output of the final aggregate in production of the final aggregate in the unified model. ¢* and o™
are the elasticities of substitution between varieties in the Melitz and Krugman models. 0" is the shape of
Pareto distribution in the Melitz model. ¢, ,, is the correction for the love-of-variety effect in the generalized
Krugman model. ¢, is the scale elasticity of labor in production of varieties in the generalized Krugman
and Melitz models. ¢;,, and ¢, are the scale elasticities of total measure of varieties and total amount of
labor in fixed costs of serving markets in the generalized Melitz model. &, is the labor share in production
of the investment good in the unified model as well as the labor share in the cost of entry into the economy
in the Krugman and Melitz models. Trade elasticity in the unified model is given by the exponent of T, ;
in expression (5). n* is the elasticity of substitution between varieties produced by different countries in the

Krugman model. ¢ = {(T]Ml—il SN 1) o + 1} -

Table 1: Parameter mappings between models

we need to shut down external economies of scale in production of varieties by setting
¢y, = 0. And, fourth, we need to shut down external economies of scale and exogenous
shocks in production of the final aggregate by imposing S, ,; = 1.

Similarly, in order to obtain the standard Melitz model from its generalized version,
we first need to set 1 = o™. Second, we need to remove correction for the externalities
that arise due to the selection effects. This involves imposing ¢,,, = g and ¢, = 0.
Third, we need to shut down external economies of scale in production of varieties by
setting ¢, = 0.

For the rest of this section, we focus on explaining our results on isomorphisms of
Proposition 1. One way to understand these results is to consider them from three per-
spectives: (i) the difference between the standard Krugman and Melitz models that we
described above; (ii) the difference between the generalized Krugman and Melitz models
we develop versus their standard counterparts; (iii) the difference between dynamic and
static environments. We take these three perspectives next.
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421 Standard Krugman versus Melitz Model

The key difference between standard Krugman and Melitz models is that in the Krugman
model, externalities arise due to the love-of-variety effect, while in the Melitz model, they
arise due to the selection effect. To see this clearly, as in Costinot and Rodriguez-Clare
(2014), consider expressions for the price index of goods available in country n that are
produced in country i. In the generalized Krugman and Melitz models, these price indices
were defined in (11) and (21). It can be shown that in the standard Krugman model

1
_ K K 1—oK
Pni,t =K X Tni,tcx,it X Mit o , (37)
N—— S~——

Intensive Margin ~ Extensive Margin: Entry

while in the standard Melitz model

1 oM g
—_ M_1
Yy =% TV M.\ 1
nt ni,t-x,it -
Pni,t =x" X Tnz tC X [—:| —_— X Milt o , (38)
Wit Fpi ¢ Pyt N
Intensive Margin ~ -~ —~  Extensive Margin: Entry

Extensive Margin: Selection

where Vi = Byt Yot is the total expenditure in n, it = Wit / Syt and c Coit = = Wy / (zmm’iS}“{‘,it) ,
and x and x" are constants. Here, changes at the intensive margin are changes in the
prices of goods that n buys from i, p,;; (v); while changes at the extensive margin are
changes in the number and/or decomposition of firms from i that sell their goods in n
(i.e., changes in ();; in the Krugman model and €),; ; in the Melitz model).?

Expressions (37) and (38) look almost identical to the corresponding expressions in the
static environment and capture similar effects.? They show that in the Krugman model

an increase in M;;, everything else equal, leads to a fall in the price index with elasticity

BSometimes the trade literature uses the terms the “intensive” and “extensive” margin to refer to
changes in bilateral trade flows (X},;; in the notation of the current paper) rather than price indices (e.g.,
Chaney, 2008). The price indices’ perspective is more insightful for our purposes as it allows us to see
clearly the sources of externalities and, moreover, our key results to showing isomorphisms across models
are Lemmas 1 and 2 on mappings of prices.

26See e.g., equation (14) in Costinot and Rodriguez-Clare (2014). Briefly, in both the Krugman and Melitz
models, the price index is affected at the intensive margin by variable costs of production, as captured
by Tyicy ;; and T, Also, in both models, the price index is affected at the extensive margin by entry

of firms, as captured by terms Ml/(1 ) and Ml/(1 ") That is, higher entry lowers the price index
in both models. The Melitz model features an addltional term that also affects the extensive margin by
causing entry/exit of firms into exporting activities in response to changes in market conditions captured

mt th

by changes in YV, WytFy;;, and/or T / B, ut . Finally, we note that while some studies (e.g., Chaney,

ni,t xzt
2008) are interested only in how variable and fixed costs of trade (7,;, T,;,, and F;; ;) impact the intensive
and extensive margins, we are interested in understanding all sources of changes in these margins.
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1/ (0* — 1), which is the love-of-variety effect. In the Melitz model, however, selection
effects are in operation, and we can distinguish between two selection effects.

The first selection effect in the Melitz model is triggered by changes in M;;: an increase
in Mj; leads to a fall in P,;;, implying a fall in B, ;;;, which, in turn, leads to an increase in
the relative cost of serving market 7 with goods from country i. This increase in the cost is
reflected by the term 7 1Ot / B, i+ of (38), and it implies that a set of the least productive
tirms from i can no longer serve market 71, and so they exit from 7. The number of varieties
dropped is such that the total amount of varieties left available in n, M,; ;, is unchanged.27
Since the remaining varieties have higher average efficiency relative to the previously
available set of varieties, the price index P,;; settles at a lower level with elasticity 1/6"
with respect to M;; (as opposed to elasticity 1/ (0% — 1) in the Krugman model).?

The second selection effect in the Melitz model is triggered by changes in ), / (WntFm',t)
as given in (38): everything else equal, an increase in n’s market size, Vy;, or a fall in the
costs of entry into market n, Wyt F,; ;, cause more exporters from i to enter market n. Since
the total number of firms in i, M, is kept unchanged, these new exporters are the less
productive firms from i that previously were unable to earn positive profits in n. Entry
of these exporters results in a fall in P,;;. This, as in the first selection effect, implies a
fall in P, ;+ and, thus, an increase in the relative cost of serving market n with goods from

country i, which leads to exit of the least productive firms from i that have just entered

into n. The price index P,;; settles at a lower level with elasticity UMI_ — eLM 2% Here,

the term ﬁ reflects the love-of-variety effect (price index falls because of the entry of
new varieties), while the term eLM corrects for the fact that the new varieties have lower
productivity than the average productivity of the original set of varieties.

The love-of-variety effect in the Krugman model and the first selection effect in the
Melitz model are the sources of the externalities in production of intermediate goods.
This is the reason why, from the perspective of the unified model, the sum of capital and
labor externalities in production of intermediate goods (i.e., i, + 5, )is 1/ (0 — 1) in the
standard Krugman model and 1/6" in the standard Melitz model (see the first two rows of

Table 1).>Y The source of the externality in production of the final aggregate in the Melitz

n Appendix B.3 we show that in the standard Melitz model M,;; = W KXi ¢ / (WntFyit). Thus,
indeed, M;; does not directly affect M,,; ;.

2That the elasticity of P,;; with respect to M;; is 1/6" can be seen by taking both sides of (38) to the
Pl /oM

wnt - Then P9 is a sum of N terms, which are the

power (1 — o“), summing over i, and solving for P
bilateral price indices taken to the power 6. Each of these price indices negatwely depends on Ml/ o,

29Agam that the elasticity of P,; ; with respect to Vy; / (WitFpiy) is GMl T eM can be seen by takmg both

sides of (38) to the power (1 — ¢"), summing over 7, and solving for Pyléte See Footnote 28.
30This provides explanation for total externality only, and we explain the split between capital and labor,

which plays a critical role in our dynamic setting, in Subsection 4.2.3.
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model is the second selection effect, which is why in the corresponding unified model
P, = ﬁ - eLM' All of these externalities arise because firms do not internalize their
impact on the extensive margin. The isomorphisms with the unified model are achieved
by collapsing the extensive margin effects into the intensive margin.

The discussion above of the first selection effect in the Melitz model makes it clear why
in the generalized Melitz model we do not have a correction for the love-of-variety effect
in production technology of the final aggregate given by (20). To show this even more
clearly, in Appendix B.3 we introduce the correction for the love-of-variety effect in (20) to
explore its implications for the isomorphism. As expected, this correction does not affect
the elasticity 1/0" with which price P,;; falls as M;; increases. This correction impacts
the trade elasticity and the size of externality in production of the final aggregate (in this
externality, the first term of i — g is replaced by the parameter governing the strength
of the love of variety). Moreover, it implies particular restrictions on the combination of
the trade elasticity and the size of the final aggregate externality that can be used in the
unified model to map it to the Melitz model. Thus, because of these restrictions, the
correction for the love-of-variety effect does not allow a isomorphism between the Melitz
and unified models. At the same time, the isomorphism can be achieved by correcting the
selection effects directly: by introducing externalities in the fixed costs of serving markets,
®,,; ;, which is what we choose to do in the generalized Melitz model that we discuss next.

We elaborate more on this point at the end of Appendix B.3.

4.2.2 Generalized versus Standard Dynamic Krugman and Melitz Models

As one can see from Table 1, in the standard Krugman model, the elasticity of substitution
between varieties governs four out of five key parameters of the corresponding unified
model: the share of capital in production of intermediates, &y ; strengths of economies
of scale in production of intermediates, given by 1, , for capital and 1, for labor; and
trade elasticity, given by the (minus of) exponent of 7,; ; in expression (5) for trade shares.
Thus, the standard Krugman model implies tight links between key parameters of the
corresponding unified model. The modeling assumptions of the generalized Krugman
model of Section 3.1 allow us to break these tight links.

In the generalized Krugman model, trade elasticity is given by the (minus of) exponent
of T, + in expression (15) for trade shares and is equal to (n* — 1). By assuming that n* #
o, we break the link between ¢* and trade elasticity.3! By introducing correction for the

31 A combination of the nested CES production technology with the monopolistic competition environ-
ment is also used in Alessandria and Choi (2007), Jaef and Lopez (2014), Feenstra et al. (2018), and Kuch-
eryavyy et al. (2019), among others.
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love-of-variety effect in the generalized Krugman model — by assuming that ¢, ,, # ﬁ

— we break the tight link between ¢* and the strength of economies of scale for capital.
We can get any desired value of the parameter ¥, . in the unified model by varying ¢, ,,.
The correction for the love-of-variety effect however, does not break the link between
o* and the strength of economies of scale for labor. To break this last link, we directly
introduce external economies of scale in the technology of production of varieties given
by (13) — with the strength of these economies of scale given by the parameter ¢, ;. With
this generalization, we can get any desired level of the strength of economies of scale for
labor in production of intermediates in the unified model.

Let us now turn to the Melitz model. Two parameters of the standard Melitz model
— elasticity of substitution between varieties, 0", and the shape of Pareto distribution,
0%, govern the five key parameters of the corresponding unified model: ay,, ¢, ¥,
¥, and trade elasticity. Thus, as is the case with the standard Krugman model, the stan-
dard Melitz model implies tight links between these key parameters of the corresponding
unified model. Again, the modeling assumptions of the generalized Melitz model of Sec-
tion 3.2 allow us to break these tight links.

In the generalized Melitz model, trade elasticity is given by the (minus of) exponent
of T,,; ; in expression (28) for trade shares and is equal to 0¥ , while in the standard Melitz
model trade elasticity is equal to 6™. By assuming thatn" # o, we break the link between
O and trade elasticity. By introducing correction for the first selection effect in the Melitz
model — by assuming that ¢, # eLM — we break the tight link between 0" and the
strength of economies of scale for capital. We can get any desired value of parameter 1, .
in the unified model by varying ¢, ,,.

Similar to the correction for the love-of-variety effect in the Krugman model correction
for the first selection effect in the Melitz model, however, does not break the link between
0" and o on the one hand and the strength of economies of scale for labor on the other.
To break this link, we directly introduce external economies of scale in the technology
of production of varieties given by (22) — with the strength of these economies of scale
given by the parameter ¢, ,. With this generalization, we can get any desired level of
the strength of economies of scale for labor in production of intermediates in the unified
model. Finally, by introducing correction for the second selection effect in the Melitz
model — by assuming that ¢, # ¢ — we break the tight link between 0" and ¢“ on the
one hand and the strength of externality in production of the final aggregate on the other.

By varying ¢, ,, we can get any value of parameter 1, in the unified model.
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4.2.3 Dynamic versus Static Environment

At this point the reader might wonder what is new in the dynamic environment relative to
the static environment. We explain now how the dynamic environment in fact has non-
trivial implications for the isomorphisms as it brings to light the split between capital
and labor (and the corresponding capital and labor externalities) as well as the final good
externality — features that are typically (implicitly) assumed away in static environments
(as, e.g., in Kucheryavyy et al. (2019)).

Consider first the Krugman model. The proof of Lemma 1 shows that the split between

Wyt and Dy in Py takes that form because labor gets (1 — %) share of total revenue,

while the remaining % share of revenue are profits of firms. These shares are constant
as firms charge constant markups over costs, due to CES preferences. Since labor is the
only factor of production of varieties, and the technology of production is linear in labor,
from the perspective of the unified model it is as if the representative firm uses only

1-— %) log-share of labor in its technology, while the remaining % log-share of labor
induces a technological externality. Next, from the perspective of the unified model, the
technology of production of intermediate goods uses capital to the power of -~ (which

is the love-of-variety effect). Part of this capital is internalized by firms in terms of % share

1 1
ok—1 oK

Now consider the Melitz model. Similar to the Krugman model, the split between cap-

of revenue, while the remaining part — equal to( ) — induces an externality.
ital and labor in production technology for intermediate goods in the Melitz model arises
because labor gets (1 — %) share of total revenue with the remaining % share ac-
cruing as profits of firms. Again, since the technology of production is linear in labor,
from the perspective of the unified model, the remaining f:&—gh} log-share of labor induces
a technological externality. The technology of production of intermediate goods uses cap-
ital to the power of BLM (which is the selection effect ). Out of this capital, the % log-share
is internalized by firms, while the remaining part — equal to eLM — ?&—5& = oMlW —induces
an externality.

The split between capital and labor in production of intermediate goods is absent
from the corresponding results in the literature on isomorphisms in the static environ-
ment with free entry of firms, where costs of entry are assumed to be paid in terms of
labor only (a typical assumption). To understand the reason, observe that (17) and (29)
imply that total firms’ profits in the dynamic Krugman and Melitz models are given by

DptMyt = ﬁwntllx,nt and DytMy = GLMWntLM

wnt- Tespectively. In the static versions of

these models, expressions for profits are the same (the time index is irrelevant). In addi-

tion to these expressions, in both the static Krugman and Melitz models where the cost
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of entry per firm, ©;,!, is paid in terms of labor only, the total cost of entry is equal to
©,,1 Wyt My;. Invoking the free entry condition and equating the total costs of entry with
profits, we get standard results for static Krugman and Melitz models that the number of
tirms is proportional to the total labor used in production of varieties. Thus, in this case
there is no split between capital and labor in production of intermediate goods.

If the costs of entry are paid in terms of the final good — as we assume in most of our
quantitative, and all estimation, exercises in Section 5 — then even the static environment
would feature a split between capital and labor. This is because, when the costs of entry
are paid in terms of the final good, both in the Krugman and Melitz models, the total costs
of entry are equal to O, nlpthnt, while the expressions for total profits, D,;; My, are not
affected. Therefore, in this case, M,;; = ﬁ@m (Wht/ Pint) Ly nt in the Krugman model
and M,;; = eiM@)I,n (Wat/ Pont) L“;(’nt in the Melitz model, and so the relationship between
the number of firms and labor is affected by the real wage W/ B, u:.

In our dynamic environment, the number of firms is a state variable, while the costs of
entry are paid only by the firms entering the economy in the current period, M, ;. Thus,
at a given time period, there is no fixed relationship between the total number of firms
in the economy and the total amount of labor used in production of varieties, even when
entry costs are paid in terms of labor. In Section 5, we show that the capital and labor ex-
ternalities are both qualitatively and quantitatively different when we assess implications
for transmission of shocks. Thus this difference is not just a theoretical curiosity, but also
has first-order implications for the substantive business cycle questions of our paper.

Another important element of our results is the final good externality in the Melitz
model, which also plays a unique role in a dynamic environment. While this externality
in principle can arise even in the static environment featuring endogenous (elastic) labor
supply, it has a non-trivial behavior in the dynamic environment due to trade imbalances
and, in the case of investment done in terms of labor, due to period-by-period firm entry
decisions (or, equivalently, capital accumulation decisions). To understand these points,
let us write the expression for the final good externality as

Pt Yt oo™ " (o™ —1) TBut: Bt
= (Lnt - Llnt) - ’ 7
Wit OMoM +1 — oM ' OMoM +1 — oM Wit

(39)

where we used P, 1 Ynt = Xyt — Bout - TByt, and additionally used (29) for X, (30) for
L ut, and the labor market clearing condition (31).

Consider then the steady state of the dynamic version of the Melitz model. In the
steady state, TB,; = 0. If investment is done in terms of final good only, then L;,; = 0,
and expression (39) implies that the final good externality is proportional to L;;. Alter-
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natively, if investment is done in terms of labor only, then in the steady state (assuming
B = 1and § = 1 for simplicity), L; ;s = SLML“;(’M, which, using (39), allows us to show
that Py,ntYnt/Wnt = Glg_l\leM

wnt- LThus, again, the final good externality is proportional to

Ly. Therefore, the final good externality would matter in the static Melitz model only if
labor supply is endogenous. Otherwise the final good externality would be absorbed by
a constant term in the production function for the final aggregate in the isomorphic static
competitive model.

In the dynamic setting with borrowing and lending, TB,; # 0 and, thus, the final good
externality has a non-trivial behavior even if labor supply is inelastic and investment is
done in terms of the final good only. If investment is done in terms of labor, then there
is no fixed relationship between L;,; and L,;. Then, even under balanced trade (as in the
case of financial autarky), and irrespective of whether labor supply is endogenous or in-
elastic, period-by-period firm entry decisions generate a potentially non-trivial behavior
of the final good externality.

The upshot is that the precise formulations of the externalities depend on four factors:
dynamic vs. static setting; endogenous vs. fixed labor supply; endogenous international
borrowing/lending vs. balanced trade; and whether investment is done in terms of final
good or labor. Our presentation on isomorphism in terms of various externalities is the
most general as it nests all these various cases (as well as those that have appeared in the
literature previously in static settings). Moreover, the general formulation we present, in
particular the split between capital and labor externality, is also substantively important

for our main quantitative questions, as we show next.

5 Quantitative Results

We now quantitatively assess the international business cycle implications of the dynamic
trade models and show how the transmission mechanisms in response to shocks get al-
tered compared to the standard IRBC model. We start by comparing the fit of the IRBC
and standard dynamic Krugman and Melitz models. We then use the unified model of
Section 2 to fully explore the ingredients needed to achieve better fit with the data, while
explaining in detail the transmission mechanisms that change when we vary externali-
ties. We then end with a quantitative exercise where we match a comprehensive set of

domestic and international moments.
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B=099,7=26=0025pu=0340 =2 T, =567,w, =05,
Oun = Oy = 1,0y = 2.069, byg; = 0.0025

Productivity process in the intermediate goods sector:

[log( xlt)} [Px,u 0 ] « [log( X1t — 1)] n [gx,lt}
10g( x2t) 0 Px22 log( x,2,f— 1) Ex 2t ’

Common eit| ([0 oz 0
Parameters |, 0”10 d3])’
With px/n — ,OX,22 — 0.97, UX,I — UX,Z — 0-0073
Productivity process in the final goods sector, Z, 1, has the same
structure as Zy ,+ with the same autocorrelation parameter values,
OPrin = Pvz = 0.97, and normally distributed uncorrelated shocks
with variances 0y, = 0y, = 0.0073
IRBC =036, Y=, =¢,=0, « =0, a=0,
ZI,nt ZY,nt =1
1 _ 1 1
Krugman aX,K =38~ 026, le,K =381 38 ~ 0094 1PXL =38~ 026,
Y, =0, a=1 a=0,
Zlnt — Zx,nt/ Zvnt =1
_ 38-1 . I _ 38-1
Melitz Ay = 3534 ~ 022, Pyx = 3532 = 0077, ¢y, = 3555 =022,
by = 357 — 34 ~©0.063, o, =1, a =338 ~0.046,

1 1

ZI,nt - Zx,nt/ ZY,nt - [Zx,nt]&g*l 34 [ant]0063

Table 2: Standard calibrations of models.

5.1 Calibration

We focus on the world economy that consists of two symmetric countries for direct com-
parison with the business cycle literature. We consider the following preferences that are
consistent with a balanced growth path and widely used in the literature (e.g., Heathcote
and Perri (2002)):

u (Cnt/ Lnt) -

e

We start with a calibration that we call “standard”. It is summarized in Table 2. For this

calibration we choose three sets of parameter values of the unified model that correspond
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to standard IRBC, Krugman, and Melitz models. We choose parameter values of the uni-
fied model corresponding to the Krugman and Melitz models so that in the Krugman and
Melitz models, all generalizations are shut down except that we allow for the nested CES

production technology of the final aggregate.>> Formally, the implied parameterization

for the Krugman model is Gy =

1 and ¢, = 0, but allowing for n* # o*. Similarly,

1
—, ¢, = 8¥,and ¢,, = 0, but

the implied parameterization for the Melitz model is ¢, ,, = o

allowing for n“ # o™.

We first choose a set of common parameter values for the three models. Most of these
values are taken from the literature. Periods are interpreted as quarters. Values of pa-
rameters f3, v, §, and p are the same as in, for example, Heathcote and Perri (2002) and
Ghironi and Melitz (2005). We follow the macro literature (as apposed to the international
trade literature) and set the elasticity of substitution between intermediate goods in pro-
duction of the final good to 2, i.e., we set ¢ = 2. This implies that the trade elasticity is
equal to 1.3 We choose the level of iceberg trade costs Tpit = 5.67 for n # i to match the
steady-state share of imports of intermediate goods of 0.15. Differently from Heathcote
and Perri (2002), we do not have home bias in production of the final aggregate and set
wy,; = 0.5 for all n and i.3* Values of autocorrelations Pxn and px,, of the productivity
process in the intermediate goods sector, Zy ,t, as well as volatilities of shocks oy, and ox,
to Zy nt are taken from Heathcote and Perri (2002).3°> The productivity process in the final
goods sector, Z, ¢, has the same parameterization as Zy ;.

We set the normalization constants in the intermediate goods and investment sectors
tol, Oxy = O, = 1. In order to match the value of fixed costs of serving foreign mar-

32With a slight abuse of terminology compared to the previous Section, we will refer to these models as
standard Krugman and Melitz models in this Section.

3See, for example, Hillberry and Hummels (2013) on the choice between “macro” versus “micro” trade
elasticity. Later we do a sensitivity analysis with lower (than 1) and higher elasticities of substitution.

3In the case of two symmetric countries, the steady state prices of intermediate goods are the same
across the two countries: P; = P> (here we drop the time index t to emphasize that these are the steady
state values of prices). Therefore, the steady state trade share — obtained from (5) by substituting steady
state values of prices of intermediate goods — is simply

1—
L (Tni/wni) 7
ni — _ 5

(Tnl/wnl)l 7+ (Tn2/wn2)l

With the same values of taste parameters w,,; across countries, the steady state trade share depends only on
1/(c-1)
iceberg trade costs and parameter ¢. In this case, we can find that 11p = 1 = ()\le — 1) .
35Differently from Heathcote and Perri (2002), we do not allow for spillovers in the process for Zy ¢, and
we do not allow for correlation of shocks to Zx ;. We do this to ensure that the dynamics are driven by
endogenous propagation mechanisms in the models. We later show sensitivity results when we allow for
spillovers and correlation of shocks.
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kets in Ghironi and Melitz (2005) (which is discussed below), we set the normalization
constant in the final aggregates sector to 2.069, ©,, = 2.069. Finally, for the case of the
bond economy, we choose a relatively low value of the bond holdings adjustment cost,
bagj = 0.0025.

The values of the remaining parameters are different between the IRBC, Krugman,
and Melitz models. For the IRBC model, we set the same share of capital in production
of intermediate goods as in Heathcote and Perri (2002), a,, = 0.36, and require that
investment is made in terms of the final good only (i.e., set #; = 1). The IRBC model does
not have any externalities (¢, = ¥, = ¥, = 0), it does not have productivity shocks
in the investment and final aggregate sectors (Z;,; = Z, 4+ = 1), and it does not have the
additional term aTBy; in the labor market clearing condition (a = 0).

For the parameterization corresponding to the Krugman model, we use the value of

o* = 3.8 from Bilbiie ef al. (2012). This choice immediately implies values for all key

1 1
parameters specific to the Krugman model: &, , = e 0.26, Py, = i 0.094,
1

and ¢, = s 0.26 (see Table 1 for parameter mappings between the models). The

standard Krugman model has neither externalities nor productivity shocks in production
of the final aggregate (¢, = 0 and Z,,; = 1), and it does not have the additional term
aTB,; in the labor market clearing condition (2 = 0). Investment is made in terms of labor
only (x, = 0). We follow Bilbiie et al. (2012) in setting the productivity shock in production
of investment goods identical to the productivity shock in production of intermediate
goods (Z;nt = Zyxnt). The choice of the investment-sector normalization constant ®,, = 1
implies that the sunk entry cost into the economy in the Krugman model — given by @L_ o
— is also equal to 1.%® Finally, trade elasticity equal to 1 in the unified model implies that
the elasticity of substitution between varieties from different countries in the Krugman
model is equal to n* = 2.7

Turning to the parameterization corresponding to the Melitz model, let us first con-
sider fixed and variable costs of serving markets in the Melitz model. We assume that in
the Melitz model Fi5; = Fi1; and F>1; = F for all t. This implies that Trl\z/{i,t = Tyi+ = 5.67.
Following Ghironi and Melitz (2005), we further assume that the fixed costs of serving
markets in the Melitz model are subject to the same shock as the production technology

of varieties. Formally, we assume that F;;,t = fun/Zxnt, Where fy; is a time-independent

36Bilbiie et al. (2012) also have the value of the sunk costs of entry into the economy equal to 1. As Bilbiie
et al. (2012) note, this value does not affect any impulse-responses under CES preferences.

37Recall that having an independent parameter n* in the generalized Krugman model — that is, differ-
ently from the standard Krugman model, having n“ # o — allows us to vary trade elasticity independently
from the parameters of the production function for intermediate goods (see Table 1).
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constant (defined below). We proved the part of Lemma 2 concerning the Melitz model by

_1
defining F,;;?t = 0, Zy,t- This definition implies that Z, ,; = [Zx,nt]19 and fu, = [@%n} g,
Using mapping (36), we find that the fixed costs of serving markets are given by

M

oM GMC:—li oM 1 1

= _ J— ¢
frn (GM 1 O‘M) ey (O] 7. (40)
Next, following Ghironi and Melitz (2005), we choose ¢" = 3.8 (which is also the
same as 0°) and 0" = 3.4. The choices of 0" and 0" imply that a, , = O‘MEM ~ 022, ¢y =
o' —1 1 1 0.063
VT ~ 0077, IPX,L = o ~ 022, lPY = ~_ 1 v ~ 0063, and Zy,nt ~ [lent] .

Using expression (40) we get that the implied value of the fixed costs of serving markets
in the Melitz model is f,; ~ 0.0084, which is the same as the fixed cost of serving foreign
markets in Ghironi and Melitz (2005). The labor market clearing condition now features
the additional term aP, ¢ - TB,,; with a = w ~ 0.046. As in the calibration cor-
responding to the Krugman model, Z, ;; = Zy,; and o, = 1. The implied sunk entry cost
into the economy is equal to 1. Finally, the choice of ¢ = 2 in the unified model implies
that in the Melitz model the elasticity of substitution between varieties from different

countries is equal to®®

1 -1
M=l ——+0) =~194
N

5.2 Comparison Across IRBC and Standard Dynamic Trade Models

Moments, both domestic and international, across models under the calibration in Table 2
are presented in Tables 3 (for the intermediate good productivity shock) and Table 4 (for
the final good productivity shock).?? Column (1) provides data moments from Heath-
cote and Perri (2002). In Columns (2) and (5), we present results for the standard IRBC
model and in Columns (3), (6), and (4), (7) for standard versions of the Krugman and
Melitz models respectively. We note that for both shocks, the domestic moments show
the presence of a business cycle, that is a positive co-movement of within-country output,

consumption, investment, and labor. They both are thus natural candidates for a study

38Similarly to the generalized Krugman model, having n* # o™ in the generalized Melitz model allows
us to vary trade elasticity independently from the parameters of the production function for intermediate
goods (see Table 1 and Footnote 37).

$The final good productivity shock is new to the IRBC literature, and we will explain the results for
this shock in detail later when presenting transmission mechanisms. We also note that we consider quite a
comprehensive set of moments, and we further add more moments in the estimation exercise.
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of international business cycle moments.*® We report results for the two most common

financial market arrangements in the literature, complete markets and bond economy. To

conserve space, we report the financial autarky case in Table 8 in Appendix D.1.

Benchmark calibration

Investment final good

Complete

Bond

Complete Bond

Data IRBC Krug Mel IRBC Krug

Mel Krug Mel Krug Mel

“m e 6 @ 6 e @ 6 O 10 a1
International moments:
Corr (GDP,GDP)  0.58 —0.03 —0.10 —0.09 0.02 —0.02 —0.02 —0.09 —0.11 0.01 —0.03
Corr (C1, C2) 036 047 045 045 011 019 021 041 037 015 0.15
c(”%) 0.30 —0.39 —0.27 —0.26 —0.35 —0.19 —0.18 —0.41 —0.44 —0.34 —0.38
Corr (L, L) 0.42 —0.30 —0.45 —0.46 —0.04 —0.21 —0.23 —0.40 —0.43 —0.11 —0.19
COrr(GTglgl,chl) —049 —049 058 0.61 —0.60 —0.01 0.19 —0.25 —0.20 —0.53 —0.50
Corr (Exp,, GDPy) 032 036 085 088 013 064 077 060 060 032 0.35
Corr (Imp,, GDP}) 081 093 025 025 096 078 076 086 084 094 0.93
Corr (ReR, GDPy) 013 061 064 067 050 052 060 068 0.69 0.60 0.64
Std (chff»l ) 045 021 0.16 0.17 027 008 008 019 021 024 025
Domestic moments:
Corr (C1,GDPy) 086 094 093 094 098 098 098 095 095 098 098
Corr (L1, GDP;) 0.87 098 096 096 099 097 097 098 098 099 0.98
Corr (Pglfl ,GDP1> 095 097 097 097 097 097 097 096 096 096 0.96
sit?écnlﬁl) 081 037 045 047 043 052 054 042 043 048 049
Stit?é;gl) 066 046 051 047 040 044 041 042 041 036 0.36
% 284 333 380 420 329 375 413 394 461 391 457

Notes: Data moments are from Heathcote and Perri (2002), Table 2.

All series have been Hodrick-Prescott

filtered with a smoothing parameter of 1600. Time index is dropped from notation for brevity. GDP,, =
(WauLn + RuKy) /Py, Expy = P21Xo1/Py, Imp; = PoipX1o/Pq TBy = (P1Xi —R1Y1)/Pa, ReR =
P> /P, 1. For Columns (8)-(11), parameterizations are &, = 0 and Z;,; = 1 and Z,,; = 1 (i.e., there are no
shocks to the investment and final good sectors).

Table 3: Moments from standard calibrations and formulations of models. Shock to the
intermediate goods sector.

#0Later in our estimation exercise, as well as in our discussion of transmission using impulse responses,
we will discuss how the two shocks affect some international moments differently.
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Benchmark calibration Investment final good

Complete Bond Complete Bond
Data IRBC Krug Mel IRBC Krug Mel Krug Mel Krug Mel

“m» @ 6 @ 6 e O @© 9 10 11
International moments:

Corr (GDP;, GDP,) 0.58 —-0.17 —-0.06 —0.06 —0.15 —0.03 —0.03 —0.17 —0.20 —-0.12 —-0.17

Corr (C1,C2) 0.36 —0.10 0.10 0.11 —0.19 0.05 0.05 —0.03 —0.07 —0.14 —0.15
c(“PPI) 0.30 —0.62 —0.13 —0.13 —0.60 —0.04 —0.04 —0.59 —0.61 —0.56 —0.59
Corr (Ly, Ly) 042 —0.22 —0.69 —0.70 —0.11 —0.44 —0.48 —0.27 —0.33 —0.08 —0.19
COrr(GT;gl,chl) —049 —0.69 072 072 —0.69 0.71 0.71 —0.63 —0.63 —0.66 —0.66
Corr (Exp,, GDP,) 0.32 —0.18 098 098 —0.18 099 099 0.11 012 0.00 0.01
Corr (Imp,, GDP;) 0.81 092 097 097 092 099 099 093 093 093 093
Corr (ReR, GDP; ) 013 074 073 073 073 072 072 075 075 073 0.74
Std (chff)l ) 045 053 008 008 054 004 005 044 045 049 049
Domestic moments:

Corr (C,, GDP;) 0.86 098 1.00 1.00 098 1.00 1.00 098 098 099 0.99
Corr (Ly, GDP,) 0.87 099 093 093 099 097 096 099 098 099 098
Corr (P;;ylf ,GDP1> 095 095 1.00 099 095 1.00 1.00 095 094 095 0.94
%ggﬂ 081 043 083 084 046 087 087 048 049 052 053
Sj?éggl) 066 040 0.14 013 038 011 010 037 036 033 033
% 284 390 156 165 383 151 159 448 520 446 5.18

Notes: Data moments are from Heathcote and Perri (2002), Table 2. All series have been Hodrick-
Prescott filtered with a smoothing parameter of 1600. Time index is dropped from notation for brevity.
GDP, = (WyLy+ RuKy)/P1, Bxpy = P21Xp1/ Py, Imp; = Pi12X12/Pq TBy = (P Xy —PiY1) /P,
ReR = B, »/P,1. For Columns (8)-(11), parameterizations are a; = 0 and Z, ,; = 1 (i.e., there is no shock to the
investment sector).

Table 4: Moments from standard calibrations and formulations of models. Shock to the
final goods sector.

Performance of Krugman vs. Melitz model. Tables 3 and 4 show that there is not much
qualitative or quantitative difference between the Krugman and Melitz models, for ei-
ther shocks and for either domestic and international moments. From the point of view
of the unified model, the Melitz model has three different features relative to the Krug-

man model: external economies of scale, shocks in production of the final aggregate, and
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the additional term aTB,; in the labor market clearing condition. The standard calibra-
tion used for the Melitz model, however, implies that these features have a small impact
quantitatively as the relevant parameters are small: ¢, ~ 0.063, Z, ;s ~ [lent]o'%g’, and
a ~ 0.046. In the calibration for the Melitz model model, three parameters — «, ,, {,
and ¢, — have values different from the calibration for the Krugman model. But again,
this difference is small given our parameterization, which was tailored to be in line with
the literature. Table 2 in fact shows clearly how the calibration implies small differences
between the Krugman and Melitz models, using the perspective of our unified model.

Performance of Krugman and Melitz models vs. standard IRBC model. From the point
of view of the standard IRBC model, the Krugman and Melitz models have several key
modifications that could potentially have opposite or hard to understand effects on sec-
ond moments and transmission of shocks. Most interesting among them are external
economies of scale in production of intermediate and final aggregate goods. Before we
focus on the role played by these externalities, however, we perform one exercise related
to an important moment, the cyclicality of trade balance. Looking at Columns (2)-(3) in
both Tables 3 and 4, we see that one striking difference between the IRBC model and
the Krugman and Melitz models is the cyclicality of the trade balance. The correlation
of trade balance with output is counterfactually positive for the Krugman and Melitz
models.*! This change is, however, only because standard trade models imply that the
investment good (from the perspective of the unified model) is produced using domestic
labor, while in the standard IRBC model the investment good is produced using the final
aggregate.

To show that the difference in investment, indeed, is the reason for opposite cyclical-
ity of the trade balance, we change the standard formulations of the Krugman and Melitz
models. In both Tables 3 and 4, in Columns (8)-(9) (for complete markets) and in Columns
(10)-(11) (for bond economy) we now model the investment good as being produced us-
ing the final good only (by setting a, = 0).*> Then the trade balance is countercyclical and
similar to the IRBC model. As expected, what noticeably changes now are the moments
associated with investment that drive trade balance dynamics. The volatility of invest-

ment increases and the cross-country correlation of investment becomes more negative.

“'While it is true that the cyclicality is negative for the Krugman model in the case of the bond economy
and the shock to the intermediate goods sector (Table 3, Column (6)), still, the extent of countercyclicality
is dramatically reduced compared to the IRBC model. So our point is valid even for the bond economy,
although we mostly focus on complete markets in our discussion to save on space.

“2Note that in the intermediate good shock case, the Melitz model endogenously introduces a shock to
the final aggregate sector (see Table 2). We shut down this shock (by setting Z,,; = 1) when we make
investment in terms of the final good for easier comparison, and this does not affect any results here.
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This also then changes the cyclicality of imports and exports.*?

Having resolved the issue of cyclicality of net exports, comparing Columns (2), (8),
and (9) of Tables 3 and 4 (for complete markets) and comparing Columns (5), (10), and
(11) of Tables 3 and 4 (for bond economy), we see that the Krugman and Melitz models
perform no better than the standard IRBC model. Broadly, for both shocks, the Krugman and
Melitz models perform well and fail in the same cross-country moments as the standard IRBC
model

What is the main reason for the similar performance of the IRBC model on the one
hand and the Krugman and Melitz models on the other? Our result on isomorphism
provides the answer: Even though the Krugman and Melitz models feature external
economies of scale, their magnitudes implied by the parameterization from the literature
(see Table 2) are not large enough to make a quantitative difference. Moreover, these stan-
dard parameterizations imply positive capital externalities, whereas, as we show in the
next Section, we need negative capital externalities in order for the Krugman and Melitz

models to achieve an improvement over the standard IRBC model.

5.3 Changing Production Externalities

From now on, we assume that investment is done in terms of the final good. We then
use our unified model of Section 2 to explore if it is possible to achieve a better fit with
the data. The unified model perspective is critical as we can vary each externality inde-
pendently.*> This allows for a clean inspection of the transmission mechanisms in the
models. We do comparative statics for all the three externalities: capital and labor input
in the intermediate goods production technology as well as the externality in the final
good production technology. We focus, however, mostly on the role of capital externality
as it turns out to be most crucial quantitatively. We discuss other externalities in more
detail in Section 6.3.3.

#3Thus overall, it is not the case that simply adding investment to an international business cycles model
ensures a countercyclical trade balance by countervailing the consumption smoothing intuition in models
without capital accumulation. It is critically important how the investment good is produced. Consider
the well-understood case of the intermediate good productivity shock. If investment good is produced
with labor input only, while investment certainly increases with a positive productivity shock, investment
is less volatile, and it does not render net exports countercyclical for then, the rise in imports is much more
muted. This is because now imports follow consumption closely (as investment good production does not
use the foreign intermediate good), which is smoothed over time due to standard consumption smoothing
incentives. This plays a key role in making net exports procyclical.

#This outcome of similarity between IRBC and a Melitz-type dynamic model for the case of the inter-
mediate good productivity shock was also reported in a numerical analysis by Jaef and Lopez (2014).

%Given the isomorphism (two-way mapping) between the unified model and the generalized dynamic
Krugman and Melitz models that we established in Section 4.1, we can in principle also interpret this exer-
cise of flexibly varying externalities from either model perspectives.
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5.3.1 Role of Negative Capital Externality

Table 5 shows that an essential feature to improve fit with the data is negative capital
externality in intermediate goods production. In this table, we provide moments from the
model without any externality, as well as with a positive and a negative capital externality,
for both the intermediate good and the final good productivity shocks. For concreteness,
we focus our discussions here on the complete international financial markets case, while
still presenting the bond economy results for completeness in Table 5 .

As a starting point, we note that the main cross-country empirical puzzles from the
perspective of the IRBC model are associated with co-movement across countries in out-
put, consumption, hours, and investment. That is, as is clear from Tables 3 and 4, in
the IRBC model, the co-movement of consumption is counterfactually higher than that
of GDP. Moreover, while in the data labor hours and investment co-move positively, in
standard models they co-move negatively. Additionally, the canonical IRBC model with
the intermediate good productivity shocks leads to a more procyclical real exchange rate
and a less volatile trade balance compared to the data.

Table 5 then shows that negative capital externality helps bring the model closer to the
data on these important international moments. This is seen from comparing Column (3)
with (1) for the intermediate good productivity shock, and Column (6) with (4) for the
final good productivity shock. For both shocks, compared to the standard IRBC model
with no externalities, negative capital externality leads to higher cross-country output,
investment, and labor correlations and a lower consumption correlation. Moreover, it
leads to a more volatile trade balance. Let us discuss the mechanisms behind this result
for each shock.

Intermediate good productivity shock We now provide an economic interpretation for
the results in Columns (1)-(3) of Table 5 by analyzing the transmission mechanisms using
impulse-response functions, in which a 1% exogenous technology shock in the interme-
diate goods sector hits the home country. Figure 1 shows the results under complete
markets, where we vary only the externality in capital input, ¢ ,.

To set the stage, let us discuss quickly the basic transmission mechanism under no
externality, that is, the basic IRBC model. When a positive intermediate good produc-
tivity shock, which is persistent but mean-reverting, hits home, the substitution effect
of increased wage dominates the income effect, and the household supplies more labor.
Moreover, given increased productivity, there is an increase in investment at home. With
higher income currently and in the future, consumption also increases, and it is smoothed
over time as the usual permanent income hypothesis intuition applies. The flip side of
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Complete markets Bond economy

Int. good shock  Final good shock  Int. good shock  Final good shock
Yoy= 0 03 -1 O 03 -1 O 03 -1 0 03 -1

m» @ 6 @ o6 6 O © © @@ a1y 12
International moments:

Corr (GDP;,GDP,)  —0.03 —0.07 0.08 —0.17 —0.21 —0.08 0.02 0.02 0.09 —-0.15 —0.14 —0.09

Corr (C1,C2) 047 055 034—0.10 003-033 011 006 0.15—0.19 —0.17 —0.20
Corr (70, 122) 0,39 —0.47 ~0.26 —0.62 —0.68 —0.53 —0.35 ~0.36 —0.25 ~0.60 —0.60 —0.53
Corr (Ly, Ly) —0.30 —0.52  0.00 —0.22 —0.42 0.01 —0.04 —0.02 0.08 —0.11 —0.09 —0.05
Cort (s GDP1) —0.49 —0.40 —0.57 ~0.69 —0.66 —0.73 —0.60 —0.60 —0.60 —0.69 —0.66 —0.73

Corr (Exp,;, GDP;) 036 052 017 —-0.18 -0.06 —0.29 0.13 0.17 0.12 —-0.18 —0.05 —0.25
Corr (Imp,, GDP;) 093 090 096 092 091 094 096 096 097 092 091 094
Corr (ReR, GDP; ) 061 067 046 074 077 058 050 054 042 073 075 0.59

sm(GT;;l) 021 015 028 053 046 060 027 024 030 054 045 057
Domestic moments:

Corr (C;,GDPy) 094 093 092 098 099 091 098 099 093 098 1.00 0.92
Corr (Ly, GDP,) 098 097 099 099 099 098 099 099 099 099 099 0.99
COrr(PIg;f,chl) 097 096 097 095 094 096 097 097 097 095 095 097
Sg;‘éggl) 037 044 025 043 050 033 043 056 028 046 058 0.30
sff?cfgﬁl) 046 042 053 040 035 049 040 031 052 038 029 051
% 333 301 381 390 357 440 329 286 3.80 3.83 330 4.38

Notes: Data moments are from Heathcote and Perri (2002), Table 2. All series have been Hodrick-Prescott
filtered with a smoothing parameter of 1600. Time index is dropped from notation for brevity. GDP, =
(WnLy + RuKy) /P, Expy = P Xo1/Poq, Impy = P12 X12/ By TBy = (P1 Xy — P1Y1)/R1,ReR = P/ Ry.

Table 5: Capital externalities in the unified model.

consumption smoothing is the large response of investment. These positive domestic
correlations lead to a standard business cycle at home. Next, given the increased pro-
ductivity at home, the home country finances increased investment by running a current
account deficit.

For the foreign country, as consumption increases due to risk-sharing, the wealth ef-
fect leads to a decrease in labor supply. Moreover, the foreign country cuts down on

investment as it is optimal to concentrate production in the more productive home coun-
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try. Over time, the foreign country runs a current account surplus, using the saving to
rebuild the depleted capital stock. These transmission mechanisms are behind the failure
of the model to match the cross-country correlations in output, investment, and hours.

Sx1 Sx2 C Co

Notes: The plots show responses for 1% shock to the exogenous component of productivity in the interme-
diate good sector in country 1, Z, ;. All horizontal axes measure the number of quarters after the shock.
Vertical axes on the figures for the current account and trade balance measure the number of percentage
points. Vertical axes on the rest of the figures measure percent deviation from steady state. The case with
Py x = 0 corresponds to the benchmark calibration of the unified model with no externalities. Calibrations
for the cases with i, , = 0.3 and ¥, , = —1 differ from the case with 1, = 0 only in having capital ex-
ternality in the production of intermediates (with the corresponding value for ¢ ,). All cases are for the
complete markets economy. The red solid lines on the plots for S, ; and Sy» — in addition to responses of
Sy1 and Sy for the case of ¢ , = 0 — also correspond to responses of Zy 1 and Z,, for all values of i, ..

Figure 1: Impulse-response functions for Z,;. Capital externalities in the intermediate
goods sector in the unified model. Complete markets.

Let us now turn to the explanation of why negative capital externality helps move the
model closer to the data in terms of these international correlations. The key to answer-
ing this question is the observation that, in the presence of negative capital externalities in
production of intermediate goods, individual firms perceive the aggregate country-specific shock as
being less persistent with the same initial impact. This is because, in future, due to positive
capital accumulation, the productivity increase faced by the firms — which is measured
by Sy1 — is lower than the exogenous productivity shock — which is measured by Z; ;.

Given this insight, we can now analyze what happens to labor supply at home when the
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productivity increase has the same initial size but is more transient (compared to the no-
externality case). Under a more transient shock, the substitution effect of wage increase
is even stronger than the income effect (again, compared to the no-externality case). This
implies that households supply more labor today, as is clear in Figure 1. Given the same
initial capital stock, a larger initial supply of labor leads to a larger initial response of
output at home.

Next, while the initial effect on income is higher, in future, as the productivity process
is more transient, income will be lower than in the model without externalities. This lack
of a persistent rise in home output helps mitigate the failure of the IRBC model to generate
output co-movement across countries. Moreover, due to the desire to smooth consump-
tion over time, consumption rises by less than in the no-externality case. The smaller rise
of consumption at home, as well as altered path of consumption due to change in invest-
ment, help reduce the correlation in consumption across countries. Also, the smaller rise
in consumption at home implies that home investment increases more on impact.*® But
this does not worsen international correlation in investment. Over time, both investment
and labor at home follow the less transient path of productivity, leading to higher cross-
country correlations in investment and labor. Overall, endogenous productivity being
less persistent than the productivity shock at home decreases the extent of productiv-
ity differences across countries that plagues the IRBC model and improves cross-country
correlations in both factors and output.*’

To understand the dynamic responses of foreign variables in Figure 1, observe that
while the country-specific productivity shocks are uncorrelated in our experiments, neg-
ative capital externality leads to an endogenous positive correlation in the productivity
faced by the two countries. In particular, from the foreign country’s perspective, starting
from the next period, there is a positive effect on productivity, as typically there would be
negative investment in the foreign country following a positive home productivity shock.
This positive effect on productivity faced by the foreign country then leads to increased
labor hours and increased investment for very standard reasons. The resulting increase in
output in the foreign country helps further with increasing output co-movement across

countries. Moreover, note how foreign output and labor supply completely track the dy-

46The initial impact effect of investment at home is higher even though the productivity faced by firms
is less persistent over time. Unless the trade elasticity is very high, such that the domestic and foreign
goods are very substitutable, this result holds. With a very high trade elasticity, under complete markets,
the initial impact on home investment and trade balance can be lower with negative capital externality. The
higher initial impact on hours however, is independent of trade elasticity.

47To make this even more clear, in Table 15 in Appendix D.3 we show in an estimation exercise that the
canonical IRBC model requires a very low persistence in productivity shocks to fit the data on international
correlations.
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namics of Sy, as is common in RBC models, but which would have been very difficult to
interpret without the perspective of the unified model that leads us to follow the dynam-
ics of Sy for intuition, instead of Z; , A8

Having discussed international correlations, we close this subsection with the discus-
sion of the fit in terms of two other important open economy variables: the cyclicality of
the real exchange rate and volatility of the trade balance. First, as negative capital exter-
nalities lead to a larger initial increase in home investment, there is a sharper response
of trade balance. This then helps with increasing the volatility of the trade balance.*’
Second, the change in the dynamic path of output that we discussed above reduces the
cyclicality of the real exchange rate with output. Finally, negative capital externality also
helps decrease the cyclicality of exports, which is affected by the change in path of invest-

ment in the foreign country.50

Final good productivity shock We now consider the productivity shock in the final
good sector, instead of the intermediate good sector. For economic explanations, we again
turn to an analysis of impulse response functions in which a 1% exogenous productivity
shock in the final goods sector hits the home country. Figure 2 shows the results under
complete markets where we vary only the externality in capital input, ¥, ,.

As this shock is new to the IRBC model, the transmission even under no externality
requires an explanation. The first result to note is that, as we emphasized before, when the
final good productivity shock hits, domestic output, labor, investment, and consumption
all co-move, thereby, generating a home business cycle. In RBC models, such a business
cycle pattern is notoriously difficult to generate for shocks other than the intermediate
good productivity shock. What explains the new result here?

48 As we noted earlier, with negative capital externality and high trade elasticity, home investment does
not increase on impact following a less persistent productivity process. In this case, the margin affected
most is the cut in foreign investment, which gets reduced more significantly compared to the case of no
externality. Thus, even with high trade elasticity, negative capital externality plays a similar role: following
the same shock, negative capital externality makes productivity differences across countries less severe and
helps generate higher international correlations in output and factors.

POver time, as is standard, trade balance switches to positive with investment increasing in the foreign
country as it rebuilds its capital stock.

500ne exception here is that negative capital externalities lead to more procyclical imports, which makes
the fit worse with the data as the IRBC model already leads to imports that are more procyclical than the
data. The reason imports become more procyclical is that the behavior of imports closely follows that of
investment (as can be clearly seen in Figure 1). This is because with consumption smoothed over time,
investment response is comparatively larger. As the investment good is produced with the final aggregate
good, which uses the foreign intermediate good, the behavior of imports closely mirrors that of investment,
with only the magnitude being smaller as determined by the import share. Given our explanation above
on how investment and output increase more sharply initially with negative capital externalities, imports
follow a similar pattern, thereby increasing its pro-cyclicality.
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Notes: The plots show responses for 1% shock to the exogenous component of productivity in the final
good sector in country 1, Z, ;. All horizontal axes measure the number of quarters after the shock. Vertical
axes on the figures for the current account and trade balance measure the number of percentage points.
Vertical axes on the rest of the figures measure percent deviation from steady state. The case with ¢, , = 0
corresponds to the benchmark calibration of the unified model with no externalities. Calibrations for the
cases with ¢, = 0.3 and ¢, = —1 differ from the case with i, , = 0 only in having capital externality
in the production of intermediates (with the corresponding value for 1, ,). All cases are for the complete
markets economy.

Figure 2: Impulse-response functions for Z, ;. Capital externalities in the intermediate
goods sector in the unified model. Complete markets.

Following a final good shock at home, productivity of the final good increases, which
leads to a decrease in the relative price of the home final good. Naturally, this leads to
an increase in both consumption and investment, as they both are produced using the
final good. Importantly, labor supply also increases, even though the intermediate good
production function, where labor is used, has not experienced a positive shock. Usually,
in a closed economy model, one would expect the positive wealth effect due to increased
consumption to lead to a decrease in labor supply, with real wages not getting affected
much. The situation in the open economy environment here is different, because the
price of consumption/final good and the price of the home good are not the same. To
understand why this matters, let us look at the optimal labor supply condition of the
household, given by
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which affects the marginal product of labor, is not the one being considered here. When

For intuition, we can hold

constant, as the intermediate good productivity shock,

the final good productivity shock hits, the first-order effect is an increase in the relative
x,nt

P Y,nt
to supply more labor, and we can get both consumption and hours at home to increase.

, driven by the fall in the final good price. Then the household finds it optimal

Let us now consider the international transmissions of this final good productivity
shock under no externality. The home country finances increased investment and con-
sumption by running a current account deficit. Moreover, as we mentioned above, the
real exchange rate depreciates as the final good produced by the home country is cheaper
with increased productivity. The depreciation of the real exchange rate is high enough
that it requires foreign consumption to fall to ensure that relative consumption is equated
with the real exchange rate. This happens even though the financial markets are com-
plete, which is a unique aspect of the final good shock. This explains why in Table 5, for
the case of no externality, there is a negative cross-country correlation in consumption.
Next, like with the intermediate good productivity shock, the foreign country cuts down
on its labor supply and investment, which leads to a negative cross-country correlation
in hours and investment, with the wealth effect on labor supply muting a bit the negative
co-movement in labor across countries.

Finally, because of the large effect on relative prices, two key moments get affected
more compared to the intermediate good productivity shock. First, the trade balance
response is stronger, as a decline in relative price leads to an increased trade balance
response. And, second, exports are much less cyclical. These two features will play an
important role in the estimation exercise.

Overall, while the final good productivity shock also leads to a domestic business cycle
like the intermediate good productivity shock, for the IRBC model, Table 4 shows that
international correlations are still hard to match. Thus, while consumption correlation
across countries is significantly reduced, it is still higher than output correlation, and
labor and investment do not co-move positively. At the same time, as shown in Columns
(4)-(6) of Table 4, negative capital externality helps move the model closer to the data
on international correlations for the final good shock, similarly to the intermediate good
shock. That is, negative capital externality increases cross-country output, investment,

and hours correlations and decreases consumption correlation.”!

Sn fact, for our illustrative parameterization of negative capital externality, consumption correlation
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For international correlations, a mechanism similar to the intermediate good produc-
tivity shock holds. As shown in Figure 2, while the final good productivity shock does not
directly affect intermediate good productivity, with negative externality, endogenously,
intermediate good productivity declines as there is typically higher capital accumulation
in response to this shock. Again, on impact, there is no effect on intermediate good pro-
ductivity, but dynamically, there is a negative effect. This negative endogenous effect on
intermediate good productivity then negates the positive effects of the final good produc-
tivity shock. That is, it is as if now there are two aggregate productivity shocks in the
model, one off-setting the other. The home country’s overall increase in productivity is
thus muted over time, thereby again leading to less persistent effects on home variables,
combined with a larger effect on hours, investment, and output initially, as shown in Fig-
ure 2. These less persistent effects at home act against the cut in factors of production in
the foreign country, improving international correlations overall and moving them more
in line with the data.

Overall, a comparison of Figure 1 with 2 shows that for these two different shocks
the changes in transmission due to negative capital externality are quite close. Like with
the intermediate good productivity shock case with negative externality, here as well,
the foreign country’s endogenous productivity increases, which further helps with co-
movement. Finally, the fit is also improved in terms of generating a less cyclical real
exchange rate as well as a more volatile trade balance thanks to the same underlying
mechanisms as in the case with intermediate good productivity shock.

At the end, we note that our main claims above also generally hold for the bond econ-
omy, as shown in Table 5.°2 We relegate impulse responses for this case to Appendix E,
which look quite similar to the complete markets case discussed in detail above.

5.3.2 Role of Negative Labor and Final Good Externalities

We now briefly discuss the role of negative labor and final good externalities, relegating
a detailed discussion to Section 6.3.3. In a dynamic model, labor and capital externality
play very different roles in affecting the transmission of shocks. The effect of final good
externality, in turn, is distinct from labor externality, as they operate through completely
different channels. Most importantly, while negative capital externality in production

helps with moving the model closer to the data in terms of various international moments

across countries is less than output correlation.

20ne exception is that for the intermediate good productivity shock, negative capital externality does
not decrease cross-country consumption correlation. However, even in this case, cross-country consump-
tion correlation becomes closer to output correlation.
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Interm. good shock Final good shock

1)DX,L 110)/ l/]X,L 1PY
07 -1 02 -1 07 -1 02 -1

m @ 6 @ 6 6 O @0
International moments:

Corr (GDP;,GDP,)  —0.17 0.10 —-0.31 0.12 —0.21 —-0.18 —0.50 0.21

Corr (C1,C2) 025 062 019 074 —0.06 —0.19 —0.34 0.19
c(%l’%) —0.48 —0.31 —0.70 0.01 —0.57 —0.69 —0.83 —0.20
Corr (L1, Ly) —0.35 —0.25 —0.52 —0.30 —0.28 —0.16 —0.59 0.24
c0rr<GT§lgl,chl) —0.55 —0.45 —0.66 0.62 —0.68 —0.71 —0.79 —0.56
Corr (Exp,, GDP;) 020 047 —021 094 —0.09 —029 —0.53 0.42
Corr (Imp,, GDP,) 092 093 091 049 094 090 092 095
Corr (ReR, GDP,) 064 058 068 044 072 075 079 0.62
Std ( GTIEIl’l) 046 0.2 056 008 076 045 1.03 0.18
Domestic moments:

Corr (C1,GDP,) 094 094 094 091 097 099 097 0.99
Corr (Ly, GDP,) 099 098 099 097 099 099 099 0.99
COrr(P;;:f,chl) 097 096 095 099 096 094 095 097
%ﬁ}l) 032 041 034 039 036 049 038 049
s;*?éggl) 049 044 048 046 046 036 044 036
% 354 317 404 263 383 409 464 3.09

Notes: Data moments are from Heathcote and Perri (2002), Table 2. All series have been
Hodrick-Prescott filtered with a smoothing parameter of 1600. Time index is dropped
from notation for brevity. GDP, = (W, L, + RuKy)/P.1, Expy = P21X01/ B 1, Imp, =
Py 12X12/ P,y TBy = (P1 X1 — P1Y1)/R1,ReR = B /P, 5.

Table 6: Labor and final good externalities in the unified model. Compete
markets.

as, shown above, negative labor and final good externalities do not uniformly do so.

We present these results in Table 6 for both the intermediate and final good productiv-
ity shocks, focusing on complete markets. We see that for the intermediate good produc-
tivity shock, negative labor and final good externalities make trade balance less volatile
and less countercyclical, while also increasing consumption correlation across countries.

The same holds the final good productivity shock with final good externality. For labor
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externality and the final good productivity shock, trade balance does not get less counter-
cyclical and consumption correlation does not increase, while the investment correlation
decreases and the real exchange rate becomes more procyclical. Overall, compared to
negative capital externality in Table 5, the fit does not improve uniformly for these two
other externalities for this shock as well.

We discuss the detailed transmission mechanisms for the two shocks as we vary la-
bor and final good externalities in Section 6.3.3 and present them in Figures 5-8 in Ap-
pendix E. Here we just briefly note the key economic differences compared to negative
capital externality.

Consider for concreteness the intermediate good productivity shock. The main dif-
ference from negative capital externality is that with negative labor externality, while the
productivity process faced by the home country firms is less transient than the shock in
future, as typically there would be an increase in labor hours, the initial impact also shifts
down. This is because unlike the capital stock, which is pre-determined today, labor
hours respond positively today as well. This then looks like a productivity process for
the home country that has shifted downwards at every point in time, and the response of
other variables then follows the path of productivity.

For negative final good externality, the channel is different. This externality does not
affect at all the path of productivity in the intermediate goods sector, unlike labor exter-
nality. Instead, it only endogenously affects the productivity in the final aggregate sector.
Note that this externality acts in terms of (P, ¢ Yyu¢) / Wi, and thus we need to understand
the effects on home and foreign country GDP.>®> When this externality is negative, since
output increases at home with a productivity increase in the intermediate good sector, it
means that productivity in the final aggregate sector at home endogenously decreases.
Then the macroeconomic transmission that follows is as if there were a negative final

good productivity shock.

5.4 Estimation Exercise

Motivated by our findings above on how varying production externalities affects impor-
tant international moments, we now undertake a more formal moment-matching exercise
to show carefully the need for negative capital externality to improve fit with the data. In
particular, for both the complete markets and the bond economy cases, we now match
a comprehensive list of moments, a larger set than the one presented above, while es-

timating the parameters governing the shock processes and all three externalities. Our

5 As we pointed out before, for the particular case of financial autarky, this externality term is propor-
tional to total hours.
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Moment Data Compl. Bond | Moment Data Compl. Bond
Corr (GDP;, GDP,) 058 050 043 |su ( o ) 045 033 033
Corr (Cy,C2) 0.36 0.37 0.38 Corr (Cy,GDP;) 0.86 0.96 0.98
Corr (PP1¥> 0.30 0.22 0.18 | Corr(L;,GDPy) 0.87 1.00 1.00
Corr (Ly, L) 042 050 043 | cor (%cm) 095 099 099
Corr (GT;l)l,chl) —049 —050 —0.46 | sw(GDr) 167 185 193
Corr (Exp,, GDP;) 0.32 0.45 0.46 %ﬁg) 0.81 0.15 0.15
Corr (Imp,, GDP,) 081 099 094 %ﬁgﬁ) 066 059 059
Corr (ReR, GDP,) 0.13 0.15 0.14 % 2.84 3.86 3.83

Parameter estimates:

1PX,K ()lJX,L lPY UX O'Y 10 X p Y

Complete —2.70 091 —0.06 0.000 0.002 0.00 0.99
Bond —-4.00 090 -0.20 0.000 0.004 0.00 0.90

Notes: Data moments are from Heathcote and Perri (2002), Table 2. All series have been Hodrick-Prescott
filtered with a smoothing parameter of 1600. Time index is dropped from notation for brevity. GDP,, =
(WnLn =+ RHKH)/PYJ , EXpl = PX,21X21 /PY,l/ Impl = PX,uXu /PY,ll TBl = (PX,1X1 — PY,lyl)/PY,l ’ ReR =
R Y,2 / R Y,1-

Table 7: Results of the estimation of the unified model for o = 2.

criterion for model fit is the equally-weighted mean squared error.>*

Table 7 below reports data moments, model moments, and the parameter estimates
under the best fit. From Table 7, the main estimate of interest is —2.70 (complete markets)
and —4.00 (bond economy) for ¥, .. This highlights the key quantitative role of negative
capital externality in accounting for international business cycle moments.

In addition, we see that the shock driving the business cycle now is the final good
productivity shock, for both the complete markets and the bond economy cases.” In pat-
ticular, there is no need for the intermediate good productivity shock. While our discus-

*Note that we still do not use any data moments based on autocorrelations directly. This is deliberate as
we want to emphasize that persistence of shocks can be identified from cross-country correlations, which
is at the heart of our mechanism. In the grid search, we construct a 7-dimensional grid for parameters
Uy ko Yirr Py, Oy, 0y, Py, and p,, and compute moments in each point of the grid. We then calculate the

loss function £ = \/ Y1 ([Mommedel] / [Momdata] —— 1)?, where {MommOdel} and Momdata} are
m

moments calculated in the model and data, and find the point on the grid with the lowest value of L. See
Appendix C for more details.

The estimates and fit are generally quite similar for the complete markets and the bond economy. The
negative capital externality and persistence of the shock is lower for complete markets.
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sion in the previous section highlighted how the two shocks lead to very similar domestic
and international business cycle dynamics, the final good productivity shock is estimated
to be dominant here as it helps to reduce export cyclicality and increase trade balance
volatility in line with the data, for reasons discussed in Section 5.3.1.

In terms of fit, a moment that is hard to match is the relative volatility of consumption,
which is lower than the data. While even the model without externality, that is, the canon-
ical IRBC model, also had this issue (as shown in Table 3), here it gets worse as negative
capital externality improves fit on several dimensions simultaneously by endogenously
reducing the persistence of the shock. This then means that consumption is very smooth,

for standard consumption smoothing reasons.

6 Discussion, Extensions, and Sensitivity

We now present a more detailed discussion of various models and connection to the lit-

erature, as well as a series of extensions and sensitivity analyses.

6.1 Discussion of Theoretical Models and Literature

The unified model described in Section 2 is a generalization of the standard IRBC model
studied in the previous literature. For example, Heathcote and Perri (2002)’s model can be
obtained as a special case of the unified model by shutting down externalities, requiring
that capital investment uses the final aggregate only (i.e., it does not use labor), leaving
exogenous shocks only in production of intermediate goods, and dropping the additional
term aP, ;; - TBy; in the labor market clearing condition. Formally, this requires setting
U =P, =0, =0,0,=0,Zy4t = Zy4 = 1,0y, = 6, =0, =1,anda = 0. We
further need to remove iceberg trade costs (i.e., set 7,;; = 1) in order to obtain exactly
the environment considered by Heathcote and Perri (2002), which features home bias in
production of the final aggregate.

There are no direct analogs in the existing literature of the generalized Melitz model
of Section 3.2. There are two important differences of the generalized Melitz model with
the dynamic versions of the Melitz model described in Ghironi and Melitz (2005) and
Jaef and Lopez (2014). First, fixed costs of serving markets in the generalized Melitz
model are paid in terms of the destination-country labor, while in the existing dynamic
Melitz models the fixed costs are paid in terms of the source-country labor. Second, there
are non-zero fixed costs of serving domestic markets in the generalized Melitz model,

while in the existing dynamic Melitz models there are no fixed costs of serving domestic
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markets. The presence of such costs in the generalized Melitz model creates the situation
when in every period there are some firms that neither produce nor exit. These firms
have too low efficiency of production to overcome fixed costs of serving markets, but
had high enough efficiency of production to enter the economy at some point. In the
existing dynamic Melitz models all firms that enter the economy produce for at least the
domestic market. Quantitatively, the effects of these different assumptions are small in a
model with two symmetric countries, which is traditionally the focus of the international
business cycles literature (as in our paper). The benefit of the assumptions about fixed
costs of serving markets made in the generalized Melitz model of Section 3.2 is that these
assumptions allow us to establish isomorphism with the unified model.”®

If we shut down external economies of scale in production of varieties and in the fixed

costs of serving markets (by setting ¢, = 0, ¢,,, = o and ¢, = 0), and if we require
that the sunk costs of entry into the economy are paid in terms of labor only (by set-
ting &, = 1), then the only essential differences between the generalized Melitz model of
Section 3.2 and the model presented in Ghironi and Melitz (2005) will be the differences
in the assumptions about fixed costs of serving markets described in the previous para-
graph. In Jaef and Lopez (2014), production technology for intermediate varieties uses
capital together with labor, and so the model features capital accumulation in addition to

entry and exit of producers of varieties.””

6.2 Quantitative Comparison Across Models

We consider several extensions and sensitivity exercises below related to one of our main
tindings: dynamic trade extensions of the IRBC model do not change business cycle mo-
ments significantly. Our theoretical results suggest that as the dynamic trade extensions
of the IRBC model introduce externalities that are small in magnitude, one might expect
them to behave similarly over the business cycle generally. It could nevertheless still
be possible that these small externalities have a larger effect under alternate model en-
vironments on the household side, such as risk sharing arrangements across countries,

and under different parameterizations, such as that of trade elasticity or of parameters

%The generalized Melitz model can be considered as an extension to a dynamic environment of the
static version of the Melitz model described in Kucheryavyy et al. (2019), who make the same assumptions
about fixed costs of serving markets as in the current paper. These assumptions allow Kucheryavyy et al.
(2019) to establish isomorphism between a static multi-industry version of the Melitz model and a static
multi-industry version of the Eaton-Kortum model with external economies of scale.

5The environment in Alessandria and Choi (2007) does not have period-by-period firm entry decisions,
which is an important feature of our environment. Instead, the environment in Alessandria and Choi (2007)
features sunk costs of entry into exporting markets, which create exporters hysteresis — the feature absent
from our generalized Melitz model.
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governing the shock process. We address these issues next.

6.2.1 Financial Autarky

To conserve on space, we presented results for complete markets and the bond economy
in Section 5.2 when we compared various models with the data. Heathcote and Perri
(2002) show that compared to complete markets or the bond economy, the IRBC model
under financial autarky leads to international correlations closer to the data. Financial
autarky, by construction, however, cannot account for trade balance dynamics and the
differential cyclicality of exports and imports. Still, for completeness, in Table 8 in Ap-
pendix D.1, we show results under financial autarky for both productivity shocks, with
the rest of the parameterization as given in Table 2. First, while under financial autarky,
the IRBC model does lead to more positive international correlations in output, invest-
ment, and hours, they are still lower than the data and additionally, consumption correla-
tion is still higher than output.”® More importantly, and what constitutes our main point,
is that the IRBC model and the Krugman and Melitz models lead to very similar moments

for both shocks, even under financial autarky.

6.2.2 Different Trade Elasticity

We presented our results for a baseline calibration of trade elasticity of 1, that is, o = 2.
One relevant extension to consider is whether our comparison across models is affected
by this parameterization. This is pertinent because the international trade literature es-
timates/calibrates a much higher trade elasticity. In Table 9 in Appendix D.1, we show
results for both a higher (¢ = 6) and a lower (¢ = 0.9) trade elasticity than our base-
line calibration.’”® We focus on complete markets for concreteness and the rest of the

parameterization is as given in Table 2. The main takeaway from Table 9 that we want

The fact that international correlations in investment and labor are lower here than in Heathcote and
Perri (2002) for the IRBC model with intermediate good productivity shock is the different calibration of the
elasticity of substitution between intermediate goods in production of the final good (we use ¢ = 2 while
Heathcote and Perri (2002) use ¢ = 0.90). When domestic and foreign goods are complements, as with
o = 0.90, the international transmission of shocks changes non-trivially in the IRBC model irrespective of
whether one considers financial autarky or complete markets. We show this in more detail next as well.

*When we change trade elasticity, we also change iceberg trade costs T;,; ; for n # i to match the steady-
state share of imports of intermediate goods of 0.15. For o = 6 this implies 71 = 71 ~ 1.415, while for
o = 0.9 this implies 7o = 11 ~ 2.93 x 10~8 (see Footnote 34). Observe that in the case of ¢ = 0.9 we have
negative iceberg trade costs, which are very small in absolute values. This fact is concealed if we match the

o—1
share of imports by parameter w,/ (as in Heathcote and Perri (2002)) instead of 7;; ;. In this case, we have
o1 o1 —-1/0
Tyip = 1forallnand i, and wyy = w,/ = ()tle — 1) and w1 = wyy = 1. For ¢ = 0.9 this implies
=1 c—1

wyy = wy = 0.146.
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to emphasize is that, for both shocks, the differences across the three models (the IRBC,
dynamic Krugman, and dynamic Melitz) for the key moments are minor, regardless of

trade elasticity.®”

6.2.3 Spillovers and Correlated Shocks

Our baseline results were for the case of uncorrelated productivity shocks across coun-
tries that do not spillover exogenously. This specification is our preferred one as it sep-
arates endogenous transmission mechanisms from exogenously imposed shock correla-
tions clearly, and is also the one we use in the estimation exercise. Nevertheless, as a
specification with spillovers and correlated shocks is also common in the quantitative lit-
erature, e.g., as estimated in Heathcote and Perri (2002), we adopt such a calibration next.
With this alternate calibration of shock processes, Tables 10 and 11 in Appendix D.1 show
analogous results to those in Tables 3 and 4. For the IRBC models, while the output co-
movement across countries improves as expected, there still is a mismatch with the data,
as there is even higher correlation in consumption compared to output, and low, even
negative, hours and investment correlations across countries. Moreover, again, the IRBC

models and the Krugman and Melitz models do not show major differences.

6.2.4 IRBC with Investment Using Labor

We emphasized before how the cyclicality of trade balance depends critically on whether
the investment good is produced using labor or the final good. We demonstrated that
in the context of the dynamic Krugman and Melitz models. For completeness here, we
do the same for the IRBC model. In Table 12 in Appendix D.1, we change the canonical
IRBC model with the intermediate good productivity shock such that investment is done
in terms of home labor only (by setting #, = 1). For completeness, we show two cases
under that specification. First, one in which there is no shock in the investment technol-
ogy (Z;nt = 1), which leads to the most direct comparison with the IRBC model. Second,
one in which the intermediate good productivity shock also perturbs the investment pro-
duction function (Z; ;s = Zx ), which is what is implied by the dynamic Krugman and
Melitz models. Itis clear there that the trade balance is now pro-cyclical, unlike in Table 3.

0For a higher trade elasticity, o = 6, as is well-known, the fit of the IRBC model itself worsens signifi-
cantly as international correlations become much weaker. That is, generally, with the elasticity of substitu-
tion across the domestic and foreign goods increasing, the cross-country correlations of output, investment,
and labor decrease, while that of consumption increases. The key reason is that when a productivity shock
hits the home economy, as trade elasticity is higher now, it is optimal for the foreign country to cut its labor
supply and investment by even more. Thus, higher trade elasticity worsens further, the relative productiv-
ity differences across countries, and makes trade balance more volatile. Higher trade elasticity, as expected,
helps on making the real exchange rate less pro-cyclical.
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6.3 Changing Production Externalities

We next consider several extensions and sensitivity exercises below related to our main
point on improving the fit of the unified model: negative capital externality plays an

important role, both qualitatively and quantitatively.

6.3.1 Capital Externality Under Other Risk-Sharing Arrangements

To conserve on space, we showed comparative statics results for capital externality un-
der complete markets and the bond economy cases only above. Here, we additionally
discuss results for financial autarky, which we present in Table 13 in Appendix D.2. Over-
all, our main point, that negative capital externality helps improve the fit by decreasing
consumption correlation and increasing output, investment, and hours correlation across
countries, continues to be valid even under financial autarky.

Figures 3-4 in Appendix E next present the impulse responses for both the bond econ-
omy and financial autarky cases. These figures show the transmission mechanisms that
underlie the second moments in Table 5 for the bond economy and in Table 13 for finan-
cial autarky. We note that for financial autarky, while the mechanisms are still related to
how negative capital externality endogenously reduces the persistence of the shocks, the
transmission is different for the foreign country. For the intermediate good productivity
shock case, this can be seen by comparing Figure 4 with the baseline complete market
variant in Figure 1. The difference arises because under financial autarky, in response to
a positive intermediate good productivity shock at home that leads to a real exchange
rate depreciation, the resulting positive wealth effect for the foreign country leads to an
increase in investment, hours, and output. Thus, when there is negative capital external-
ity, it endogenously reduces productivity in the foreign country, leading to responses of
variables that are very similar to those in the home country. Thus, investment, hours, and

output increase more on impact, but decay faster, even in the foreign country.

6.3.2 Capital Externality Under Correlated Shocks and Spillovers

We now discuss results for correlated shocks that spillover across countries, as estimated
in Heathcote and Perri (2002). Under this calibration, Table 14 in Appendix D.2 presents
results on varying capital externality for both the complete markets and bond economy
cases. The same point that we have emphasized before applies: negative capital external-

ity helps bring the model closer to the data.
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6.3.3 Labor and Final Good Externalities

In the discussion in Section 5.3, we focused mostly on comparative statics related to cap-
ital externality, as they are the most important quantitatively in our estimation exercise.
Moreover, as was clear from Table 6, even qualitatively, while negative capital externality
helps move the model closer to the data, negative labor and final good externalities do not
uniformly do so. We now discuss the transmission mechanisms for these two externalities
in detail here, emphasizing the differences from capital externality.

We start with the intermediate good productivity shock. From Table 6, we see that neg-
ative labor externality increases consumption correlation across countries, while making
trade balance less volatile and also less countercyclical. Figure 5 in Appendix E shows the
impulse responses to this shock under complete markets where we vary only the external-
ity in labor input, ¢ ,. The key to understanding the transmission is that with negative
labor externality, while the productivity process faced by the home country is also less
transient, as typically there would be an increase in labor hours in future, the initial im-
pact also shifts down. This is because, unlike the capital stock which is pre-determined,
labor hours respond positively today as well. This then looks like a productivity pro-
cess for the home country that has shifted downwards at every point in time, as can be
seen from the path of Sy ;. Then, unlike the case of negative capital externality, the home
household does not increase hours initially, which in turn means that the initial increase
in investment and output also does not happen. The effect of negative labor externality
is thus not as strong as that of negative capital externality in moving the co-movement of
hours and investment towards positive.

Given lower GDP both on impact and in future, consumption smoothing implies that
consumption drops uniformly at home with negative externality, compared to the case of
no externality. This lower response of investment and consumption means that, unlike
the case of negative capital externality, net exports does not become more volatile or more
countercyclical.

Furthermore, as typically there would be a negative response of foreign labor hours in
response to this shock, there is an endogenous correlation of home and foreign produc-
tivities.®! This helps, at least qualitatively, with generating a less negative response of for-
eign investment and hours. For consumption response in the foreign country, the effects
are less clear overall, because of the combination of perfect risk-sharing and the different
response of hours at home when labor externality is negative compared to when capital

externality is negative. Overall, consumption in the foreign country does not change its

61The dynamic positive correlation of productivity across countries that occurs with negative capital
externality however, does not happen, as is clear in Figure 5.
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dynamic response and in fact, changes in a non-monotonic way across various levels of
labor externality, as there is relatively less difference in its investment and output paths.
This contributes to an increase in cross-country consumption correlation.

Next, we vary the final good externality. We see in Table 6 that for the intermediate
good productivity shock, negative final good externality increases consumption correla-
tion across countries while making trade balance both less volatile and less countercycli-
cal. We show detailed transmission mechanisms in Figure 7 in Appendix E, where we
vary only the externality in the final good aggregator technology, ¢,. While the overall
patterns appear similar to labor externality , the channel is however, different. The reason
is that this externality does not affect at all the path of productivity in the intermediate
goods sector, unlike labor externality. Instead, this externality only affects endogenously
the productivity in the final good sector, as can be seen in Figure 7 from the path of S, ;.

To understand the direction of effects, note that the final good externality acts in terms
of (P, utYnt) /Wi, the number of country-n’s workers that produce the same value as the
value of the final aggregate. Thus, we need to understand the effects of home and for-
eign country GDP.®?> When this externality is negative, since output increases at home
with a productivity increase in the intermediate good sector, it means that productivity in
the final good sector at home endogenously decreases. This effect holds both on impact
and dynamically. Then the transmission that follows is as if there were a negative final
good productivity shock.®®> Thus, it drives both consumption and investment at home
down, compared to the case of no externality. This lower demand for the aggregate final
good translates to lower production of the home intermediate good and lower home la-
bor supply, given the low import share. Like with negative labor externality, this lower
effect on investment plays an important role in making net exports less countercyclical
(in this example, trade balance is positive under negative externality), and perhaps more
importantly, less volatile.

In the foreign country, again unlike labor externality, there is no impact on productiv-
ity in the intermediate good sector, and the effect is only on the final good productivity. In
particular, as foreign GDP increases, it endogenously has a negative effect on final good
productivity. Critically, however, this negative productivity effect is much stronger for
the home country compared to the foreign country. Thus, relative to no externality, this
is still a positive effect for the foreign country compared to the home country. As a re-

sult, there is an increase in foreign hours and investment, compared to the no externality

2For the particular case of financial autarky only, as we pointed out before, this externality term is
proportional to total hours.
631t would thus be the inverse of the transmission we described in Figure 2 for the shock.
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case.t*

Now we move to the final good productivity shock. Table 6 shows that for the final
good productivity shock as well, unlike capital externality, labor and final good external-
ities do not uniformly help improve the fit of the model. Again, the main difference is in
terms of consumption correlation across countries and the volatility of trade balance.

Figures 11-12 in Appendix E, show the transmission mechanism underlying these re-
sults. The main economic insights are very similar to the intermediate good productivity
shock. Note that with this shock, the effects of externality happen through endogenous
changes in intermediate good productivity, as was the case with capital externality. Thus
for instance here, with negative labor externality, intermediate good productivity has an
endogenous negative effect at home, both on impact and over time. The overall effects are
a parallel shift downward in hours, investment, and output at home, as was the case in
Figure 5 for the intermediate good productivity shock. For the foreign country, as was the
case with the intermediate good productivity shock, the effect is positive on intermediate
good productivity, which helps decrease the negative effect on hours and investment. The
tinal good externality for this shock looks similar to the intermediate good productivity

shock as well.

6.4 Estimation

We finally consider extensions and sensitivity exercises regarding our estimation exercise,

which additionally also help provide more explanation for our baseline results.

6.4.1 Untargeted Moments Under Best Fit

Table 16 in Appendix D.3 contains results in terms of some untargeted moments for the
estimated model. Our estimated model underpredicts the volatility of exports and im-
ports, as well as that of the real exchange rate. While the volatility of these variables is
still higher than what would be obtained in the baseline IRBC model, future work can

address mechanisms to further improve fit along these dimensions.

6.4.2 Best Fit for IRBC

Throughout the paper, we have emphasized the key role played by negative capital exter-
nality in improving the fit of the model with the data. The channel we have highlighted is

®4For completeness, we also provide results for the bond economy in Figures 6 and 8 in Appendix E.
As can be seen from these figures, the transmission is similar to the compete market case we have just
described.
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that negative capital externality endogenously decreases the persistence of productivity
shocks hitting the economy, with the impact effect unchanged. To show that this channel
is in fact in operation in all international business cycle models, we estimate the canonical
IRBC model with the intermediate good productivity shock, to match the same set of mo-
ments as in our baseline exercise. The results are in Table 15 in Appendix D.3, which show
that the estimated persistence of the shock is much lower than the values often calibrated

in the literature (p, = 0.37 for complete markets and p,, = 0.43 for the bond economy).

7 Conclusion

We present a unified framework to fully study the interconnections between international
trade and business cycle models. We prove an aggregate equivalence between a com-
petitive, representative firm open economy model that has production externalities and
dynamic trade models that feature monopolistic competition, heterogeneous firms, and
costs of entry and exporting. Such isomorphism holds even though the dynamic trade
models have very different micro foundations from the competitive, representative firm
model.

Our theoretical results shed light on why the business cycle implications of the IRBC
and the standard dynamic trade models that appear in the literature are similar: the im-
plied externalities are small, positive, and tightly restricted across factors. In a quantita-
tive exercise with multiple shocks, we show that to resolve some well known empirical
puzzles in the international business cycle literature, the most important ingredient is
negative capital externality.

In future work, we plan to extend the analysis in some key directions. It would be
of interest to study optimal trade policy, in order to provide a unified treatment in a
dynamic context of normative issues that have been explored in various modern interna-
tional trade models. It would also be worthwhile to consider models with frictions that
can endogenously generate negative capital externality in the aggregate.
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A Unified Model

A.1 Households Budget Constraints and First-Order Conditions

A.1.1 Financial Autarky
In the case of financial autarky, there is no international trade in financial assets. House-
holds in country 7 face the following flow budget constraint

Py,ntcnt + Pl,ntlnt — Wntht + RntKnt-

First-order conditions for the household’s optimization problem are given by

Py nt ul (Cn t+1s Ln t+1)
P .+ = BE 4 . ! ! R 1-90)P , 41
Int 'B t {Py,n,t—l—l UI (Cnt; Lnt) [ nitl + ( ) Ln/t+1] ( )

UZ (Cnt/ Lnt) Wnt
_ ALY 42
ul (Cntz Lnt) Py,nt ( )

where U (-, ) and U, (+, -) are derivatives of the utility function with respect to consump-
tion and labor, correspondingly. Here (41) is the standard Euler equation, while (42) is the
standard labor supply equation.

A.1.2 Bond Economy

We consider a bond economy where each country issues a non-state-contingent bond
denominated in its consumption units. Holdings of country i’s bond by country n are

denoted by B,; ;. The household’s flow budget constraint is given by

N b Ji
Py,ntcnt + Pl,ntInt + Z Py,it (Bni,t + ngfzi,t>
i=1

N
- ntht + RntKnt + Z Py,z't (1 + ri,t—l) Bni,t—l + T;ft/
i=1

baai
where 7;;_1 is period-t return on country-i’s bond, and T3, = 112] YN, P, itB2,, is the

bond fee rebate, taken as given by the household. Here b,4; is the adjustment cost of bond

holdings, which is introduced to ensure stationarity. First-order conditions are given by
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conditions (41) and (42), plus an additional set of Euler equations:

) (14 baajBuit) = ,BEt{ 1 ;;H A )Py,i,t+1 (1 +Tit)} ,
y,n,t+1
fori=1,...,N.
International trade in bonds allows unbalanced trade in intermediate goods. Define
country n’s real trade balance TB,; as the value of net exports of intermediate goods in

terms of the final good:
TBut = (Px,ntXnt — PY,ntYnt)/PY,nt ’
and define country n’s real current account CA,;; as the change in this country’s net finan-
cial assets position in terms of the final good:®
N

P .
CAp =Y, Py'lt (Buit — Buip—1) -
i=1 tynt

A.1.3 Complete Financial Markets

To introduce the household’s budget constraint in the case of complete markets, we em-
ploy notation for the states of nature in period ¢, denoted by s;, and history of states in pe-
riod t, denoted by s. In each state with history s, countries trade a complete set of state-
contingent nominal bonds denominated in the numeraire currency. Let B, ;11 (s',5¢41)
denote the amount of the nominal bond with return in state s;, 1 that country n acquires
in the state with history s!. Assuming that there are no costs of trading currency or securi-
ties between countries, we can denote by DP;; (st, St+1) the international price of this bond
in the state with history s’. Country n’s budget constraint is given by

Pt () Cut (") + Pyt (8') Lt (s') + Ape ()
= Wiyt (St) Lt (St) + Rut (St) Kt (St) + Bt (St) ’

65Using markets clearing conditions (described later), it can be shown that trade balance and current
account can also be written as

N
TBut = (WytLnt + RutKnt — BontCot — PintInt) /Bont , and CAyy = TByy + Z tit—1PitBuit—1/Pont -
i=1
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where

Ant (St) = Z Py (St/SH—l) By t+1 (St,St+1)

St4+1
is country n’s net foreign assets position in period t. First-order conditions in the case of
complete markets are given by conditions (41) and (42) (with the state-dependent notation

added to them), plus an additional set of conditions:

P (st S ) = ,Bnt+1 (SH—I) ) Bint (St) . th (Cn’tH <St+1) Lt (SH—l))
Bt \S/St+1 7T (s) P e (sHD) Uy (Cut (8t), Lt (1)) ,
Uy (Cut (") , Lt (8%))
. t pum— ;
Quit (') = Koui Uy (Cit (st), Ly (st))

for each i, (43)

where 71; (s') is the probability of history s’ occurring in period ¢,

ty (CnO (SO) s Lno (SO)) / Pno (SO)
Uy (Cio (s°), Lio (s°)) / Pyio (s°)
In what follows, we drop the state-dependent notation for brevity. Condition (43) is

is the real exchange rate, and «,,; =

the standard Backus-Smith condition that says that the real exchange co-moves with the
ratio of marginal utilities. As in the case of the bond economy, trade balance is defined
as net exports of intermediate goods, and current account is defined as the change in net
foreign assets position,

TBnt - (Px,ntXnt - py,ntYnt)/Py,nt ’
CAnt - (-Ant - -An,tfl)/Py,nt .

A.2 Equilibrium Conditions

Equilibrium conditions of the unified model are given by:
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P U, (C ,L
Pl,nt _ ﬁEt{ vont 1( n,t+1 n,t+1)
Py,n,t—i—l ul (Cnt/ Lnt)
UZ (Cnt/ Lnt) _ Wnt
Ul (Cnt/ Lnt) Py,nt’
Kn,t+1 - (1 - 5) Knt + Int/

Xot = (@unZuiK i Lt ) Ko L,

'x,nt 'x,nt’

Ryte1 + (1= 6) Pypod] } ,

_o_

=17 51
Pyt Yt WX Ait Pt Yot \ @
Yot = 6y, Z - — ,
nt Y,1 Y,nt( W, Z Wi Tt Poit

i=1
o 1—«
I = @I,nZL"tLI,;/ltYl,nt Y
WntLX,nt + WntLI,nt = WytLpt + ﬂPY,nt - TBy,

Cnt + Yl,nt - Ynt/

N
/\ni,tPY,ntYnt - Px,itXit/
n=1
1-0
o (Tni,tpx,it/wni)
ni,t — ’
’ N 1—0c
Yo (TujtPrj/ wyj)

Koo —a Px,ntXnt

nt — Wxk ’

Rnt

L —a Px,ntXnt

xnt — Uxp s

Wnt

I PI,ntInt

Int — Wy ’

Wnt
PI ntlnt
Ylnt (1 - I)
Py,nt

The household’s budget constraint in the case of financial autarky is given by
PY,ntCnt + PI,ntInt — Wntht + RntKnt/

in the case of the bond economy it is given by

N N
Pt Cut + Pt Lnt + Z P, itByit = Wit Lyt + RutKyr + Z Pt (1+7i4—1)Buir—1,
i=1 i=1

and in the case of complete markets it is given by

PY,ntCnt + PI,ntInt + -Ant - Wntht + RntKnt + Bnt/
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with

Pt Ui (Cuts1, Lints1)
Apt = E{ L 2 R .
e R T A (o SR Ca

Additional conditions in the case of the bond economy are

Py,nt . ul (Cn,H—lr Ln,t+1)
Py,n,t—i-l ul (Cnt/ Lnt)

P (1+ baijni,t) = BE; {

fori=1,...,N,

N
Z Bi’li,t - 0/
n=1

Piryr (1+ Vit)} ,

while in the case of complete markets they are

P, 0 L

it — KZ']'M, for each i and j,
Py jt Uy (Cjy, Ljt)

N

Z Ait =0,

i=1

where

—1
Ko = Uz (Cio, Lio) / R0
77\t (Co, Ljo) /Py jo

is found in the steady state.

A.3 Steady State

Given Ly, Yy, Ry, Wy, Pon, Py, Py, we can find the rest of the variables using the following
conditions:
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) (Tnsz,i/wni)lig
ni — T
Z]—l (TanX,]/wn])
1 N
Xz = PX,i ;Anzplmiym
Pann
Ky = o~
n X,K Rn
P Xy,
Lyn = —,
X, 1 XL W,
I, = (SKn/
Cn = (WnLn + RnKn - PI,nIn) /Py,n/
Pl
L, =0 ——,
In I Wn
Pyl
Yin=(1-— -
In ( I) PY,I’l

Conditions that determine L, Yy, Ry, Wi, Pen, P, Bon, are:

Ln - Lx,n - Ll,n - 0/
Yn_Cn_Yl,n :O/

1
Ry — (B_H(S) Py =0,

_ uZ (Cn/Ln) _ % —0
ul (Cn/ Ln) Py,n ’

By o+ o+
Xy — OxnZy nKy™" Prx Lyy oo — 0,
a n—a
In - ®I,YZZI,TZL1,;1Y[,n = 7

Pann A AniPYnYn 0% o
Y, — © - — =0.
n Y1 ( Wn ) 1_21 Wy To; PX,i

B Generalized Dynamic Versions of the Standard Trade Mod-

els

B.1 Generalized Dynamic Version of the Eaton-Kortum Model

Household’s problem is identical to the one in the unified model. Moreover, as in the
unified model, the production side consists of intermediate, final, consumption, and in-

vestment goods. All markets are perfectly competitive. The intermediate goods sector
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here is different from the intermediate goods sector in the unified model — it consists of
a continuum of varieties indexed by v € [0, 1]. Any country has a technology to produce
any of the varieties v € [0,1]. The production technology of variety v in country # in
period t is given by

Xnt (V) = Sx,ntzn (V) kx,nt (V)aX’K x,nt (V)aX’L ’

where ky ¢ (v) and I (v) are capital and labor used in production of variety v, z, (v)
is the efficiency of production of variety v, and Sy, = @X,nzx,ntK;f o L;f’;; is aggregate
productivity. All terms of Sy, have similar meanings as the corresponding terms of the
aggregate productivity in the intermediate goods sector in the unified model given by
expression (1). In particular, K+ and Ly ,+ denote total amounts of capital and labor used
in production of all varieties in country 7 in period +.°® As in the unified model, aggregate
productivity Sy, captures external economies of scale in the production of varieties and
is taken by firms as given.

Profit maximization problem of producer of variety v implies

Rutksnt (V) = g prnt (V) Xnt (V) (44)
Witlont (V) = o, Punt (V) Xnt (V) - (45)

And the cost of production is

Qx K YATAX,L
Rnt Wnt
Sx,ntzn (V)

Prn t (1/) — “;I‘("X,Ka;f‘x,L

In equilibrium,

1 1

Denote the value of total output of varieties by X;:

1
Xntz/o Pant (V) Xpt (V) dv.

60This production technology generalizes the production technology used in Kucheryavyy et al. (2019) by
introducing capital in addition to labor as a factor of production and adding capital externality in addition
to labor externality. This generalization is a natural extension of the static environment of Kucheryavyy
et al. (2019) with no capital to the dynamic environment of the current paper with capital accumulation.
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Integrating conditions (44)-(45) over v, we get

Xnt
Ryt =ay—— and Wy =y, —
" K " L
Varieties are traded. Trade is costly and is subject to iceberg trade costs T,,;;. Varieties

are combined into the non-tradeable final aggregate:

EK

o1 oFK—T
O-L‘K

Ynt - ynt / [Z wmxnzt ] dv ’

where x,;; (v) is the amount of variety v that country n buys from country i in period t,
wy; > 0 are exogenous importer-exporter specific weights, and, similarly to the unified
model,

Py,ntYnt ) P

ynt @EKZYnt( Wt
n

is aggregate productivity. All terms of S’

vt have similar meanings as the corresponding

terms of the aggregate productivity in the final goods sector in the unified model given
by expression (3). Production function for Yj;; implies that varieties produced by different
countries are perfect substitutes in production of the final aggregate. Hence, producers of
the final aggregate in country n buy each variety v from the cheapest source (taking into
account taste parameters w,;).

Let puit (V) = Tyitpiit (v) be the price in country n of variety v produced in country
i. Let Qi C [0, 1] be the (endogenously determined) set of varieties that country n buys

from i. We can write

O_EK_l 0—EK71
Yur = ynt Z/EQ wnixni,t (V)) o dy )

ni,t

Demand for individual varieties v € (),;; is given by

—0
_ (v
Xip (V) = [Sihue] - 1‘*’2:K_ <M) Yot,

with the price index



where

_ 1—o™ 1-o

Pni,t = {/ Pnit (V) dv
Qni,t

Assume that efficiencies z, (v) are drawn from the Fréchet distribution given by its

cumulative distribution function

—BEK

Prob [zu: (v) < z] =e”

We can derive that

EK EK _GFK
pl-—o* _ T 0 +1—o0 (Tni,tpx,it/wni)
ni,t - QK o GEK-glE;UEK 4
[Z]Z\il (Tnj,tpx,jt/wni) }
where
Xy k
P ;= th Wzt
Xt = = Py x leL
O ZXZfozt szt
with @Xl = ai’}fﬂcféxﬁ@xli. Therefore
QEK 1 1 — oK N T...P.: w.—GEK
P}’lnto_ _ r( +6EK - ) 55’!1’ Z ( e X’lt/ m)eEK QEKB}E;Q‘EKI
=1 [E =1 (Tn] tP,]t/wn]) }
which gives
1
—_ QK FK
’ [ZZZL (T, t Pit / wni) ] ’
nt — ’
o O.. 7 (Py,ntYnt ) P
Y,n 4y, nt Wnt
. O £ 1 — o™ o1 ) ) )

with®,, =T —m Oy, where I' () is the gamma-function. The expendi-

ture share of country n on varieties produced in country i is similar to the corresponding
expression (5) in the unified model and is given by

(TuitPeit/ wWni) ™

Z]'Zi1 (Tnj,tpx,jt/wn]')

nit —

_eEK '

The final aggregate is used for consumption and investment. As in the unfed model,

the consumption good is directly produced from the final good, and so the price of the

71



consumption good in country n is P, ;. The technology of production of the investment
good is also assumed to be the same as in the unified model, i.e., it assumed to be given
by expression (6). Hence, the price of the investment good is the same as in the unified

model and is given by

th, Pl —u
Py = —nt (46)
@I,n Zl,nt

Since the household’s problem is identical to the one in the unified model of Section 2,
it yields the same set of equilibrium conditions.
Denote X,y = Xt/ Py nt. After some manipulations, the set of equilibrium conditions

that are common across all financial market structures can be written as

B U (Cppan, L
Pyt = BE; { ynt - H1 (Cip41s Lug1)
Py,n,t—i—l t (Cnt/ Lnt)
UZ (Cﬂtl Lnt) _ Wnt
Uy (Cut, Lut) Pt
K41 = (1= 8) Kut + Lut,

Xot = (@unZuiK i Lt ) Koy L,

'x,nt 'x,nt’

[Rn,tJrl + (1 - (S) PI,n,t+1] } ’

eEK+1
QEK eF.K

N -
Pyt Yt ) P ( )\ni,tPY,ntYnt ) O+
Wnt Tni,tpx,it/wni

Ynt - @y,nzy,nt (
i=1
o 1—a
Iy = @I,nzl,ntLL;tYLnt Y
Lx,nt + Ll,nt - Lnt;

Cnt + Yl,nt = Ynt/

N
A i tPont Ynt = Pyir Xit,
n=1
— QK
 (TnipPit/ wni)
nit — EK /
7 N —9
Zj:l (Tnj,tpx,jt/wnj)

K Px,ntXnt

nt — Wxk

Rnt ’

I « Px,ntXnt

X, nt XL

Wnt ’

I o Pl,ntlnt

Int — QW

Wnt ’
PI ntlnt
Yl,nt - (1 - I) P 4
y,nt

Cnt + Int - Ynt-
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Conditions, that are specific to different financial market structures, are identical to the
ones in the unified model. Comparing the above equilibrium system with the equilibrium
system in the unified model, we see that these systems are identical. Thus, the generalized

version of the Eaton-Kortum model is isomorphic to the unified model.

B.2 Generalized Dynamic Version of the Krugman Model

Production of Varieties, International Trade, and Final Aggregate. Here we modify
the generalized Krugman model in one more way: we consider a nonlinear technology of
production of varieties. Namely, we assume that production of variety v € );; is given
by

Xnt (V) = S;ntlnt (V),y/ Y > 0.

If v = 1, then we get the linear technology studied in the main text. For 0 < ¢ < 1 the
technology features decreasing returns to scale, while for v > 1 the technology features
increasing returns to scale. While here we allow for v # 1, we keep the assumption that
o> 1.

The profit maximization problem of producer of variety v € ();; is given by

max ) T 1 Wl (v
Pii (V) Xpi (V) 1yt (v Z p”t ni ttni,t ( ) ithit ( )

s.t.

i (0) = ST My Tl e () PR Yo,

Y, nt ni ni,t y,nt

N
Z Ti tXnip (V) = )Iz,itlit (V),Y
n=1

Denote by
Elzt Z Thi tXni, t
and )
oK
zt_ Zsyl;tl 1' )(¢YM o 1)("]1111' - ;ztc P;fzifn PYntY”t )

1
Then pj;+ (v) = Bitqit (v) o, and we can write the above maximization problem as

max 7t (g (v)),
it (v)
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where
_ 1-% K 1% i
it (qir (V) = Biqir (v)™ oF = W; [Sx,it} T qi (V)7

Observe thatif 1 — % > %, which is equivalent to y > Gg—fl, thenlim,, () 4 o0 7Tt (it (V) =
+o0. This is the case when economies of scale in production of varieties are too large, and
so monopolists would want to produce infinite amounts of varieties and earn infinite
profits. Thus, there is no equilibrium in this case.

In the case with y = G,?—il we also do not have an equilibrium. Indeed, if in this case
1 1

Biy < Wy [SK }_5, then monopolists would not produce anything. If B;; > W, [SK }_a,

X,it X,it

then monopolists would want to produce an infinite amount of each variety. Finally, if
1

By = Wy [S;it] ", then each monopolist earns zero profits, and would not be able to
cover the fixed costs of entry into the economy.

Thus, the only possibility of an equilibrium is the case with 0 < 7 < US—: For the rest
of this section we assume that <y satisfies this restriction.

We have

1 11 11 1_
i ) = (1= o ) B ()% = 2 854 7 g (03

1 kK 1—% -X S S| L+l
:;Wit [Sx,it} T (v) © ([Qit]”+7 —qit(v)© i ),

where

From here we see that, since X + % — 1> 0, we have that 7z, (7; (v)) > 0 for q;4 (v) < g3,
7}, (qir (v)) < 0for g}, > gi (v), and 71}, (g (v)) = 0 for g; (v) = g};. Thus, g7, is the global

1
maximum of 7 (). The associated labor allocation is given by [} = [qft / S}f’it} 7, and
price is

Tloor ot
_faeen [T
Piip = oW, By ’

Denote by Ly ;; = M;;[};, the total amount of labor used in production of varieties. Then,
1
(5] = 5

b * . [Lyit/ My])”, the monopolist’s price can

using p; q;] = = Bit and g;; = S

X,it
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be written as

P— Wi
it K_1) 1—y;q—-1°
v(0*=1) g ML),

This allows us to find the price index

_ 1
- ¢V,M*UK% —oX 1=o%
Pm’,t = Mit ( 1) / Q Pnit (V)l ° dV]
Vel di

_ 1

1 5 1—0%] T=0K
. M_((pY/M_m) M. o ) Ty t Wit
— (e =1 g Ml
| X, it it X, it
- Tni,tpx,itz
where
.= o~ Wi
ME= o (o —1) Pt 1=7p i tr—1°
Y ( Y 1 ) ®X,i ZX,itM i tY’M Lx,)i(;fL

From here we can find total demand of country n for country i’s varieties:

Xir = / ToitPiit (V) Xpip (V) dv
veQ)

- T]K_l 1—0X O-K_n]( T]K
=S (Tuit Pt/ Wni) Puiy " Bt Ynt
- /\ni,tpv,ntYnt/
where -
-n
A (Tni,tpx,it/wni)
ni,t =

N 1-—n*
Zj:l (Tnj,tpx,jt /wnj)

is the expenditure share.
X,

Next, multiplying both sides of gj; = S¥ ;, [Lyit/ My]" on price pj; ,, gives

* * — O-K X WitLX,it
Pii t9it ,),(O-K_l) Mz't ’

which implies that the total value of output of all varieties in country i, X;y = Myp; .47,
is
O-K

v (o*—1)

Let D;; = my (q;‘t) be the average profit of country i’s producers of varieties ();;. It is

Xy = Wit Ly ji.
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given by
Diy =

Xit — WitLy it _ (1 (o= 1)) Xy
M;; O M;;

Invention of Varieties, Entry and Exit of Producers of Varieties. Varieties are invented
in the R&D sector. The invention process uses labor and final aggregate. Specifically, a
combination of I; units of labor and y; units of the final aggregate results in @, Z; [}’ y}_al
new varieties, where 0 < «; < 1, and 0,,Z; ; is an exogenous productivity in the R&D

sector. Assuming perfect competition in the R&D sector and letting V;;; be the value of

. . . . . . Vit .
an invented variety, we get that invention of one variety requires Sk units of labor
nt

and (1 —«;) ;/—nt units of the final aggregate. Perfect competition also implies that V};; =

Y, nt
11—«
wohip, -
try,nt _ o« 1—
Nn—nWhere@ :Dél(l—ﬂé) 0(,® .
@ Z ’ In I I ILn
In&int

In every period t each country has an unbounded mass of prospective entrants (firms)
into the production of varieties. All varieties invented in a particular country in period ¢
are sold to these prospective entrants in the same period. A producer of a variety enters
into the economy by buying this variety from the R&D sector. Entry into the economy is
free, and so any entrant pays for the variety its value Vy;.

Let M, ,; denote the number of varieties that are invented in country »n in period ¢
(which is also the number of firms that enter into the economy). The total amount of
labor and final aggregate used in the R&D sector are, respectively,

VntMI,nt

W—nt, and Y= (1-—¢a)——

Ll,nt =

From here we also get that

N
I,anI,nt .

MI,nt — ®I,nZI,ntL

Households. Here we describe only financial autarky. Derivations for bond economy
and complete markets can be done in a similar way. The problem of country n’s house-
holds is

e, Eo t;,) B'U (Cut, L)
s.t.
PontCnt + Ve Myt = Wiyt Lt + Dt My,
M1 = (1= 6) Myt + M s
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First-order conditions for this problem imply:

Pt Ui (Cups1, Lnist)
Vit = BE . ' :
" ‘B ! {Py,n,t—H ul (Cntl Lnt)
. UZ (Cnt; Lnt) _ Wnt
ul (Cnt/ Lnt) Py,nt .

[Dy,t+1+ (1= 9) Vn,t+1]} ,

Equilibrium System of Equations Let us manipulate the expression for P, ,; to bring it

to a form isomorphic to the price of the intermediate good in the unified model. We have

P o~ Wl'
X,Tlt - : 1— —1
Y (GK - 1) @X,iZX,l.fM;’ZY,M—"_ IYLiZL—HY
17'7(0_](71) 7<0K71)
ok D oK W oK

nt nt

v (0* =1 Loy by 1= Aol
( ) Oy Zue MO T P11 W

X, it nt nt

k-1 X; K1) X,
Using the facts that D;;; = (1 T (o )) - and Wy = 7 (o ) L , we get
o Mit o Lx,nt

PX nt = nt nt
’ @K 7 M¢Y,M_% L¢X,L+% ’
x,nxnt Vi X, it
1_’)’(0‘K71) y(ok-1)
~ o —1 ¥ o —1 of
where O, = |1-— % %} Oxn. Let Xut = Xt/ Pyt be

the real output of varieties. By substituting the expressions for D;; and W,;; into the above

expression for Py 1, we get

—x +r e Gt ) B { il V]
Xnt = (@X,nZX’ntMi;M o L(pX/L o >M o L o .

'x,nt nt x,nt

Next, we have

Ani,tPY,ntYnt

K1 _T]K T]K
=] (Tnitpxit/wni) P
Tnit Py it / Wi T

Y,nt y,nt

Y}’ltl

which gives

-1
.r]K o nKil Ani,tPY,i’ltYT’lf T]K
(Tni,tPX,it/wni) = Sy,nt P Py,ntY”t'
Tni t X,it/wi’li
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K_1
1— K n K
)1—nK _ S(nK—l)n—}Q ( )Lni,tpy,ntYnt ) n P1 tn Y tnK
Tni,tpx,it/wni o "

(Tni,tPX,it /wni

Summing over i and using the fact that

N

1-n* —(1-n") 1-—n* . AY i

Pynt - Sy,nt Z Pmt - Ynt Z Tni,fPX,lt/wm) ’
i=1 i=1

we get
& -
K_17 #k=1
N n n
o /\ni,tPY,ntYnt n*
Ynt = Sy,nt Z - 7
=1 Tni,tpx,it/wni

Combining all expressions and definitions, we get the equilibrium system in isomor-

phic form:
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P U, (C ,L
Vnt _ ,BEt { Y,nt . 1 ( n,t+1 n,t+1)
Py,n,t—H ul (Cntl Lnt)
. UZ (Cnt/ Lnt) _ Wnt
ul (Cnt; Lnt) Py,nt’

Mn,t+1 - (1 - (5) Mnt + MI nts

D1+ (1— ) vnm]} ,

’Y( o 1) 7(0%-1)
Xnt = (@X,nzxntM¢YM Sl )Ml Lonf”

‘X, nt nt X,nt ’
T.IK
K_1 nk—1
N n n
_ Bt Yt Pr AnipBont Yot \
Yut = Oy nZynt W Z P, ’
nt i=1 Tmt th/wm
Yl «;
Ml,nt @InzlﬂtLI nt-int 7

Lx,nt + Ll,nt - Lnt/
Cnt + Yl,nt = Ynt/

N
Y AnitPontYur = PeirXir,

n=1
1—nK
Ais = (TuitPit) "
ni,t — 1—mk”
Lt (TartPog)
My = (1 A Gt 1)) : PX’”tXnt,
GK Dnt
L _ Y (UK - 1) . Pyt Xt
x,nt e Wnt s
L — VntMI,nt
Int 1 Wnt ’
Vit M
Vit = (1 - a;) =5,
Y, nt

Pv,ntcnt + VntMI,nt — Wntht + DntMnt-

The Role of Nonlinear Production Function in the Krugman Model From the point
of view of the unified model, having free parameter 7y in an otherwise standard Krug-

man model allows us to have more flexibility in the production function for interme-
170" -1)  x(e*-1)

diate goods Indeed, with v # 1, we have X,y = SyuM,, ° L7 with Sy =
@X,nZX,ntM,gtK_l GKLGK

X, nt’

and we can now use two fundamental parameters of the Krugman
model — 7y and 0* — to control three parameters of the unified model — a, ., ¢, and 9y ;..
In order to understand whether introduction of «y helps with bringing us closer to the es-
timates for ¢, , and ¢, use a, , = 1 — (G — and Py, = & tofind that y = ¢, +1—a,,
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and 0" = % This then implies that ¢, , = f(T’;KnglL. From here we see that, given
a calibrated value for a, ,, having 7 in the Krugman model does not help us with match-
ing our estimates of i, , = —2.70 and 1y, = 0.91 for complete markets, and ¥, , = —4.00

and ¢, , = 0.90 for the bond economy.

B.3 Generalized Version of the Melitz Model

In order to show what role the love-of-variety effect plays in the Melitz model, let us
introduce correction for this effect in the technology of production of final aggregate.

Assume that the final aggregate technology is given by

oM—1 oM—1

[ (@niuig () v :
VEQm',t

ni,t

N ¢ __1
Ynt — Z M M ogM—1
i=1

__1
where Mi):;” "1 is the correction term for the love-of-variety effect with the strength of

the effect given by parameter ¢, ,,. Denote, for convenience, ¢, ,, = ¢, ,, — ﬁ Demand

for individual varieties is given by

M

(D o1 (Puig )\ (Puig) "

; =M. ' . LAl s —_— Y,t.
Xni t (v) ni t Wyi ( Py Pyt nt
7~YM 1—o™ =0

Pug =5 [ )]

N 1=
Pt = [Z (Pm',t/wni)l_n ] .
i=1

The profit that producer of variety v € ();; can earn in market 7 is given by

1

Dyt (v) = i Prit (V) Xnit (V) — Wit Py s
1—o™
1. (c"-1)§ oM T 1 Wit VI
= _MMr(zi,t s v _ 1 ) g;t i Pr?i,t " PYT,]ntYnf - anq)ni,t-
o oM —1 wySY;zi (v)

Aslong as D,;; (v) > 0, variety v € Q; will be sold in country n. Condition D,;; (v) =0
gives the cutoff efficiency z*, , such that only producers with z; (v) > z*., serve market n.
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After some algebra, we get

1
k ~ M R T M_ M M_1
Znit _ M—qby,M ( o Tni,twlt ) < Py,ntYnt >1 o P—.%P—%

ni,t ) QM . ) ni,t y,nt
Zmin,i ov—1 wnzsxlitzmin,z MWyt @y ¢

With Pareto distribution of efficiencies of production, we have that

© 7* —0
Mni,t = M . dG; (Z) = My (1 — G; (z* )) = M; ( ni,t > .

ni,t
Zi t Zmin,i
This gives
* 1—¢, 0™ N M AT —Lo M_M M_q
( Zpi b ) i o M_(PY/M o™ ’l"ni,ifvvliL < Pt Yt >1UM P*idcmjl P*igm,l
— Vit ) i t vt
Zmin,i ! oM —1 wnis)hgitzmin,i 0-MT/V'm‘q)ni,i "
(47)
Next, let us find the bilateral price indices. We have
1—oM
M
. M—1)g, ,—1 o o Ty Wit
pl=o* — p(O" DTy / o dG; (2)
ni,t ni b it M _ M i
Zoit \ O 1 Sx,z'tz
1—o™
M )
— QM oM o . Tni,tht M(O-M_l)‘l)Y,M_lM. oo ZO‘M—GM—ZdZ
- Zmin,z’ oM — 1 M ni,t it
X,it Znit
1—gM M__ QM __
M * oM—oM—1
. oM o Tni,l’wit M(GMfl)(Py,M*lM_ Z”i/t
T M4 M M _ ' .GM ni t it .
+1—-0 0" — Zmin,iOy jt Zmin,i

M

1— M Y
T < S ) T e ( —Z;kli,t_> i)
(o) M .

M1 -0 0 =1 zpin,SY, it

Zmin,i

(48)

In order to ensure that the right-hand side of this expression is finite, we need to make
the technical assumption that 0" > o" — 1.

Without risk of confusion, let us redefine constant & in definition (24) of ®,;; tobe ¢ =
Oy — elM' Without correction for the love-of-variety effect (i.e., when ¢, ,, = 1/ (¢ — 1)),
we have the same definition of ¢ as in the main text. Substituting the expression (47) for
the cutoff threshold into (48) and using the definition of ®,;;, we get:

goM
oM 17$Y,M9M
M
e O (R e [ Bt e
ni,t - eM + 1 — oM ni,t X,it . g7, ni t Y,nt 7
¢
O-MLF’nt WntFl’li,t
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where

oM Wit
PX,it = M _ 1 y Pt
Zmin,i Sy ;1M
Solving for P,;;, we get
. 80Mg
1— oM
- _ o ( Pra )C M D —oM¢ PY,annt PT]M_
nit T\ gm +1— oM (Tni,t Xit) O—gr1 y,nt ’
oML, ¢ WytFyiy
Fn s
where

B 1
N (SR P

This allows us to find expression for the price index,

1

1~ _ 1
o\ () o\ e [ —ovg] O
Py = ynt Lnt Lfnt‘PF,L (F;?z tT;f\l/[i tPX it/wni> .
4 eM _|_ 1 _ 0~M O~Mwnt 2 :1 ’ ’ 4

1

Next, bilateral trade flows are given by:

Xip = M ~ Prit (V) xpiy (v)dv

ni,t

_ (Pni,t/wni)l_n Pyt Yot
=\ — ynt Lnt.

Substituting expressions for price indices, we get
Xni,t = Ani,tPY,ntYnt/

where

ni,t “nit

R

nit —

_eMé M
N
Yi=1 <¢3z,fTXz,fo,zt/wnz>

Let us now find profits. For this, we need to have the expression for z; . After some
algebra, we get

* 1—54;, oM M ) ) _ 1 O—p |
( Zpit ) e Tnz‘,tprlt/wmM7¢Y’Mﬂ¢F’M(chffﬂ) ( Xonit )“‘M 8(oV-1)

. . it .
Zmin,i Pm,t GMWntPnz,t
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Next, we have

1y O™

T Pt/ Wni :( o™ ) o (pni,t)“—““w( Pyt Yot )19 [ —(0=4)

Pyt M+ 1—ov M WitFuip )

17$Y,M9M 19
_ oM or Xm’,t L_ (19_47“)
0™+ 1 — oM MWyiFyip ) ’

which allows us to find

z* o™ oM M X -1 Pym—Prm  O—¢rL
( ni,t) :|: +1_G ni,t :| M/g' T

’ it Ent 7
Zmin,i OMoM Wnth',t

and

eM

7%, - eM_|_1_O-M X, L—qb o 7%
M co= L’t M — . ni,t M.QM EM L ¢F,L
" (Zmin,i ) " PrgM Wit Fi f it Fnt

Observe that in the standard Melitz model ¢,,, = elM and ¢,, = ¢, and so M,;; =
% Xoi 1 / (WntFyit). Thus, Mj; does not directly affect M,,; ; (see Section 4.2 and foot-

note 27).
To get average profits of country i from exports to 1, we need to calculate the following

expression:
1 X | i M
_ nit o Pemy 0P, nit
Dyit = oM M — Wt |:M1? LF,nt ] Fui M
L1 Xy 0 1-0" Xy
- oM M;; oMM M;;
. o"—1 Xni,t
C oMo My

Hence, total average profits of country i are

N
oM —1 X't
Di=Y D= S
1 ;;l ni,t oMM Mz't

where &, is total output of intermediates in country i. We can find that, as in the Krugman

model,
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The amount of country n’s labor that country i uses to serve country n’s market is

M +1— 0% Xy
eMO-M Wnt )

1
LM_ FM - FL ’
LF,m',t = lMi? r L e :| Fni,tMni,t =

F,nt
Hence, the total amount of country n’s labor used to serve its market is

N
Xni,t

Z Wnt

i=1

N
oM +1— o™
LF,nt = Z LF,ni,t S ve—
i=1 Oo
. eM + 1 - O—M . Py’ntYnt
eMGM Wnt '

This allows us to write

1

1 — M
o~ ot —Pr1 A 4 —0% :
Pt = (GM_|_1—_O-M> Lot [:1 (Fni,tTrI\zdi,tPX,it/wni> ] :

1

or

_ 1

9 791\/15 oMz
(Fni,tszdi,tpx,it /wm'> .

1
P B eM T oM—1 +¢F,L PY,ntYnt 7¢F,L N
vt gv 1 — o oMW, =t

1

Also, we can write

L . M +1—0o" Xy PY,ntYnt . ( 1 1 ) pv,ntYnt M
Fnt — : ' —

eMO-M Wnt Xnt O-M - 1 B @ Xnt X,nt.

Equilibrium System of Equations In order to write the equilibrium system in the iso-
morphic form, we need to do transformations of some of the equilibrium conditions. De-

tine trade deficit as the real value of net exports of varieties in terms of the final good,
By = (Xnt - Py,ntYnt)/PY,nt .

We can write

Ly = ; — i PontYnt | 1 _ i Xnt — Pt - TBntLM
F,nt oM —1 QM Xnt X, nt oM —1 o Xnt X1t

(1 LY 1 1\ Byt - TBu
S \ov—1 ov) ¥ \ov—1 o~ Xy
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M

Using expression X,y = GMG_ 1 Wit Ly i, we can write
1 _i Py,nt'TBntLM . O +1—o" -Py,nt'TBnt
or—1 o~ Xpe " ovov Wit

Define

1 1 o™ 1
LX,nf = Lﬁ,nt + (O‘M 1 - e_M) Ll;d(,nt = <0_M 1 - @) LI\)A(,nt'

With this definition the labor market clearing condition can be written as

M+1—0™ P.,,-TB
LX,nt + LI,nt =L+ _tynt nt .

eMO—M Wnt
Next, rewrite condition for X,
o™ 1
Xyt = WLy s = ————— « Wyt Lyt
nt oM _ 1 nt Ly nt . oM —1 ntLx,nt
oMM
Manipulate the expression for P 1,
P GM Wnt
xnt — — :
’ —1 ) M bx1
Zminn O Zunt My " [Lx,nt}
, S o
M M XL oMo oMo
— o . ( o _ l Dnt Wnt
oM—1 \ov—1 o~ Peas 7 P 1y ST 17 S
Zmin,n@%ﬂZX/nant Lx,ntDnUt I/Vnif(j

M1 X M1\ X
Using the facts that D,;; = © " and Wy = (1 _ 9 > nt , we get

O-MGM Mnt O—MeM LX,Tlt
Lo a1~ S
D oM@ W oMo
_ nt nt
PX,Tli’ - ¢ oM_1 ¢ +O—M_1 7
M Em T oMM 1 Pxu T oMpM
@x,nZX,”ant Lx,nt
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Let Xt = Xut/ Pyut be the real output of varieties. By substituting expressions for D,
and W, into the above expression for I ,; we get

(P - TI% (P O_O'ﬁ ]\} O"AM/[GI\}[ —_ UMGI\}I
X FM (o XL o
nt — @X,nMntl 0 L 0 ZVI”t L 7

X,nt X, nt

where

oM 1 717¢X,L
@X,n = <O‘M ] — @) @%nzmin,n-

Next, we have

(1 _ M _ M
F % Pit/ Wi e _ (0" (F0.)0¢ Pyt Y\ ~ 90 ép—eMé‘
ni,t “ni tt Xt ni 9M+ 1—ov O—MWnt ot

and so

N
i=1

ni,t ‘nit y,nt ’

i )(U»}l—%)e”'é (Py,ntynt)"’ﬂﬁ“@ (

_eMé’ M
= — ¢ M p , 0M¢g
Anit = (GM T1 o W F’ .t lelt/wm> P

which gives

_1 M M
/\ni,tPY,ntYnt ( oM >(0M1 (P”)e ¢ (Py,ntYnt)(PF’Le ¢

S T Pt/ Wi M +1— oM oM Wit
—(1+6%8) 1, gv
X (Efy s P/ PRIy
Taking both sides to the power of %, we get
1925 (#_ )eMg oME 1_,'6_';1\6/[5
)\ni,tPY,ntYnt o _ ( oM ) o1 e <PY,ntYnt>¢F’L Y ;
F;fi,tTizdi,tpx,it/wni oM +1— o™ oM Wit !
—oME ou
X <Frlzgi,tTrI\z4i,tpx,it/wni> PY,nE'
Summing over i and doing some algebra, we get
1+eMg
i N 1?235 o
Y., — ( oM ) oM-1 P [O‘M]_(P” (Py,ntYnt>¢F’L /\ni,tPY,ntYnt ’
= — L Zymt2nt
" oM +1— o™ Wit i—1 F,,l?l‘ltT;,\l/Ii/tPX,it/wni
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Let us redefine iceberg trade costs as

[
. _ Fnl,t M
Tm,t = _P ; Ti/li,t'
nn,

Under Assumption 1, the redefined iceberg trade costs 7,; ; satisfy 7,,;; > 1 for all n, i, and
t, and they also satisfy the triangle inequality.®” Using the definition of 7, ;, we can write
the expression for the final aggregate as

14-0M¢
M

§ L, o, [N _ove

- 0 e s ot BontYur \ P Ani ¢ Pyt Yo\ THOE
Y=g 1o o B \ Ty L\ TP fom
nt i—1 \ Tni,t&x,it / Whi

Let us write F,;j?t = OV, Zynt, Wwhere Z, ;1 is supposed to be the same exogenous shock as

in the unified model. Define

1
oM o1 PrL B
@Y,Tl = (m) [O‘M] (tbF,L @)I[\/,In

Then we can write

1+6M¢
oMz

oMz
Py,ntYnt)(PF'L N ( /\ni,tPY,ntYnt ) 1+0M¢

Ynt - ®YI’IZY1’11’ (
Wnt Tni,tPX,it/wni

i=1

Combining all expressions and definitions, we get the equilibrium system in isomor-

7In Assumption 1 we use the definition of ¢ from the main text, i.e., we use ¢ = ﬁ - GLM. Formally

speaking, for the purposes of the current appendix we need to modify Assumption 1 and use the definition
0=y — GLM. This slight abuse of notation should not create confusion.
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phic form (for the case of financial autarky):

P U, (C ,L
Vi = BEs { Yt Ui (Cisr, L)
Py,n,t+1 ul (Cntl Lnt)
. UZ (Cnt/ Lnt) _ Wnt
ul (Cnt/ Lnt) Py,nt’

My t+1 = (1 —0) Mpt + My,

[Dy,t+1+ (1= 9) Vn,t+1]} ,

_oM-1 + oM—1 oM—1 1— oM—1
— EM oM@ XL T oM@ oM@ oM@
Xt = (@Ml ™ @@ [Pt ovon ) ppovorp - oo

x,nt nt 'x,nt 4
o [N v 1T
Yo = Oy 17yt (Py,ntYnt) F ( /\ni,tPY,ntYnt ) 1+0¥¢ ’
’ ’ Wnt i=1 Tni,tpx,it/wni
Ml,nt = @I,nzl,ntL?f;th;tM/
L L —L oM +1— o™ Py,nt . TBnt
xnt T Lint = Lnt + oMM ’ W 7

Cnt + YI,nt - Ynt/

N
Z )\ni,tPY,ntYnt = PX,itXit/

n=1
_gM
Aoy — (Tni,tPX,it/wni) ¢
ni,t — —ME”
leil (Tnl,tpx,lt/wnl) ¢
oM —1 Pyt Xt
Myt = e
" v Dy
oM — 1Y\ PontXnt
Lint = (1— '
x,nt ( oMOM ) Wnt ’
I —a VntMI,nt
Int T Wnt ’
VM
Yine = (1—a)) %'
Y, nt

Py,ntcnt + VntMI,nt — DntMnt + Wntht-

Love of Variety in the Melitz Model Let us discuss the role that the strength of the love-
of-variety effect — given by parameter ¢, ,, — plays in the generalized Melitz model. The
love-of-variety effect impacts the above system in two places. First, it impacts the trade
elasticity, which is given by the exponent of 7,,;; in the expression for trade shares A, ;

and is equal to 6"¢ with
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1

¢ = (e, rowy (49)

Second, if we remove labor externality in the fixed costs of serving markets by assuming
that ¢, = ¢, then the strength of economies of scale in production of the final aggregate
will be given by —8 with 8 = ¢, ,, — gwr. These changes are due to the fact that correction
for the love of variety changes the impact of the extensive margin through selection on
the bilateral price index. Formally, this correction changes the exponent of the middle
term in expression (38).

Importantly, not all combinations of the trade elasticity and the strength of economies
of scale in production of the final aggregate in the unified model can be mapped into a
valid trade elasticity 0"¢ in the generalized Melitz model, if we keep parameter restriction
that ¢, = ¢. For example, the value ¥, = Tﬁ can be used in the unified model, but
not in the corresponding Melitz model. Indeed, having i, = Tﬁ in the unified model
implies that in the corresponding generalized Melitz model we need to have ¢ = —¢, =
—]ﬁ and ¢, ,, = -9+ elM = ]ﬁ + eLM' But this, in turn, implies that the denominator
in expression (49) for ¢ is zero. In other words, having ¢, = Tﬁ in the unified model
implies a non-valid value for ¢ in the corresponding generalized Melitz model.

If we relax parameter restriction that ¢, = ¢, and, thus, allow for labor externalities
in the fixed costs of serving markets, then the only place where parameter ¢, ,, impacts
the equilibrium system in the generalized Melitz model is the trade elasticity. Then any
combination of trade elasticity and the strength of economies of scale in production of the
tinal aggregate in the unified model can be mapped into the corresponding parameters
in the generalized Melitz model. Thus, we can have isomorphism. However, in this case,
the trade elasticity in the generalized Melitz model is governed by two free parameters:
n* and ¢, ,,. So, one of these parameters is redundant for the purposes of isomorphism. It
makes more economic sense to adjust parameter n" — elasticity of substitution between
varieties produced in different countries — rather than ¢, ,, to change the trade elasticity.
Hence, parameter ¢, ,, is not needed in this case. This is why we choose to not to have
correction for the love-of-variety in the generalized Melitz model in the main text, i.e., in

the main text we have ¢, ,, = —t—, 8 = = — g, and

- 1
o <nM1—1 _ﬁ> BM-I—l.
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C Grid Search

In the grid search, we consider the following values for our parameters: ¢, , € [—10,10]
with step 0.1, ¢,, € [-5,5] with step 0.1, ¢, € {-0.35,—-0.3,—-0.2,—0.1,0,0.1}, 0y, €
[0,0.01] with step 0.001, o, € [0,0.008] with step 0.001,

ox, Py € {0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,0.92,0.94,0.96,0.98,0.99}. For some of these
parameter combinations the steady state does not exists, or the Blanchard-Kahn condi-
tions are not satisfied, and thus moments cannot be calculated. For each point on the grid

where we can compute moments, we calculate the loss function

- J Y. ([Momete]/ [Momea] , - 1)?,

m=1

where [Mom™°%l] “and [Mom9%] are moments calculated in the model and data.
With then find the point on the grid with the minimal value of L.

For the case of complete markets, after finding the point with the minimal value of £,
we additionally consider a finer grid around the set of points with the value of £ within
1% of the the minimal value of £. In the finer grid, we use step 0.01 for ¢, ¥, ,, and
¥, and step 0.01 for p, and p,, while we leave the same grid for o, and ¢,. We calculate
the moments on this finer grid and the associated loss functions. We then, again, find the
set of points with the value of £ within 1% of the the minimal value of £ on this finer
grid. We repeat this procedure until such set of points stops changing. For the result for
complete markets in Table 7, we report the result for the point with the minimal value of
L in this set.
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D Additional Tables with Moments

We tabulate below model moments for various extensions and sensitivity analysis.

D.1 Comparison Across Models

Benchmark calibration Investment final good
Int. good Final good Int. good  Final good
shock shock shock shock

Data IRBC Krug Mel IRBC Krug Mel Krug Mel Krug Mel

mHm @ 6 @& 6 © »O © O dy) a

International moments:

Corr (GDP;, GDP,) 058 015 0.06 0.06 0.03-001 0.00 016 0.16 0.05 0.05

Corr (C1,Cs) 036 0.17 012 0.11 005 0.00 000 0.18 0.18 0.07 0.06
c(%%) 030 014 0.01 0.01 0.02 —0.01 —0.01 0.15 0.15 0.03 0.04
Corr (Ly, Ly) 042 0.13 —0.01 0.00 0.01 —0.02 —0.02 0.14 0.15 0.02 0.03
Corr ( GTlfll)l ,GDPl) —0.49

Corr (Exp,, GDP;) 032 089 086 088 1.00 1.00 1.00 090 090 099 0.99
Corr (Imp,, GDP;) 081 089 086 088 1.00 1.00 1.00 090 090 0.99 0.99

Corr (ReR, GDP;) 0.13 065 067 067 070 071 071 065 065 0.69 0.69
TB

Std < GDIl’l > 0.45

Domestic moments:

Corr (C1,GDPy) 0.86 098 098 098 098 1.00 1.00 098 098 098 0.98

Corr (Ly, GDP;) 087 099 097 096 099 098 098 098 098 0.98 0.98

Corr (prfcm) 095 1.00 098 098 1.00 1.00 1.00 099 099 0.99 0.99
Std (C1)

S (GDE) 081 045 056 058 045 091 091 051 053 051 0.53
Std (L)

e 0.66 039 041 037 039 008 008 034 033 034 0.33

Std (Pah /P 284 264 350 386 264 151 159 318 366 3.18 3.66
Std (GDP;)

Notes: See notes to Table 3 for the intermediate good shock and notes to Table 4 for the final good shock.

Table 8: Moments from standard calibrations and formulations of models. Financial au-
tarky.
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Int. good shock Final good shock Int. good shock Final good shock
IRBC Krug Mel IRBC Krug Mel IRBC Krug Mel IRBC Krug Mel

y,n — 1 Y,n — Y,n — 1 Yy — 1
m» @ 6 @ 6 e O 6 © qo a1 a2
International moments:

Corr (GDP;, GDP,) 025 031 029 -0.13 —-0.08 —0.10 —0.27 —0.49 —-0.54 —0.22 —0.34 —0.43

Corr (C1,C2) 021 029 028 —0.11 —0.04 —0.06 0.69 0.50 0.37 —0.13 —0.04 —0.16
c0rr(1’;;’1,1’§f2> —0.06 —0.01 —0.04 —0.40 —0.37 —0.39 —0.77 —0.84 —0.87 —0.86 —0.86 —0.89
Corr (L1, L) 028 033 027 —0.16 —0.12 —0.17 —0.61 —0.78 —0.81 —0.26 —0.51 —0.60
cm(GT]flgl,chl) —0.60 —0.57 —0.58 —0.73 —0.71 —0.71 —0.48 —0.29 —0.27 —0.60 —0.49 —0.51

Corr (Exp;, GDP;) 058 070 070 041 057 059 -025 —-0.08 —0.09 —0.44 —0.28 —0.32
Corr (Imp,, GDP;) 099 099 099 100 100 1.00 0.68 047 043 0.72 0.65 0.66
Corr (ReR, GDP;) 058 05 057 071 070 071 005 040 068 078 082 0.84

Std (GTIfIgl ) 019 018 018 022 022 022 077 090 113 152 142 1.60
Domestic moments:

Corr (C1, GDPy) 098 098 098 098 098 098 083 0.84 087 099 098 098
Corr (L, GDP;) 099 098 098 099 098 098 098 098 098 099 099 0.99
Corr (I’g’f ,GDP1> 098 098 097 098 098 097 089 088 086 084 083 0.82
% 046 052 053 045 051 052 030 030 031 043 043 044
Stj“;‘(gggl) 039 034 033 040 035 034 053 052 051 040 040 0.39
% 303 364 422 315 381 442 467 560 684 614 677 815

Notes: Data moments are from Heathcote and Perri (2002), Table 2. All series have been Hodrick-Prescott filtered with a
smoothing parameter of 1600. Time index is dropped from notation for brevity. GDP, = (W, L, + R,K;)/P,1, Exp; =
Py21X01/ Py, Impy = Py12X12/ Py TBy = (Pi1 X1 — B1Y1)/P1, ReR = PBp/ Py ;.

Table 9: Robustness with respect to different values of o. Complete markets.

92



Benchmark calibration Investment final good

Complete Bond Complete Bond
Data IRBC Krug Mel IRBC Krug Mel Krug Mel Krug Mel

“m @ 6 @ 6 e O @© 9 10 11
International moments:

Corr (GDP;, GDP,) 058 014 0.03 0.06 017 0.09 0.10 -0.01 -0.04 0.05 0.00

Corr (C1,Cy) 036 079 072 071 065 060 061 069 065 057 054
c(%%) 0.30 —0.48 —0.43 —0.44 —0.45 —0.39 —0.40 —0.60 —0.65 —0.57 —0.63
Corr (L1, L) 0.42 —0.51 —0.65 —0.66 —0.38 —0.55 —0.57 —0.66 —0.68 —0.55 —0.60
c0rr(GT§;)1,ch]) —049 —049 048 051 —0.55 0.12 0.26 —0.37 —0.34 —0.51 —0.49
Corr (Exp,, GDP,) 032 038 086 088 027 075 082 050 048 035 0.35
Corr (Imp,, GDP,) 081 095 050 050 096 076 074 090 088 094 0.93
Corr (ReR, GDP;) 013 053 056 059 046 048 054 063 065 057 061
Std (GT§%1 ) 045 021 012 0.14 024 008 008 020 022 023 024
Domestic moments:

Corr (C1, GDP,) 0.86 091 091 092 095 095 095 091 092 095 0.95
Corr (L1, GDP;) 0.87 094 091 091 095 092 091 093 093 094 094
Corr (PP—IGDP> 095 093 095 094 093 095 094 093 092 092 091
sif‘(‘é]%}?l) 081 050 055 057 053 058 060 052 052 056 0.56
Stzt?é§}31> 0.66 040 047 043 036 042 039 038 038 034 034
% 284 311 358 394 3.07 353 388 383 455 3.80 451

Notes: Data moments are from Heathcote and Perri (2002), Table 2. All series have been Hodrick-Prescott
filtered with a smoothing parameter of 1600. Time index is dropped from notation for brevity. GDP, =
(WauLn + RuKy)/P1, Expy = P21Xo1/Py, Imp; = P1pX12/Py TBy = (P1Xi —B1Y1)/P1, ReR =
P2/ P 1. For Columns (8)-(11), parameterizations are &, = 0 and Z;,,; = 1 and Z, s = 1 (i.e., there are no
shocks to the investment and final good sectors).

Table 10: Correlated shocks across countries and spillovers with an otherwise standard
calibration. Shock to the intermediate goods sector.
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Benchmark calibration

Investment final good

Complete Bond Complete Bond

Data IRBC Krug Mel IRBC Krug Mel Krug Mel Krug Mel

»m» @ 6 @ 6 e O 6 9 10 (@11
International moments:
Corr (GDP,GDP) 058 —0.05 0.16 0.17 —0.04 0.18 0.19 —0.14 —0.20 —0.11 —0.18
Corr (C1, Ca) 036 045 041 041 040 038 038 038 031 031 025
c(%%) 0.30 —0.73 —0.29 —0.34 —0.72 —0.24 —0.29 —0.77 —0.80 —0.76 —0.79
Corr (L1, L) 0.42 —0.52 —0.98 —0.98 —0.48 —0.97 —0.97 —0.65 —0.69 —0.58 —0.64
COH(GT]fIgl,c;Dpl) —049 —0.66 0.63 0.63 —0.66 0.62 0.62 —0.64 —0.65 —0.65 —0.67
Corr (Exp,, GDP,) 0.32 —0.19 099 099 —0.18 099 0.99 —0.05 —0.06 —0.10 —0.11
Corr (Imp,, GDP,) 0.81 091 097 097 091 099 098 092 092 092 092
Corr (ReR, GDP;) 013 068 065 064 067 064 064 072 073 071 072
Std <GT§§1 ) 045 056 0.06 007 055 004 004 049 051 052 054
Domestic moments:
Corr (C1,GDPy) 0.86 095 099 099 096 099 099 095 095 097 096
Corr (L, GDP,) 087 096 072 071 096 073 072 095 095 095 0.95
Corr (PP—IGDP> 095 091 097 096 091 097 097 090 090 090 0.90
sifi‘é&?l) 081 051 089 089 052 091 091 054 054 056 0.56
sitfc%}zg 066 037 013 012 036 011 010 035 035 033 0.33
% 284 395 142 150 3.88 1.39 146 4.69 553 467 550

Notes: Data moments are from Heathcote and Perri (2002), Table 2.
Prescott filtered with a smoothing parameter of 1600. Time index is dropped from notation for brevity.
GDP, = (WyLy+ RuKy)/P1, Bxpy = P21Xp1/ Py, Imp; = Pi12X12/Pq TBy = (P Xy —PiY1) /P,
ReR = PB,5/P, . For Columns (8)-(11), parameterizations are a; = 0 and Z,,;; = 1 (i.e., there is no shock to the

investment sector).

All series have been Hodrick-

Table 11: Correlated shocks across countries and spillovers with an otherwise standard
calibration. Shock to the final goods sector.
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Compl. markets ~ Bond economy Fin. autarky

IRBC IRBC IRBC IRBC IRBC IRBC
Zl,n =1 Zl,n = ZX,n Zl,n =1 Zl,n = ZX,n Zl,n =1 Zl,n = Zx,n

Moment Data

1) (2) ©) 4) () (6) )

International moments:

Corr (GDP;, GDP;) 0.58 0.07 —0.06 0.13 0.00 0.11 0.06
Corr (C1,C2) 0.36 0.58 0.47 0.36 0.17 0.11 0.12
Corr (ng , P;;jf) 0.30 012 —0.19 034 —0.11 0.11 0.02
Corr (Ly, Ly) 042 —084 —038 —056 —0.16 0.10 0.00
Corr (chfél ,GDPl) —0.49 0.68 0.63 0.66 0.07

Corr (Exp;, GDP!) 0.32 0.93 0.91 0.98 0.77 0.89 0.86
Corr (Imp,, GDP;) 0.81 0.10 0.31 0.44 0.81 0.89 0.86
Corr (ReR, GDP, ) 0.13 0.68 0.67 0.66 0.62 0.67 0.67
Std ( C‘;T]f;,) 0.45 0.23 0.14 0.14 0.05

Domestic moments:

Corr (C,, GDP;) 0.86 0.96 0.95 0.99 0.98 1.00 0.98
Corr (Ly, GDPy) 0.87 0.86 0.97 0.93 0.98 0.99 0.98
Corr (ng ,chl) 0.95 1.00 0.99 0.99 0.99 1.00 0.99
%@1) 0.81 0.74 0.44 0.82 0.51 0.90 0.54
sj‘;c(ggl) 0.66 0.26 0.55 0.16 0.49 0.10 0.46
% 2.84 1.37 3.02 1.29 2.97 1.41 2.85

Notes: See notes to Table 3.

Table 12: Standard IRBC model with investment in terms of labor.
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D.2 Role of Externalities

Int. good shock Final good shock
b= 0 03 -1 0 03 -1
m @ G @ ©6 (6
International moments:
Corr (GDP;, GDP,) 0.15 013 0.16 0.03 0.01 0.05
Corr (C1,C2) 017 0.18 013 0.05 006 001
Corr (% %) 014 0.09 017 0.02 —0.03 0.06
Corr (L1, L) 013 0.06 018 0.01 —0.06 0.06
Corr < GTlfll)l ,GDPl)
Corr (Exp,, GDP;) 0.89 0.89 090 1.00 1.00 0.99
Corr (Imp,, GDP,) 0.89 0.89 090 1.00 1.00 0.99
Corr (ReR, GDP;) 0.65 066 065 070 070 0.68
s on, )
Domestic moments:
Corr (C1,GDPy) 098 099 093 098 099 093
Corr (L1, GDPy) 099 099 099 099 099 0.99
Corr (%cm) 1.00 100 1.00 1.00 1.00 1.00
sff?égp)l) 045 056 029 045 056 0.29
Stf;?égljl) 039 031 051 039 031 051
% 264 230 314 264 231 3.14

Notes: Data moments are from Heathcote and Perri (2002), Table 2. All
series have been Hodrick-Prescott filtered with a smoothing parameter
of 1600. Time index is dropped from notation for brevity. GDP, =
(WnLy + RnKn)/Py,l , Expy = P Xo /PY,ll Imp, = Px,12X12/Py,1

TBy = (P1X1 — P1Y1) /R, ReR = R»/Py.

Table 13: Capital externalities. Financial autarky.
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Complete markets

Bond economy

Int. good shock  Final good shock  Int. good shock  Final good shock
Px= 0 03 -1 0 03 -1 0 03 -1 0 03 -1
H @ 6 @ 6 © O ¢ © 4a «ay a1z

International moments:

Corr (GDP;, GDP,) 0.14 0.09 0.28 -0.05 -0.10 0.09 0.17 0.15

Corr (C1, C) 079 081 072 045 051 026 0.65 0.60
COH(P;;?,P;?) —0.48 —0.63 —0.17 —0.73 —0.82 —0.52 —0.45 —0.56
Corr (L1, L) —0.51 —0.80 0.07 —0.52 —0.79 —0.02 —0.38 —0.63

c( B GDP1> —0.49 —0.44 —0.52 —0.66 —0.63 —0.67 —0.55 —0.55

GDP;’

Corr (Exp;, GDPy) 038 049 031 -0.19 -0.13 -0.22 0.27 0.29

Corr (Imp,, GDP;) 0.95
Corr (ReR, GDP;) 0.53
Std (GT;;] ) 0.21

Domestic moments:

Corr (Cy,GDP; ) 0.91

Corr (L1, GDPy) 0.94

Corr <P1'3)1 fl ,GDP1> 0.93
Std (C1)

Std (GDlPl) 0.50
Std (Ly)

Std (GD1P1) 0.40

Std (P11 /P,1)

i (GDPy) 3.11

093 097 091 0.89
059 038 068 0.73
016 025 056 0.50

090 091 095 094
087 098 096 091
091 096 091 0.89
060 033 051 0.60
037 049 037 033
283 358 395 3.67

092 096 097
050 046 0.51
060 024 0.21

092 095 0.97
098 095 091
094 093 092
035 0.53 0.66
048 036 0.28
435 3.07 2.69

0.29 —-0.04 —0.05 0.08
065 040 039 037
—0.16 —0.72 —0.77 —0.52
0.11 —0.48 —0.70 —0.06
—0.53 —0.66 —0.63 —0.67
0.29 —-0.18 —0.08 —0.19

0.97
0.36
0.26

0.92
0.98
0.96
0.34
0.49
3.57

0.91
0.67
0.55

0.96
0.96
0.91
0.52
0.36
3.88

090 0.93
0.71 0.50
0.46 0.57

097 0.92
093 0.98
0.89 094
064 0.34
0.28 0.49
341 4.33

Notes: Data moments are from Heathcote and Perri (2002), Table 2. All series have been Hodrick-Prescott
filtered with a smoothing parameter of 1600. Time index is dropped from notation for brevity. GDP, =
(WnLy + RuKy) /PR, Expy = P Xo1/ Py, Impy = P12 X12/ By TBy = (P Xy — P1Y1) /R, ReR = P/ Py.

Table 14: Correlated shocks across countries and spillovers with an other-
wise standard calibration. Capital externalities.
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D.3 Additional Estimation Results

Moment Data Compl. Bond | Moment Data Compl. Bond
Corr (GDPy, GDP,) 058 002 003 |su ( GTglgl ) 045 053 053
Corr (Cy,C2) 0.36 0.10 0.06 Corr (Cy,GDP;) 0.86 0.94 0.93
Corr (PP1¥> 030 —0.32 —0.32 | Corr(L,GDPy) 0.87 1.00 1.00
Corr (L1, L2) 042 001  0.02 | cor (%cm) 095 098 098
Corr (GTSA ,chl) —049 —0.67 —0.67 | sw(Gor) 167 199 201
Corr (Exp,, GDP;) 032 —0.05 —0.05 sﬂ? é%%) 0.81 0.18 0.18
Corr (Imp,, GDP,) 0.81 098  0.98 %(Eﬁ) 066 058  0.58
Corr (ReR, GDP,) 0.13 0.35 0.36 % 2.84 4.20 4.18

Parameter estimates:
1PX,K (PX,L lPY UX O'Y pX pY

Complete 0.00 0.00 0.00 0.013 0.000 0.37 0.00
Bond 0.00 000 000 0.013 0.000 043 0.00

Notes: Data moments are from Heathcote and Perri (2002), Table 2. All series have been Hodrick-Prescott
filtered with a smoothing parameter of 1600. Time index is dropped from notation for brevity. GDP,, =
(WuLy + RuKy) /B, Expy = PcnXo1/B1, Impy = Pc1oX12/Bq, TBy = (P1X1 — R1Y1)/Ba, ReR =
R Y,2 / R Y,1-

Table 15: Results of the estimation for o = 2: IRBC economy.
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Moment Data Compl. Bond

Std (Exp, ) 3.94 1.92 1.93
Std (Imp, ) 5.42 1.97 2.03
_Std (ReR) 2.23 0.23 0.24
Std (GDP; )

Notes: Data moments are from Heathcote and Perri
(2002), Table 2. All series have been Hodrick-Prescott
filtered with a smoothing parameter of 1600. Time in-
dex is dropped from notation for brevity. GDP, =
(WnLn +RnKn)/Py,lr EXP1 = PX,21X21/PY,11 ImP1 =
Px12X12/Pp, ReR = R o/ Py

Table 16: Results of the estimation for ¢ = 2: untargeted moments.
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E Additional Impulse-Response Functions

,,,,,,,, ig)f',l,,,,, o Sx2 Cy C

Zyy forallyy e 0.02

-0.2

Notes: The plots show responses for 1% shock to the exogenous component of productivity in the interme-
diates sector in country 1, Z, ;. All horizontal axes measure the number of quarters after the shock. Vertical
axes on the figures for the current account and trade balance measure the number of percentage points.
Vertical axes on the rest of the figures measure percent deviation from steady state. The case with ¢, , = 0
corresponds to the benchmark calibration of the unified model with no externalities. Calibrations for the
cases with ¢, = 0.3 and ¢, , = —1 differ from the case with i, , = 0 only in having capital externality in
the production of intermediates (with the corresponding value for ¢, ). All cases are for the bond econ-
omy. The red solid lines on the plots for S, ; and Sy, — in addition to responses of Sy 1 and S, for the case
of ¢ , = 0 — also correspond to responses of Zy 1 and Z,, for all values of ¢, ,.

Figure 3: Impulse-response functions for Z, ;. Capital externalities in the intermediate
goods sector. Bond economy.
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Notes: The plots show responses for 1% shock to the exogenous component of productivity in the interme-
diates sector in country 1, Zy ;. All horizontal axes measure the number of quarters after the shock. Vertical
axes on the figures for the current account and trade balance measure the number of percentage points.
Vertical axes on the rest of the figures measure percent deviation from steady state. The case with ¢, , = 0
corresponds to the benchmark calibration of the unified model with no externalities. Calibrations for the
cases with ¢, = 0.3 and ¢, = —1 differ from the case with i, , = 0 only in having capital externality
in the production of intermediates (with the corresponding value for ¢ ). All cases are for the financial
autarky. The red solid lines on the plots for S, ; and Sy» — in addition to responses of Sy ; and Sy, for the
case of ¢, = 0 — also correspond to responses of Z, 1 and Zy for all values of .

Figure 4: Impulse-response functions for Z,;. Capital externalities in the intermediate
goods sector. Financial autarky.

101



Sx1

9

2 \//—z,é (forally,,
A S -

0
-0.2[/

Notes: The plots show responses for 1% shock to the exogenous component of productivity in the interme-
diates sector in country 1, Zy ;. All horizontal axes measure the number of quarters after the shock. Vertical
axes on the figures for the current account and trade balance measure the number of percentage points.
Vertical axes on the rest of the figures measure percent deviation from steady state. The case with ¢, = 0
corresponds to the benchmark calibration of the unified model with no externalities. Calibrations for the
cases with i, , = 0.7 and ¢, = —1 differ from the case with ¢, = 0 only in having labor externality in the
production of intermediates (with the corresponding value for ¢, ;). All cases are for the complete markets
economy. The red solid lines on the plots for Sy ; and Sy > — in addition to responses of Sy 1 and Sy, for the
case of ¢, = 0 — also correspond to responses of Zy and Z for all values of , ;.

Figure 5: Impulse-response functions for Z;;. Labor externalities in the intermediate
goods sector. Complete markets.
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Notes: The plots show responses for 1% shock to the exogenous component of productivity in the interme-
diates sector in country 1, Zy ;. All horizontal axes measure the number of quarters after the shock. Vertical
axes on the figures for the current account and trade balance measure the number of percentage points.
Vertical axes on the rest of the figures measure percent deviation from steady state. The case with ¢, = 0
corresponds to the benchmark calibration of the unified model with no externalities. Calibrations for the
cases with i, , = 0.7 and ¢, = —1 differ from the case with ¢, = 0 only in having labor externality in the
production of intermediates (with the corresponding value for ¢ ). All cases are for the bond economy.
The red solid lines on the plots for Sy; and Sy, — in addition to responses of Sy and Sy, for the case of
1§y, = 0 — also correspond to responses of Z, 1 and Z> for all values of ¢, .

Figure 6: Impulse-response functions for Z;;. Labor externalities in the intermediate
goods sector. Bond economy.
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Notes: The plots show responses for 1% shock to the exogenous component of productivity in the inter-
mediates sector in country 1, Z,;. All horizontal axes measure the number of quarters after the shock.
Vertical axes on the figures for the current account and trade balance measure the number of percentage
points. Vertical axes on the rest of the figures measure percent deviation from steady state. The case with
1, = 0 corresponds to the benchmark calibration of the unified model with no externalities. Calibrations
for the cases with ¢, = 0.1 and ¢, = —1 differ from the case with ¢, = 0 only in having externality in
production of the final aggregates (with the corresponding value for 1,). All cases are for the complete
markets economy.

Figure 7: Impulse-response functions for Z, ;. Externality in the final aggregates sector.
Complete markets.
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Notes: The plots show responses for 1% shock to the exogenous component of productivity in the interme-
diates sector in country 1, Z, ;. All horizontal axes measure the number of quarters after the shock. Vertical
axes on the figures for the current account and trade balance measure the number of percentage points.
Vertical axes on the rest of the figures measure percent deviation from steady state. The case with ¢, = 0
corresponds to the benchmark calibration of the unified model with no externalities. Calibrations for the
cases with ¢, = 0.1 and ¢, = —1 differ from the case with ¢, = 0 only in having externality in production
of the final aggregates (with the corresponding value for ¢,). All cases are for the bond economy.

Figure 8: Impulse-response functions for Z ;. Externality in the final aggregates sector.
Bond economy.
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Notes: The plots show responses for 1% shock to the exogenous component of productivity in the final
good sector in country 1, Z, ;. All horizontal axes measure the number of quarters after the shock. Vertical
axes on the figures for the current account and trade balance measure the number of percentage points.
Vertical axes on the rest of the figures measure percent deviation from steady state. The case with ¢, , = 0
corresponds to the benchmark calibration of the unified model with no externalities. Calibrations for the
cases with ¢, . = 0.3 and ¢, = —1 differ from the case with i, , = 0 only in having capital externality in
the production of intermediates (with the corresponding value for ¢ ). All cases are for the bond economy.

Figure 9: Impulse-response functions for Z, ;. Capital externalities in the intermediate
goods sector. Bond economy.
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Notes: The plots show responses for 1% shock to the exogenous component of productivity in the final
good sector in country 1, Z, ;. All horizontal axes measure the number of quarters after the shock. Vertical
axes on the figures for the current account and trade balance measure the number of percentage points.
Vertical axes on the rest of the figures measure percent deviation from steady state. The case with ¢, , = 0
corresponds to the benchmark calibration of the unified model with no externalities. Calibrations for the
cases with ¢, . = 0.3 and ¢, = —1 differ from the case with i, , = 0 only in having capital externality in
the production of intermediates (with the corresponding value for 1, ). All cases are for financial autarky.

Figure 10: Impulse-response functions for Z, ;. Capital externalities in the intermediate
goods sector. Financial autarky.
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Notes: The plots show responses for 1% shock to the exogenous component of productivity in the final
good sector in country 1, Z, ;. All horizontal axes measure the number of quarters after the shock. Vertical
axes on the figures for the current account and trade balance measure the number of percentage points.
Vertical axes on the rest of the figures measure percent deviation from steady state. The case with ¢, = 0
corresponds to the benchmark calibration of the unified model with no externalities. Calibrations for the
cases with ¢, = 0.7 and ¢, = —1 differ from the case with ¢, = 0 only in having labor externality in the
production of intermediates (with the corresponding value for ¢, ;). All cases are for the complete markets
economy.

Figure 11: Impulse-response functions for Z,;. Labor externalities in the intermediate
goods sector. Complete markets.
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Notes: The plots show responses for 1% shock to the exogenous component of productivity in the final
good sector in country 1, Z, ;. All horizontal axes measure the number of quarters after the shock. Vertical
axes on the figures for the current account and trade balance measure the number of percentage points.
Vertical axes on the rest of the figures measure percent deviation from steady state. The case with ¢, = 0
corresponds to the benchmark calibration of the unified model with no externalities. Calibrations for the
cases with ¢, = 0.1 and ¢, = —1 differ from the case with ¢, = 0 only in having externality in production
of the final aggregates (with the corresponding value for ,). All cases are for complete markets. S;; and
Sx2 do not respond to shock and, thus, are not depicted.

Figure 12: Impulse-response functions for Z, 1. Externality in the final aggregates sector.
Complete markets.

109



	Bhattarai_Unified_Model_2020.pdf
	1 Introduction
	2 Unified Model of Business Cycles and Trade
	2.1 Intermediate Goods and International Trade
	2.2 Final Aggregates and Consumption Goods
	2.3 Investment Goods
	2.4 Households
	2.5 Market Clearing Conditions

	3 Generalized Versions of Krugman and Melitz Models
	3.1 Generalized Dynamic Version of the Krugman Model
	3.1.1 Production of Varieties, International Trade, and Final Aggregate
	3.1.2 Entry and Exit of Producers of Varieties
	3.1.3 Households
	3.1.4 Markets Clearing Conditions

	3.2 Generalized Dynamic Version of the Melitz Model
	3.2.1 Production of Varieties, International Trade, and Final Aggregate
	3.2.2 Entry and Exit of Producers of Varieties
	3.2.3 Fixed Costs of Serving Markets
	3.2.4 Household's Problem and Markets Clearing Conditions


	4 Theoretical Results
	4.1 Formal Characterization
	4.2 Economic Explanation
	4.2.1 Standard Krugman versus Melitz Model
	4.2.2 Generalized versus Standard Dynamic Krugman and Melitz Models
	4.2.3 Dynamic versus Static Environment


	5 Quantitative Results
	5.1 Calibration
	5.2 Comparison Across IRBC and Standard Dynamic Trade Models
	5.3 Changing Production Externalities
	5.3.1 Role of Negative Capital Externality
	Intermediate good productivity shock
	Final good productivity shock

	5.3.2 Role of Negative Labor and Final Good Externalities

	5.4 Estimation Exercise

	6 Discussion, Extensions, and Sensitivity
	6.1 Discussion of Theoretical Models and Literature
	6.2 Quantitative Comparison Across Models
	6.2.1 Financial Autarky
	6.2.2 Different Trade Elasticity
	6.2.3 Spillovers and Correlated Shocks
	6.2.4 IRBC with Investment Using Labor

	6.3 Changing Production Externalities
	6.3.1 Capital Externality Under Other Risk-Sharing Arrangements
	6.3.2 Capital Externality Under Correlated Shocks and Spillovers
	6.3.3 Labor and Final Good Externalities

	6.4 Estimation
	6.4.1 Untargeted Moments Under Best Fit
	6.4.2 Best Fit for IRBC


	7 Conclusion
	References
	A Unified Model
	A.1 Households Budget Constraints and First-Order Conditions
	A.1.1 Financial Autarky
	A.1.2 Bond Economy
	A.1.3 Complete Financial Markets

	A.2 Equilibrium Conditions
	A.3 Steady State

	B Generalized Dynamic Versions of the Standard Trade Models
	B.1 Generalized Dynamic Version of the Eaton-Kortum Model
	B.2 Generalized Dynamic Version of the Krugman Model
	Production of Varieties, International Trade, and Final Aggregate.
	Invention of Varieties, Entry and Exit of Producers of Varieties.
	Households.
	Equilibrium System of Equations
	The Role of Nonlinear Production Function in the Krugman Model

	B.3 Generalized Version of the Melitz Model
	Equilibrium System of Equations
	Love of Variety in the Melitz Model


	C Grid Search
	D Additional Tables with Moments
	D.1 Comparison Across Models
	D.2 Role of Externalities
	D.3 Additional Estimation Results

	E Additional Impulse-Response Functions

	8130abstract.pdf
	Abstract




