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Abstract

We present a general, competitive open economy business cycles model with cap-
ital accumulation, trade in intermediate goods, production externalities in the inter-
mediate and final goods sectors, and iceberg trade costs. Our main theoretical result
shows that under appropriate parameter restrictions this model is isomorphic in terms
of aggregate equilibrium predictions to dynamic versions of workhorse quantitative
models of international trade: Eaton-Kortum, Krugman, and Melitz. The parameter
restrictions apply on the overall scale of externalities, the split of externalities between
factors of production, and the identity of sectors with externalities. Our quantitative
exercise assesses whether various restricted versions of the general model — in forms
they are typically considered in the literature — are able to resolve well-known aggre-
gate empirical puzzles in the international business cycles literature. Our theoretical
result on isomorphism between models provides insights on why dynamic versions
of international trade models fail to resolve these puzzles in so many instances. We
then additionally explore in what directions they need to be amended to provide a
better fit with the data. We show that an essential feature is negative capital exter-
nalities in intermediate goods production. We thus provide a unified theoretical and
quantitative treatment of the international business cycles and trade literatures in a
general dynamic framework.
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1 Introduction

Are margins identified in the modern international trade literature important for inter-
national business cycles dynamics? Do features such as monopolistic competition with
sunk cost of entry or heterogeneous firms with fixed cost of exporting matter either qual-
itatively or quantitatively for the transmission of aggregate shocks in a dynamic open
economy business cycles model? Do these margins change the aggregate predictions one
gets from using a neoclassical open economy business cycles model? If so, do they en-
able a better fit between the data and the model by resolving some well-known empirical
puzzles such as the high correlation across countries of output compared to consumption,
the positive correlation across countries of investment and hours, and the high volatility
of real exchange rates? We provide a unified model of international business cycles and
trade that can address these important questions.

We provide such a unified treatment in steps. First, we formulate a general dynamic
open economy model where all sectors are competitive and some of the sectors feature ex-
ternal economies of scale. There are four sectors in this model that produce intermediate,
final, consumption, and investment goods respectively. External economies of scale are
present in the intermediate and final goods sectors. The intermediate goods sector uses
capital and labor to produce its goods, with aggregate productivity depending on the to-
tal amount of capital and labor employed in this sector (and taken by firms as given). The
intermediate goods are internationally traded, and trade is costly, which we model using
iceberg costs, as is standard in the trade literature. The intermediate goods, including im-
ported ones, are combined into a final good using a standard Armington type aggregator.
Aggregate productivity in the final goods sector depends on the total output in this sector
(and is taken by producers as given). The final good is used in production of both invest-
ment and consumption goods. The production function for investment good additionally
uses labor input as well. Our set-up is general in assumptions on international trade in
assets, and we consider all three standard cases: financial autarky, bond economy, and a
complete markets economy.!

Second, we formulate general dynamic versions of three workhorse international trade

models: Eaton-Kortum, Krugman, and Melitz.2 In terms of intertemporal linkages, apart

1 As is somewhat obvious from this description, the canonical open economy real business cycles model,
as presented in Heathcote and Perri (2002) for instance, is nested in this version as a case with no iceberg
trade costs, no externalities, and no labor as input in production of the investment good.

2We explain in detail later in the paper why our set-ups are more general than similar models in the
literature and precisely how we generalize them. Here, we simply want to point out that these generaliza-
tions are in fact key to establish complete isomorphisms between the unified, competitive model and the
three trade models.



from trade in assets internationally, the dynamic Eaton-Kortum model features capital
accumulation, while the dynamic Krugman and Melitz models feature a law of motion of
differentiated varieties driven by firm entry and exit.

After formulating the general competitive dynamic model with production externali-
ties and the three dynamic trade models, we then derive the main theoretical result. We
show that, after appropriate re-labeling of variables and parameters, the three dynamic
trade models are isomorphic in terms of aggregate implications to the general competitive
dynamic model.® This isomorphism holds even though the three dynamic trade models
have very different micro-foundations.

In terms of re-labeling of variables, our result on isomorphism is based on the similar-
ity between the law of motion of physical capital in the general competitive model and the
law of motion of the differentiated varieties in the dynamic Krugman and Melitz models.
In terms of re-labeling of parameters, the isomorphism between the general competitive
model and the Eaton-Kortum model is very direct. The re-labeling of parameters is more
interesting and involved for the dynamic Krugman and Melitz models. For the standard
dynamic Krugman model (as it appears in the literature), the elasticity of substitution be-
tween varieties simultaneously governs the capital share, the total scale of externalities,
and the split between capital and labor externalities in production of intermediate goods
in the corresponding unified model. Our generalization of the Krugman model fully re-
laxes this tight relationship between parameters of the corresponding unified model and,
thus, establishes isomorphism between the two models.

The dynamic Melitz model, compared to the dynamic Krugman model, additionally
features heterogeneous efficiencies of production of varieties and fixed costs of serving
different markets. For the standard dynamic Melitz model with Pareto distribution of
efficiencies (again, as it appears in the literature), a combination of the elasticity of substi-
tution between varieties and the shape of Pareto distribution simultaneously govern all
parameters of the production technology of intermediate goods in the corresponding uni-
fied model. Moreover, a key distinction of the dynamic Melitz model from the Krugman
model is that it additionally features external economies of scale in the final goods sector,
where intermediate goods are combined. Here, also, the elasticity of substitution between
varieties and the shape of Pareto distribution govern the strength of economies of scale
in production of the final good. Thus, again, the standard dynamic Melitz model implies
tight links between key parameters of the corresponding unified model. We generalize
the Melitz model to fully relax these tight links between parameters of the corresponding

3More precisely, we show that the equilibrium system of equations that governs aggregate dynamics is
the same across these variants.



unified model and establish complete isomorphism between the two models.

Given the theoretical result, we then undertake a quantitative exercise. We first study
how these different versions of the standard dynamic trade models — as they are often
used in the literature without the generalizations we propose — lead to differential ag-
gregate implications in terms of business cycles moments. Our point of comparison is
the standard open economy model that has no externalities and where country-specific
productivity shocks drive the business cycle. We show that the dynamic versions of these
standard trade models are not able to resolve some key empirical puzzles related to cross-
country output, consumption, investment, hours, and real exchange rate behavior that
plague the standard business cycles model. We provide an interpretation based on our
theoretical results: standard formulations and calibrations of these models lead to fairly
small and positive production externalities, which are in turn tightly restricted in terms
of splits across factors. This then leads to transmission mechanisms and aggregate second
moments very similar to the standard competitive business cycles model with no exter-
nalities. In fact, we show that often the business cycle fit for the standard trade models
is even worse than the standard competitive model without externalities. One driver of
this is that positive externalities lead to a negative endogenous correlation in productiv-
ity across countries, dampening down the co-movement in output and making even more
negative the co-movement in investment and labor.

We next use the general model, which, because of the isomorphism, can be re-interpreted
as a version of the generalized dynamic trade models (which again relax the tight restric-
tions on parameters governing externalities implied by the standard models), to explore
if it is possible to achieve a better fit with the data. We show that an essential feature is
negative capital externalities in intermediate goods production. As the standard dynamic
trade models imply positive capital externalities in intermediate goods production, they
do not provide a closer fit to the data. What is the intuition behind the result that negative
capital externalities help with resolving several international business cycle puzzles?

First, note that the main empirical puzzles are associated with co-movement across
countries in output, consumption, hours, and investment. In the standard model, the
co-movement of consumption is counterfactually higher than output.* Moreover, while
in the data labor hours and investment co-move positively, in the standard model with
(at least some) risk-sharing, they co-move either weakly positively or, for investment,
negatively. Second, it is critical to note that when there are negative capital externalities
in production of intermediate goods, from the perspective of individual firms, it is as if

“High co-movement of consumption is not only due to perfect risk-sharing. High co-movement is also
generated under financial autarky, as long as different countries produce different goods.
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the aggregate country-specific producitity shock is less persistent with the same initial
impact. This is because, in future, due to positive capital accumulation, the productivity
shock faced by the firms is lower than the exogenous productivity shock. Third, note
that since this feature is irrespective of the risk-sharing arrangements across countries,
our finding applies independently of whether we assume complete financial markets or
incomplete markets or financial autarky. For the sake of concreteness, we discuss below
the case of complete financial markets.

Given this, how do agents, say at home, respond to a productivity shock that has
the same initial size but is more transient? As is standard in competitive business cycle
models, it is most useful to think through the labor supply response. As the shock is
now more transient, compared to the no externality case, the substitution effect of wage
increase is stronger than the income effect. This means that households supply more labor
today. This, with the capital stock as given, then leads to a larger response of output. This
helps with increasing output co-movement across countries. What should the households
do with this increased income? 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. Then through the usual intuition based on the permanent income
hypothesis, while consumption rises today, due to the desire to smooth consumption
over time, consumption rises by less than income, and, moreover, by a smaller amount
than with no externalities. This smaller rise of consumption at home then helps with
not counterfactually increasing consumption co-movement across countries and, in fact,
helps with reducing consumption coorelation across countries.

Finally, why do cross-country investment and labor hours co-movements turn from
negative to positive? An important feature now is that, while the country-specific produc-
tivity shocks themselves are uncorrelated in our experiments, negative capital externality
leads to an endogenous positive correlation of productivities faced by the two countries.
From the foreign country’s perspective, starting from the next period, there is a posi-
tive effect on productivity, as typically there would be negative investment in the foreign
country following a positive productity shock in the home country. This positive effect
on productivity faced by the foreign country then leads to increased labor hours and in-
creased investment for very standard reasons. Moreover, this endogenous increase in
productivity in the foreign country also leads to an increase in output, which helps fur-
ther with increasing output co-movement across countries. Finally, consumption in the
foreign country increases, but by less than it would with no externality.

While negative capital externalities in production help with moving the model closer
to the data in terms of co-movement of business cycle quantities, negative labor exter-



nalities do not uniformly do so. The main reason is that with negative labor externalities,
while the productivity process faced by the home country is also less transient in future as
typically there would be an increase in labor hours in future, the initial impact also shifts
down. This is because, unlike capital stock, which is pre-determined today, labor hours
respond positively today as well. This then looks basically like a producitivty process for
the home country that has shifted downwards at every point in time. Then, home house-
holds do not increase their hours initially. The effect is thus not as strong as with neg-
ative capital externalities in moving the co-movement of hours and investment towards
positive. In terms of the foreign country, there is again an endogenous correlation of pro-
ductivity, as typically there would be a negative response of foreign labor hours, and so
it does help qualitatively with generating a less negative response of foreign investment
and hours. The main difference with negative capital externality is that consumption cor-
relation actually increases, instead of decreasing. This is mostly because consumption in
the foreign country does not change its dynamic response, as there is not much difference
in the dynamic response of investment in the foreign country. Finally, in the dynamic
Melitz model, as we discussed above, there is an additional externality in the final goods
sector, where intermediate goods are aggregated. We show that this externality behaves
similar to the labor externality in the intermediate good production technology, and so
negative externality in this aggregator technology also does not uniformly improve the
model fit.

Our paper is related to several strands of the literature. The most direct relation is
to the vast literature on international real business cycle models with two goods, repre-
sented, among others, by Heathcote and Perri (2002). In formulating a dynamic interna-
tional business cycles model that incorporates the margins of the modern international
trade literature, we are also clearly building on seminal trade contributions of Krugman
(1980), Eaton and Kortum (2002), and Melitz (2003). In particular, Ghironi and Melitz
(2005), Alessandria and Choi (2007), Fattal Jaet and Lopez (2014), and Eaton et al. (2016)
also develop dynamic models similar to ours and assess how important international
trade features are for aggregate dynamics and business cycles moments. Our first theo-
retical contribution is to formulate a general competitive model with production exter-
nalities that is isomorphic to various versions of such dynamic trade models. This result
then helps to understand the quantitative findings of Alessandria and Choi (2007) and
Fattal Jaef and Lopez (2014) that firm heterogeneity and costs of entry and exporting do
not matter for aggregate dynamics. Our second theoretical contribution is to generalize
the dynamic trade models such that there is complete isomorphism between them and
the general competitive model.



Our result about the isomorphism is related to a similar result in a static environment
demonstrated in Kucheryavyy et al. (2017). Kucheryavyy et al. (2017) present a version
of the Eaton-Kortum model with multiple manufacturing sectors that feature external
economies of scale in production. They show that their model is isomorphic to gen-
erailzed static versions of multi-industry Krugman and Melitz models. Here, we focus
on dynamic versions of Eaton-Kortum, Krugman, and Melitz models that have only one
manufacturing sector and additional “non-manufacturing” sectors: final aggregate, in-
vestment and consumption. Extension of the isomorphism from static to dynamic envi-
ronments is non-trivial, adds several new features such as the split of externalities be-
tween labor and capital, and constitutes one of our main theoretical contributions. We
then use the general model for quantitative evaluation of business cycle statistics and
transmission mechanims.

Our paper is also related to the closed economy literature. In the closed economy en-
dogenous growth literature, for instance, Romer (1986), growth is generated by increasing
returns in production, where in the production function exernalities are modelled in the
capital input. In our general open economy model, productional externalities exist in
both capital and labor. In closed-economy business cycle analysis, Benhabib and Farmer
(1994) in a well-known paper that introduced production externalities to the standard
neoclassical business cycles model to increase the propagation of aggregate productivity
shocks and in particular, to generate the possibility of multiple, bounded equilibria. Also
in a closed economy set-up, Bilbiie et al. (2012) discuss how firm dynamics and entry in a
closed-economy model with monopolistic competition and sunk cost of entry (thus sim-
ilar to the closed economy dynamic version of the Krugman model we develop in this
paper) look similar to capital stock dynamics and investment in the standard competi-
tive business cycles model. Our general model provides a similar interpretation as well,
while additionally, showing formally how a competitive open economy set-up with dif-
ferent levels and types of production externalities is in fact isomorphic to various versions
of monopolistic competition models with firm heterogeneity and costs of entry as well as

exporting.

2 Unified Model of Trade and Business Cycles

We present a dynamic stochastic general equilibrium model with multiple countries and
international trade. Time is discrete and the horizon is infite. The world consists of N



countries with countries indexed by 7, i, and j.> Each country has four production sec-
tors: intermediate, final aggregate, consumption, and investment. Intermediate 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 perfectly competitive. La-
bor is perfectly mobile within a country between the sectors where it is used. Technology
of production of intermediate goods and final aggregates features external economies of
scale. There are three exogenous shocks in the economy — they are aggregate produc-
tivity shocks in the intermediate, final aggregate, and investment sectors. Only interme-
diate goods can be traded. Trade is subject to iceberg trade costs. International financial
markets structure can be 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

Let X,;; denote the total output of intermediate goods in country n at time ¢t. Technology
of production of intermediate goods is given by

XXK 7 XX,L

Xt = SX/”tKX,ntLX,nt'

whereax x > 0, axr > 0,and ax x +ax 1 = 1. Here Kx ,,; and Lx ,,; are the total amounts
of country n’s capital and labor used in production of intermediates, and

_ Px k7 PX.L
Sxnt = OxnZxntKy 1 Ly

is aggregate productivity. The aggregate productivity consists of two parts: exogenous
productivity, ©x ,Zx nt, and endogenous productivity, K;P(f(ﬁL;pé’lLt, with ¢x x and ¢x 1
driving the strength of external economies of scale. The term Zx,; in the exogenous
productivity part is an aggregate productivity shock, while the term @y , is a normaliza-
tion constant that is introduced for convenience to later show isomorphisms between the
current setup and dynamic versions of Eaton-Kortum, Krugman, and Melitz models. The
endogenous productivity part captures external economies of scale in the production of

intermediates, and it is taken by firms as given.

5In all our quantitative exercises we focus on the case of N = 2 as is standard in the business cycles
literature. But there is nothing that prevents us from formulating the theoretical framework with any num-
ber of countries. Moreover, following the modern quantitative trade literature, we prefer to set up the
environment in terms of a general N.



Let Px ,+ denote the price of country n’s intermediate good in period t. Let W;; and
Ryt be the wage and capital rental rate in country 7 in period t. Perfect competition in
production of intermediates implies

PX ntXnt PX ntXnt
Kxnt = OXK— R and Ly = OX L
nt nt

Moreover,

(1)
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oy — JOXK XX

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 # is given by T,; ;Px is-

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 ¢, Yy, is

given by

_o_
N o1 oc—1
nt—SYnt [Z CUm ni,t U] ’
i=1

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 (2)

SY,nt = ®Y,nZY,nt ( W ;
n

is aggregate productivity with Py ,; being the price of the final aggregate.® As in pro-

duction of intermediates, productivity in production of the final aggregate has two parts:

®Recall that we assume that labor is perfectly mobile within a country between sectors where it is used.
So, there is only one wage per country.



Py .. Y.\ Py
exogenous productivity, Oy ,Zy ,;, and endogenous productivity, (%) with ¥y
nt

driving the strength of external economies of scale in production of the final aggregate.
The term Zy ,; is an aggregate productivity shock. We do not put any restrictions on its
correlation with the shock Zx ,;; in the intermediate goods sector. The term ©y , is a nor-
malization constant introduced for convenience. The endogenous part of Sy ,; captures
external economies of scale in production of the final aggregate, and it is taken by firms as
given. (Py ;1 Yut) / 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

tinal aggregate, Py ,, is given by

1
[Zfil (Twi tPx it/ wni)l_ﬂ e

PY,ntYnt ) Py
Wnt

PY,nt =

7

®Y,n ZY,nt (
and country n’s share of expenditure on country i’s intermediate good is given by

Anip = (Tuit Pt/ oni) . (3)
’ N 1-0
Yo (TujePx it/ wnj)

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.

2.3 Investment Goods

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

1—
Int - @I,nZI,ntL?,IntYLntM/ (4)

where 0 < a; < 1. Here Lj,; and Y7 ,; are the total amounts of labor and final aggregate
used in production of the investment good, Zj ,; is an exogenous aggregate productivity
shock, and O, is a normalization constant introduced for convenience. We do not put

’The particular form in which the externality in production of the final aggregate is introduced is chosen
to later show isomorphism with the 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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any restrictions on correlation of Z;j ,,; with the shocks Zx ,,; and Zy ,; in the intermediate
and final goods sectors.®
Perfect competition in production of the investment good implies

PI ntInt PI ntInt
Liw = X and Yp, = (1 —aj) B
nt Y, nt
Moreover,
9 1—061
PI o WntpY,nt
mt — < s
@I,nzl,nt

where ©;, = a7’ (1— ap)t M O .

2.4 Households

Each country n has a representative household with the period-t utility function given by
U (Cut, Lyt), where Cyt and Ly are the household’s consumption and supply of labor in
period t. The household chooses consumption, supply of labor, investment, and holdings
of financial assets (if allowed) so as to maximize the expected sum of discounted utilities,
EtY 220 BU (Cht+s, 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,H—l - (1 - 5) Knt + Iy,

where I;; is the household’s choice of investment in period ¢, and § € [0,1] is the capi-
tal depreciation rate. Depending on the international financial markets structure, house-
holds face different budget constraints. Below we consider three standard alternatives for
international financial markets: financial autarky, bond economy, and complete markets.

8In the standard business cycles model, investment is made directly from the final good. This standard
technology can be obtained from (4) by setting ®;, = 1, Z;,; = 1, and a7 = 0. As we will see later, the
technology for producing the investment good in the standard versions of Krugman and Melitz models
corresponds to setting a; = 1 and having ©; ,Z; ,,; # 1.

11



2.4.1 Financial Autarky

In the case of financial autarky, there is no international trade in financial assets. House-

holds in country n then face the following flow budget constraint
Py :Cut + Pryelnt = Wyt + Ryt Kyt

Observe 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, Py ;.

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

PY nt ul (Cn t+1, Ln t+1) }
P;... = BE : . . : R +(1—-6)P , 5
1t = B t{ Py i Uy (Coty Lt [Ry 1+ ( ) Pyt )
. uZ (Cntr Lnt) . Wnt (6)

ul (Cnt/ Lnt) B PY,nt,

where Uy (-, ) and U, (+, -) are derivatives of the utility function with respect to consump-
tion and labor, correspondingly. Condition (5) is the standard Euler equation that equates
the price of investment today with the expected price of investment tomorrow. Condi-
tion (6) equates the marginal rate of substitution between consumption and labor with

real wage.

24.2 Bond Economy

We consider a bond economy where each country issues a non-state-contingent bond
denominated in its consumption units. The representative households in each country
chooses holdings of bonds of all countries. Holdings of country i’s bond by country n are
denoted by B,; ;. The household’s flow budget constraint is given by

Py iCot + Pitlut + Y Py (Bm',t +—7 Bii,t)
i=1

N
= WitLnt + RutKut + Y Pyt (1 +7i4-1) Buiy—1 + T,
i=1

b
where 7;;_4 is period-t return on country-i’s bond, and Tft = aTd] Zf\i 1 PY,itB;%i,t is the
bond fee rebate, taken as given by the household. Here b, is the adjustment cost of bond

holdings, which is introduced to ensure stationarity. First-order conditions are given by

12



conditions (5) and (6), plus an additional set of Euler equations:

Ui (Cy, L U, (C ,L
PY,it 1 ( nt I’Ii') (1 _|_ bad]Bnl,t) — ‘BEt { 1 ( Tl,t+1 T’Z,t+1) PY,i,t-i,-] (1 _|_ rit)} ,
PY,nt PY,n,t—H
fori=1,...,N.

International trade in bonds allows unbalanced trade in intermediate goods. Define

country n’s trade balance TB; as the value of net exports of intermediate goods:
TByt = PX,ntXnt - PY,ntYnt/

and define country n’s current account CA;; as the change in this country’s net financial
assets position:”

N
CAp = Z Py it (Bpit — Buit—1) -
=1

2.4.3 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 st. In each state with history st, countries trade a complete set of state-
contingent nominal bonds denominated in the numeraire currency. Let By, ;11 (st,stH)
denote the amount of the nominal bond with return in state sy, 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 Pg ; (st, st+1) the international price of this bond
in the state with history s’. Country n’s budget constraint is given by

Pyt (5") Cut (") + Pt (5") Lt (s") + Ane (s")
= Wat (5") Lut (5") + Rue (s') K (s") + Bt ('),

where
Aut (s') = Y Py (s',s141) Bupsa (s s141)

St+1

9Using markets clearing conditions (described later), it can be shown that trade balance and current
account can also be written as

N
TBut = WatLut + RutKnt — Py ntCnt — Prtlne, and CAjy = TBig + Y 7141 Py 1Bire—1-
=1
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is country n’s net foreign assets position in period ¢. First-order conditions in the case of
complete markets are given by conditions (5) and (6) (with the state-dependent notation
added to them), plus an additional set of conditions:

By () = p ) P () U (Cores (1), L (51)

e T () Pragr (370 Us (Cor (3), Lot (51)
ot 1 (Cut (s) /Lt (5)) :

Qnit (5 ) = Kpi Uy (Cys (1), Lt (St)) , foreachi,

is the real exchange rate, and

o = <u1 (Cuo (%), Lo (5°)) /Py o (°) ) -

Uy (Cio (s°), Lo (s°)) / Py,io (s°)

By dropping the state-dependent notation, we can write the conditions compactly as

PY,ntCnt + PI,ntInt + Ant - Wntht + RntKnt + Bnt/
PY nt ul (Cn t+1rs Ln t+1) }
Ant = BE . Al ontil) g ,
nt = PEt {PY,n,tJrl Ui (Cut, Lit) it
U1 (Cnt/ Lnt)
Knimv 7~ 7 7
Uy (Cit, Lit)

Quit = for each i. (7)

Condition (7) is 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,
CAnt - Ant - An,tfl-

14



2.5 Market Clearing Conditions
The labor market clearing condition is given by
WitLx,it + WitLp iy = WitLiy +aTBy, fori=1,...,N,

where 4 is a constant. When a = 0, we have a standard labor market clearing condition.
The extra term aTB;; is introduced to later show isomorphism with the 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
Kxi =Kj, fori=1,...,N.
The final aggregate is used in consumption and production of the investment good
Ci+Yrip=Yy fori=1,...,N.

Demand for intermediate goods is equal to supply

N
Y TuitXnip = Xy, fori=1,...,N,

n=1

In the case of the bond economy and complete markets we also have the sets of bond

market clearing conditions, which are given by
N
Y  Buiy=0, fori=1,...,N,
n=1

for the bond economy, and by
N
Y Ai=0
i=1

for complete markets.

For convenience, the full set of equilibrium conditions is provided in Appendix A.1.1°

0Observe that the standard international real business cycles model — as it is described, for example, in
Heathcote and Perri (2002) — can be obtained as a special case of the unified model by shutting down exter-
nalities, removing iceberg trade costs, requiring that capital investment uses the final aggregate only (i.e., it
does not use labor), and leaving exogenous shocks only in production of intermediate goods. Formally, the
unified model gives the standard international real business cycles model if we set x xk = Px 1 = Py =0,
ar =0, it =1, Zyp = Zp iy = 1,and Ox ,, = Oy, = O, = 1.
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3 Generalized Versions of the Standard Trade Models

We next present the key elements of generalized dynamic versions of the workhorse in-
ternational trade models: Eaton-Kortum, Krugman, and Melitz. 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 presentation omits all the derivations, which are
provided in Appendix B.

3.1 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
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,ntht (V) KX,nt (V)“X’K LX,nt (V)aX'L ’

where Kx ¢ (v) and Lx ,,+ (v) are capital and labor used in production of variety v, z,; (v)
is the efficiency of production of variety v, and Sx ,,; = K;’J{anj L;/g;’; is aggregate productiv-
ity that depends on the total amount of capital, Kx ,;, and labor, Ly ,,;, used in production
of all varieities in country n in period t.!! Aggregate productivity Sx ,; captures external
economies of scale in the production of varieties and is taken by firms as given. Effi-
ciencies z¢ (v) are drawn from the Fréchet distribution with parameters Zx ,,; and 6. Its

cumulative distribution function is given by
—6
Prob [Znt (1/) < Z] = e_(Z/ZX,nt)

Varieties are traded. Trade is costly and is subject to iceberg trade costs T,; ;.

"This production technology generalizes the production technology used in Kucheryavyy et al. (2017) 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. (2017) with no capital to the dynamic environment of the current paper with capital accumulation.
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Varieties are combined into the non-tradeable final aggregate:

o
o—1 1
[

1| N
Ynt - SY,nt /O [Z WiiXnit (V)] dv ’
i=1

where x,,;; (V) is the amount of variety v that country n buys from country i in period f,

wy; > 0 are exogenous importer-exporter specific weights, and, as in the unified model,

Pyt Yni ) oy

SY,nt = @Y,nZY,nt ( W .
n

is aggregate productivity. All terms of Sy ,; have the same meaning as in the correspond-
ing definition (2) in the unified model. Production function for Y;; implies that varieties
produced by different countries are perfect substitutes in production of the final aggre-
gate. Hence, producers of the final aggregate in country n buy each variety v from the
cheapest source (taking into account taste parameters w,;). We can then derive the price
of the final aggregate

1
—0] @
[ZiIL (TnitPx it/ i) ]

PY,ntYnt > Py
Wnt

PY,nt =

7

@Y,n ZY,nt <

1
_ =1 _
QHT‘T> Oy ., and

where Oy, =T <

o o
P L RitX,K WitX,L (8)
Xit = =<

CpPx kg ¥PxL’
®XZX,ltKX,it LX,it

with Ox = “;}fig zx;XLL Price Py ;; can be interpreted as the price of the output of varieties
in country i in period t. The expenditure share of country n on varieties produced in
country i is similar to the corresponding expression (3) in the unified model and is given
by
—0
(Tni,t Px,it / W)

YN (T Px e/ w -)_9.

j=1 \ tnjt+ X, jt nj

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

ni,t —

the consumption good is directly produced from the final good, and so the price of the
consumption good in country n is Py ,;. 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
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expression (4). This assumption is needed for showing isomorphism with the dynamic
versions of the Krugman and Melitz models. Assuming that production of the invest-
ment good uses only the final good (i.e., ay = 0), gives the standard investment good
technology as in, for example, Eaton ef al. (2016).

The complete set of equilibrium conditions for the generalized Eaton-Kortum model
is provided in Appendix B.1.1?

3.2 Generalized Dynamic Version of the Krugman Model

Production side of the Krugman model is different from the unified and Eaton-Kortum
models: production of intermediate goods uses only labor, intermediate good producers
are engaged in monopolistic competition and pay sunk costs of entry into the economy.
We describe the Krugman model in the following subsection.

3.2.1 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 € Q);; produced by country i and sold in
country n. Assuming iceberg trade costs and no arbitrage in international trade, we have
that puit (V) = Tuipii (v)-

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

tion of the final aggregate in country 7 is given by the nested CES production function

1
n=1 1 y-1

al Py M— 71 g1 |
Var = S |1 [MIP [ (i ()7 dv} .o
vellj

i=1

where x,;; (v) is the amount of variety v € Q) that country n buys from country i in
period t, w,; > 0 are exogenous importer-exporter specific weights, and

PY,ntYnt > P

SY,nt = ®Y,nZY,nt <W—t
n

12A straightforward extension of the standard static version of the Eaton-Kortum model to a dynamic
version with intertemporal investment decisions — along the lines of, for example, Eaton ef al. (2016) — can
be obtained from the generalized Eaton-Kortum model by shutting down externalities, requiring that cap-
ital investment uses the final aggregate only, and leaving shocks only in production of varieties. Formally,
this is achieved by setting ¢x x = ¢x 1 = Py = 0,47 = 0,and Zy ;; = Zy ;s = 1.

18



All terms of Sy ,; have the same meaning as in the corresponding definition (2) in the
unified model. The nested CES structure of (9) implies that the elasticity of substitution
between varieties produced in one country, given by o, is different from the elasticity of

substitution between varieties produced in different countries, given by 7.!3 We assume

that o > 1and # > 1. The term Mf;“r% 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 ¢y )1 governs the taste for va-
riety in the Krugman model (the standard Krugman model implies that the strength of
the taste for variety is 1/ (¢ — 1)). At the same time, as we shall see later, in the unified
model, parameter ¢y )s governs the strength of economies of scale induced by capital in
production of intermediate goods. Having this parameter is critical for showing the full
isomorphism with the unified model.

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

1 . v sp.. N\
Xuip (V ( ) Sg n%M( )(4’Y,M 071)w2;1 <pn113,t (V)> (Pnz,t ) Ynt/ (10)
ni,t Y, nt
_ 1
_ _ 1 _ T—0o
Pni,t — Mit (‘PY,M 17—1) / (pni,t (1/) /wni)l Udl/:| , (11)
VEQit
o1
1 1-y o
Py nt = SY nt Z Pnz t : (12)

Production of variety v € () requires only labor and is given by

Xnt (V) = SX,ntlnt (V) ’ (13)

where [,;; (v) is the amount of labor used in production of variety v, and Sx , = Z X,ntLixﬁLt

is the aggregate productivity in production of varieties. The aggregate productivity Sx

ox.L
LX nt’

with Lx ,+ being the total amount of labor allocated to production of varieties in coun-

consists of two parts: exogenous productivity, Zx ,+, and endogenous productivity,

try n in period t. The endogenous part of the aggregate productivity is an additional

13A combination of the nested CES production technology with the monopolistic competition environ-
ment is also used in Alessandria and Choi (2007), Fattal Jaef and Lopez (2014), Feenstra et al. (2014), and
Kucheryavyy et al. (2017), among others. As Kucheryavyy et al. (2017) show, interpreted through the lens of
a competitive framework with external economies of scale, having 7 # ¢ in the static environment allows
one to separate the value of trade elasticity, given by 1 — 7, from the strength of economies of scale induced
by labor and given by 1/ (¢ — 1). In the dynamic environment of the current paper, having 7 # ¢ allows
us to separate the trade elasticity, also given by 1 — #, from the share of labor used in production of the
intermediate good, givenby 1 —1/0¢.
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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
Py () = —— . Tt Wit
' c—1

4

Sx it

the bilateral price index is P,;; = Ty; +Px i1, where

o Wi

_1 Py M7 Px,L’
o—1 ZX,itMit LX,it

Px it = (14)

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

Py =7
/\ni,t _ N(Tnz,t X,zt/wnz) —- (15)
2]':1 (Tnj,tPX,jt/wnj)

Similarly to the price of intermediates in the generalized Eaton-Kortum model, Py ;; here
can be interpreted as the price of the output of varieties in country i in period ¢.
Let &);; denote the value of total output of varieties in country n in period ¢, and Dy
denote the average profit of country n’s producers of varieties (2,;;. We have
(o 1 an

Wyt Lx ut, d Dy=—- .
o—1 ntL X, nt an nt o Mnt

Xnt -

3.2.2 Entry and Exit of Producers of Varieties

In order to enter the economy, producer of a variety in country 7 in period ¢ needs to pay

0y 1—0([
sunk cost equal to ,flt—Y’"t, where 0 < a; <1, and Oy ,,Z; ,,; is an exogenous cost shifter.
@I,nZI,nt
Paying this sunk cost involves hiring L;,; = « IWn ! units of labor and using Y7, =
nt

V . . . L

(1—uay) P " umits of the final aggregate, where Vj;; is the value of a variety in country
Y, nt

n in period t.'* 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,

14In 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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therefore, the value of a variety is equal to the sunk cost of entry:

Ky 1—061
Wnt PY,nt

@I,nzl,nt

nt

Timing is as follows. Firms entering in period ¢ start producing in the next period. At the
end of each period ¢, an exogenous fraction ¢ of the total mass of firms (i.e., a fraction é 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;j ,; 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,
the law of motion of varieties is

Mn,t+1 - (1 - 5) My + MI,nt- (16)
All producers of varieties are owned by households. We turn next to their problem.

3.2.3 Households

Similarly to the unified model, households in country n maximize expected sum of dis-
counted utilities, Eg Y5> B'U (Cut, Lnt), by choosing consumption Cy, supply of labor
Ly, the number of new varieties Mj ,,;, and holdings of financial assets (if allowed). Con-
straints faced by the households are the budget constraint and the law of motion of va-
rieties given by (16). The specification of the budget constraint depends on the financial
markets structure, as in Section 2. In the case of financial autarky the budget constraint is
given by
Py 4:Cut + Vit M1 np = Wyt Lyt + Dyt My

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 Section 2.

3.2.4 Markets Clearing Conditions

All market clearing conditions are standard. Labor is used for production and invention

of varieties,
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LX,nt + Ll,nt = Ly,

demand for varieties is equal to supply,

N
Y Anit Pyt Yt = X,

n=1

and the final aggregate is used for consumption and invention of varieties,
Cnt + Yl,nt = Y.

The complete set of equilibrium conditions for the generalized Krugman model is
provided in Appendix B.2.1>

3.3 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.

3.3.1 Production of Varieties, International Trade, and Final Aggregate

In every period t, 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 domes-
tic market i, and, generally, some varieties from ();; are not available in any country (i.e.,

some varieties from ();; are not produced in period t). In general it can happen that some

157 dynamic version of the standard Krugman model — which can be obtained by, for example, a
straightforward extension of Bilbiie ef al. (2012) to a multi-country environment — can be obtained from
the generalized Krugman model by removing correction for the love of variety, shutting down external
economies of scale, requiring that producers of varieties pay entry costs in terms of labor only, and re-
moving the exogenous shock in production of the final aggregate. Formally, this is achieved by setting

Pym = PxL=¢r=0a=1 and Zy ,; = 1.

o
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varieties from ();; are available in country n # i, but not in country i. In other words,
generally it can be the case that Oy € Qi ;.

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,

N o n=1]n-1
Yo = Z {/ (WniXnit (V))gTil dl/} : (17)

i—1 LYveEQy;
Differently from the Krugman model, we do not add correction for the love-of-variety ef-
fect in (17) — the reasons for this are discussed below in Section 4.1 (also, in Appendix B.3
we introduce the correction for the love-of-variety effect and formally explore implica-
tions of this correction). Also, (17) does not have the exogenous term Sy ,;, while the
corresponding expression (9) for the Krugman model does. The reason for this is that the
structure of the Melitz model endogenously generates externality in the production of the
final aggregate.

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 for there is no term correcting for the love of variety.

Production technology of variety v € Q) is given by xj; (v) = Sx itz; (v) lj (v), where
lit (v) is the amount of labor used in production of v, z; (v) is the efficiency of production
of v,and Sy ;s = ZX,itL%’tL is the aggregate productivity in production of varieties, with
Ly ;1 being the total amount of labor used in production of varieties in country i. As in the
Krugman model, Sx ;; features external economies of scale and is taken by firms as given.
Monopolistic competition in the production of varieties implies that the price of variety

v € () is given by
o Tni t Wit
oc—1 Sxizi(v)

Pnit (V) =

3.3.2 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
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distribution given by its cumulative distribution function with shape 6 and minimal effi-
ciency Zyin n,

Gn(z) = Problz, (v) <z]=1-— (zm%y

As in the Krugman model, the expected value of entry (before drawing the efficiency
oy 170([

of production) is denoted by V;;. The sunk cost of entry is equal to Yt Assuming

I,nZI,nt
that entry is free, the sunk cost of entry is equalized with the expected value of entry in

equilibrium. The number of producers of varieties entering into the country n’s economy
in period t is denoted by M ,;. The law of motion of varieties is M,, ;11 = (1 — ) My +
My . Since the probability of exit is the same for all varieties v € (), the distribution of
efficiencies of production of varieties v € Q)¢ in any period ¢ 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

Qi = {V € Oy

5 (v) 2 2},

o
where z; , is given by

0
Zmin,i \ _ 0+1—0c _ it
. O Wit @i e Mt

Zm',t

with X,; ; being the total value of varieties that country n buys from 7 in period t.

3.3.3 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
1_ 5— )
Dy = {Mt "’F'MLF,JE’F'L] Fuit, (18)

1

1 5
. . 35— o— .
where F,; ; is an exogenous part of the fixed costs, {Ml"t PEM Ly n(fF o+ } is an endogenous

part of the fixed costs that is taken by firms as given, and



1
1 o]0
Under the assumption that 6 > ¢ — 1, we have that § > 0. The term [Mﬁt PEM L(SF o ’L}

corrects for the externality that arises due to interaction of love-of-variety and scale ef-
fects.!'® Parameter ¢r 51 governs the strength of capital externality in production of in-
termediate goods in the corresponding unified model, while parameter ¢r ; governs the
strength of externality in production of the final aggregate in the corresponding unified
model. The intuition is the following. If the market is served by a small set of large
firms, then it is cheaper to serve this market, because average costs for each of the firms
are lower. This is the scale effect. The scale effect goes against the love-of-variety effect:
consumers of the final good gain from access to a larger set of varieties. The trade-off
between these two effects is captured by 6. When 6 = 0, the two effects just offset each
other. Given o, larger 0 implies larger 6. High 6 implies lower variance of Pareto efficien-
cies. When variance of efficienies is low, all firms look similar. And so they either all enter
the market, or none of them enters. Conversely, low 6 implies higher variance of Pareto
productivities, which allows for the scale effect to kick in.

Under the assumption (18) on the form on fixed costs of serving markets, we can

derive that the bilateral price index is P,; ; = T,; 1 Px i1, where

g W,‘

_ (19)
o—1 Zmin,iZX,ithF'ML?gi'tL

Px it =

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

1
9 — 71 tPFL Py i Yot —¢rL | N 5 —6z
P = (557—) (Fo) | X (Blumusbaron) ™|

A=

1

where ¢ = W, and the share of expenditure of country n on country i’s varieties
1

7=1"

is o
S N

<Pni,tTni,tPX,it/ wm'>

_96 *
N 5
Yo (F Tl Px e/ wnz>

The value of total output of varieties in country n in period t is

(20)

nit —

o
oc—1

Xnt = WntLX,nt/

16To the best of our knowledge, this correction term is new to the literature.
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and total average profits of country n’s producers of varieties are

_0'—1 Xnt
nt = 0.9 Mnt.

The total amount of country n’s labor used to serve its market is

0+1—0 ) PY,ntYnt

L —
Ent o Wt
which can also be written as
Lpy— 5PY,ntYntLX
nt = — 5 LXnt-
n Xnt n

If trade is balanced — as is always the case under financial autarky — then Py ,;Y;,; = Xy
and so Lr ;4 = 0Lx .

3.3.4 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, Lr ¢,

LX,nt + LF,nt + Ll,nt — Lnt-
The other conditions are the same as in the Krugman model:

N
)\ni,tPY,ntYnt - Xit/

n=1

Cnt + Yl,nt - Ynt-

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

3.3.5 Discussion

There are no direct analogs in the existing literature of the generalized Melitz model.
There are two important differences of the generalized Melitz model with the dynamic
versions of the Melitz model described in, for example, Ghironi and Melitz (2005), Alessan-
dria and Choi (2007), and Fattal Jaef and Lopez (2014). First, fixed costs of serving mar-
kets in the generalized Melitz model are payed in terms of the destination-country la-

bor, while in the existing dynamic Melitz models the fixed costs are paid in terms of the
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source-country labor. Second, there are non-zero fixed costs of serving the domestic mar-
kets in the generalized Melitz model, while in the existing dynamic Melitz models there
are no fixed costs of serving domestic markets. The presence of such costs in the gener-
alized Melitz model creates a situation when in every period there are some firms that
neither produce nor exit. These firms have too low efficiency of production to overcome
tixed 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 the dif-
ferences in these assumptions are small in the environment with two symmetric countries,
which is traditionally the focus of the international business cycles literature (and which
is studied in the quantitative part of the current paper). The benefit of the assumptions
about fixed costs of serving markets made in the generalized Melitz model here 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 ¢x 1 = 0, prp = 0 and ¢r 1 = 6), and if we require
that the sunk costs of entry into the economy are paid in terms of labor only (by setting
a; = 1), then the only essential differences between the generalized Melitz model and the
existing dynamic versions of the Melitz model will be the differences in the assumptions

about fixed costs of serving markets described in the previous paragraph.

4 Theoretical Results

In this section we first formulate our main theoretical result: isomorphisms between the
unified model of Section 2 and the models of Section 3. After that we describe the relation-
ship between these models and relevant models in the literature. And then we explore
quantitatively the ability of the unified model to match business cycle moments observed
in the data.

In the rest of this paper, for brevity, when there is no risk of confusion, we refer to
the generalized dynamic international trade models of Section 3 simply as “the Eaton-
Kortum model”, “the Krugman model”, and “the Melitz model”.

7The 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. (2017), who make the same assumptions
about fixed costs of serving markets as in the current paper. These assumptions allow Kucheryavyy et al.
(2017) 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.
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4.1 Isomorphisms

The key result in establishing the link between the unified model of Section 2 and the
models of Section 3 is the following lemma:

Lemma 1. By an appropriate relabeling of variables and parameters, price of country i's output
of varieties in the Eaton-Kortum, Krugman, and Melitz models — given, correspondingly, by
expressions (8), (14), and (19) — can be written as the price of country i’s intermediates in the
unified model given by expression (1).

Proof. There is nothing to prove in the case of the Eaton-Kortum model: the price of out-
put of varieties in the Eaton-Kortum model, given by (8), is identical to the price in ex-
pression (1). The formal proofs of this lemma for the Krugman and Melitz models are
provided in Appendices B.2 and B.3. Below we provide an informal discussion of the
mappings between prices (14) and (19) in the Krugman and Melitz models and price (1)
in the unified model. O

Lemma 1 leads to our main theoretical result formulated in the next proposition.

Proposition 1. By an appropriate relabeling of variables and parameters in the Eaton-Kortum,
Krugman, and Melitz models we can write the equilibrium system of equations in each of these
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 aggregate predictions.

Proof. AppendixB. O

This proposition says that, up to relabeling, the generalized versions of the Eaton-
Kortum, Krugman, and Melitz models are essentially the same, despite having very dif-
ferent micro-foundations. In particular, under certain parameterizations, these models
are identical to a standard international business cycles model extended to allow for ex-
ternal economies of scale in production and iceberg trade costs.

In both the Krugman and Melitz models, we need to relabel variables D,; as R, and
M, as Kx ,,+ to obtain expression (1). Informally, the average firms’ profit in country n
and the measure of country n’s varieties in the Krugman and Melitz models play the role
of, correspondingly, return on capital in country n and the stock of country n’s capital in
the unified model. In addition to this, the amount of labor used in production of varieties
in the Melitz model, Lx ,;, needs to be multiplied by (% - %) in order for it to map
to the amount of labor used in production of intermediates in the unified model, also
denoted by Lx ;. This adjustment to Lx ,; in the Melitz model has to be done because

in the Melitz model — differently from the other models — there is an extra use of the
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total labor available in the economy: to pay fixed costs of serving markets. And it is the
sum of the labor used in production of varieties and the labor used to pay fixed costs of
serving markets that in the Melitz model corresponds to the labor used in production of
intermediates in the unified model.

Trade
Model XX K PYx K Px L, Py elasticity
Standard Eaton-Kortum ax K 0 0 0 0
Standard Krugman 1 L 1 0 c—1
o c—1 o o
) c—1 1 c—1 1 1
Standard Melitz -0 -0 -0 -1 @8 0
. 1 1 1
Generalized Krugman — Py M — — Px L+ — Py n—1
o o o
c—1 c—1 c—1
li li — —_
Generalized Melitz -0 dr M -0 Px L+ -0 ¢rL 0c¢

Notes: ax g is the capital share in production of intermediates in the unified model as well as the capital
share in production of varieties in the standard Eaton-Kortum model. {x x and i ; are the scale elasticities
of capital and labor in production of intermediates in the unified model. y is the scale elasticity of real
output of the final aggregate in production of the final aggregate in the unified model. ¢ is the elasticity of
substitution between varieties in the Melitz and Krugman models. 0 is the shape of Pareto distribution in
the Melitz model. ¢y s is the correction for the love-of-variety effect in the generalized Krugman model.
¢x 1 is the scale elasticity of labor in production of varieties in the generalized Krugman and Melitz models.
¢r pm and ¢r | 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. Trade elasticity in the unified model is given by the
exponent of T,,;; in expression (3).

Table 1: Mappings to Models

Parameter mappings are summarized in Table 1. Let us first consider the Krugman
model. As one can see from Table 1, in the standard Krugman model, elasticity of sub-
stitution between varieties governs four out five key parameters of the corresponding
unified model: the share of capital in production of intermediates, ax x; strengths of
economies of scale in production of intermediates, given by 1x x for capital and x 1, for
labor; and trade elasticity, given by the (minus of) exponent of T7,,;; in expression (3) for
trade shares. Thus, the standard Krugman model implies tight links between key param-
eters of the corresponding unified model. The modelling assumptions of the generalized
Krugman model of Section 3.2 allow us to break these tight links. To understand these
modelling assumptions, observe that we can obtain the standard Krugman model as a

special case of the generalized Krugman model by making several parameter restrictions.
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First, we need to set the elasticity of substitution between varieties produced in different
countries equal to the elasticity of substitution between varieties produced in one country
(i.e., assume that # = ). Second, we need to remove the correction for the love-of-variety
effect in the production technology for the final aggregate by setting ¢y 1 = ﬁ Third,
we need to shut down external economies of scale in production of varieties by setting
¢x 1 = 0. And, fourth, we need to shut down external economies of scale and exogenous
shocks in production of the final aggregate by setting Sy ,; = 1. In the generalized Krug-
man model, trade elasticity is given by the (minus of) exponent of 7, ; in expression (15)
for trade shares and is equal to (7 — 1) . Thus, by assuming that # # o, we break the
link between parameter ¢ and trade elasticity. By introducing correction for the love-of-
variety effect in the generalized Krugman model — by assuming that ¢y ) # ﬁ — we
break the tight link between parameter ¢ and the strength of economies of scale for capi-
tal. We can get any desired value of parameter 1x x in the unified model by varying ¢y 1.
However, the correction for the love-of-variety effect does not break the link between pa-
rameter ¢ 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 parameter ¢x 1.
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, ¢, and the shape of Pareto distribution, 6,
govern the five key parameters of the corresponding unified model: ax x, Yx x, ¥x,1, Py,
and trade elasticity. Thus, as it 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 modelling assumptions of the generalized Melitz model of Sec-
tion 3.3 allow us to break these tight links. In order to understand these assumptions, let
us describe parameter restrictions that we need to make to obtain the standard Melitz
model from the generalized Melitz model. First, the same as in the generalized Krugman
model, we need to set 7 = ¢. Second, we need to remove correction for the externality
that arises due to interaction of scale and love-of-variety effects in the presence of the
fixed costs of serving markets. This involves setting ¢r = % and ¢r; = 4. Third,
we need to shut down external economies of scale in production of varieties by setting
¢x 1 = 0. Relaxing these parameter restrictions allows us to have isomorphism between
the generalized Melitz model and the unified model.

In the generalized Melitz model, we do not have correction for the love-of-variety
effect in production technology of the final aggregate given by (17). External economies
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of scale in production of intermediate goods arise in the Melitz model due to the selection
effect: everything else equal, increase in the number of varieties produced in country i,

My, leads to an increase in the cut-off threshold for the minimal efficiency available in
ni b
with efficiencies smaller than z

any country #n, z;.,. This increase in the cut-off threshold leads to dropping of varieties

k
nit*

The number of varieties dropped is such that the total
amount of varieties left available at any destination n, M,;;, is unchanged. Since the
remaining varieties have higher average efficiency relative to the previously available set
of varieties, the price of production of intermediate goods available in any country #,
given by 7,,; 1 Px 1, falls (with elasticity 1/6 in the standard Melitz model) as M;; increases.
We formally show in Appendix (B.3) that correction for the love-of-variety effect in (17)
does not affect the elasticity 1/60 with which price Px ;; falls as M;; increases. In order to
change this elasticity, we correct the selection effect by introducing external economies
of scale with respect to the number of varieties M;; in the fixed costs of serving markets,

CI)ni,t‘-

4.2 Quantitative Results

We now assess quantitatively the international business cycle implications of the dynamic
trade models using our general, competitive model to provide perspectives on the trans-
mission mechanisms that get altered compared to the standard international business

cycle model.

4.2.1 Calibration

In the quantitative section we focus on the world economy that consist of two symmetric

countries. We consider the following preferences:

U (Cty Lnt) = ﬁ i 1- Lm)lﬂ1 ”
Parameter values for the unified, Krugman, and Melitz models are provided in Table 2.
Most of the parameters that are common for all three models are standard and taken
from the literature. Periods are interpreted as quarters. Values of parameters B, 7y, §, and
u are the same as in, for example, Heathcote and Perri (2002) and Ghironi and Melitz
(2005). Following Heathcote and Perri (2002), we match the steady-state share of imports
of intermediate goods to be equal to 0.15. But, differently from Heathcote and Perri (2002),
we achieve this by having positive costs of trade instead of home bias in production of
the final aggregate. Specifically, we set 7,,;; = 5.67 for n # i and w,; = 0.5 for all n and
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i.'8 In order to be as close as possible to the analysis of the standard IRBC model, for
the benchmark parametrization we require that the investment technology uses only the
final aggregate (i.e., we set B; = 0) and assume that there are no shocks to the investment
and final aggregate sectors (i.e., Z; 4 = Zy,+ = 1). Parametrization of the productivity
process in the intermediate goods sector is the same as in Heathcote and Perri (2002).

The calibration for the Krugman model implies that in the isomorphic unified model
ax x = 0.26, px x = 0.095, Px 1 = 0.26, and y = 0. For the Melitz model the isomorphic
unified model has the following parameter values: ax x = 0.25, px x = 0.11, px 1 = 0.25,
and ¢y = 0.075.

Parameters

=099 v=2u=03445=0.025 14 = 567, w,; =05, =0,
Common Parameters Zint=1,0x,=0y, =01, =1,Zy,;; =1

[108 (ZX,lt)] _ [Px,n PX,lZ} « {10g(zx,1,t—1)] " [EX,lt]

log (Zx2t) Px21 PX22 log (Zx2,+-1) X2t
2
Productivity Process {Sxf”} ~N <O, {UXJ U§/12}> )
€X,2t 0" lox21 0%,

with px11 = px2 = 097, px12 = px21 = 0.025, 0x1 = 0xp =
0.0073, 0x12 = 0x21 = 0.29

Unified Model o =2axk =036 ¢Pxx=9xL =09y =0,a=0
1
Krugman c=1+1/axx ¢ym = o1 PxL= 0,n=2
. 1
Melitz 0=1/axk 0=33 ¢x1=0¢pm= g, ppL=20,1=2

Table 2: Benchmark Calibration

18In the case of two symmetric countries, the steady state prices of intermediate goods are the same
across the two countries: Px 1 = Px, (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 (3) by substituting steady
state values of prices of intermediate goods — is simply

1—
(Tm’wni) 7

(Trnwn)' ™7+ (Tawn2) ™7

Am’ =

With the same values of taste parameters w,,; across countries, the steady state trade share depends only on
iceberg trade costs and parameter o.
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4.2.2 Results

Moments for the benchmark calibration are presented in Table 3. Column 1 provides
moments calcuated from the data. These moments are taken from Heathcote and Perri
(2002) and Alessandria and Choi (2007). Columns 2, 5, 8 present results for the standard
international business cycles model with iceberg trade costs (IRBC), columns 3, 6, 8 and
4, 7, 10 present results for versions of Krugman and Melitz models that feature sunk
costs of entry into the economy paid in terms of the final aggregate only. Comparing
outcomes of the three models with moments in the data, we see that Krugman and Melitz
models perform no better than the standard IRBC model: Krugman and Melitz models
perform well (or even worse in output, investment, and hours correlation) and fail in the
same moments where the standard IRBC model performs well or fails. Moreover, note
that while in this comparison, we use some model features that are different from the
literature, in Table 4 we do a similar comparison when the dynamic trade models feature
sunk costs of entry in terms of labor and where shocks are perfectly correlated across the
intermediate goods, final goods, and investment goods sectors. These are model features
that are common in the literature. We see even in this case that the quantitative results do
not change for versions of Krugman and Melitz models.

What is the main reason for this quantitative result? Our result on isomorphism is use-
ful to see why the quantitative properties of all these models are so similar. In particular,
note from above that in these restricted /standard versions of the Krugman and the Melitz
models, the difference from the standard IRBC models is externalities that are highly re-
stricted both in scale and in the split between capital and labor. Given the calibration
in particular, where we follow the parameterization from the literature, not only are the
extent and type of externalities highly restricted, they are also somehwat small overall.
For instance, in the Krugman model, as {x x = 0.095 the positive externality on capital
input in the intermediate good production is small. Moreover, since x 1 = 0.26, the pos-
itive externality on labor input is higher, it is still not large enough to affect quantitatively
as we show in detail later. Similar reasoning holds for the Melitz model, where the two
externalities on the intermediate good production are realtively small, with x x = 0.11,
Px 1 = 0.25, and the externality on the final good production/aggregation technology
similarly small as well, iy = 0.075. Moreover, as we show later, positive externality,
especially on the capital input, leads to a negative endogenous correlation in produc-
tivity across countries. This then further dampens down any co-movement in quantity
variables across countries. In particular it decreases the co-movement in output while
making even more negative the correaltion in investmenet and hours.

Given this result, we next use our general competitive model, which because of the
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Financial Autarky =~ Bond Economy  Complete Markets

Moment Data IRBC Krug Mel IRBC Krug Mel IRBC Krug Mel
m @ 6 @& 6 6 ¢ 6 0 00

Corr (GDP;,GDP,) 058 029 021 019 016 0.04 —0.04 0.14 —0.01 —0.09

(
Corr (Cy,Cy) 036 068 059 057 067 059 051 079 069 0.63
Corr (I, o) 030 —-0.02 —-0.17 -0.21 —0.46 —0.58 —0.66 —0.48 —0.61 —0.68
Corr (Ly, L) 042 —-0.23 —0.36 —0.39 —0.40 —0.57 —0.63 —0.51 —0.66 —0.72

Corr

GDP;’

@,GD&) 032 091 090 091 027 037 023 038 050 0.38

Y,1

ﬁ,cpm) 081 091 090 091 096 094 094 095 090 0.89

By copl) —0.49 —055 —0.50 —0.55 —0.49 —0.37 —0.43
Corr

Corr

NN
~

VVU’(Z/HIj)) 223 035 037 040 021 029 031 026 035 0.39
Var chél) 0.45 024 022 028 021 020 025
Var é;‘y) 394 093 101 102 119 122 134 114 120 1.30
Var (%) 542 093 101 102 123 127 143 117 121 1.35

Notes: Data moments are from Heathcote and Perri (2002), Table 2. GDP, = W, L, + R,K;, X,;; =
Px i Xii-

Table 3: Moments from benchmark calibration

isomorphism can then be re-interpreted as a version of the generalized dynamic trade
models, to explore if it is possible to achieve a better fit with the data. The general model
is particularly useful as we can independently vary both the overall scale and the split of
externalities across capital and labor. This leads to another insight: we show that an es-
sential feature is negative capital externalities in intermediate goods production. This can
be seen from the results in Table 5, where for comparison, we provide the moments from
a model without any externality, as well as those with positive and negative externality.'
We do so for all the three externalities: capital and labor input in the intermediate goods
production technology and the externality on the final good production technology. As
the standard dynamic trade models imply positive capital externalities in intermediate
good production, they do not provide a closer fit, and in fact often a worse fit, to the data.
What is the intuition for negative capital externalities helping with resolving several in-
ternational business cycle puzzles, especially those that pertain to co-movement across
countries?

YHere, to keep the transmission mechanism and interpretation clear, we do not consider exogenously
correlated shocks across countries. This is the reason why our benchmark moments are slightly different
from the IRBC moments in Table 3.
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Financial Autarky =~ Bond Economy  Complete Markets

Moment Data IRBC Krug Mel IRBC Krug Mel IRBC Krug Mel

m @ 6 @& 6 6 ¢ 6 0 00
Corr (GDP;,GDP,) 058 016 016 018 013 0.08 010 010 0.03 0.06

(
Corr (Cy,Cy) 036 040 052 052 048 061 060 056 072 0.72
Corr (I, o) 0.30 -0.19 -0.24 —-0.25 —-0.25 —0.39 —0.39 —0.29 —0.43 —0.44
Corr (L1, Ly) 042 —048 —041 —042 —0.60 —0.56 —0.56 —0.67 —0.65 —0.66

Corr

GDP;’

@,GD&) 032 09 08 087 098 077 078 098 086 0.87

Y,1

@,Gma) 081 09 085 087 091 073 077 082 050 0.53

B copl) —0.49 052 0.19 0.16 060 047 0.48

Corr

Corr

R T
~

VVU’(Z/HIj)) 223 058 0.18 021 063 026 028 067 033 036
Var égg;l) 0.45 0.09 0.08 008 016 012 0.13
Var jjT) 394 158 067 072 178 0.81 0.85 203 096 1.04
Var (%) 542 158 067 072 151 069 074 146 072 0.77

Notes: Data moments are from Heathcote and Perri (2002), Table 2. GDP, = W, L, + R,K;, X,;; =
Px i Xii-

Table 4: Moments for calibrations with shock to the final aggregate and investment sectors
and investment in terms of labor

Before going into the results, first, note that the main empirical puzzles are associated
with co-movement across countries in output, consumption, hours, and investment, as
is clear from Table 3. In the standard model, the co-movement of consumption is coun-
terfactually higher than GDP.2’ Moreover, while in the data, labor hours and investment
co-move positively, in the standard models, they co-move negatively. Second, it is critical
to note that when there are negative capital externalities in production of intermediate
goods, from the perspective of individual firms, it is as if the aggregate country-specific
producitity shock is less persistent with the same initial impact. This is because, in future,
due to positive capital accumulation, the productivity shock faced by the firms is lower
than the exogenous productivity shock. Third, note that since this feature is irrespective
of the risk-sharing arrangements across countries, our finding applies independently of
whether we assume complete financial markets or incomplete markets or financial au-
tarky. For concreteness, below when we present results we focus on the complete finan-
cial markets case and present all the results for the other two risk-sharing arrangements

20Note that high co-movement of consumption is not due to only perfect risk-sharing. This is also true
even under financial autarky, as long as different countries produce different goods.
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Px K ¥x 1, Py
Moment Data Bench 0.3 -1 0.7 -1 0.2 -1
m @2 6 @ 6 6 @ ¥
Corr (GDPy, GDP,) 058 026 023 036 012 038 —0.02 0.39

Corr (C1,Ca) 036 067 073 057 051 077 045 085
Corr (I, ) 030 —0.12 —021 0.03 —0.22 —0.02 —0.51 0.30
Corr (Ly, L) 042 —0.02 —027 029 —0.07 0.04 —0.28 —0.01
Corr GTlflljl,GDH) —0.49 —0.42 —0.34 —0.48 —0.47 —0.37 —0.58 0.51
Corr %,GDH) 032 056 067 042 042 064 0.02 096
Corr <%,GDP1) 081 095 093 097 094 095 092 0.67
Var (Pya/Pys) 223 026 031 018 028 025 032 017
Var (GDP;)

Var Gﬁf}ﬁ) 045 0.18 0.13 024 039 010 048 0.07
Var %) 394 117 104 133 222 075 190 0.74
Var (%) 542 121 107 136 230 077 205 0.70

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

Table 5: Moments from calibration with decreasing returns and uncorrelated shocks.
Complete markets.

in the Appendix.

We now provide an interpretation for the moments by analyzing in depth the trans-
mission mechanism. For this we turn to an analysis of impulse response functions, where
a 1% exogenous technology shock in the intermediate goods sector hits the home coun-
try. Note that we do not consider exogenously correlated shocks across the two coun-
tries. Figure 1 shows the first set of results where we vary only the externalities in capital
input, ¢x k, for a model with incomplete markets (bond economy). As we mentioned
above, when there are negative (positive) capital externalities in production of interme-
diate goods, from the perspective of individual firms, it is as if the aggregate country-
specific producitity shock is less (more) persistent with the same initial impact. Ths is
because, in future, due to positive capital accumulation, the productivity shock faced by
the firms is lower than the exogenous productivity shock under negative capital external-
ities. Given this, how do agents, say at home, respond to a productivity shock that has the
same initial size but is more transient compared to the no externality case? As is standard
in competitive business cycle models, it is most useful to think through the labor supply

response. As the shock is now more transient, compared to the no externality case, the
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substitution effect of wage increases is stronger than the income effect. This means than
that households supply more labor today. This, with the capital stock as given, then leads
to a larger initial response of output. This helps with increasing output co-movement
across countries. What should households do with this increased income? While the ini-
tial effect on income is higher, in future, as the productivity process is more transient,
income will be lower than in the model without externalities. Then through the usual
intuition from the permanent income hypothesis, while consumption rises today, due to
the desire to smooth consumption over time, consumption rises by less. This smaller rise
of consumption at home then helps with not counterfactually increasing consumption co-
movement across countries and in fact helps reduce the coorelation in consumption across
countries. We see these effects on output and consumption co-movement in Table 5.

Finally, why do cross-country investment and labor hours co-movement turn more
positive, with investment and hours correlation in fact moving from negative to posi-
tive? An important feature now is that while the country-specific productivity shocks
are uncorrelated in our experiments, negative 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 productity shock in the home country. This positive effect on pro-
ductivity faced by the foreign country then leads to increased labor hours and increased
investment for very standard reasons. Moreover, note that this endogenous increase in
productivity in the foreign country leads also to an increase in output, which helps fur-
ther with increasing output co-movement across countries. Finally, consumption in the
foreign country increases, but by less than it would with no externality.

While negative capital exernalities in production help with moving the model closer
to the data in terms of co-movement across countries of business cycle quantities, neg-
ative labor externalities do not uniformly do so. We see this in Table 5, especially for
co-movement of consumption. We show the transmission mechanisms underlying these
results in Figure 2, where we vary only the externalities in capital input, ¢x 1. The main
reason is that with negative labor externalities, while the productivity process faced by
the home country is also less transient in future as typically there would be an increase
in labor hours in future, the initial impact also shifts down. This is because unlike cap-
ital stock which is pre-determined today, labor hours respond positively today as well.
This then looks basically like a producitivty process for the home country that has shifted
downwards at every point in time. Then, home households do not increase their hours

initially. The effect is thus not as strong before with negative capital externalities in mov-
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ing the co-movement of hours and investment towards positive. In terms of the foreign
country, there is again an endogenous correlation of productivity, as typically there would
be a negative response of foreign labor hours, and so it does help qualitatively with gener-
ating a less negative response of foreign investment and hours. The main difference with
negative capital externality is that consumption correlation actually increases, instead of
decreasing.?! This is mostly because consumption in the foreign country does not change
its dynamic response, as there is not much difference in the investment path in the foreign
country.

Finally, we consider varying the externality in the production/aggregation technol-
ogy of the final aggregate good. Note again that in terms of interpretation from trade
models, this externality is a new feature of the dynamic Melitz model compared to the
dynamic Krugman model. Negative externality here also does not uniformly help move
the model closer to the data, as seen in Table 5. It for instance, increases co-movement in
consumption.?? We show detailed transmission mechanisms in Figure 3, where we vary
only the externality in the final good aggregator technology, {y. For the home country, the
effects are similar to that of negative labor externalities in the intermediate good produc-
tion technology. Our modelling of this externality in terms of (Py ,;;Yut) / Wit, the number
of country-n’s workers that produce the same value as the value of the final aggregate,

suggests why this is the case.

5 Conclusion

How important are margins identified in the modern international trade literature in ex-
plaining aggregate business cycles dynamics? We provide a unified theoretical and quan-
titative treatment of the international business cycles and trade literatures in a general
dynamic framework to answer this question. We present a general, competitive open
economy business cycles model with capital accumulation, production externalities, trade
in intermediate goods, and iceberg trade costs. Our main theoretical result shows that
models developed in the modern inernational trade literature that feature comparative
advantage, monopolistic competition and cost of entry, and firm heterogeneity and cost

of exporting are isomorphic, in terms of aggregate equilibrium, to versions of this com-

21 Also note that the investment correlation is still negative. A further increase in the extent of negative
labor externality can push this to positive. But regardless of the calibration, the consumption correlation
increasing is a robust feature. Another issue with negative labor externality is that the results are less
robust than that of negative capital externality when we consider different risk-sharing arrangement across
countries.

22Moreover, with this level of negative externality, the hours correlation is still negative.
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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, Zx ;. All horizontal axes measure number of quarters after the shock. All vertical
axes — except for the figure for the current account — measure percent deviation from steady state. The
figure for the current account measures the number of percentage points. The case with yx x = 0 corre-
sponds to the benchmark calibration of the unified model with no externalities and uncorrelated shocks
(i.e., px,12 = px 21 = 0). Calibrations for the cases with ¢x x = 0.3 and x x = —1 differ from the case with
YPx x = 0 only in having capital externality in the production of intermediates (with the corresponding
value for 1y k). All cases are for the bond economy. The red solid lines on the plots for Sx; and Sx » — in
addition to responses of Sx 1 and Sx » for the case of {x x = 0 — also correspond to responses of Zx ; and
Zx o for all values of ¥ .

Figure 1: Impulse-response functions for Zy ;. Capital externalities in the intermediate
goods sector. Complete markets.

petitive dynamic model under appropriate restrictions on the externalities. In particular,
the restrictions apply on the overall scale of externalities, the split of externalities between
the different factors of production, and the identity of the sectors with production exter-
nalities.

Our theoretical result shows that such isomorphism in terms of aggregate dynamics
holds even though the dynamic new trade models have very different micro foundations.
Our quantitative exercise then assesses whether various restricted versions of the general
model, in forms they are often considered in the literature, are able to resolve the well-
known aggregate empirical puzzles in international business cycles models. We provide
insights on why they fail to do so in many instances and in what directions they need
to be amended to genreate the required co-movement across countries. A critical feature
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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, Zx ;. All horizontal axes measure number of quarters after the shock. All vertical
axes — except for the figure for the current account — measure percent deviation from steady state. The
figure for the current account measures the number of percentage points. The case with x| = 0 corre-
sponds to the benchmark calibration of the unified model with no externalities and uncorrelated shocks
(i.e., px12 = px21 = 0). Calibrations for the cases with ¢x; = 0.7 and ¢x; = —1 differ from the case
with ¢x 1 = 0 only in having labor externality in the production of intermediates (with the corresponding
value for x 1 ). All cases are for the bond economy. The red solid lines on the plots for Sx ; and Sx » — in
addition to responses of Sx 1 and Sx » for the case of x| = 0 — also correspond to responses of Zx ; and
Zx o for all values of x 1.

Figure 2: Impulse-response functions for Zx ;. Labor externalities in the intermediate
goods sector. Complete markets.

that is required is negative capital externalities in intermediate goods production.

In future work, we plan to extend the analysis in some key directions. It would be
of interest to study, in our general framework, optimal trade policy to provide a unified
treatment of normative issues that have been explored in various modern international
trade models. It would also be worthwhile to use this model to delve further into the dis-
connect that has often been identified in the literature between the international business

cycles and international trade fields, such as in estimation/calibration of trade elasticity.
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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, Zx ;. All horizontal axes measure number of quarters after the shock. All vertical
axes — except for the figure for the current account — measure percent deviation from steady state. The
figure for the current account measures the number of percentage points. The case with ¢y = 0 corre-
sponds to the benchmark calibration of the unified model with no externalities and uncorrelated shocks
(i.e., px12 = px21 = 0). Calibrations for the cases with )y = 0.2 and ¢y = —1 differ from the case with
Py = 0 only in having externality in production of the final aggregates (with the corresponding value for
py). All cases are for the bond economy.

Figure 3: Impulse-response functions for Zx ;. Externality in the final aggregates sector.
Complete markets.
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A Unified Model

A.1 Equilibrium Conditions

Equilibrium conditions of the unified model are given by:

P;ut = BE: { Py nt . U (Cn,t+1/ Ln,t+1)
Py nt41 Uz (Cut, Lut)
UZ (Cntl Lnt) _ Wnt
ul (Cnt, Li’lt) PY,I/lt’
Kupr1 = (1—0) Kyt + Ly,

ax k+Px Ky ax,L+PxL
Xpt = @X,nZX,ntKnt L ’

[Ryt+1 4+ (1= 0) Pr 1] } ,

X,nt
c—1 Ll
N 1 o—
Y, — @Y ZY (PylntYnt)lPY Z <C(J )\ni,tPY,ntYnt> v
nt — n&Y nt n-—_ 5 ’
Wit = Tni i Px it
o 1—u
Int - @I,nZI,ntLI,IntYLnt I/

WntLX,nt + WntLI,nt = WhytLyt +aTBy,
Cnt + Yl,nt - Ynt/

N
A i tPy it Ynt = Px it Xit,
n=1
1-0
 (TuitPxit/ wi)
nit — 7
’ N 1-0
Y21 (Tuj Pt/ wnj)
Ko, — PX,ntXnt
nt = &XK—H s
Rnt
L. — g Px 1 Xt
Xt = KX, L5 7
Wnt
L Pl,ntInt
I,i’ll’ - I 7
Wnt
P oytInt
Yl nt — (1 - ) P’
Y, nt

The household’s budget constraint in the case of financial autarky is given by

PY,ntCnt + PI,ntInt = Wntht + RntKnt/
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in the case of the bond economy it is given by

N N
Py utCnt + Pitlnt + Y Py itBuit = WatLnt + RutKut + Y Pyie (1 +7i4-1) Buit—1,
i=1 i=1

and in the case of complete markets it is given by
PY,ntCnt + PI,ntInt + Ant - Wntht + RntKnt + Bntz

with

P U; (C ,L
AntZﬁEt{ vt Ui (G "’tﬂ)Bn,tH}-

Py ;41 Ui (Cut, Lit)

Additional conditions in the case of the bond economy are

PY,nt . u1 (Cn,t—|—1/ Ln,t+1)
PY,n,t—H ul (Cnt/ Lnt)

Py it (1 + bagjBnis) = BE: {

fori=1,...,N,

N
Z B?’li,t = O/
n=1

Pyipyr (1+ Tit)} ,

while in the case of complete markets they are

Yt KijM/ for each i and j,
Py jt Uy (Cjt, Ljt)

where

-1
. — [ U(Cio Lio) /Py
1] U1 (C]’O, L]O) /PY,jO

is found in the steady state.

A.2 Steady State

Given Ly, Yy, Ry, Wy, Px ., Py, Py, we can find the rest of the variables using the fol-
lowing conditions:
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)\ni 7(7/
E ( 1 (Tpl J/Wﬂ]>
X =" Z}xp Y
i PXz - nit'Ynin,
P X
K?’l = &x Xllgn ’
L « PxnX
Xn — XL Wn ’
I, = 0K,
Cn - (WnLn + RnKn - PI,nIn) /PY,nz
P, I
Ly, =ap %ﬂn,
Pr,.1
Yr, = (1—ag) lin .
Y, n

Conditions that determine L;, Yy, Ry, Wy, Px n, Py, Py, are:

Ln - LX,n - LI,n - 0/
Yn - Cn - Yl,n =0,

Rn—<%—1+5>mﬂ:0,

. UZ (Cn/ Ln) . Wn
ul (CHIL ) PYl’l

X ®XnZX nK“XK'i_IPXKL“XL'i_q}XL — O,
In - ®I,nZI,nL?,InY11,n M= 0’

=0,

Py, Y, \" [N APy Y.\ 7
Yn N @Y,n ( Y, n n) [Z (wni nil’Y,n . n)
1

)
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B Generalized Dynamic Versions of the Standard Trade Mod-

els

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

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. Profit maximization problem of producer

of variety v implies

RutKx e (V) = ax gput (V) Xt (V) (21)
WitLx nt (V) = ax,1pnt (V) Xnt (V) . (22)

And the cost of production is

4 4
( ) L TAX K TAX L Rnf/KWntX/L
pnt V) = aX,K “X,L —SX ntzn (V) .

In equilibrium,
1 1
Kx’nt:/o Kx nt (v)dv and Lx’nt:/o Lx it (v)dv.

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

1
Xt E/O Pt (V) Xt (V) dv.

Integrating conditions (21)-(22) over v, we get

X X
Rnt = OCX’KK nt and Wnt = OCX’LL nt .
X,nt X, nt
Let Q¢ C [0,1] be the (endogenously determined) set of varieties that country n buys
from i. We can write

0
o—1
o—1

Ynt - SY,nt [Z/ (wnixni,t (V))T dv
i=1 VEQm',t
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Demand for individual varieties v € (),;; is given by

—0
it (V
s () = 854 (P00 T,

PY,nt

with the price index

where

N

1
-0
PYnt—Synt [Z mt/wm U] 7

i=1
Pm',t = {/
Q

1
I

1-0 =
Puit (V) dv} )

ni,t

Producers of the final aggregate in country n buy each variety v from the cheapest source.

We can derive

—0
pl—v _T 0+1—o0 (Tui Px it / Wni)
nit 0 N o 9+é—17’
[ijl (Twj,t Px,jt / Wni) }
where
19 14
PX ) _ thX KWItX ,L
s Yx k1 ¥xL’
@szzitKX it LX it
with Ox = uc’;gfjf uc;}f’LL. Therefore
—0
pl-¢ _ T 0+1—0 al (Tuif Px it / whi)
Y nt 0 Ynt Z N o 0+1—c /
= [ijl (Tuj ¢ Pxjt / @Wnj) }
which gives
1
_pl "0
b . [Zf\; (Tui ¢ Pxit / Whni) }
Ynt =Y ’
! FK Oy .7 PY,ntYnt Py
Y,Tl Y,T’Zt Wnt
0+1 =
Wlth ®Y,n =T T @Y ne
Denote X,y = Xt/ Px nt. After some manipulations, the set of equilibrium conditions
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that are common across all financial market structures can be written as

P u, (C ,L
PI,nt — 5Et { Y,I’lt . 1 ( n,t+1 l’l,t+1)
Py ;141 Uy (Cut, Lut)
UZ (Cnt/ Lnt) _ Wnt
u1 (Cnt/ Lnt) PY,nt ’
Kn,t+1 - (1 - (5) Knt + Int/
X = ZX'ntKiX,K+1PX,KL“X,LJFIIJX,L

[Ryt41+ (1 —0) Prypi1] } ,

t X nt ’
N —
Y., — @Y ZY (PY,ntYnt ) P Z <w Ani,tPY,ntYnt> o+1
nt — n nt n-— _ ’
Wit = Tui it Px it

_gar yleag
It = Ll,ntYI,nt ’
LX,nt + Ll,nt - Lnt/

Cut + Yinr = Y,

N

Y AifPy i Yur = Px it Xi,
n=1

(Tyi P it/ i) "

N -0’
Yo (TujtPxjt/ wnj)

nit —

o PX,ntXnt
Kyt = UCX,KR—,
nt
L —_— PX,ntXnt
Xnt — AX L7 7
Wnt
L= (XIPI,ntInt
nt — 7
Wnt
PI ntInt
Yl,ﬂt = (1 - DCI) 1)/ 7
Y nt

Cnt + Int = Ynt-

Conditions, that are specific to different financial market structures, are identical to the
ones in the unified model.

B.2 Generalized Dynamic Version of the Krugman Model

Production of Varieties, International Trade, and Final Aggregate. The profit maxi-
mization problem of producer of variety v € ();; is given by
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N
max Y Piip (V) TuitXnie (V) — Wigliy (v)
Pii (V) Xnit (V) it (V) 11

s.t.

) = D (v oo (1) PPy
Xnijt (V)_ Ynt""it Wyi TuipPiip (V nit ~Yntints

N
Y Tuipxnie (V) = Sxitlit (v),
n=1

This gives the monopolist’s price

o Wit

piit (V) = o_1 gjt,

and the bilateral price index

_ 1
_ _ 1 B o
Pyiy = M, (¢ruu=sr) /veQ‘t (Pni (v) /wm')1 Udv}

‘ —_

:M_—(<PY,M—%) M. 4 _Tni,th’t e
’t "lo—1 wuSx

Juy

it

_ TuitPxit
-
Wy
where
P o Wi
X,it = : .
’ oc—1 APy M PxL
ZX,thit LX,it

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

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

_ 517—1 <Tni,tPX,it>1_U Pa—iypq

) Y.
Y, nt , nit *tYntint
Whi

- /\m’,tPY,ntYnt/

where 1
(Tui ¢ Px it/ Wni) §

)\ni,t = N -y
Y21 (TujtPxjt/ wnj)

is the expenditure share.
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Next, multiplying both sides of (23) on price p;; ; (v) gives

N o
Y Puig (V) Xnip (v) = o1 Wit (v)-
n=1 v
Integrating both sides of this expression over v € ();;, we get

o

Xy =
it 0__1

WitLx it,

where X; is the total value of output of all varieties in country i.

Profit of producer of variety v € () is given by
N
Dj (v) = Z Pni,t (v) Xni, ¢ (v) — Wity (v) .
n=1

Let Dit =

Q)j;. Integrating both sides of the above expression over v € ();;, we get

1 . I
Mo I, cq,, Dit (v) dv be the average profit of country i’s producers of varieties
it !

D, = Xt = Witlxi _ 1 X
! My o My

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; 4/ ?1 y}_””

new varieties, where 0 < a; < 1, and ©1,Z; ,;; is an exogenous productivity in the R&D

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

Vnt

of an invented variety, we get that invention of one variety requires a; units of la-

nt

V . . iy T
bor and (1 — ay) 2 " units of the final aggregate. Perfect competition also implies that
Y nt
WIXI Pl_OCI B
Vi = —2 Y1 where Orp=aj’ (1— oq)l_“’ Or 5.
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 V.

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
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labor and final aggregate used in the R&D sector are, respectively,

From here we also get that

. oy 170(]
Mint = OpnZintLp Y1 -

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

o
max EO tu C ; I ,
Cut,Lut, My nt, My ¢ 41 t;() IB ( nt, Lin )

s.t.
PY,ntCnt + VntMI,nt = Wntht + DntMnt/
Mn,t+1 = (1 - (S) My + MI,nt-

First-order conditions for this problem imply:

PY nt ul (Cn t+1s Ln t+1)
Vit = BE L Al
nt = BEr {PY,n,t—i-l Ui (Cut, Lint)
. u2 (Cntl Lnt) _ Wnt
ul (Cntl Lnt) PY,nt.

Dyis1+ (1—0) vn,m]} ,

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

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

1 1 11
Y Wt B 1 D;W,,
PX'”t_g_l' Py My PxL 1_(; ¢ ¢ o 17
Zx Moy "Ly Zx My ™ L Dyt Wy
1 A 1\ X
Using the facts that D,y = — - " and Wy = (1 — —> —"t, we get
o nt o) Lxut
1 11
PX = Dgfwnf !
T OxZx ML
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1 1—1

1 1 ~ 1\ 1 v
where le,M = (PY,M — E’ le,L = (PX,L + E_, and @X = <;’) <1 — E) . Let Xnt =
Xt/ Px ¢ be the real output of varieties. By substituting the expressions for D,;; and Wy

into the above expression for Py ,,;, we get

X, = (7 M¢X,ML¢X,L M% L1*%7
nt — XnttVigy X nt nt—X,nt"
Next, we have

)\ni,tPY,ntYnt

-1
= SI 7 (TwitPx it/ wni) T PY Y,

t ni,t+ X, it ni Y nt tnts
TuitPx it/ wni " "

which gives

-1
-1
('l—ni,tPX,it/wni)}7 = SZt <T 'tPX 't/w ) Pg,ntY”t'
ni, i ni

Taking both sides to the power of 1 we get

17 e
(Tpi tPx it/ wni) '~ = S(W_l)TU (M) Tl
ni, /1 ni nt Tni,tPX,it/wni

Summing over i and using the fact that
1= _ 1= _ 1-
PYnt SYnt ZPmt - Ynt Z TthXlt/wm) ’7/
i

we get
U
=11 5-1

- Ani,tPY,ntYnt o
Yut = Snt —
=\ TnitPx it/ Wni

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

phic form:
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Py, Ui (Chuit1, Lits1)
Vit = BE § =121 At
nt = BEt {PY,n,t—l-l Ui (Cut, Lit)
. u2 (Cnt/ Lnt) _ Wnt
ul (Cnt/ Lnt) PY,nt’

Mn,t+1 - (1 - (5) Mnt + MI,nt/

Dy i1+ (1=0) Vn,tH]} /

Ly 1+
Xt = Zx, ntM(r ¥x, MLX o IPX,L’

-
=11 -1
1

Ynt = @Y,nZY,nt (PY,ntYnt)le % ( iz tPY ntYnt) ’
i=

Wit Ti i Px it

o oy 1— Xy
Myt = OrnZintLp Yy
LX,nt + Ll,nt - Lnt/

Cnt + Yl,nt = Y,

N
Y Anit Pyt Yur = Px it Xi,

n=1
Ay = (Tm‘,tPX,z‘t)lﬂ7
nift — .
YNy (T Pxae)
1 Px Xt
My =—- -,
nt o Dnt
1 PX ntXnt
L =(1-—- ==,
X,nt ( 0_) Wnt
L Vit Mt
Int I Wnt 7
ViuM
Yiue = (1—Bx) et
PY,nt

PY,ntCnt + VntMI,nt = WhtLut + DytMys.

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

1
n—1 n—1
c—1 U

al ¢YM 71
o= 1 e
£ [ o7 a] 7] T
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1

where MZ;;M_ 7! is the correction term for the love-of-variety effect with the strength of

the effect given by parameter ¢y . Denote, for convinience, ¢y ;1 = ¢y p — 7. Demand

for individual varieties is given by

) = Vv o1 (Prit DN (Paig N7,
Xuig (V) = My, ni < Pyi ) Py u "
1
A Pvm 1-0c e
Ppip = M, (Pnip (V) /wni)™ " dv ’
’ Ueﬂm',t

N 1=y
Pyt = Z Pni,tﬂ .
i=1

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

1
Dy (v) = o Pnit (V) Xnit (V) — Wit Py s
1 (0—1)%1\4 o Tnitwit 1-e oc—1 pl
=My : ’ P7TPY Yot — Wiy @y 1o
gt oc—1 wniSX,itZi (1/) nit LY ntint nt ¥ ni,t

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 7.

After some algebra, we get

1
* - . . 1 oy .
—Zm’t = M_‘PY,M ( v Tni t Wit ) ( Py nt Ynt )1 7 pif_lpig T

. it 1 Q. - . ] ni, Y,nt_ :
Zmzn,z o 1 meX,thmm,z aWntanl,t

With Pareto distribution of efficiencies of production, we have that

* —0
*© * Z it
My = My dG; (z) = My (1 - Gi (z;,)) = My ( = )
Zyit Zmin,i
This gives
1—y M0 _ D _
Z;;i,t Prm . M—CPY,M o Tni,twit PY,ntYnt -0 P*ﬂpfgfi 24
. o it -1 ' S . W.., P, ni,t Ynt ( )
me,l o Wy X,ltzmm,z O V¥Vt ni,t

Next, let us find the bilateral price indices. We have
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ni,t ni,t -1 wnzSthZ

-0
o TuitWi -1 ~1 © -
= 0205, L M(.t WU, [ 2002
/ c—1 wniSX/it n, z*,

_ —0-1
_ 0 o Tni t Wit e M((T—l)fPY,M—lM, Zit ’
0+1—0 it !

1_
Pl oo M(U 1 (PYM 1M / ( Tl’lltwlt ) Ude (Z)
mt

=1 WyiZpin,iSx,it Zimin,i
_ ~1)(1-6
— b ( c TuitWi )1 ’ M Devm ( Zi >(0' o) (25)
0+1—0c \oc—1 wnizmmliSX,it i Zmin,i

In order to ensure that the right-hand side of this expression is positive, we need to make
the technical assumption that 6 > o — 1.

Without risk of confusion, let us redefine constant § in definition (18) of ®,; ; tobe § =
¢y m — 5. Without correction for the love-of-variety effect (i.e., when ¢y py = 1/ (0 — 1)),
we have the same definition of J as in the main text. Substituting the expression (24) for
the cutoff threshold into (25) and using the definition of ®,;;, we get:

o6

0 : Py Y, ot
_ R wror Y, nt Lnt 1
P = 0ri—o (Tuip Px,it/ wpi) 7vm° P TPy ,
Ir,
ULF,nt WntFni,t
where
Pxit = 7. Wi
gt —
oc—1 Zmin,iSX, th(PFM
Solving for P,; ;, we get
( N ) 60¢
1—¢ym0)8
1- 0 ’ ) Py it Yt 1
Pni,t;7 = (Q—H——O') (Tni,tPX,it/wni) ¢ ‘5*‘/’FZ . Pliz,nt ’
O'Lpl,ft Wit Fpi ¢
where .
¢ =

<ﬁ — (Py, M) 0+1
This allows us to find expression for the price index,

1

1 ~ —
o\ ) rp v\ N —oc| "
Py = <9+1—_0> <#) Lo |3 (Bt P/ wni :

i=1
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Next, bilateral trade flows are given by:

Xnip = M ~ Pnig (V) xpip (v)dv

ni,t

Pm' t 1=
= : Py .+ Y.
(PY,nt Y nt Int

Substituting expressions for price indices, we get

Xni,t = Ani,tPY,ntYnt/
where
5 -0
(q)ni,tTni,tPX,it/ wni)

_9{’: *
N
Yo ((Diz,tTnl,tPX,lt/ wnz)
W;
Zimin,iSx,itM

nit —

érm”
it

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

Zmin,i

* 1—¢y,m6 Py M—0 A ogpp
( Zm',t ) . Tni,tPX,it/wni M(ﬁﬂs) ( Xni,t )1_‘7 Lb‘((rfl)

M., °
t F,nt
Py ! oWt Fpi ¢ "

Next, we have
Tni,tPX,it/wni _ ( 0 ) 7 ( Pni,t ) (1-n)é ( PY,ntYnt )(5 L*(5*<PF,L)
Pyis 6+1—0 Py 0WytFpi) —F

- L v L ’ L—(5—4’F,L)
0+1—-0 0WhntFyi s Ent ’

which allows us to find

6

( iji,t ) _ |:9 +1—0 ' Xm’,t :| -1 M'(PY’M;(PF,M L5—<§F’L
me,z 60- WntFl’li,t it Fnt 7
and ; 1
Z*. - 9+1—U X't l,(P 5_¢ -3
M Ty = L’t M — . ni, M9 F’ML L .
it (me,l it 60 anFm,t it F,Tli’

To get average profits of country i from exports to 7, we need to calculate the following
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expression:

1
1 X, M,,;
Dyis = = Az;t — W, lMe ‘PFML;S: an L:| Fyis Nﬁ,t
. 1 Xm’,t 6+1—o0 Xni,t
T o My 60 M
2 1 Xni,t
T 9 M’

Hence, total average profits of country i are

-1 A
zt - Z Dnzt 9 ]\/IZtt
i

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

model,

Xy =

— Wit

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

0+1—0 Xi’li,t
90’ Wnt )

1
)
Lp it = [M "’FMLX,?;”} Fpi My =

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

N N
0 + 1—0 an’t
LF,nt - § ,LF,ni,t - : -
i=1 oo i= Wht

. 0+1—0 ) PY,ntYnt
N 90’ Wnt '

This allows us to write

_1
¢

1
0 o1 N -6z | °
Pyt = (m) LpifL [Z( ni t Tni, tPth/wm> ] :

i=1

or

&

) _
0 — 51 +t¢FrL Py i Yot —¢rL | N —0F
Py ¢ = (m) (UnTtn:) Z ( it Tnit PX, zt/wnz)

i=1
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Also, we can write

6+1—0 Xu Py _ ( 1 1) Py nt Yot |

Lp, = = .
Font 00 W Xy c—1 0) &,

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 value of net exports of varieties,
TBut = Xt — PY,ntYnt-

We can write

1 1\ Py ;Y 1 1\ X, —TB
LF,nt _ <_ . _) Y, nt ntLX,nt _ < _> uLX,nt

c—1 0] Xy c—1 6 Xt
= (% - %) Lxnt — (% - %) %LX,M-
Using expression Xy = - i 1 WitLx nt, We can write
1 1\ TBy; _0+1—0 TBy
(0—1_§)X—m i Fa e T

Define

c—1 06 c—1 6

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

~ 1 1 o 1
Lxut = Lxnt + <— — —) Lxut = ( — —) Lx nt.

~ 0+1—0c TBy
L L =1, . .
Xnt + Lint nt + 00 W,:
Next, rewrite condition for X,
o 1 =
Xnt = o 1WntLX,nt = ? : WntLX,nt~
1 —
oo
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Manipulate the expression for Py ,,

Xnt — ' P
’ — FM T PXL
o—1 Ziminn L X nt My LX,nt
¢ 0;91 1_0;91
X,L oy ol
_ o c 1 D, W,
c—1 \oc—1 8 et

1 —
' PEMT XLy G0 AT o0
Zminpn ZX nt My Lx,ntDnt Wi

-1 X -1\ X
Using the facts that D,y = % L | W, = (1 _7 ) nt

~, we get
Mnt 09 LX,Vlt
L—Bl 1_L—91
Ol Il
PX ;= Dnt Wnt
Mk X PxMmTYx,L’
@X,nZX,ntMnt LX,nt

_ -1 - —1
where Yx M = ¢rm — %, YxL = Px,L + %5, and

o 1-2 ~1-¢x1
& = oc—1Y\ 1_(7—1 @ (o 1 e
Xn=1\"0o o0 c—1 6 e

Let X,y = Xt/ Px nt be the real output of varieties. By substituting expressions for D;;
and W, into the above expression for Px ,; we get

PxMTPxL T Tl-%
J— ’ , al o
Xnt = <®X,WZX/”tMnt LX,nt> My Lyt

P 1\ ~1-9x1L
@X,n = (0_ 1 - 5) Zminn-

where

Next, we have

M=

1
—0¢ 0 ~(Zr-9rL)0C /p vy N\ ~¢rLOC
(F;fi,tTni,tPX,it/wni> = (—) < Y nt nt>

—0F
= 0+1—0 oW, Yint?
and so
0 (5 —¢£L)08 Py Yot Pr,L0C 5 —0C gz
Apit = (m) < O:W t ) <Fni,tTni,tPX,it/ wni) Py
n
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which gives

MnitPyutYor ( 0 ) (FHr—¢rL)6C < Py Yot > 9r 160
ng,tTni,tPX,it/wni 0+1—0 oWt
)(1+9§) P1+9€

Ynt.

)
X(Emﬂ%ﬂ&ﬁ/wm Y nt

Taking both sides to the power of %, we get

0 0
I s T ( 0 ) (tr—9rL)02 ( Py i Yot ) 9r 160 y TR
A\ I — '
X (F o1 Tni t Px it/ wm'> Pylgnt.
Summing over i and doing some algebra, we get
1468
0

_0Z
0 ﬁ —¢r,L PY,ntYnf ¢rL | N )\ni,t PY,ntYnt 1+6¢
Yyt = P oW Z 5
+1-0 O Wnt 21 \ Foi it Px it / Wi

ni,t

Finally, it is convenient to redefine iceberg trade costs as

1
c—1
restriction that ¢ —1 < 0, we have § > 0. Under the plausible assumption that F,;; >

In the main text we define § = %. Using this definition and the technical parameter
Funt, we get that T, > 7,4 > 1 and % = 1. Also, assuming that for all n, [, i we have
FuFij > FujiFi e we get the triangle inequality for 7,,;;. Under this definition we can
write the expression for the final aggregate as

1+0¢

Li—¢r1 ¢rL | N e
Y, = (L) o F¢ (PY,ntYnt) ’ Z ( A i ¢ Py it Yt )HGC
’ 0+1-c M\ W =\ Tui i Px it/ Whi

Of course, using the definition § = ¢y 1 — % introduced in the current appendix, we can
have § < 0. In this case, T,;; are no longer legitimate iceberg trade costs. We ignore this
issue below when we formulate the equilibrium system of equations. It is convenient

to have the full system in one place to discuss the role of the correction for the love-of-
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variety effect. In the main text we do not introduce this correction, and, thus, assume that
by M = % and 6 > 0.
Combining all expressions and definitions, we get the equilibrium system in isomor-

phic form (for the case of financial autarky):

Py Ui (Chs1, Ltt1)
Vi = BEi =1 AL
nt = PEr {PY,n,t+1 Ui (Cut, Lint)
. Uz (Cnt/ Lnt) _ Wnt
ul (Cnt/ Lnt) PY,nt’

Mn,t+l - (1 - (5) Mnt + Ml,nt/

[Dpt+1+ (1 —=0) Vi pq1] } ,

o—1 c—1
S T¥xmM7l—"4F+¢¥xL
_ 0 , 0 ,
Xnt = @X,nZX,ntMni LX,nf ’

1
v _ 0 1 PrL - PY,ntYn ; $FL
nt 0+1—0 nn,t oWt :

Ml,nt - ®I,nZI,ntL?,IntY11,;tM’
0+1—0 TB,

0o Wnt !

1407

6¢

Z

6
(M) e
Tni tPx it/ Wi

I
AN

ZX,nt + Ll,nt - Lnt +

Cnt + Yl,nt - Ynt;

N

Y Anit Pyt Yt = Px it Xi,
n=1

(it Px it/ wni)

)‘m’,t = - —oc’
SN (FaiPx i/ @ni) ¢
0—1 PxuXut
M - ‘ : 7
. o — 1\ PxutXnt
L= (1 asiy
X,i’lt ( 0_9 ) Wnt
VntMI nt
Lint = Bx—o bt
Lnt = Bx W,
Vit My
Yiue = (1—Bx) %,
Y, nt

pY,ntCnt + VntMI,nt - DntMnt + Wntht-

Let us discuss the role that the strength of the love-of-variety effect — given by pa-
rameter ¢y p; — 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 ¥,; ; in the expression for trade shares A,; ; and is equal to 0¢ with
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1
<;71T1_¢Y,M)9+1.

Second, if we remove labor externality in the fixed costs of serving markets by assuming

¢ =

(26)

that ¢r ; = J, then the strength of economies of scale in production of the final aggregate
will be given by —6 with 6 = ¢y pr — %. 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 6¢ in the generalized Melitz
model, if we keep parameter restriction that ¢r; = 4. For example, the value iy = 17171
can be used in the unified model, but not in the corresponding Melitz model. Indeed, hav-
ing Yy = ﬁ in the unified model implies that in the corresponding generalized Melitz
model we need to have § = —yy = —17171 and ¢y = —0 + % = r;lTl + %. But this, in
turn, implies that the denominator in expression (26) for ¢ is zero. In other words, hav-
ing Py = 17171 in the unified model implies a non-valid value for ¢ in the corresponding
generalized Melitz model.

If we relax parameter restriction that ¢r; = J, and, thus, allow for labor externalities
in the fixed costs of serving markets, then the only place where parameter ¢y »; 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
final 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:
1 and ¢y p1. So, one of these parameters is redundant for the purposes of isomorphism.
It makes more economic sense to adjust parameter 7 — elasticity of substitution between
varieties produced in different countries — rather than ¢y 5s to change the trade elasticity.
Hence, parameter ¢y js 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

1

— 1 1
1/ o= by M and

the main text we have ¢y )1 =

1

¢ = .
(Fr-eh) et

C Additional Tables with Moments
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Px K PxL Py
Moment Data Bench 0.3 -1 0.7 -1 0.2 -1
»m @ & @& 6 6 @O 0
cor(GDP,GDP) 058 029 026 036 014 043 024 046
Corr (C1, C) 036 0.68 067 065 056 076 064 0.77
Corr (I, ) 030 —0.02 —0.20 025 —0.11 0.10 —0.06 0.14
Corr (Ly, Ly) 042 —0.23 —057 020 —0.25 —0.17 —0.26 —0.13
Corr GTLf;l,GDm) —0.49
Corr éffcm) 032 091 091 092 089 093 092 0.85
Corr (%,GDH 081 091 091 092 089 093 092 0.85
V”Vfajzg[/nljf;) 223 035 036 033 038 031 044 0.05
Var GTE?A) 0.45
Var ;L) 394 093 086 103 138 071 1.03 0.70
Var (Iff) 542 093 086 103 138 071 1.03 0.70

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

Table 6: Moments from calibration with decreasing returns and correlated shocks. Finan-

cial autarky.
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Px,k ¥x,L Py
Moment Data Bench 0.3 -1 0.7 -1 0.2 -1
“m» o 6 @ 6 e O ©
Corr (GDPy, GDPy) 058 016 0.13 029 —0.18 0.37 —0.22 047

Corr (C1,Ca) 036 067 062 066 045 074 045 0.81
Corr (I, ) 0.30 -0.46 —0.60 —0.16 —0.64 —0.31 —-0.77 0.11
Corr (Ly, Ly) 042 —-040 —-0.67 0.11 —-0.56 —0.26 —0.67 —0.18

Corr Gﬁf}),cog) —0.49 —055 —056 —0.53 —0.64 —0.48 —0.68 0.06
1
Xﬂl,cppl) 032 027 024 029 —0.01 045 —028 0.85

Pry

Corr %,GDH) 0.81 096 096 097 094 097 092 0.84

Var (Pya/Pya) 223 021 021 016 026 018 028 0.11

Var (GDPy)

Var GTE?A) 045 024 022 026 048 015 059 0.02

Var I’;) 394 119 111 133 206 084 213 071
Y,1

Var (%) 542 123 115 135 215 0.87 228 0.70
Y,1

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

Table 7: Moments from calibration with decreasing returns and correlated shocks. Bond
economy:.
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Px K PxL Py
Moment Data Bench 0.3 -1 0.7 -1 0.2 -1
m @ 6 @ 6 6 O @0
corr(GDP,GDP,) 058 014 0.09 028 —0.25 041 —0.24 043
Corr (C1, C) 036 079 081 072 051 089 057 093
Corr (I, ) 0.30 —0.48 —0.63 —0.17 —0.68 —0.29 —0.78 0.09
Corr (L1, Lz) 042 —0.51 —0.80 0.07 —0.64 —0.39 —0.71 —0.41
Corr GTLf;l,GDm) —049 —0.49 —0.44 —0.52 —0.61 —0.40 —0.67 0.49
cWré;jll,chl) 032 038 049 031 004 060 —024 0.96
Corr (jlej,ch1 081 095 093 097 092 096 091 0.70
V”Vrajzg[/nljf;) 223 026 031 0.17 030 022 032 0.16
Var GTE?;,l) 045 021 016 025 047 0.12 057 0.07
Var I’;) 394 114 100 131 203 080 207 0.76
Var (%) 542 117 103 134 213 081 223 072

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

Table 8: Moments from calibration with decreasing returns and correlated shocks. Com-

plete markets.
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Px K PxL Py
Moment Data Bench 0.3 -1 0.7 -1 0.2 -1
»m @ & @& 6 6 @O 0
cor(GDP,GDP) 058 042 040 043 051 038 042 041
Corr (C1, C) 036 044 045 040 051 041 044 043
Corr (I, ) 030 041 037 044 051 037 041 041
Corr (Ly, Ly) 042 041 034 045 051 036 041 040
Corr GTLf;l,GDm) —0.49
Corr é;jll,cppl) 032 093 092 093 094 092 094 0.85
Corr (jlej,ch1 081 093 092 093 094 092 094 0.85
V"Vrajzg[/)lljf;) 223 031 032 031 029 032 037 006
Var GTE?A) 0.45
Var f*) 394 104 096 110 184 069 1.18 0.68
Var (%) 542 1.04 096 110 184 0.69 118 0.68

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

Table 9: Moments from calibration with decreasing returns and uncorrelated shocks. Fi-

nancial autarky.
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Px K PxL Py
Moment Data Bench 0.3 -1 0.7 -1 0.2 -1
m @ 6 @ 6 6 O @0

Corr (GDP;,GDPy) 058 030 029 037 024 032 0.02 045
Corr (C1,C2) 036 042 036 042 041 037 024 0.50
Corr (I, ) 0.30 —0.08 —0.15 0.05 —0.11 —0.06 —0.48 0.34
Corr (L1, L) 042 022 022 036 015 028 —0.12 040
Corr GTLf;l,chl) —049 —050 —0.52 —0.50 —0.51 —0.51 —0.61 —0.35
cWré;‘i,chl) 032 039 034 038 038 039 —0.06 0.76
Corr (j;%lj,c;pp1 081 097 097 098 096 097 093 0.89
Var(Pra/Pr,) 223 019 018 0.5 021 018 025 0.13
Var (GDPy)

Var GTE?A) 045 023 022 025 041 015 051 0.03
Var f*) 394 126 119 136 225 0.83 200 0.70
Var (%) 542 129 122 138 232 086 213 0.68

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

Table 10: Moments from calibration with decreasing returns and uncorrelated shocks.

Bond economy:.
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D Additional Impulse-Response Functions
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Figure 4: Impulse-response functions for Zx ;. Capital externalities in the intermediate
goods sector. Financial autarky.
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Figure 5: Impulse-response functions for Zx ;. Capital externalities in the intermediate
goods sector. Bond economy.
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Figure 6: Impulse-response functions for Zx 1. Labor externalities in the intermediate
goods sector. Financial autarky.
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Figure 7: Impulse-response functions for Zx 1. Labor externalities in the intermediate
goods sector. Bond economy.
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Figure 8: Impulse-response functions for Zx ;. Externality in the final aggregates sector.
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