
UC Riverside
UC Riverside Electronic Theses and Dissertations

Title
On the Transmission Mechanism of International Business Cycles

Permalink
https://escholarship.org/uc/item/9md473tm

Author
Farhat, Daniel

Publication Date
2009
 
Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9md473tm
https://escholarship.org
http://www.cdlib.org/


UNIVERSITY OF CALIFORNIA

RIVERSIDE

On the Transmission Mechanism of International Business Cycles

A Dissertation submitted in partial satisfaction

of the requirements for the degree of

Doctor of Philosophy

in

Economics

by

Daniel Felles Farhat

June 2009

Dissertation Committee:

Professor Jang-Ting Guo, Chairperson

Professor Roger Farmer

Professor R. Robert Russell

Professor Richard Suen

Professor Victoria Umanskaya



Copyright by
Daniel Felles Farhat

2009



The Dissertation of Daniel Felles Farhat is approved:

Committee Chairperson

University of California, Riverside



Acknowledgments

I thank my committee for their valuable comments. Special thanks to Jang-Ting Guo

for always watching out for my best interests, to R. Robert Russell for always patiently

listening to my ideas, and to Richard Suen and Victoria Umanskaya for teaching me how

to become an assistant professor by example. Also, special thanks to Roger Farmer for

all his advice on writing and presentation and for tolerating the Los Angeles freeways to

commute to Riverside. I thank Wei Li for her guidance over the years, Mindy Marks for

her constant good cheer, Brinda Mahalingam and Sofia Franco for their support, and David

Fairris for the opportunities he has extended to me over the years. I would also like to thank

the staff members in the department of Economics. Amanda Labagnara, Damaris Carlos,

Karen Ward and Tanya Wine have always been there to help whenever I had problems

(or broke the copy machine). Without them, nothing would ever get done. I would like

to thank the other graduate students in the department of Economics. Special thanks to

Aditi Bhattacharyya, Jie Li, Emry Yoldas, Zeynep Senyuz, Jaehee Son, Xiaoyu Wu, Shruti

Kapoor, Deniz Baglan, Madeeha Qureshi and all the others for their constant friendship

and support. Finally, I would like to thank all the people in my life that helped me make

it through the past 10 years: Jan Brogan, Sarah Farhat, Abbey Anthony, and Sandy Yuan.

Without them, none of this would have been possible. Thank you all!

iv



To my mother and my sister.

v



ABSTRACT OF THE DISSERTATION

On the Transmission Mechanism of International Business Cycles

by

Daniel Felles Farhat

Doctor of Philosophy, Graduate Program in Economics
University of California, Riverside, June 2009

Professor Jang-Ting Guo, Chairperson

Models that feature endogenously determined trade patterns are able to capture many

features of international business cycle transmission. Although these models are "Ricardian"

in the sense that countries trade labor services, changes in employment are often omitted

(labor is supplied inelastically). The effect of foreign booms and recessions on domestic

labor markets can therefore not be analyzed, and hence these models overlook an important

mechanism of business cycle transmission across countries. Further, these models often

omit capital in the production of goods. "Investment" in the model is defined as new

firm construction, which does not compare well to the empirical measure of investment.

This dissertation develops a two-country dynamic stochastic general equilibrium model

featuring an endogenously determined trade pattern. Employment dynamics are added to

the model by allowing households to choose how much labor to supply every period. The

model generates high output volatility, procyclical employment and positive correlation

of employment across countries. Capital is then added to the production of non-traded

final goods. The model produces high international correlations of output, consumption
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and investment when shocks to the production of final non-traded goods are considered.

Further, the model is able to reproduce high volatility of imports, exports and the exchange

rate, features that past literature had difficulty capturing.
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Chapter 1

Introduction

Business cycle fluctuations among industrialized countries are positively corre-

lated. Most would say that trade and financial linkages between countries are responsible

for transmitting booms and recessions across countries. Efforts to develop models in which

these linkages serve as a mechanism for business cycle transmission generally end in failure

more often than not. Through the 1990’s, extensions of the closed economy neoclassi-

cal business cycle model to multiple countries consistently predicted negatively correlated

business cycles or required abhorrent features inconsistent with the modern trend of global-

ization in order to achieve matches to the stylized facts. Recently, research has shown that

changes in the pattern of trade (a feature omitted from the previous body of international

real business cycle research) can greatly affect business cycle transmission. Models with

foundations in trade theory that allow for shifting trade patterns show promise in succeed-

ing where the previous models had failed. These models, when compared to the rest of

the real business cycle literature, are quite primitive. To simplify the framework, elements
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necessary for the study of business cycles are often omitted.

One such model developed by Ghironi and Melitz (2005) has become quite popular

among international macroeconomists. The model features monopolistic competition, love

of variety and intra-industry trade. Endogenizing the number of firms and the size of the

export sector allow for changes in the trade pattern over time. Persistent trade deficits,

persistent deviations in purchasing power parity and bilateral trade flows are all possible

within the model. In calibrated experiments, the model is capable of matching many

stylized facts at the firm level. The original framework, however, oversimplifies many sectors

of the economy relevant to the study of business cycles. For example, labor in the model

is supplied inelastically which makes it impossible to study employment dynamics. Since

the model requires labor in the production of traded goods and to pay costs associated with

exporting, fluctuations in employment are certainly relevant to changes in the trade pattern

which governs business cycle transmission. Also, the model omits capital. "Investment"

is simply new firm construction, which is not how investment is typically defined in the

data. Further, capital accumulation and changes in capital holdings can exacerbate the

persistence of shocks to the economy. The trade off between capital and labor services

in the production of goods is also relevant to the pattern of trade and can influence the

direction and intensity of business cycle synchronization.

In chapter 2, I will perform a survey of the literature and a reassessment of the

stylized facts associated with the international business cycle research program. Chapter

3 and Chapter 4 attempts to extend the Ghironi and Melitz framework in two directions.

In chapter 3, a more complete labor market will be developed within the model. By incor-
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porating endogenously determined labor supply, the model becomes capable of generating

fluctuations in employment which increase the volatility of output. Further, the labor

market reacts in such a way as to produce procyclical employment and positive correlation

of employment across countries. Labor market outcomes result in improved international

correlations of output, consumption and investment. Trying to improve business cycle

correlation further, as some researchers have done, by restricting asset trade results in

distortions in the labor market and the international market.

"Investment" continues to be misspecified in versions of the model that omit cap-

ital accumulation. In chapter 4, the definition of capital will be improved by incorporating

capital into the production of non-traded final goods. Including capital in this fashion

provides a more realistic concept of investment while leaving the fundamental structure

of trade undisturbed1. When business cycles are driven by productivity shocks to inter-

mediate goods production, the inclusion of capital in final goods production succeeds in

capturing the relationship between imports, exports and GDP, but fails to adequately cap-

ture international business cycle correlation and many features of the international market.

When business cycles are driven by productivity shocks to final goods production, capital

plays a crucial role in business cycle synchronization. The model is able to produce more

realistic series for the volatility of imports, exports, and the real exchange rate as well as

capture the relationship between international prices and output.

1When traded goods require only labor, the underlying structure of trade is "Ricardian" in the sense that
countries trade labor services.
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Chapter 2

A Survey of the International Real

Business Cycle Research Program

2.1 Introduction

A review of the current research and a reexamination of the stylized facts associ-

ated with international business cycles is necessary. Many reoccurring themes in the inter-

national real business cycle (IRBC) research program inspire the structure of the models

presented in chapter 3 and 4. Themes of particular note include trade pattern endogene-

ity, love of variety, trade in intermediate goods, asset market frictions and demand shocks.

These will be highlighted in section 2.2. Since many of the models in the research program

omit data from the last 20 years, an update of the statistics used to evaluate the fit of the

model’s simulation results is also a necessity. This is done in section 2.3. Section 2.4

briefly concludes.
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2.2 Recent Literature

Prior to the 1990’s, theoretical explanations of business cycle transmission and

synchronization could be classified into two groups: real models and money models. The

money models argued that in the presence of sticky prices, unanticipated changes in the

money supply by one country induced economic changes in general. The real models focused

on preference or technology shocks transmitted through trade linkages between countries.

Either sort of model was loosely based on the Mundell-Flemming open economymodel which

focuses on the dynamic relationship between investment/savings (foreign direct investment)

and the trade balance.

In the mid-1980’s, a wide-spread revival of classical ideas (coupled with a rejection

of Keynesian approaches) disseminated throughout the literature. Many researchers such as

Dellas (1986), Stockman and Svensson (1987), and Cantor and Mark (1988) began extending

the newly developed real business cycle models of Kydland and Prescott (1982) and Long

and Plosser (1983) to multiple countries. These early studies focused on the theoretical

underpinnings of the transmission mechanism of business cycles. Dellas (1986) for example,

generates a dynamic model in which either correlated productivity shocks or trade linkages

(in inputs) could generate business cycles. Cantor and Mark (1988) and Stockman and

Svensson (1987) on the other hand, suggest that international sales of assets transmits

business cycles through risk pooling or the revaluation of assets. Canova and Dellas (1993)

develop a DSGE including domestic and foreign consumption as well as trade in intermediate

goods to explicitly analyze the role of international trade in transmitting and synchronizing

cycles. Their model’s results suggest that business cycles could become correlated through
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input trade, depending on the magnitude of trade linkages. Using standard time-series

techniques, they show that trade linkages are an important medium for cyclical correlations

opposed to common productivity shocks.

After the essential framework began to emerge, researchers began applying cali-

bration techniques to test the developing models in lieu of econometric analysis. Backus,

Kehoe and Kydland (1992) and Mendoza (1991) proposed two-country DSGE models fea-

turing complete financial markets (which facilitate international risk sharing), correlated

productivity shocks, frictionless trade and capital adjustment costs. Their central purpose

was to find how accurately a simulated model reflects the real economy. Unfortunately their

answer was ”not much”. Several anomalies came to light from the initial pass of research.

Many inconsistencies between the simulated results and the real economy were

derived by Backus, Kehoe and Kydland and persist in the face of several experiments.

Unlike the real economy, simulation results often suggest consumption among countries has

high correlation while output has negative or low correlation (dubbed the "consumption-

output" or C-O anomaly). This result occurs essentially from using financial markets to

pool risk. Consider, for example, two countries: A and B. A favorable shock in country A

causes assets (in the form of capital, let’s say) to be diverted to that country. Production of

output is reduced in country B and increases in country A. Since consumers purchase output

from income stored in assets, consumption for everyone increases. Hence, consumption

across countries, within the model, becomes too highly correlated while output becomes

negatively or slightly correlated. To a somewhat lesser extent, international correlations

between investment, savings and employment were also difficult the match. Resolving the
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C-O anomaly, however, became the most sought after target for the next wave of research.

Continual advancements in the research program were made as economists tried

to resolve the mystery. Some researchers attempt to augment the way financial markets

are modeled to achieve better results. Baxter and Crucini (1995) and Kollmann (1996)

include incomplete asset markets to try to retard the effect of risk pooling. Heathcote and

Perri (2000) close financial markets completely and compare the results to those that occur

in complete markets. Kose and Yi (2001, 2002, 2005) follow Heathcote and Perri using

a three-country model to analyze the impact of trade linkages on cyclical synchronization

under both open and closed financial markets. They, however, include transportation costs

to induce variation in trade linkages. Kehoe and Perri (2002) look not at exogenously

constrained financial markets, but endogenously constrained financial markets by including

imperfectly enforceable lending agreements. Olivero (2004) models non-competitive lenders

which reduces the effects of risk-pooling via counter-cyclical mark-ups for loans.

Other researchers make changes to the way non-financial components within the

model interrelate. Stockman and Tesar (1995) introduce a non-traded goods sector to allow

for high correlation of traded goods, but not necessarily for non-traded goods. Baxter

and Farr (2005) include variable capital utilization which reduces the size of productivity

shocks necessary to match several moments in the international data. As these sorts of

augmentations continued to result in limited improvements, the direction of the research

program began to shift towards relying on demand-side sources of cyclical fluctuations.

Stockman and Tesar (1995) and Wen (2002) illustrate the importance of demand-

side shocks to international comovement by incorporating persistent demand shocks into
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an IRBC framework. The intuition is that a when one country has a technology shock,

assuming perfect risk pooling, investment into that country’s capital stock rises at the ex-

pense of investment in the other country’s capital stock. Output in the shocked economy

rises while output in the other falls (hence the counterfactually negative or low correlation

of output across countries that is predicted by models relying on technology shocks). With

demand shocks, the international market works as a medium for cyclical synchronization.

When one country experiences a persistent demand shock, consumption of both domesti-

cally produced and imported goods rise. Thus, output and investment in both countries

rise to compensate (hence correlated output and investment). Since demand shocks are

idiosyncratic, we would expect the correlation of consumption across countries to be less

than the correlation of output. However, when demand shocks are transitory, investment is

crowded out to increase consumption temporarily in the shocked country, resulting in low

or negative investment correlation.

Building on this idea, Guo and Sturzenegger (1998), Xiao (2003, 2004) and Fukuda

(2004) incorporate sunspots within an IRBC context. To do so, the model is constructed to

exhibit a sink-stable steady state to which an indeterminate number of equilibrium paths

converge. The incorporation of this feature resolves the consumption-output anomaly, but

also stresses self-fulfilling beliefs as an important mechanism generating cyclical fluctuations.

Xiao (2004) includes variable capital utilization to reduce the degree of increasing returns

necessary to achieve indeterminacy. Fukuda (2004) develops a model with indeterminacy

within the context of a monetary economy. In general, IRBC models featuring indetermi-

nacy outperform previous models on multiple dimensions and remain at the forefront of the
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research program.

In the vast majority or aforementioned research, focus has not been on the inter-

national market. Imports, exports, terms of trade and exchange rates are treated, for the

most part, as an aside. Focus on the dynamic properties of these variables is done within

a somewhat separate but related strand of research. Backus, Kehoe and Kydland (1994),

for example, introduced a new property of international business cycles: the j-curve. ”J-

curve” describes the shape of the cross-correlation function between the trade balance and

the terms of trade. The trade balance tends to be negatively correlated with current and

future movements in the terms of trade while positively correlated with past movements of

terms of trade. They produce a DSGE model which can replicate this property. Cuñat and

Maffezzoli (2002) also focus on matching moments of exchange rates, the trade balance and

terms of trade within a two-country DSGE model. Productivity shocks drive the model,

as in Backus, Kehoe and Kydland (1992), so the C-O anomaly persists in the Cuñat and

Mafezzoli model. However, more focus is put on nominal and real exchange rates, terms of

trade and net exports.

Mendoza (1995) and Zimmerman (1999) include exogenous terms of trade shocks

and exchange rate shocks respectively within IRBC frameworks. Mendoza focuses on the

Harberger-Larsen-Metzler effect and capturing the transmission mechanism of terms of

trade. Zimmerman focuses on matching import and export volatility. These models differ

from earlier research in the source of shocks, but relate to Backus, Kehoe and Kydland’s

interest in the properties of the international market.

Closely related to the work by Backus, Kehoe and Kydland (1994) and the demand-
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side models of Stockman and Tesar (1995) and Wen (2002) is a strand of research incorpo-

rating of monetary shocks. Schlagenhauf and Wrase (1995) focus on the role of exogenous

monetary policy shocks when consumers trade both goods and currencies. Chari, Kehoe

and McGrattan (1997) develop a model in which prices are sticky and consumers face sto-

chastic shocks to the money growth rate. Both models focus on matching the volatility and

persistence of the exchange rate and terms of trade.

In all of the models described so far, the evolution and determination of the trade

pattern has been exogenous. A small but separate sect of IRBC literature has developed

within the rubric of ’international trade’, which leaves the trade pattern endogenous. In

a broad sense, this is done by first endogenizing firm entry, then allowing firms to choose

to be exporters. Thus, the effect of the calibration on the results are two-fold: one effect

coming from endogenous firm entry while the other comes from endogenous export decision.

Head (2002) and Cook (2002) incorporate endogenous firm entry in monopolis-

tically competitive input markets. Production of final goods within the model exhibits

international increasing returns to scale. The C-O anomaly persists in Head’s calibrated

results, although correlated productivity shocks are no longer required to achieve correlated

output across countries. The C-O is resolved qualitatively in Cook’s model when firms en-

ter input markets sequentially then engage in Cournot competition. Alessandria and Choi

(2004) and Ghironi and Meltiz (2005) incorporate both endogenous firm entry and export

decision. In Alessandria and Choi, consumer dislike of foreign variety allows for reduction in

the C-O anomaly. The Ghironi and Melitz framework succeeds in reducing the C-O anomaly

as well, but focuses on generating deviations from purchasing power parity and the Harrod-
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Balassa-Samuelson effect. Models of this type are structured to reflect modern perceptions

of international trade: non-competitive frameworks incorporating intra-industry trade.

This new class of models is still quite underdeveloped when compared to resent

research on closed-economy real business cycles. The original Ghironi and Melitz model

assumed labor is supplied inelastically to simplify the models already complex structure.

The drawback of this feature is a lack of employment dynamics in the model. Since

labor is used in the production of traded goods, to construct new firms and to pay export

costs, changes in employment can dramatically affect the trade pattern. Further, the

model distorts the definition of "investment" typically used in real business cycle models

by omitting capital accumulation. Since investment exodus has been shown to be a central

cause of low output correlation across countries, and since the presence of capital can prolong

the effects of business cycle movements, incorporating capital into the model is certainly

not a trivial exercise.

2.3 A Review of the Stylized Facts

Many researchers rely on the set of stylized facts generated by Backus, Kehoe and

Kydland (1992) in order to test the fit of their models. This data covers 1954-1989 for

the U.S. business cycle statistics and 1960-1989 for international business cycle statistics1.

With almost 20 years of additional data available, it is important to update the set of

stylized facts used to compare the fit of our models. We might expect that accounting

1Australia 1960-1989, Austria 1964-1990, Canada 1960-1989, Finland 1970-1988, France 1965-1989, Ger-
many 1960-1989, Italy 1970-1987, Japan 1965-1990, South africa 1960-1989, Switzerland 1967-1986, United
Kingdom 1960-1990.
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for changes in the economy during the past two decades would impact the set of statistics

quite dramatically. On one hand, the sample period originally analyzed by Backus, Kehoe

and Kydland puts heavy weight on the oil shock era (in which business cycles between the

US and Europe were strongly related) which might provide us with an overestimate of the

degree of international correlation between countries. On the other hand, the presence

of globalization and the relaxing of trade restrictions that have occurred in recent history

might have improved business cycle correlations. Further, the more moderate business

cycle fluctuations among the industrialized countries will most certainly change measures

of volatility.

I organize the data on international comovement into three categories: domes-

tic business cycle statistics, international correlations and international market statistics.

First, to test how well my model reproduces internal (or "intra-national") business cycles, I

will compare the results of my model to the data on domestic business cycles for the United

States reported in table 2.12. As is commonly found, consumption, investment and labor

hours are procyclical. Consumption and labor hours are less volatile than output while

investment is more volatile.

To make appropriate international comparisons, I use annual data from the Penn

World Tables which is adjusted for changes in purchasing power parity. I construct a ”Eu-

ropean Aggregate” following Backus, Kehoe and Kydland (1992) from 1970-2004. After

2Table 2.1 - Quarterly data for the United States (1957.1-2007.1) is extracted from the International
Financial Statistics database maintained by the World Bank. Data for investment includes gross fixed
capital formation plus changes in inventories. Labor data is generated from civilian employment measures
from the OECD database. Logs for deflated measures of output (Y), consumption (C), investment (I), and
labor (L) are detrended using the HP filter.
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Table 2.1: U.S. Business Cycle Statistics (1957q1-2007q1)

Domestic Statistics
Volatility Correlation

(Standard Deviation) with GDP
σY (%) 1.54 ρY,Y 1.00
σC/σY 0.75 ρC,Y 0.88
σI/σY 3.41 ρI,Y 0.90
σL/σY 0.61 ρL,Y 0.81

detrending, I compare the annual business cycle statistics for output, consumption, invest-

ment and employment between the U.S. and Europe. The correlation statistics that are

reported in table 2.23 suggest positive comovement of output, consumption, investment and

employment between the United States and Europe.

Business cycle comovement, however, proves to be time-dependent. Figure 2.1

shows how the correlation coefficients describes in table 2.2 change over time by looking at

5-year and 10-year rolling window estimates4. Data from the entire sample suggests out-

put is more highly correlated across countries than consumption (the data used to isolate

the consumption-output anomaly). Looking at the 10-year window, we see that output is

more correlated across countries than consumption before 1985, but consumption is more

correlated than output after 1985. In general, we can say that output correlation and con-

sumption correlation are "close" and generally positive. Investment correlation, however,

is low and occasionally negative.

The third set of data I consider looks at international market statistics for the

3Table 2.2 - The "European Aggregate" consists of Austria, Findland, France, Germany, Italy, Switzerland
and the United Kingdom. Annual labor data is taken from the OECD database and omits Finland due to
missing data. Data availability for Germany constricts the sample to 1970-2004.

4Figure 2.1 - At any time, t, the figure plots the international correlations of output, consumption and
investment using data from the preceeding j years, where j = 5 and 10 respectively.
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Table 2.2: U.S. - European Comovement Statistics (1970-2004).

International Comovement
Correlation

ρYUS ,YEU 0.56
ρCUS ,CEU 0.45
ρIUS ,IEU 0.37
ρLUS ,LEU 0.39

United States. These measures include imports (IM), exports (EX), the trade balance as

a fraction of output (Net Exports/Output = NX/Y), the terms of trade (TOT, measured

as the ratio of import prices to export prices) and the real exchange rate index (Q) and

are reported in table 2.35. The data suggests high volatility of quantities (imports and

exports) and prices (terms of trade and the real exchange rate). Exports and imports

are both procyclical, net exports is counter-cyclical and prices are approximately acyclical.

This data will be used to test how well the model captures the behavior of trade linkages (an

important source of business cycle transmission across countries) over the business cycle.

2.4 Conclusion

There are many reoccurring themes in the review of current research on interna-

tional business cycle transmission. First, trade pattern endogeneity, love of variety, trade

in intermediate goods and non-competitive markets add a dimension of realism and flex-

ibility to modern international business cycle models. Second, open goods markets lead

to positive comovement across countries while open asset markets lead to risk-pooling and

5Table 2.3 - The quarterly data is extracted from 1957.1-2007.1 from the International Financial Statistics
Database for imports, exports, the terms of trade (index) and the real exchange rate (index). Log measures
are detrended using the HP filter.
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Table 2.3: U.S. International Market Statistics (1957q1-2007q4).

International Market
Volatility Correlation

(Standard Deviation) with GDP
σIM/σY 3.31 ρIM,Y 0.60
σEX/σY 3.74 ρEX,Y 0.28
σNX/Y 0.40 ρNX/Y,Y -0.36

σTOT/σY 1.69 ρTOT,Y 0.07
σQ/σY 3.37 ρQ,Y -0.18

negative comovement. The imposition of asset market can abate the negative international

correlation, although this feature is inconsistent with the modern trend of globalization.

Third, international market statistics are important if trade linkages drive business cycle

transmission, but are often overlooked. Since trade is considered the mechanism respon-

sible for international comovement, matching stylized facts of the international market are

important. Finally, demand-side shocks are potentially vital in transmitting business cycle

fluctuations across countries.

The domestic business cycle statistics are as expected: consumption, employment

and investment are all procyclical and investment is more volatile than GDP while con-

sumption and employment are less volatile. In general, the updated empirical evidence

suggests that consumption, output, investment and employment are generally correlated

across countries. Although output is more correlated across countries than consumption

for the period prior to 1985, consumption is more correlated across countries than output

for the modern period. On average, output and consumption correlations are "close" and

positive. In the international market, imports, exports, the terms of trade and the real

exchange rate are all highly volatile relative to GDP. Imports and exports are both pro-
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cyclial, but imports are more closely related to output than exports. The trade balance

and the real exchange rate are countercyclical while the terms of trade is acyclical. The

analyses presented in Chapter 3 and 4 will utilize this updated set of statistics in evaluating

the fit of the models.
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Figure 2.1: U.S.-European Comovement Statistics (1970-2004) - Rolling Window.
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Chapter 3

Endogenous Labor Supply,

International Trade and

Macroeconomic Dynamics

3.1 Introduction

The Ghironi-Melitz framework has quickly become a standard model, bridging

traditional macroeconomic theory and new models of international trade1. Although the

focus of the original paper was on generating deviations from purchasing power parity and

the Harrod-Balassa-Samuelson effect2, the model can also help reduce the consumption-

output anomaly. While the model is able to match many stylized facts, it oversimplifies the

1The model is based in new trade theory, featuring non-competitive markets incorporating intra-industry
trade.

2The Harrod-Balassa-Samuelson effect states that prices are generally higher in welthier (or more pro-
ductive) countries.
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labor market by assuming inelastic labor supply and cannot be used to study the dynamics

of employment. Hence, the basic model cannot predict how downturns in the economies

of our trading partners affect our employment rate. Since the model is "Ricardian" in

spirit3, a development of the model has the potential to understand how employment can

influence the trade pattern, enhancing our understanding of international business cycles.

I carry out this development by adding a richer theory of the labor market to the original

Ghironi-Melitz framework.

My model succeeds in simulating more realistic output volatility, procyclical em-

ployment and positive international correlation of employment when labor supply is endoge-

nous. When there is a positive shock to aggregate productivity, output and consumption

increase as does the demand for labor as new firms enter the market. Although increases in

consumption reduce the amount of labor services the households are willing to supply, the

effect of an increase in labor demand dominates. In equilibrium, the model predicts higher

wages and procyclical employment. Output increases further as employment expands,

generating high volatility of output. Capital market adjustments induce an exodus of in-

vestment and an economic contraction in the other country which causes foreign workers to

choose to supply more labor in equilibrium, resulting in positive international correlation

of employment. Domestic expansions result in an increase in employment as do foreign

upswings (although foreign consumption may be contracting).

To induce stronger international correlation, past research suggests imposing strong

asset market frictions. With higher foreign bond adjustment costs, there is less transfer of

3In the Ghirnoi-Melitz model, countries trade intermediate products for which labor is the only input.
Effectively, the countries are trading labor services.
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investment spending from the foreign country to the home country when the home country

experiences a positive productivity shock. Output, consumption and investment all be-

come more correlated across countries. However, the purchase and sale of foreign assets

allow a country to run a trade deficit or surplus. Asset frictions of this sort result in

reduced volatility of imports, exports and the trade balance as each country attempts to

maintain more balanced trade. When labor supply is endogenously determined, positive

consumption correlation that arises from changes in the trade pattern cause a reduction

of labor supply in the foreign country whenever the home country experiences a positive

shock. Employment correlation across countries is reduced. Imposing strong asset market

frictions improves international correlation at the expense of the international market and

the labor market.

The remainder of the chapter is as follows. I construct the model in section 2.

I present and discuss a series of numerical experiments in section 3. Section 4 presents a

short conclusion.

3.2 The Model

The theoretical model is heavily influenced by Ghironi and Melitz (2005). I

diverge, however, from their framework by including endogenously determined labor supply

in the household’s decision. The model described here considers two countries, home and

foreign (denoted by *). Both countries are large and assumed to be structurally identical.

With that in mind, I construct the framework for one country (the home country) knowing

that a symmetric framework exists for the foreign counterpart.
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3.2.1 The Consumer’s Problem

The most relevant changes I make to the original framework are in the household’s

problem. I assume that there exists a representative household that chooses to work,

consume and save. A variety of products are available to the household. Denote the

universe of intermediate input varieties available to both countries as Ω. At any time, t,

a subset Ωt ⊆ Ω is actually available to home consumers. Ωt contains both domestically

produced and imported goods. It need not be the case that Ωt = Ωs for t �= s nor Ωt = Ω∗t .

Composite consumption, Ct, is produced using Dixit-Stiglitz technology:

Ct =




∫

ω∈Ωt

ct(ω)
(a−1)/adω




a/(a−1)

(3.1)

where ct(ω) denotes the quantity of variety ω used in the production of the composite,

and a > 1 denotes the elasticity of substitution across varieties. The framework suggests

that, ceteris paribus, the amount of composite commodity produced is increasing in the

number of available varieties (referred to in the literature as "love of variety" (Dixit and

Stiglitz (1977)). This set-up allows me to clearly incorporate imperfect competition on the

producer’s side of the model. Recent advancements in the trade literature with respect to

imperfect competition and trade patterns make this formulation desirable4.

Denote Pt(ω) as the price for variety, ω, and PCt as the price index for consumption.

It is straightforward to construct conditional demand equations for individual varieties, ct
5.

ct(ω) = Ct(Pt(ω)/PCt)
−a

4Helpman and Krugman (1985) illustrate the emergence of this strand of literature.
5We solve a series of cost-minimization problems to construct demand equations and price indices.
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I also construct the associated price index:

PCt = (

∫

ω∈Ωt

Pt(ω)
1−adω)1/(1−a) (3.2)

The household is endowed with 1 unit of time that it can divide between labor, lt,

and leisure. Labor earns the real wage, wt. The household can choose to save by purchasing

bonds, Bt+1, which each cost one unit of consumption, but yield (1+rt+1) units in the next

period. Both domestic and foreign bonds (B∗) are available to the household and are

subject to a quadratic transaction cost which is rebated, lump-sum (Γt), to the household.

The household can also purchase shares of a mutual fund, xt+1, which entitle the owner

to a fraction of the profits (d̃t) of the producing firms. Arbitrage prices the shares at the

firms expected discounted value (Nhtṽt for new shares and Ndtṽt for old shares, where Nht

is the number of existing firms, Ndt is the number of producing firms, and ṽt is the average

value of a firm). Households are obligated to hold bonds and stocks for only one period

before they are resold in asset markets6. The consumer’s real period budget constraint is

then given by:

Ct +Bt+1 +QtB∗t+1 +
n1
2 (B

2
t+1) +

n2
2 (QtB2∗t+1) + (Nhtṽt)xt+1 =

wtlt + (1 + rt)Bt +Qt(1 + r
∗
t )B∗t + Γt + xt(Ndtṽt +Ndtd̃t)

where Qt is the real exchange rate, n2 ≥ n1 > 0 are the scale parameters on foreign and

domestic bond adjustment costs respectively, and the lump-sum rebate Γt =
n1
2 (B

2
t+1) +

n2
2 (QtB

2
∗t+1) in equilibrium. Allowing for differences in domestic and foreign bond adjust-

ment costs allow me to adjust the magnitude of asset market frictions in international bond

markets. As n2 increases, domestic consumers will be less willing to adjust their holdings

6All savings instruments are denoted with the time subscript in which they yield a return.
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of foreign bonds which will limit the extent to which a country is willing to finance a trade

deficit.

I will construct two different formulations for the agent’s instantaneous utility

function. When considering perfectly inelastic labor supply, as in the original Ghironi-

Melitz framework, I assume the period utility function is of the form:

Ut(Ct, lt) = logCt

When considering endogenously determined labor supply, the instantaneous utility function

takes the form7:

Ut(Ct, lt) = logCt −
l1+λ
t

1 + λ

with λ > 0. The agent’s maximization problem can then be written as:

max{Cs,ls,Bs+1,B∗s+1,xs+1}∞s=t Et

∞∑

s=t

βs−t [Us(Cs, ls)] s.t.

Cs +Bs+1 +QsB∗s+1 +
n1
2 (B

2
t+1) +

n2
2 (QtB2∗t+1) + (Nhsṽs)xs+1 =

wsls + (1 + rs)Bs +Qs(1 + r
∗
s)B∗s + Γs + xs(Ndsṽs +Ndsd̃s)

The first-order conditions for the consumer’s problem generate an equation that guides

labor supply in addition to three Euler equations. The labor supply equation is:

lt = C
−1/λ
t w

1/λ
t (3.3)

with elasticity of labor supply equal to 1/λ when labor supply is endogenous and

lt = 1 (3.4)

7In their original paper, Ghironi and Melitz use a CRRA utility function: U (Ct) =
C
1−γ
t
1−γ with γ = 2. I

have chosen log consumption (γ = 1) for both cases to ensure balanced growth properties of the model when
endogenous labor supply is considered.
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when labor is supplied inelastically. The Euler equation for domestic bonds is:

C−1t (1 + n1Bt+1) = (1 + rt+1)βEtC
−1
t+1 (3.5)

Similarly, the Euler equation for foreign bonds is:

QtC
−1
t (1 + n2B∗t+1) = (1 + r

∗
t+1)βEtQt+1C

−1
t+1 (3.6)

The Euler equation for stocks is:

ṽt = β(1− δ)Et(
Ct+1

Ct
)−1(d̃t+1 + ṽt+1) (3.7)

3.2.2 The Firm’s Problem

I now consider the problem faced by a typical intermediate good producer in the

home country. I assume that there exists an unbounded mass of firms in the economy

that may begin production at any time. As in Ghironi and Melitz (2005), these firms are

monopolistically competitive and produce for domestic and foreign markets separately (i.e.

markets are segmented). Given the demand for their products derived in the previous

section, the firm’s problem is as follows:

Step 1: Decide whether or not to enter.

Step 2: Upon entry, choose how much output to produce and what price to set.

Step 3: Death or exit.

In practice, firms will first derive the solutions to step 2 and step 3 before choosing

whether or not it’s worth it to enter the industry.

Consider a potential domestic producer, j. If firm j decides to enter the market,

they must pay a one-time entry fee in terms of effective units of labor. Once the entry cost
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is paid, they receive a firm-specific productivity draw, zjt. The firm then produces output

according to the production function:

yjt = ZtzjLjt

where yjt denotes the quantity of output firm j produces, Zt denotes an economy-wide

technology variable, and Ljt is the quantity of labor firm j hires in the production of output.

The firm will choose how much to produce for the domestic market (cdjt) and how much

to produce for export (cxjt). Firms that choose to export must pay a per-period export fee

in terms of effective units of labor. Exports are subject to an iceberg cost, τ ≥ 1. Thus,

total output for the firm is given by yjt = cdjt + τcxjt.

The firm’s expenses include a wage bill, a one-time start-up cost, and exporter

fees. The wage bill is simply wtLjt. Start-up costs are a fixed cost paid in terms of labor

once during the period the firm begins production. The ”production” of entry is given by

FEt = ZtLEjt which suggests a total fixed cost of wtFEt/Zt
8. Exporter fees are paid each

period the firm chooses to export (cxjt > 0). The production of the exporter fee is given

as FXt = ZtLXjt . Thus, the per-period exporter cost is wtFXt/Zt. Dropping the start-up

cost, I form the firm’s real instantaneous profit maximization problem:

max
cxjt,cdjt

Πjt

PCt
=
Pdjt

PCt
cdjt + εt

Pxjt

PCt
cxjt −

wt

Ztzj
(cdjt + τcxjt)− Ixt

wtFXt

Zt

where Ixt = 1 if cxjt > 0, else Ixt = 0. εt denotes the nominal exchange rate. It is

important to note that Pxjt is measured in terms of foreign currency. For any variable,

X, we denote real prices as ρX = PX/PC and substitute the demand functions from the

8The presence of a fixed entry fee induces constantly falling average cost, ensuring each firm produces a
unique variety.
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previous section into the firm’s problem (as is standard with monopolistic competition) to

generate the first order conditions for the firm9:

cdjt = Ct(
a

a− 1

wt

Ztzj
)−a

cxjt = C∗t (
a

a− 1

wt

Ztzj

τ

Qt
)−a

where the real exchange rate reflects the relative price of consumption between the home

and foreign countries, Qt = εtP ∗Ct/PCt. For simplicity, it is assumed that εt = 1. The

demand equations are used to find the optimal real prices charged by the firm:

ρdjt =
a

a− 1

wt

Ztzj
(3.8)

ρxjt =
a

a− 1

wt

Ztzj

τ

Qt
(3.9)

The prices suggest a constant markup over marginal cost (wt/Ztzj).

Profits for the firm can be divided into ”domestic production profits” and ”export

profits”. They are given as:

ddjt =
1

a
Ctρ

1−a
djt (3.10)

dxjt =






1
aC

∗
tQtρ

1−a
xjt −

wtFXt
Zt

if cxjt > 0

0 if cxjt = 0





(3.11)

For a continuum of potential firms, there exists some productivity draw, zxt, such

that the firm with that draw earns zero profits whether it exports or not (the exporter

cutoff). For this firm, 1aC
∗
tQtρ

1−a
xjt =

wtFXt
Zt

.

9It is assumed that firms do not observe the impact of price setting on the aggregate price level when
solving the firm’s maximization problem.
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Without knowing their productivity draw prior to entry, firms form an expectation

of their profits before deciding to enter the market. To do this, I employ the ”special aver-

ages” developed by Melitz (2003). First, it is assumed that the productivity draws follow

a Pareto distribution with CDF G(z) = 1− (zmin/zj)
k and PDF g(z) = kzkminz

−k−1
j where

k denotes the shape parameter of the distribution. Next, I define the special productivity

averages as:

z̃1−a
d =

∫ ∞

zmin

z1−a
j g(z)dz

z̃1−a
xt =

∫ ∞

zxt

z1−a
j

g(z)

1−G(zxt)
dz

Finally, I substitute these definitions in constructing average prices: ρ̃1−a
dt =

∫∞
zmin

ρ1−a
djt g(z)dz =

( a
a−1

wt
Ztz̃d

)1−a and ρ̃1−a
xt =

∫∞
zxt
ρ1−a
xjt

g(z)
1−G(zxt)

dz = ( a
a−1

wt
Ztz̃xt

τ
Qt
)1−a. We define Ndt as the

number of firms that produce for the domestic market and Nxt as the number of producing

firms that produce for export. The model is recast in terms of average prices:

ρ̃dt = (
a

a− 1

wt

Ztz̃d
) (3.12)

ρ̃xt = (
a

a− 1

wt

Ztz̃xt

τ

Qt
) (3.13)

d̃dt =
1

a
Ctρ̃

1−a
dt (3.14)

d̃xt =
1

a
C∗tQtρ̃

1−a
xt −

wtFXt

Zt
(3.15)

Completing the integral for the special productivity averages suggests that z̃D =

( k
k+1−a)

1/(a−1)zmin and z̃xt = (
k

k+1−a)
1/(a−1)zxt where k > a−1 for boundedness. Knowing

that all existing firms produce for the domestic market, and a fraction of those become

exporters, the expected per-period profit for a potential firm, on average, is:

d̃t = d̃dt + (1−G(zxt))d̃xt (3.16)
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There are two important features guiding the expected value of the firm’s lifetime

profits. The first is a lag in production. A firm that enters in period t starts producing at

period t+ 1. The entering firm, however, is still counted as a firm in period t. The total

number of firms that exist at period t, Nht, is given by the number of producing firms that

already exist plus the number of new firms, Net.

Nht = Ndt +Net

Second, firms are subject to an exogenous exit shock. The number of firms that

"survive" to produce in period t+ 1 is given by:

Ndt+1 = (1− δ)Nht = (1− δ)(Ndt +Net) (3.17)

Therefore, the expected value of the firm’s lifetime profit stream, ṽt, is given by:

ṽt = Et

∞∑

s=t+1

[1− δ]s−t

[
βs−t(

Cs

Ct
)−γ

]
d̃s

where
[
βs−t(CsCt )

−γ
]
is the stochastic discount factor of the household and (1 − δ) is the

firm’s survival probability. Notice that repetitive forward substitution of the Euler equation

for stocks generates the expected value of the firm’s lifetime profit stream. Firms continue

to enter as long as the discounted value of their profit stream exceeds the cost of entry.

Therefore, the entry cutoff is determined by:

ṽt = wtFEt/Zt (3.18)
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3.2.3 Market Clearing and Equilibrium

I now turn to important market clearing conditions implied by the model. The

most important of these conditions for this discussion is labor market clearing. As de-

termined in the consumer’s problem, labor supply is given as lt = C
−1/λ
t w

1/λ
t when labor

supply is endogenous and lt = 1 when labor is supplied inelastically. Labor demand comes

from three sources: production of intermediate inputs, exporter costs and start-up costs.

Labor demand for intermediate goods production is derived from the labor requirement

curve, the demand equations and average prices. I calculate total labor demand for pro-

duction of goods as Ndtd̃dt(
a−1
wt
)+Nxt

a−1
wt
d̃xt+Nxt(a− 1)FXt/Zt. Labor demand from the

payment of exporter fees is simply NxtFXt/Zt. Labor demand for the payment of start-up

fees is NEtFEt/Zt. Total labor demand is then:

Lt =
a− 1

wt
(NDtd̃dt +Nxtd̃xt) + (aNxtFXt +NEtFEt)/Zt (3.19)

The equation that governs equilibrium in the labor market when labor supply is endoge-

nously determined is:

C
−1/λ
t w

1/λ
t =

a− 1

wt
(NDtd̃dt +Nxtd̃xt) + (aNxtFXt +NEtFEt)/Zt (3.20)

When labor is supplied inelastically, the labor market clearing condition is:

1 =
a− 1

wt
(NDtd̃dt +Nxtd̃xt) + (aNxtFXt +NEtFEt)/Zt (3.21)

The second market clearing condition ensures market clearing in the mutual fund

market (shares of the portfolio sum to unity):

xt+1 = xt = 1 (3.22)
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The third market clearing condition ensures zero net supply of bonds. The rep-

resentative agent in each country is either a borrower or a lender, but not both. If the

agent produces bonds to sell, they must be purchased by agent in the foreign country:

Bt+1 = −B
∗
t+1. Thus, the zero net supply conditions are:

Bt+1 +B
∗
t+1 = 0 (3.23)

B∗t+1 +B
∗
∗t+1 = 0

The presence of adjustment costs ensure that the unique steady state bond issuance is zero

(B = 0)10.

The final market clearing condition ensures balance of payments. I impose mutual

fund market clearing and lump-sum transfers of bond adjustment costs11:

2(1 + rt+1)Bt + 2(1 + r
∗
t+1)QtB∗t = [Ct −QtC

∗
t ] + [Netṽt −QtN

∗
etṽ

∗
t ] + 2[Bt+1 +QtB∗t+1]

−[wtlt −Qtw
∗
t l
∗
t ]− [Ndtd̃dt −QtN

∗
dtd̃

∗
dt]

−[Nxtd̃xt −QtN
∗
xtd̃

∗
xt] (3.24)

The full equation system that characterizes the model is described in the appendix.

29 non-linear equations are generated and then log-linearized around a symmetric steady

state (denoted by ^)12. In addition to these equations, the stochastic processes for the

technology innovations must be specified. Productivity shocks are assumed to take the

10This can be seen by comparing the home agent’s Euler equation for home bonds and foreign agent’s
demand for home bonds at the steady state then applying the zero net supply of bonds condition. For the
home agent, β(1+r) = (1+nB). For the foreign agent, β(1+r) = (1+nB∗). The zero net supply condition
implies B = −B∗. Thus, (1 + nB) = (1− nB)→ B = 0.
11A description of how the balance of payments equation is generated is in the appendix.
12Since the variable, Bt, has an expected value of zero in equilibrium, it is linearized with respect to steady

state consumption: B̂t =
Bt−0
C = Bt

C .
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following VAR form:





Ẑt

Ẑ∗t




 =





s11 s12

s21 s22










Ẑt−1

Ẑ∗t−1




+





ξZt

ξ∗Zt




 (3.25)

Et(Zt) = E∗t (Z
∗
t ) = Z̄

σξZt = σξ∗Zt = σξ

ρξZtξ∗Zt = ρξZξ∗Z

Additional definitions are also required. Following Ghironi and Melitz (2005),

income (GDP) is defined as:

Yt = wtlt +Ndtd̃dt (3.26)

Total imports is constructed using the average revenue foreign exporters earn from their

sales abroad:

IMt = N∗
xtCtρ̃

∗1−a
xt (3.27)

Total exports is constructed using the average revenue domestic exporters earn from their

sales abroad:

EXt = QtNxtC
∗
t ρ̃
1−a
xt (3.28)

Terms of trade is defines as the ratio of import prices to export prices:

TOTt =
ρ̃∗xt
Qtρ̃xt

(3.29)

Investment is defined as expenditures on new firm entry:

It = Netṽt (3.30)
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In the model, the price of consumption (PCt) is measured as a welfare-based price

index following Feenstra (2003). This price index accounts for changes in the variety of

goods, while the price index in the data does not. It is thus important to transform this

welfare-based index into one which closer matches the price index calculated in the data.

To do so, average prices are substituted into the definition of the consumption price index:

1 = [Ndtρ̃
1−a
dt +N∗

xtρ̃
∗1−a
xt ]1/(1−a)

Note that the price index is sensitive to the number of varieties. If we assume that all

prices are the same on average, ρ̃ = P̃t/PCt, we construct:

PCt

P̃t

= [Ndt +N
∗
xt]
1/(1−a) (3.31)

Any variable measured in terms of real consumption, Xt, is adjusted to this index: X̃t =

PCtXt

P̃t
. Further, since the real exchange rate is constructed using the welfare-based price

indices (Qt = P ∗Ct/PCt), an adjusted real exchange rate is constructed with average prices:

Q̃ = P̃ ∗t /P̃t = Qt[
Ndt +N

∗
xt

N∗
dt +Nxt

]1/(1−a) (3.32)

3.3 Numerical Experiments

The stylized facts described in chapter 2 will be used to evaluate the fit of the

model. I organize the data on international comovement into three categories: domes-

tic business cycle statistics, international correlations and international market statistics.

These statistics are summarized in table 3.1. There are three important notes regarding the

comparison between the model’s results and the stylized facts. First, as has been shown
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in chapter 2, positive and close international correlations of GDP and consumption will

be considered a successful fit, although the data suggests output is more correlated across

countries. Second, the data for labor is civilian employment, not labor hours13. Finally,

investment in the data comprises firm construction, investment in plant and equipment,

residential investment and changes in inventories. "Investment" in the model described

above is only new firm construction14.

I start by employing a calibration that most closely matches the original Ghironi

and Melitz (2005) framework. Many parameter values appear in past literature and are

widely accepted. They are summarized in table 3.2:

The values for the discount factor (0.99 for quarterly simulations, 0.96 for annual

simulations) are standard in the literature. The values for the probability of death are

calibrated to match data on US job destruction (2.5% quarterly, 10% annually). The

elasticity of substitution between intermediate inputs, the shape parameter on the Pareto

distribution, the lower bound on the Pareto distribution, the iceberg cost on intermediate

inputs and the costs of entry and export are set to match Ghironi and Melitz (2005) and

are reported in table 3.2.

13This matters in some experiments described in the appendix.
14Although the measure of investment in the data and the measure of investment in the model are not

the same, the data is relied on nonetheless. In chapter 4, investment is redefined in the model to be more
consistent with the data.
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Table 3.1: Stylized Facts.

Domestic Statistics
Volatility
σY (%) 1.54
σC/σY 0.75
σI/σY 3.41
σL/σY 0.61
Correlation with GDP
ρC,Y 0.88
ρI,Y 0.90
ρL,Y 0.81
International Comovement

Correlation
ρY,Y∗ 0.56
ρC,C∗ 0.45
ρI,I∗ 0.37
ρL,L∗ 0.39
International Market Statistics
Volatility
σIM/σY 3.31
σEX/σY 3.74
σNX/Y 0.40
σTOT/σY 1.69
σQ/σY 3.37
Correlation with GDP
ρIM,Y 0.60
ρEX,Y 0.28
ρNX/Y,Y -0.36

ρTOT,Y 0.07
ρQ,Y -0.18
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Table 3.2: Calibrated Parameters.

Parameter Value

β Discount factor 0.99, 0.96
δ Probability of death shock 0.025, 0.10
τ Iceberg costs associated with trade 1.3
a Elasticity of substitution between inputs 3.8
k Shape parameter on Pareto distribution 3.4
zmin Lower bound on Pareto distribution 1

z̃D ”Special” average productivity draw zmin(
k

k+1−a)
1/(a−1)

FEt Fixed cost of entry 1

FXt Fixed exporter costs 0.235(FEt)(
1−β(1−δ)
β(1−δ) )

The productivity process is calibrated as15:





Ẑt

Ẑ∗t




 =





0.99 0

0 0.99










Ẑt−1

Ẑ∗t−1




+





ξZt

ξ∗Zt




 (3.33)

σξZt = σξ∗Zt = σξ = 0.00852

ρξZtξ∗Zt = ρξZξ∗Z = 0.258

The other model parameters, (n,Z̄,λ), will be thought of as ”free parameters” and will be

calibrated under different experiments discussed shortly16.

I solve the model numerically using the brute force algorithm developed by Uhlig

(1999). Simulations are performed in order to generate a set of statistics to compare to the

data. In each experiment, a 200-period model is simulated 200 times by drawing a random

15Backus, Kehoe and Kydland (1992) calibrate technology shocks as a VAR process with spillovers:

[
Ẑt
Ẑ∗

t

]
=

[
0.906 0.088
0.088 0.906

] [
Ẑt−1
Ẑ∗

t−1

]
+

[
ξZt
ξ∗Zt

]

σξZt = σξ∗Zt = σξ = 0.00852

ρξZtξ∗Zt
= ρξZξ∗Z

= 0.258

Baxter and Crucini (1995) note that this specification is not statistically different from a near-unit-root
process without spillovers.
16Z̄ is typically set to 1.
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vector of innovations. During each simulation, I make the appropriate price adjustments as

described above then apply the HP filter17. I calculate each summary statistic (volatility,

correlation with output, etc.) for each simulation and then report the average statistics

across simulations in the results tables.

3.3.1 The Benchmark Model

To match the original Ghironi and Melitz (2005) framework as closely as possible,

I set n1 = n2 = 0.0025 and omit endogenous labor supply from the model. Simulation

results are reported in column (2) of table 3.3. The fundamental shortcomings of the

model are under predicted output volatility, low correlation of output across countries and

low correlation of consumption across countries. Also, the benchmark model generates

negative international correlation of investment.

The model generates low international correlation of output (0.16), consumption

(0.05) and negative correlation of investment (-0.43). To understand why these results

occur, I inspect the impulse response functions for the endogenous variables of the model18.

When the home country experiences a positive shock to aggregate productivity, output and

profits for existing firms rise immediately. This drives up the discounted value of an average

firm’s profit stream and thus the return to mutual fund shares, spurring investment in new

firm construction. With increased production by domestic firms, composite consumption

rises. At the aggregate level, there is more demand for labor to pay start-up costs and

to expand production which puts upward pressure on wages. Over time, new firm entry

17Since the model exhibits a high degree of persistence, we take out the low-frequency trend using the HP
filter.
18Impulse response functions for the endogenous variables of the model are available upon request.
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Table 3.3: Simulation Results: Inelastic and Endogenous Labor Supply.

(1) (2) (3) (4) (5) (6) (7)

Domestic Statistics
Volatility
σY (%) 1.54 0.92 1.17 1.74 0.97 1.23 1.74
σC/σY 0.75 0.63 0.56 0.48 0.63 0.57 0.47
σI/σY 3.41 3.91 4.13 4.56 3.11 3.49 4.07
σL/σY 0.61 – 0.28 0.53 – 0.28 0.55
Correlation with GDP
ρC,Y 0.88 0.99 0.99 0.97 0.99 0.98 0.96
ρI,Y 0.90 0.94 0.95 0.95 0.98 0.98 0.98
ρL,Y 0.81 – 0.98 0.97 – 0.97 0.97

International Comovement
Correlation
ρY,Y∗ 0.56 0.16 0.18 0.22 0.28 0.26 0.25
ρC,C∗ 0.45 0.05 0.08 0.17 0.34 0.31 0.30
ρI,I∗ 0.37 -0.43 -0.31 -0.17 0.07 0.08 0.08
ρL,L∗ 0.39 – 0.52 0.47 – 0.23 0.22

International Market Statistics
Volatility
σIM/σY 3.31 0.79 0.72 0.62 0.58 0.51 0.43
σEX/σY 3.74 0.84 0.77 0.63 0.57 0.50 0.43
σNX/Y 0.40 0.25 0.30 0.36 0.01 0.02 0.03
σTOT/σY 1.69 0.30 0.27 0.21 0.12 0.11 0.11
σQ/σY 3.37 0.07 0.06 0.06 0.08 0.09 0.09
Correlation with GDP
ρIM,Y 0.60 0.89 0.87 0.83 0.82 0.81 0.80
ρEX,Y 0.28 0.17 0.18 0.22 0.80 0.79 0.77
ρNX/Y,Y -0.36 -0.48 -0.45 -0.42 -0.22 -0.21 -0.22

ρTOT,Y 0.07 0.58 0.57 0.58 0.55 0.54 0.51
ρQ,Y -0.18 -0.58 -0.55 -0.51 0.41 0.40 0.29

(1) Data
(2) Benchmark, n2 = 0.0025
(3) λ = 1, n2 = 0.0025
(4) λ = 0.25, n2 = 0.0025
(5) Benchmark, n2 = 1
(6) λ = 1, n2 = 1
(7) λ = 0.25, n2 = 1
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contributes to an expansion of product variety, inducing persistent increases in consumption,

output and wages. As increases to the real wage overpower the productivity shock, the

marginal cost of production rises, leading to increases in domestic prices.

The economic expansion immediately increases the demand for imports, which

drives up the average price for imported goods (total imports increase). The increase in

production in the export sector contributes to an immediate fall in export prices. As export

production becomes less profitable, the size of the home country’s export sector contracts.

As the return to mutual fund shares in the home country rises, the return to home

bonds does as well via the Euler equation. Foreign agents adjust their asset portfolios

in favor of home bonds which now yield a higher return, reducing investment in new firm

construction in their own country ("investment exodus"). On one hand, less labor is

demanded for new firm construction. On the other hand, more labor is demanded to expand

production in the foreign export sector to satisfy the increased import demand in the home

country. The model predicts an overall decline in labor demand and a fall in the real

wage. Output and consumption decline in the foreign country and business cycles across

countries becomes contemporaneously negatively correlated. Any positive relationship

across countries that occurs in simulation is driven by the underlying correlation of the

productivity innovations and changes in the real exchange rate used to generate comparable

measures.

Although the home country’s demand for imports remains high for several periods,

the increase in demand drops off quickly as new varieties are produced in the home country.

Also as the variety of home products increases, a larger variety of goods are exported to
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the foreign country although export prices remain low. The overall value of exports for the

home country increases over time. With a larger variety of goods coming into the country,

the foreign consumers experience a boost in consumption in the future. Over time, the

effect of an increase in labor demand in the foreign export sector overpowers the effect of a

decline in labor demand for new firm construction and overall wages in the foreign country

increase. Foreign national income increases over time. Increasing foreign consumption

leads to a re-expansion of the home export sector, furthering the persistence of the positive

shock in the foreign country. The international market in the model allows the home

country business cycle to "lead". When one country has an expansion, the other has an

immediate contraction followed by an expansion over time (in excess of recovery).

Since import prices rise while export prices fall in the home country when there

is a positive productivity shock, the terms of trade rises. Import prices remain high while

export prices rebound as the foreign country enters an expansionary period over time;

the terms of trade declines quickly before smoothly returning to the steady state. Upon

receiving a positive productivity shock, the home country begins to run a trade deficit. As

the export sector expands, the trade deficit declines. When the foreign country experiences

their future expansion, the home country runs a trade surplus.

In the home country, increases in domestic prices along with increases in export

prices push up the aggregate price level while increases in the foreign export sector pushes

the aggregate price level down. In the foreign country, decreases in prices for domestically

produced goods along with falling import prices push the price level down while a contrac-

tion of the home export sector pushes the price level up. The model predicts the impact
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of the changing trade pattern is dominate leading to an increase in the real exchange rate

(Qt = P ∗Ct/PCt). Over time, increases in the domestic variety of goods and foreign firm

attrition lead to further increases in the exchange rate.

Since foreign variables are multiplied by the real exchange rate to make foreign

measures comparable, changes in the exchange rate affect the degree of business cycle cor-

relation. Increases in the real exchange rate induce statistical increases in foreign output

and consumption in response to a positive productivity shock. Exchange rate changes are

not powerful enough to statistically reverse the fall in foreign investment. Also, increases

in the exchange rate make exports even less profitable to the home country, contributing to

the contraction of the home export sector and decline of domestic exports.

3.3.2 Endogenous Labor Supply

I now turn to the model with endogenous labor supply. Previous macroeconomics

literature suggests that endogenously determined labor supply has the potential to increase

the volatility of output if employment is procyclical. Since the two countries described in

the economy essentially trade labor services, changes in the labor market can also affect

the pattern of trade, altering the international correlation of business cycles. I calibrate

the elasticity of labor supply to match Fiorito and Zanella (2008) (λ = 1) and consider

low bond adjustment costs, n1 = n2 = 0.0025. The results are reported in column (3) of

table 3.3. In the model I have constructed, supply-side changes in the labor market buffers

against negatively correlated business cycles, results in positive international correlation of

employment and generates more volatile output.
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At first glance, the volatility of output (1.17) is improved. Employment in the

model is procyclical (0.97) and the international correlation of employment is appropriate

(0.52). Also, comparing the model to the case when labor is inelastically supplied (column

(2) of table 3.3), the correlation of output and consumption across countries are increased

and the negative correlation of investment has been reduced. Again, I inspect the impulse

response functions for the endogenous variables to understand the impact of the labor

market on the model’s results. The effect of a positive productivity shock on the domestic

economy when labor is supplied inelastically is already known: more labor is demanded in

the home country, driving up the real wage (shown in diagram a of figure 3.1: labor demand

shifts from LD1 to LD2), while in the foreign country less labor is demanded immediately

after the shock due to firm attrition and more labor is demanded in future periods due to

export expansion.

When the labor supply decision is endogenous, the increase in composite con-

sumption from firm entry (more variety) and expansion (more goods produced) in the

home country compels households to supply less labor. This is clear from the first order

condition governing labor supply: lt = C
−1/λ
t w

1/λ
t = wt/Ct for λ = 1 (shown in graph b

of figure 3.1: the labor supply curve shifts from LS1 to LS2 in response to a positive pro-

ductivity shock). The increase in labor demand resulting from the positive productivity

shock offsets the decline in labor supply, resulting in more employment and higher wages in

equilibrium. The boost in employment further increases aggregate output, leading to the

higher output volatility seen in the results table.

The positive international correlation of employment is due directly to trade and
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Figure 3.1: Home Country Labor Market: Positive Productivity Shock.

financial linkages. As previously described, a positive productivity shock in the home

country leads to firm attrition in the foreign country due to open asset markets. In foreign

labor markets, there is a slight decline in the foreign demand for labor (as seen in graph b of

figure 3.2: labor demand shifts from LD∗1 to LD
∗
2). Because the foreign economy has started

to contract (C∗t is falling), foreign households increase their supply of labor according to the

first order condition governing foreign labor supply: l∗t = w∗t /C
∗
t (shown in graph b of figure

3.2: the foreign labor supply curve shifts from LS∗1 to LS∗2). The slight decline in labor

demand is offset by the increase in labor supply, resulting in more employment in the foreign

country at lower wages. There is positive international correlation of employment. Further,

the model predicts an increase in overall income which induces positive output correlation

across countries. While output and employment become more positively correlated across

countries due to the response of the labor market to fluctuations in trade that occur with

the business cycle, the correlation of consumption and investment across countries found in
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simulation remains due to the underlying correlation of the productivity innovations.

As the effects of the productivity shock on the home country wear off, employment

smoothly returns to its steady state level. In the foreign country, however, workers shift

from supplying a high level of labor during their recessionary period to supplying low levels

of labor as the economy enters an expansionary period19.

Increasing the elasticity of labor supply can result in improved output volatility

with little to no adverse effects on the rest of the model. Following Guo and Sturzenegger

(1998), I increase the elasticity of labor supply to 4 (λ = 0.25) and report the results in

column (4) of table 3.3. The more elastic labor supply curve generates a larger increase

in employment in the home country when there is a positive productivity shock, raising

the volatility of output. International correlation of output, consumption and employment

either remain the same as in the model with unit-elastic labor supply elasticity or slightly

improve. The model continues to predict a negative international correlation of invest-

ment20 and under predict the volatility of imports, exports, the terms of trade and the real

exchange rate.

3.3.3 High Bond Adjustment Costs

The benchmark model replicates international correlations and international mar-

ket statistics poorly. One might believe that the failure of the model to generate realistic

19The impulse response function for foreign employment is "humped-shaped" with an increase immediately
after the shock followed by a decline below the steady state level during the expansionary phase before
returning to the steady state over time.
20The international correlation of investment does improve (from -0.31 when labor supply is unit-elastic to

-0.17). This is due to the increased response of investment to the productivity shocks which are positively
correlated.
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Figure 3.2: Home and Foreign Labor Markets: Positive Productivity Shock.

business cycle comovement is due to the openness of financial markets, as past literature

has suggested. Imposing stronger asset market frictions by increasing the scale parameter

on foreign bond adjustment costs (n2 = 1) would make agents less willing to change their

bond market portfolios. The results from this experiment are shown in column (5) of table

3.3. Consumption and output become more positively correlated across countries (0.26 and

0.31 respectively). Investment correlation remains low but is positive (0.08).

Why business cycles become more positively correlated when bond market adjust-

ment costs increase is quite straight-forward. Foreign agents are no longer so willing to

adjust their holdings of bonds issued by the home country when there is a positive shock

to home productivity. There is no longer a dramatic fall in foreign firm construction and

foreign labor demand. Consumption, output and investment increase in the home coun-

try, as does their demand for imported goods. Prices for imported goods rise due to the
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increased demand, increasing the profitability of foreign exporters. To maintain more bal-

anced trade, exports to the foreign country also rise. In the foreign country, the increase

in the variety of imported goods leads to an increase in foreign consumption. Labor supply

declines, resulting in a fall in employment, but an increase in the real wage. The model

predicts a rise in foreign income. The wage increase in the foreign country does result in

firm attrition. Even though more firms die than enter, each entering firm becomes more

profitable (resulting in increased investment). The positive international correlations of

output, consumption and investment are further influenced by the underlying correlation

of the productivity innovations.

Column (6) of table 3.3 reports the results from the model with endogenous labor

supply (λ = 1) and high asset market frictions (n2 = 1). With both economies having

expansions when one experiences a shock to aggregate productivity, labor supply in the two

countries shift in the same direction. While employment in the home country increases in

equilibrium due to a large rise in labor demand, employment in the foreign country declines.

The model predicts an increase in the real wage in both countries along with duel increases

in aggregate income. As can be seen from the simulation results, employment correlation

across countries declines. Any correlation of employment found in simulation is due to the

correlation of the underlying productivity innovations.

Although the inclusion of strong asset market frictions has improved the synchro-

nization of business cycle fluctuations across countries, it has done so at the expense of

both the international market and the labor market. With high bond adjustment costs,

agents are less willing to finance trade deficits by issuing debt. A positive productivity
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shock in the home country increases output and consumption, leading to an increase in

imports. An increase in exports partially offsets the need to issue costly bonds to cover

the resulting trade deficit. The model predicts that increased demand for home’s exports

by foreign households and higher export prices (due to higher domestic wages) result in a

larger value of exports in equilibrium. This results in less volatility in the international

market and an over predicted correlation between exports and GDP. The volatility of the

trade balance (as well as imports and exports separately) decline. The increase in the

variety of exports shipped to the foreign country induces a rise in composite consumption

and a powerful decline in labor supply. This results in a decline in foreign employment.

Any positive correlation of employment generated in simulation is due to the underlying

correlation of the productivity innovations.

3.4 Conclusion

The Ghironi and Melitz (2005) model is capable of capturing many features of

international business cycles. By assuming labor is supplied to the market inelastically, the

model cannot account for international employment dynamics. Incorporating endogenous

labor supply increases the volatility of output to a realistic level. Procyclical employment

and positive international correlation of employment are successfully reproduced by the

model. Further, changes in labor supply improve the international correlations of output,

consumption and investment.

Past researchers suggest that the correlation of business cycles produced by the

model can be further improved by slowing the rate of investment exodus from one country
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to the other through asset market frictions. By increasing costs associated with purchasing

foreign bonds, the model can in fact generate stronger correlations of output, consumption

and new firm construction. However, this is achieved at the expense of the international

market and the labor market. Increased asset market frictions boost the volatility of exports

and reduce the volatility of the trade balance as countries try to maintain more balanced

trade. Changes in labor supply when strong bond market frictions are present induce a

reduction in employment in the foreign country, worsening the correlation of employment

across countries.

Future work includes incorporating unemployment into the model. When I test

whether or not the framework with the developed labor market can accommodate involun-

tary unemployment as in Hansen (1985) and Rogerson (1988)21, I find that output volatility,

the international correlation of output, investment and employment and the correlation be-

tween exports and GDP all worsen. Since the transmission of job loss is of concern to

policy makers, it is important to include a concept of unemployment in the model without

distorting the international correlations and disturbing the international market.

Other potential extensions to the model include adding capital to the model in

order to provide a more accurate measure of investment, potentially resolving the problem

of negatively correlated investment across countries. The inclusion of demand shocks for

final goods may lead to increased volatility of imports, exports and international prices.

These are done in chapter 4.

21Results for this model are reported in the appendix.
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Chapter 4

Capital Accumulation, Non-traded

Goods and International

Macroeconomic Dynamics

4.1 Introduction

The original model of international business cycles proposed by Ghironi and Melitz

(2005) lacks capital. When capital is omitted from the framework, "investment" is defined

only as new firm construction. Investment in the data, however, includes plant and equip-

ment purchases for both new firm creation and existing firm expansion. Without capital,

comparing "investment" in the model and investment in the data is erroneous.

In this chapter, I will include capital accumulation into framework proposed by

Ghironi and Melitz (2005) in such as way as to leave the underlying mechanism of trade
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undisturbed. By including capital in the production of non-traded goods, I can improve

the definition of "investment" as well as explore an alternative source of business cycle

fluctuations: productivity shocks to final goods production1. I show that the model can

generate more realistic relationships between imports, exports, and GDP when business

cycles are driven by shocks to the production of intermediate goods. Changes in the capital

stock prolong the expansion, potentially strengthening the flow of investment from abroad.

As seen in chapter 3, this reduces business cycle correlation across countries. Further, an

increase in capital prices in response to a positive productivity shock to intermediate goods

production leads to an increase in the domestic price level and a fall in the exchange rate.

Declines in the exchange rate negatively impact foreign variables when transforming them

into comparable terms. Although the inclusion of capital improves some of the international

market variables, the model fails to generate positive business cycle correlation and fails to

capture the volatility of the international market when business cycles are driven by shocks

to intermediate goods production.

When shocks to the production of final goods are present, the model can produce

positive correlation of output, consumption and investment. Further, the model can more

closely match the data by generating increased volatility for imports, exports and the real

exchange rate since shocks to final goods production affect the demand for intermediate

inputs. Fluctuations in the exchange rate along with changes in the trade pattern in

response to shocks to final goods production generate the improved results. Productivity

shocks to final goods production alone are not sufficient to generate high output volatility,

1Shocks to final goods production behave as "demand shocks" for intermediate goods in the model.
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so a model in which there are shocks to both intermediate and final goods production is

proposed. The improved results suggest both sources of business cycle fluctuations are

necessary in the model.

I further extend the model by adding a developed labor market in the same fashion

that was done in chapter 2. For relatively high elasticities of labor supply (λ = 1), output

volatility more closely matches the data. In the presence of shocks to final goods production,

however, employment becomes negatively correlated across countries. With lower labor

supply elasticities2 (λ = 5) output volatility is similar to the benchmark framework without

capital and positive employment correlation is achieved.

In summary, including capital in the production of final goods induces improved

relationships between imports, exports and GDP, but results in negative business cycle

correlation and cannot capture the volatility of the international market. Shocks to final

goods production, which act as demand shocks for intermediate inputs, is capable of gener-

ating positive international correlation of consumption, output and investment along with

increased volatility of the international market. Adding fluctuations to employment in-

crease output volatility, but result in negative correlation of employment when labor supply

elasticity is too high.

The remainder of the chapter is as follows. I construct the model in section 2.

I present and discuss a series of numerical experiments in section 3. Section 4 presents a

short conclusion.

2Fiorito and Zanella (2008) note that labor supply elasticities are empirically lower at the individual level
than at the aggregate level.
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4.2 The Model

The theoretical model is heavily influenced by Ghironi and Melitz (2005) and is

quite similar to the model developed in Chapter 3. Details of the model appear in the

appendix. I will, however, outline the parts of the model that I augment when adding

capital accumulation. The model described here considers two countries, home and foreign

(which is denoted by *). Both countries are large and assumed to be structurally identical.

That in mind, I construct the framework for one country (the home country) knowing that

a symmetric framework exists for the foreign counterpart.

4.2.1 The Consumer’s Problem

Denote the universe of intermediate input varieties as Ω. At any time, t, a subset

Ωt ⊆ Ω are actually produced by firms. Ωt contains both domestically produced and

imported goods. Further, it need not be the case that Ωt = Ωs for t �= s nor Ωt = Ω∗t . A

composite intermediate good, Mt, is produced using Dixit-Stiglitz technology:

Mt =




∫

ω∈Ωt

mt(ω)
(a−1)/adω




a/(a−1)

(4.1)

where mt(ω) denotes the quantity of variety ω used in the production of the composite, and

a denotes the elasticity of substitution across varieties. The composite intermediate good

is then combined with capital, Kt, to produce consumption using a simple Cobb-Douglass

production process:

Ct = AtM
b
tK

1−b
t (4.2)
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At denotes total factor productivity at time, t. At At = b = 1, the model reverts to the

structure described by Ghironi and Melitz (2005).

It is straightforward to construct demand equations and price indices formt,Mt,Kt

and Ct. Denote PXt as the price index for good X. I construct the following conditional

demand equations by solving a straight-forward cost-minimization problem3:

mt(ω) = Mt(Pt(ω)/PMt)
−a (4.3)

Mt =
Ct

At
(
PMt

PKt

1− b

b
)b−1 (4.4)

Kt =
Ct

At
(
PMt

PKt

1− b

b
)b (4.5)

I also construct the associated price indices:

PMt = (

∫

ω∈ΩDt

Pt(ω)
1−adω)1/(1−a) (4.6)

PCt =
P b
MtP

1−b
Kt

At(1− b)1−bbb
(4.7)

Next, I turn to the household’s problem faced by the representative agent. It is

assumed that there exists a representative household that chooses to work, consume and

save. The household is endowed with 1 unit of time that it can divide between labor, lt, and

leisure. Labor earns the real wage, wt. The household can choose to save by purchasing

bonds, Bt+1, which each cost one unit of consumption, but yield (1 + rt+1) units in the

next period. Both domestic and foreign bonds (B∗) are available to the household and are

3The production function for Ct is essentially a multi-step CES production function. First, I find the
lowest-cost way to produce one unit of the intermediate index, M

′

t . Then, I solve a cost-minimization
problem for Ct over M

′

t and Kt.
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subject to a quadratic transaction cost which is rebated, lump-sum (Γt), to the household.

The household can also purchase shares of a mutual fund, xt+1, which entitle the owner

to a fraction of the profits of the producing firms. Arbitrage prices the shares at the

firms expected discounted value (Nhtṽt for new shares, Ndtṽt for old shares). Households

are obligated to hold bonds and stocks for only one period before they are resold in asset

markets. Finally, the households have the option of saving real wealth in the form of

savings accounts, St+1. Savings are used to construct capital in the next period and earn

a real return of Rt
4. The consumer’s real period budget constraint is then given by:

Ct +Bt+1 +QtB∗t+1 +
n1
2 (B

2
t+1) +

n2
2 (QtB

2
∗t+1) + (Nhtṽt)xt+1 + St+1 =

wtlt + (1 + rt)Bt +Qt(1 + r
∗
t )B∗t + Γt + xt(Ndtṽt +Ndtd̃t) +RtSt

(4.8)

where n2 ≥ n1 > 0 are scale parameters on foreign and domestic bond adjustment costs,

Γt =
n1
2 (B

2
t+1) +

n2
2 (QtB

2
∗t+1) in equilibrium and Qt is the real exchange rate.

The instantaneous utility function for the agent is assumed to have the form:

Ut(Ct, lt) = logCt −
l1+λ
t

1 + λ

The agent’s maximization problem can then be written as:

max{Cs,ls,Bs+1,B∗s+1,xs+1,Ss+1}∞s=t Et

∞∑

s=t

βs−t
[
logCs −

l1+λs
1+λ

]
s.t.

Cs +Bs+1 +QsB∗s+1 +
n1
2 (B

2
s+1) +

n2
2 (QsB

2
∗s+1) + (Nhsṽs)xs+1 + Ss+1 =

wsls + (1 + rs)Bs +Qs(1 + r
∗
s)B∗s + Γs + xs(Ndsṽs +Ndsd̃s) +RsSs

(4.9)

4All savings instruments are denoted with the time subscript in which they yield a return.
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The first-order conditions for the consumer’s problem generate an equation that guides

labor supply in addition to three Euler equations. The labor supply equation is:

lt = C
−1/λ
t w

1/λ
t (4.10)

which suggests that 1/λ represents elasticity of labor supply. In the original Ghironi and

Melitz (2005) framework, labor was supplied inelastically (lt = 1). The Euler equation for

domestic bonds is:

C−1t (1 + n1Bt+1) = (1 + rt+1)βEtC
−1
t+1 (4.11)

Similarly, the Euler equation for foreign bonds is:

QtC
−1
t (1 + n2B∗t+1) = (1 + r

∗
t+1)βEtQt+1C

−1
t+1 (4.12)

The Euler equation for stocks is:

ṽt = β(1− δ)Et(
Ct+1

Ct
)−1(d̃t+1 + ṽt+1) (4.13)

Notice that repetitive forward substitution of the Euler equation for stocks generates the

expected value of the firm’s lifetime profit stream. Finally, the Euler equation for savings

is:

C−1t = βEtRt+1C
−1
t+1 (4.14)
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4.2.2 The Firm’s Problem

An elaborate reconstruction of the firm’s problem when capital is relevant in the

production of final goods is available in the appendix and follows symmetrically from Chap-

ter 3. There are two important characteristics of the firm’s problem with capital accumu-

lation that are of note. First, the indexed price of intermediate goods (which equals the

aggregate price of consumption in the model without capital, but not in the model with

capital) affects the equilibrium quantity produced by any individual firm:

mdjt = bCtρ
a−1
Mt (

a

a− 1

wt

Ztzj
)−a (4.15)

mxjt = bC∗t ρ
∗a−1
Mt (

a

a− 1

wt

Ztzj

τ

Qt
)−a (4.16)

Second, the domestic and export profits are strongly related to the level of consumption:

ddjt =
b

a
Ctρ

a−1
Mt ρ

1−a
djt (4.17)

dxjt =






b
aC

∗
t ρ
∗a−1
Mt Qtρ

1−a
xjt −

wtFXt
Zt

if cxjt > 0

0 if cxjt = 0





(4.18)

Increasing the volatility of consumption or the volatility of the aggregate price of labor

services will result in increased volatility of firm profits and thus more volatility in the

decision to export. Changes in export decisions affect the size of the export sectors as well

as the trade pattern, which influences the transmission of business cycle fluctuations across

countries.
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4.2.3 Market Clearing and Equilibrium

The market clearing conditions and definitions needed to solve the model are also

follow symmetrically from the model in Chapter 2 and are available in the appendix. The

central differences when capital accumulation is added to the framework are the existence

of a market for capital, the redefinition of investment and the redefinition of the aggregate

price index.

In the capital market, savings today become the foundation for tomorrow’s capital

stock (St+1 = Kt+1). In equilibrium, the gross return to savings (RtFt = RtKt) should be

equal to total payments to capital plus the return of non-depreciated capital (ρKtKt+(1−

δK)Kt). This suggests the equilibrium price of capital is given by:

ρKt = Rt − 1 + δK (4.19)

Capital demand for the production of consumption in period t is given by:

Kt =
Ct

At
(
ρMt

ρKt

1− b

b
)b (4.20)

while supply of capital in the next period is determined by the Euler equation:

C−1t = βEtRt+1C
−1
t+1 (4.21)

Capital market clearing suggests St+1−RtSt = Kt+1− (ρKtKt+(1−δK)Kt) = Kt+1− (1−

δK)Kt − ρKtKt. I impose mutual fund market clearing and lump-sum transfers of bond

adjustment costs to generate the balance of payments condition:
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2(1 + rt+1)Bt + 2(1 + r
∗
t+1)QtB∗t = [Ct −QtC

∗
t ] + [Netṽt −QtN

∗
etṽ

∗
t ] + 2[Bt+1 +QtB∗t+1]

−[wtlt −Qtw
∗
t l
∗
t ]− [Ndtd̃dt −QtN

∗
dtd̃

∗
dt]

−[Nxtd̃xt −QtN
∗
xtd̃

∗
xt] + [Kt+1 −QtK

∗
t+1] (4.22)

−(1− δK)[Kt −QtK
∗
t ]− [ρKtKt −Qtρ

∗
KtK

∗
t ]

Investment is defined as expenditures on new firm entry plus the purchases of new capital:

It = Netṽt +Kt+1 − (1− δK)Kt (4.23)

In the model, the price of consumption (PCt) is measured as a welfare-based price

index following Feenstra (2003). It is thus important to transform this welfare-based index

into one which closer matches the price index calculated in the data. To do so, we redefine

the price index for aggregate consumption:

1 =
[Ndtρ̃

1−a
dt +N∗

xtρ̃
∗1−a
xt ]b/(1−a)ρ1−b

Kt

At(1− b)1−bbb

If we assume that all prices are, on average, ρ̃ = P̃t/PCt, we construct:

PCt

P̃t

=
[Ndt +N

∗
xt]

b/(1−a)

At(1− b)1−bbb
(4.24)

Any variable measured in terms of real consumption, Xt, is adjusted to this index: X̃t =

PCtXt

P̃t
. Further, since the real exchange rate is constructed using the welfare-based price

indices (Qt = P ∗Ct/PCt), we construct an adjusted real exchange rate:
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Q̃ = P̃ ∗t /P̃t = Qt[
A∗t
At
][
Ndt +N

∗
xt

N∗
dt +Nxt

]b/(1−a) (4.25)

4.3 Numerical Experiments

Many of the model’s parameter values are familiar from Chapter 3. They are

listed in table 4.1. The value of the depreciation rate of capital is a new parameter to the

model and is set to 2.5% quarterly and 10% annually (a standard in the literature). The

other model parameters, (b, n1, n2, λ, and the parameters of the shock processes), will be

thought of as "free parameters" and will be calibrated under different experiments discussed

shortly. The model is solved numerically using the brute force algorithm developed by Uhlig

(1999)5. Simulations are performed in order to generate a set of statistics to compare to the

data. In each experiment, a 200-period model is simulated 200 times by drawing a random

vector of innovations. During each simulation, I make the appropriate price adjustments as

described above, then apply the HP filter6. Summary statistics (volatility, correlation with

output, etc.) are calculated for each simulation and I report the average statistics across

simulations in the results tables.

5The algorithm used in experimentation is described as follows. After calibrated parameters are chosen, I
restructure the linearized equation system: (Et[FXt+1+GXt+HXt−1+MZt] = 0;Zt = NZt−1+et, where X
is a vector of variables, Z is a vector of stochastic processes guided by a VAR and e is a vector of innovations).
Using Uhlig’s brute force method of undetermined coefficients, I find a policy rule: (Xt = PXt−1 + QZt).
In each experiment, a200-period model is simulated 200 times by drawing a random vector of innovations.

6Since the model exhibits a high degree of persistence, we take out the low-frequency trend using the HP
filter.
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Table 4.1: Calibrated Parameters.

Parameter Value

β Discount factor 0.99, 0.96
δ Probability of death shock 0.025, 0.10
δk Capital depreciation rate 0.025, 0.10
τ Iceberg costs associated with trade 1.3
a Elasticity of substitution between inputs 3.8
k Shape parameter on Pareto distribution 3.4
zmin Lower bound on Pareto distribution 1

z̃D ”Special” average productivity draw zmin(
k

k+1−a)
1/(a−1)

FEt Fixed cost of entry 1

FXt Fixed exporter costs 0.235(FEt)(
1−β(1−δ)
β(1−δ) )

4.3.1 The Benchmark Model

To match the original Ghironi and Melitz (2005) framework as closely as possible,

I set n1 = 0.0025, b = 1 and omit endogenous labor supply from the model. Since

the inclusion of capital accumulation may lead to a highly persistent and extreme capital

exodus if bond markets are fluid, I limit the amount of international asset flow by imposing

high adjustment costs for foreign bonds (n2 = 1). I calibrate the technology shocks to

intermediate goods production as a near-unit-root processes with correlated innovations7:

7Backus, Kehoe and Kydland (1992) calibrate technology shocks as a VAR process with spillovers:

[
Ẑt
Ẑ∗

t

]
=

[
0.906 0.088
0.088 0.906

] [
Ẑt−1
Ẑ∗

t−1

]
+

[
ξZt
ξ∗Zt

]
(4.26)

σξZt = σξ∗Zt = σξ = 0.00852 (4.27)

ρξZtξ∗Zt
= ρξZξ∗Z

= 0.258 (4.28)

Baxter and Crucini (1995) note that this specification is not statistically different from a near-unit-root
process without spillovers.
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Ẑt

Ẑ∗t




 =





0.99 0

0 0.99










Ẑt−1

Ẑ∗t−1




+





ξZt

ξ∗Zt




 (4.29)

σξZt = σξ∗Zt = σξ = 0.00852 (4.30)

ρξZtξ∗Zt = ρξZξ∗Z = 0.258 (4.31)

with covariance of (ξZt, ξ
∗
Zt) 0.0019. Technology shocks are calibrated as such in all the

following experiments. I set At = 1 for all t. Results from simulations are reported in

column (2) of table 4.2. The model fails to predict high correlation of investment across

countries and high volatility of imports, exports, the trade balance, the terms of trade and

the real exchange rate.. Further, the model over-predicts the correlation of exports, the

terms of trade and the real exchange rate with GDP.

The failure to capture the appropriate investment dynamics is possibly due to

how investment is defined. In the model without capital, investment is only new firm

construction. When there is a positive productivity shock to intermediate goods production,

each individual firm in the home country earns increased profits. Since firms now earn a

higher return, there is as surge of new firm construction which leads to an increase in

domestic investment. In the foreign country, agents adjust their investment portfolio in

favor of home bonds (since the productivity shock leads to an increase in home’s interest

rate via the Euler relationship). Although high bond adjustment costs have limited the

extent to which foreign investors substitute, there is still an exodus of investment dollars out

of the foreign country. There is firm attrition in the foreign economy and a net reduction in
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real investment8. Changes in individual firm size are omitted from this idea of investment.

The inclusion of capital may improve the international correlation of investment provided

investment in capital is sufficiently procyclical in both countries.

The failure of the model to appropriately reproduce features of the international

market suggests that international trade in goods is failing to act as the appropriate mech-

anism for the transmission of business cycles across countries. Inspection of the impulse

response functions for the endogenous variables of the model suggest the relationship be-

tween the international market statistics and relatively docile endogenous variables are

responsible for the low volatilities of imports, exports, the trade balance and international

prices. Aggregate productivity shocks in the benchmark model lead to increases in foreign

consumption, the size of the domestic export sector, export prices and the real exchange

rate. Each of these are less volatile than domestic income, which results in low volatility of

exports relative to GDP. A similar story holds for imports. Since prices in the model are

marked-up over marginal costs, and marginal costs in the model are less volatile than GDP,

both the terms of trade and the real exchange rate are predicted to have low volatility.

The correlations between the endogenous variables and GDP are driven by the presence

of asset market frictions and the relationship between international prices and procyclical

endogenous variables of the model.

8The reduction in foreign investment is reduced after applying the real exchange rate to transform foreign
denomenations into domestic terms. The positive productivity shock to home intermediate good production
leads to a fall in the price of domestic goods and expansion of the foreign export sector (both of which push
down the domestic price level in spite of rising import prices). Increases in the home export sector are
not sufficient to outweigh increases in the prices of domestically produced goods in the foreign country; the
foreign price level rises. Changes in aggregate prices brought about by the productivity shock cause the
exchange rate to rise.
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Table 4.2: Simulation Results: Capital Accumulation.

(1) (2) (3) (4) (5)

Domestic Statistics
Volatility
σY (%) 1.54 0.97 0.76 0.15 0.77
σC/σY 0.75 0.61 0.50 1.78 0.57
σI/σY 3.41 3.11 2.19 43.45 8.12
σL/σY 0.61 – – – –
Correlation with GDP
ρC,Y 0.88 0.99 0.99 0.48 0.86
ρI,Y 0.90 0.98 0.59 -0.17 0.14
ρL,Y 0.81 – – – –

International Comovement
Correlation
ρY,Y∗ 0.56 0.28 -0.15 0.67 0.45
ρC,C∗ 0.45 0.34 -0.27 0.31 0.29
ρI,I∗ 0.37 0.07 -0.75 0.77 0.72
ρL,L∗ 0.39 – – – –

International Market Statistics
Volatility
σIM/σY 3.31 0.58 0.68 8.87 1.70
σEX/σY 3.74 0.57 0.71 11.73 2.18
σNX/Y 0.40 0.02 0.12 0.56 0.58
σTOT/σY 1.69 0.12 0.21 4.22 0.77
σQ/σY 3.37 0.10 0.14 3.19 0.58
Correlation with GDP
ρIM,Y 0.60 0.82 0.79 0.14 0.31
ρEX,Y 0.28 0.80 0.40 0.10 0.13
ρNX/Y,Y -0.36 -0.22 -0.34 -0.002 -0.06

ρTOT,Y 0.07 0.55 0.56 -0.03 0.15
ρQ,Y -0.18 0.41 -0.55 0.17 -0.12

(1) Data
(2) Benchmark,(Kt = 0), shocks to Zt only
(3) Capital Accumulation, shocks to Zt only
(4) Capital Accumulation, shocks to At only
(5) Capital Accumulation, shocks to Zt and At
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4.3.2 Capital Accumulation

I now turn to the model with capital in the production of final consumption.

There are two important characteristics of the model worth noting when capital is used

in the production of domestic consumables. First, since capital is not used to produce

the traded intermediate inputs, the two countries are in effect trading labor services as in

the original framework. Including capital in this fashion allows me to bypass a potentially

complicated discussion of changes in relative factor intensities. Second, since the production

of final consumption entails its own production process, I can introduce an additional source

of business cycle fluctuations, At. While At acts as a technology shock to the domestic

production of final consumption, it acts as an input demand shock to intermediate goods

producers9.

To proceed with experimentation, I first calibrate the parameter b so that the

steady state capital-to-output ratio matches the average value for the US (approximately

3.1010). I then analyze the model with aggregate shocks to intermediate goods production

only, followed by the model with shocks to the production of composite consumption. Both

models fail to reproduce sufficiently volatile output, so as an aside I analyze a version of

the model with endogenous labor supply.

9Stockman and Tesar (1995) and Wen (2002) show that demand shocks are important to international
business cycle synchronization. Although the formulation I adopt here does not impose demand shocks on
behalf of consumers, demand shocks for intermediate inputs are potentially equally important.
10Annual data for the US, 1990-2007, from the Bureau of Economic Analysis for real total fixed assets

plus consumer durables (Table 9.1) and real GDP (Table 1.1.6) are used to construct this average. Matlab
has difficulty numerically determining b in the model, so it is calibrated by hand. For quarterly simulations,
b = 0.88 corresponds to a capital-output ratio of 3.09. For annual simulations, b = 0.57 corresponds to
a capital-output ratio of 2.84. When labor supply is endogenous, b = 0.60 is used for annual calibrations
which corresponds to a capital-output ratio of 2.77.
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Capital Accumulation and Shocks to the Production of Intermediate Goods

I start with a model whose only deviation from the original framework is the

significance of capital in the production of final consumption. Labor is supplied inelastically,

At = 1 for all t, and the underlying process driving business cycles are is shocks to the

production of intermediate inputs. As described above, the costs associated with purchasing

foreign bonds is high (n2 = 1) to limit the amount of investment exodus that can occur

with open bond markets. The simulation results are reported in column (3) of table 4.2.

At first glance, the model with capital results in slightly improved volatilities

of imports and exports as well as improved correlations between imports, exports and

GDP. The model produces worse estimates of output and investment volatility and reduced

correlation of consumption and investment across countries. Inspection of the impulse

response functions link the worsening results of the simulation to changes in international

prices once capital is incorporated into the model11.

When there is a positive productivity shock to the production of input goods in the

home country, consumption increases due to an expansion of firm output. The production

of intermediate goods becomes more profitable and new firms enter the market. More

workers are demanded to expand output and to build new firms which leads to an increase

in the domestic wage and higher income. The equilibrium price of capital (ρ̃Kt) rises via

the Euler equation for savings leading to further increases in income. The home country

experiences an economic expansion.

Home consumers demand more intermediate goods, leading to an increase in the

11Impulse response functions for the endogenous variables of the model are available upon request.
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demand for imports. In the foreign country, the export sector expands leading to an increase

in the demand for labor and pushing up foreign wages and foreign income. Although

open asset markets lead to firm attrition and a reduction in labor demand for new firm

construction, the model predicts wages to rise in equilibrium which implies the effect of an

expanding export sector on labor demand outweighs the effect of firm attrition. Capital

prices in the foreign country are also higher via the Euler equations for savings and home

bonds.

Although wages rise in both countries, the productivity shock in the home country

pushes down the marginal cost of labor while the marginal cost of labor abroad rises. This

results in a fall in the price of domestically produced goods in the home country and a rise

in the price of domestically produced goods abroad. An expansion of the export sector

in both countries occurs to meet increased demand while export prices both at home and

abroad rise. Changes in the trade pattern along with changes in domestic and export prices

result in a fall in the intermediate good price index (ρ̃Mt, ρ̃
∗
Mt) for both countries. The

fall in ρ̃Mt results primarily from a decline in domestic prices coupled with an increase in

the number of foreign exporters. The fall in ρ̃∗Mt seems to result only from the increase in

home’s export sector and is of smaller magnitude than the change in ρ̃∗Mt. The input price

ratio (ρ̃Kt/ρ̃Mt) rises in both countries inducing households to use relatively more labor

services to produce final consumption. In equilibrium, households actually reduce their

capital holdings12 in favor of new firm investment. Total investment in the home country is

higher due to new firm construction although investment in capital has fallen. Investment

12Although less capital is purchased, investment in the model (Kt+1 − (1− δK)Kt +Netṽt) still increases
due to new firm construction.
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in the foreign country, however, is lower due to a fall in both new firm construction and

capital purchases.

The impulse response functions for consumption denoted in national terms show

increases in both foreign and domestic consumption. The simulation results, however,

predict negative correlation. This is due to changes in the real exchange rate which is used

to convert foreign consumption to comparable terms. In the model without capital, the real

exchange rate increases when there is a positive productivity shock. A positive productivity

shock leads to a fall in the price for domestically produced goods and an increase in the

variety of imported goods, which offsets increases in import prices. In the foreign country,

only an increase in the number of imported goods offsets increases in the prices of all goods.

Although prices in both countries are likely to decrease, prices in the home country would

decrease more than the foreign country, leading to a rise in the real exchange rate13.

In the model with capital, changes in the price of capital influence changes in the

real exchange rate. The percentage changes in the real exchange rate, when there are no

technology shocks to the production of final goods, can be written as:

Q̂t = b(ρ̂∗Mt − ρ̂Mt) + (1− b)(ρ̂
∗
Kt − ρ̂Kt)

Declines in the price index for intermediate goods are more severe in the home country,

(ρ̂∗Mt − ρ̂Mt > 0), which pushes up the real exchange rate. Increases in capital prices

are more severe in the home country (ρ̂∗Kt − ρ̂Kt < 0), which pushes the real exchange

13This conclusion is based on impulse response functions for PCt/P̃t, which decline with a positive pro-
ductivity shock, suggesting that changes in the number of firms are more influential than changes in the
prices of intermediate goods.
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rate down. Changes in the price for capital in the home country is sufficiently strong

(ρ̂Kt >
b

(1−b)(ρ̂
∗
Mt − ρ̂Mt) + ρ̂

∗
Kt) to induce in a fall in the real exchange rate when there is

a positive productivity shock. The correlation between output and the real exchange rate

is therefore low in simulation, which corresponds more closely to the data. However when

foreign variables have small positive changes, converting them to domestic terms using the

reduced real exchange rate results in a negative movement. Consumption in the model,

which increases in both countries, becomes negatively correlated after converting the foreign

measure to comparable terms14. Output in the foreign country, which changes only slightly

in real terms, declines after applying the exchange rate.

Capital Accumulation Shocks to the Production of Aggregate Consumption

By developing a production process for final goods that includes both capital

and labor services, it is possible to extend the model by incorporating shocks to final

goods production. Shocks of this nature can also be thought of as demand shocks for

intermediate inputs. To analyze versions of the model with this feature, I will allow the

final goods technology variables (At, A
∗
t ) to follow a VAR process. Since At is also related

to technology, I use the same near-unit root shock process as was used for the shocks to the

14The home export sector expands as the real exchange rate falls, leading to an increase in foreign con-
sumption. This increase in consumption, however, is not enough to overpower the fall in the exchange rate
after converting foreign variables into comparable terms.
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production of intermediate goods:





Ât

Â∗t




 =





0.99 0

0 0.99










Ât−1

Â∗t−1




+





ξAt

ξ∗At




 (4.32)

σξAt = σξ∗At = σξA = 0.00852 (4.33)

ρξAtξ∗At = ρξAξ∗A = 0.258 (4.34)

As an intermediate step, I allow only At to follow a stochastic process while Zt = 1 for

all t. The results for this calibration are reported in column (4) of table 4.2. Although

shocks to final goods production alone are not sufficient to capture the dynamics of the

real economy, the behavior of many economic variables are improved. Imposing shocks

of this nature results in increased volatility of investment, increased international correla-

tion, increased volatility of imports and exports, increased volatility of terms of trade, and

increased volatility of the exchange rate index.

Investment volatility increases since input demand shocks have a more direct im-

pact on capital than the productivity shocks of input producers. A positive productivity

shock to the production of final goods will directly increase the marginal product of capital

along with the marginal product of intermediate labor services. The higher marginal prod-

uct of capital will increase the demand for capital in the current period. Since the supply

of capital is predetermined, this leads to an immediate increase in capital prices. Further,

since the shock is persistent, consumers expect future returns to savings to be higher. They

supply more savings to capital markets and expand future capital holdings. The part of

investment that is held as capital dramatically increases15.

15Formal intuition for this result appears in the appendix.
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Inspection of the impulse response functions16 suggests that a positive productivity

shock to final goods production results in firm attrition in the home country (Net declines).

An increase in the return to capital makes savings relatively more profitable as an investment

tool than new firm construction in the current period, resulting in fewer entering firms.

Further, the productivity shock to final goods production leads to an immediate expansion

of consumption and higher demand for input products, resulting in increased demand for

labor and higher real wages. As real wages rise, it becomes more expensive to pay the fixed

entry cost of starting a firm which causes the number of entrants to decline further. The

discounted value of existing firms (ṽt) rises since each existing firm now earns more profits,

but this increase is more than offset by the decline in firm entry. The part of investment

that is comprised by new firm construction (Netṽt) decreases, but only slightly. There is

an overall increase in investment resulting from capital purchases.

Although there is firm attrition in the presence of a positive productivity shock to

final goods production, each existing firm expands production to meet increased demand

for their product. The reduction in new firm construction puts downward pressure on labor

demand, while the expansion of production for existing firms forces labor demand higher.

The model predicts an increase in labor demand in equilibrium, resulting in a higher real

wage. Higher labor income, coupled with an increased price of capital, leads to an increase

in aggregate income. In the home country, aggregate output, investment and consumption

all increase.

There is a movement away from issuing domestic bonds, purchasing foreign bonds

16Available upon request.
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and building new firms towards capital accumulation in the home country, since investment

in capital earns a higher return. A reduction in the supply of home bonds results in lower

bond issuance and higher bond returns. A reduction in home’s demand for foreign assets

leads to a fall in foreign bond purchases and a reduction in the foreign interest rate. As

the return to foreign bonds falls, foreign agents adjust their investment portfolios in favor

of capital and new firm construction. There is a wave of firm entry in the foreign country

coupled with rising capital prices, leading to higher foreign investment. As home’s demand

for imports expands, the pressure in the foreign export sector to expand production coupled

with an increase in labor demand for new firm construction leads to higher foreign wages.

Aggregate foreign income rises as does foreign consumption. The two countries exhibit

synchronous business cycle fluctuations.

Final goods production shocks have a more direct effect on aggregate prices, re-

sulting in a higher volatility of the exchange rate index. We can define the real exchange

rate as:

Qt =
P ∗Ct

PCt
= [

At

A∗t
][
P ∗bMtP

∗(1−b)
Kt

P b
MtP

(1−b)
Kt

]

The effect of a movement in At on Qt is strong and positive17. Sharp increases in the

real exchange rate increase the profitability of exporting in the home country and a fall in

the profitability of exporting in the foreign country. There is an expansion of the home

export sector and a contraction of the foreign export sector. In addition, increases in

17This is confirmed in the impulse response function for Qt for a 1 standard deviation shock to At. A
positive productivity shock to final goods production results in an increase in the real interest rate, which
suggests Ât > b(P̂Mt − P̂ ∗

Mt) + (1− b)(P̂Kt − P̂ ∗

Kt).
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consumption in both countries lead to higher demand for intermediate inputs and thus

higher prices for both imported and exported goods. The volatility of the terms of trade

rises in part due to an increase in intermediate good price volatility as well as increases

in the volatility of the real exchange rate. Although intermediate goods prices rise, the

expansion of the domestic export sector and the contraction of the foreign export sector

induce home’s exports to sharply increase while home’s imports change negligibly. This,

however, implies a procyclical trade balance.

Changes in aggregate prices are not trivial. The factor used to transform welfare-

based variables to variables that more closely match the data (PCt
P̃t

) sharply declines in the

home country in response to a positive shock to final goods production18. All home variables

subject to the price adjustment are slightly reduced. Home country variables that exhibit

small or marginal increases, such as consumption and imports, can even show declines after

applying the price adjustment. Foreign variables subject to the price adjustment are also

subject to changes in the real exchange rate19. Since the real exchange rate is rising, the

negative effect of changes in the price adjustment factor is more than made up for. Foreign

variables are seemingly more responsive to shocks in the home country than home variables

due to changes in the exchange rate.

Timing is an important factor when connecting the intuition gleamed from the

impulse response functions to the simulation results. In the cases of correlation with GDP,

consumption and imports seem contemporaneously negatively correlated with GDP after

18 PCt
P̃t

=
[Ndt+N

∗

xt]
b/(1−a)

At(1−b)1−bbb
. A positive shock to At coupled with a net increase in Ndt+N∗

xt lead to a sharp

fall in PCt
P̃t

.
19In addition to converting foreign welfare-based variables to measures that more closely match the data,

the real exchange rate must also be used to make the variables comparable to home measures.
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applying the price adjustment while exports and investment seem contemporaneously pos-

itively correlated with GDP. Over time, after a positive productivity shock, GDP rises

before returning to the steady state. Consumption and imports follow the same pattern,

they rise then gradually return to the steady state. Imports and exports, however, con-

tinuously fall to the steady state after the initial shock. Consumption and imports are

positively correlated with GDP when considering the entire transition period, while move-

ments investment and exports along with the trade balance become negatively correlated

with GDP. These results are consistent with predictions made in the simulation results.

The central benefits of productivity shocks to final goods production are an in-

crease in investment volatility, high international correlation of output, investment and

consumption, high volatility of exports and imports, high volatility of international prices.

This stochastic feature can not, however, capture correctly the volatility of output and con-

sumption. Further, changes in aggregate prices, changes in the exchange rate and timing

induce counter cyclical investment and exports. Since productivity shocks to intermediate

goods production had many successes on these dimensions, I now turn to the model with

both sources of shocks.

The model in which both At and Zt follow a near unit root process is reported in

column (5) of table 4.220. The model captures output and consumption volatility as well

as the benchmark model21, but also succeeds in generating highly correlated consumption,

output and investment across countries, higher volatility of imports and exports, higher

volatility of the real exchange rate and low correlation between international prices and

20Although there is underlying correlation between Zt and Z∗

t , it is assumed that Zt and At are
uncorrelated.
21The "benchmark" being the model without capital accumulation.
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GDP. These features are not captured by the model with capital accumulation and pro-

ductivity shocks to intermediate goods production alone. The volatility of the terms of

trade is improved, but still falls short of unity. The model over-predicts the volatility of

investment and slightly under-predicts correlation between exports, imports and GDP as

well as investment and GDP.

When capital is used in the production of non-traded final goods, the benchmark

framework is unable to reproduce a fully functioning international market. The mechanism

that correlates business cycles across countries becomes distorted when the model is driven

by productivity shocks to intermediate goods production alone. When we subject final

goods production to productivity shocks, we can improve the functioning of the international

market. These sorts of productivity shocks can be interpreted as demand shocks for

intermediate inputs. A model in which business cycles are driven by both sorts of shocks

can capture a larger number of stylized facts more accurately while allowing us to represent

investment in a manner that is consistent with the rest of the real business cycle literature.

Endogenous Labor Supply

I try to push the model further by incorporating endogenously determined labor

supply. As in the previous chapter, I calibrate the elasticity of labor supply to be consistent

with empirical measurements (λ = 1) and impose the strong costs to adjusting foreign bond

holdings (n2 = 1). I allow for capital accumulation as in the previous sections. The results

from the model with intermediate goods shocks as the source of business cycle fluctuations,

the model with shocks to final goods production and the model with both types of shocks
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are reported in columns (6), (7) and (8) in table 4.3 respectively. The incorporation of

the labor-leisure decision increases output volatility and captures procyclial employment

and positive correlation of employment across countries. Further, some of the successes

that were achieved in the previous sections (such as increased volatility of imports and

exports, more correlated consumption, higher volatilities of international prices) can still

be achieved.

When business cycles are driven by shocks to the production of intermediate goods,

both the impulse response functions and many of the simulation statistics between the

model with capital accumulation and endogenous labor supply (table 4.3) and the model

with only capital accumulation (table 4.2) are strikingly similar. The model with a more

complete labor market, however, can achieve a higher estimate of output volatility, can

generate procyclical employment and can reproduce positive correlation of employment

across countries. In the model with endogenously determined labor supply, an positive

productivity shock leads to firm entry as well as firm expansion which results in an increase

in labor demand. Increased composite consumption that results from both firm entry (more

variety) and expansion (more goods produced) in the home country compels households to

supply less labor. The increase in labor demand resulting from the positive productivity

shock offsets the decline in labor supply, resulting in more employment and higher wages in

equilibrium. The boost in employment further increases aggregate output, leading to the

higher output volatility seen in the results table.

As income and consumption rise, the demand for imported goods rises inducing an

expansion of the foreign export sector and a boost in foreign labor demand. Increases in the
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Table 4.3: Simulation Results: Capital Accumulation with Endogenous Labor
Supply.

(1) (6) (7) (8) (9) (10) (11)

Domestic Statistics
Volatility
σY (%) 1.54 1.05 0.20 1.08 0.83 0.15 0.86
σC/σY 0.75 0.44 1.11 0.47 0.48 1.55 0.55
σI/σY 3.41 2.36 30.86 6.32 2.26 40.81 7.48
σL/σY 0.61 0.38 0.88 0.41 0.12 0.29 0.13
Correlation with GDP
ρC,Y 0.88 0.98 -0.05 0.86 0.99 0.30 0.86
ρI,Y 0.90 0.60 0.12 0.28 0.60 -0.06 0.18
ρL,Y 0.81 0.98 0.69 0.94 0.99 0.36 0.91

International Comovement
Correlation
ρY,Y∗ 0.56 -0.05 0.87 0.42 -0.11 0.72 0.46
ρC,C∗ 0.45 -0.26 0.10 0.07 -0.32 0.21 0.18
ρI,I∗ 0.37 -0.59 0.48 0.41 -0.73 0.69 0.64
ρL,L∗ 0.39 0.33 -0.31 -0.12 0.42 0.01 0.14

International Market Statistics
Volatility
σIM/σY 3.31 0.64 5.70 1.24 0.69 7.95 1.53
σEX/σY 3.74 0.66 7.42 1.54 0.70 10.45 1.89
σNX/Y 0.40 0.17 0.53 0.57 0.13 0.54 0.56
σTOT/σY 1.69 0.20 2.64 0.52 0.21 3.72 0.67
σQ/σY 3.37 0.13 2.01 0.38 0.14 2.80 0.51
Correlation with GDP
ρIM,Y 0.60 0.76 -0.50 0.28 0.78 -0.10 0.33
ρEX,Y 0.28 0.35 0.70 0.28 0.36 0.34 0.17
ρNX/Y,Y -0.36 -0.32 0.62 0.03 -0.35 0.24 -0.05

ρTOT,Y 0.07 0.56 -0.62 0.07 0.57 -0.27 0.14
ρQ,Y -0.18 -0.54 0.68 -0.04 -0.54 0.38 -0.06

(1) Data
(6) λ = 1, shocks to Zt only
(7) λ = 1, shocks to At only
(8) λ = 1, shocks to Zt and At

(9) λ = 5, shocks to Zt

(10) λ = 5, shocks to At

(11) λ = 5, shocks to Zt and At
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return to home bonds leads to less firm construction in the foreign country resulting in a drop

in labor demand . Export expansion increases foreign labor demand while firm attrition

causes it to decrease, making deducing changes in labor demand indeterminate. Slight

increases in the home country’s export sector in response to the improved productivity of

labor lead to marginal increases in foreign consumption22, causing an immediate reduction

in foreign labor supply.

Although home employment rises and foreign employment falls contemporane-

ously, implying negative international correlation, the lagged response to a positive pro-

ductivity shock matter in generating the positive number seen in the simulation results.

After the initial positive shock, employment in the home country gradually falls back to the

steady state. In the foreign country, employment continues to fall after the initial shock

for several periods before increasing back to the steady state. Since the home country is

expanding, increased varieties and quantities of exports to the foreign country result in in-

creasing foreign consumption over time. Firm attrition and expansion of the foreign export

sector continue to keep changes in labor demand marginal. Employment falls and wages

rise in the foreign country for several periods after the initial shock. As both the foreign

and domestic employment series move in the same direction for several periods (in addition

to employment changes in the foreign country being quite small), the simulation statistics

report a positive correlation. The analysis of output, consumption and investment correla-

tions across countries, as well as the other variables reported after applying the appropriate

price adjustments follow from the model with capital and inelastic labor supply described

22This is due to changes in the variety of goods available to foreign customers.
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above.

In models in which business cycles are driven only by shocks to the production of

final consumption, major differences between the model with only capital accumulation and

the model with both capital accumulation and complete labor markets lie in the dynamic

response to employment. A positive shock to final goods production in the home coun-

try leads to an immediate increase in employment. After the initial shock, employment

gradually returns to the steady state. With shocks to final goods production, there is no

prolonged increase in the quantity or variety of goods that are exported to the foreign coun-

try. Although foreign consumption immediately increases in response to the shock, there is

a smooth return to the steady state. Foreign employment then immediately decreases then

rises back to its steady state level. The dynamic negative correlation between domestic

and foreign employment are observed in the simulation results.

The model with both shock processes achieves the same successes as it had in the

model with inelastic labor supply. A noticeable drawback is the negative international

correlation of employment. The effect of final goods production shocks on the variety of

products is dominate, resulting in a dynamic negative correlation of employment across

countries.

When comparing international correlations between the model with developed la-

bor markets (column (8) of table 4.3) and the model with inelastic labor supply (column (5)

of table 4.2) we notice an inverted relationship between output volatility and business cycle

synchronization. When we incorporate endogenous labor supply, any productivity shock

results in a dramatic increase in output in the home country. This triggers a larger degree
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of investment exodus out of the foreign country and reduces the international correlations of

consumption, output and investment. To test the implications of this result, I experiment

with a lower labor supply elasticity (λ = 5 corresponds to a labor supply elasticity of 0.2,

which is a common estimate for men according to Fiorito and Zanella (2008)). The results

are reported in columns (9), (10) and (11) of table 4.3 for the three different specifications

of the shock processes driving the business cycles in the model.

The results for output volatility and the international correlations are as expected.

Output volatility declines since labor supply is less responsive to economic shocks. The

reduction in output volatility increases the international correlation of output, consump-

tion, investment and employment since there is less investment exodus from the foreign

country in response to a positive productivity shock. Reductions in labor supply elasticity

increase the volatility of imports, exports and international prices relative to GDP since

GDP volatility decreased. A better statistical fit for all the other endogenous variables

save output volatility is achieved with a lower labor supply elasticity.

4.4 Conclusion

Without any notion of capital, the definition of "investment" in the original Ghi-

roni and Melitz (2005) is inconsistent with the real business cycle literature. Although new

firm construction is an important component, changes in plant and equipment by existing

firms is included in the statistical measure of investment. By including capital into the

production of non-traded goods, more reasonable comparisons between the data and the

model’s results can be made.
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At first, the inclusion of capital into the model improves the correlation between

imports, exports and GDP when foreign bonds purchases are costly and economic fluctu-

ations are driven by productivity shocks to intermediate goods production. The presence

of capital, however, results in negative international correlations of output, investment and

consumption and inadequately captures the volatility of the international market23. In-

creases in the price of capital when there are positive productivity shocks leads to decreases

in the real interest rate which induces statistical declines in foreign variables after trans-

forming them into comparable terms.

When productivity shocks to final goods are incorporated into the model, dramatic

improvements in international correlations along with higher volatilities of international

market variables are achieved. Positive shocks to final goods production directly increase

the exchange rate, making positive international correlations of output, consumption and

investment statistically achievable. Since shocks to final goods production also acts as

demand shocks for intermediate goods, there is increased volatility of trade measures and

international prices.

When endogenous labor supply is incorporated into the model, increased output

volatility along with procyclical employment and positive correlation of employment across

countries is achieved when business cycles are driven by shocks to intermediate goods pro-

duction (productivity shocks to firms that demand labor). When shocks to final goods

production are added, the model can generate positive international correlation of employ-

ment with low labor supply elasticities. This is achieved, however, at the expense of output

23As in the benchmark model.
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volatility.
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Chapter 5

Conclusion

Current research surveyed in chapter 2 has suggested that changes in the pattern

of trade, a feature omitted from the previous body of international real business cycle

research, can affect the transmission of economic fluctuations across countries. Models

with foundations in trade theory that allow for shifting trade patterns, such as the Ghironi

and Melitz (2005) model, succeed in matching many empirical regularities but oversimplify

many sectors of the economy relevant to the study of business cycles. In the Ghironi

and Melitz model, labor in the model is supplied inelastically which makes it impossible to

study employment dynamics. Also, the model omits capital which distorts the concept of

"investment". This dissertation added more developed labor and capital markets to the

Ghironi and Melitz model and was able to match a richer set of stylized facts using several

features (such as asset market frictions and "demand shocks") consistent with previous

literature.

Prior to developing the model, I first updated the set of stylized facts commonly
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used to evaluate a model’s fit. Many of the stylized facts are as expected: consumption,

employment and investment are all procyclical and investment is more volatile than GDP

while consumption and employment are less volatile. Looking at international correlation,

new data confirms that consumption, output, investment and employment are generally

positively correlated across countries. Although output is more correlated across countries

than consumption for the period prior to 1985 (the empirical support of the C-O anomaly),

consumption is more correlated across countries than output for the modern period. On

average, output and consumption correlations are "close" and positive. I also add statistics

of the international market, which are commonly overlooked. Imports, exports, the terms

of trade and the real exchange rate are all highly volatile relative to GDP. Imports and

exports are both procyclial, but imports are more closely related to output than exports.

The trade balance and the real exchange rate are countercyclical while the terms of trade is

acyclical. The analyses presented in Chapter 3 and 4 utilize this updated set of statistics

in evaluating the fit of the models.

By assuming labor is supplied to the market inelastically, the model cannot ac-

count for international employment dynamics. In chapter 3, endogenous labor supply was

incorporated into the Ghironi and Melitz model. Adding a labor-leisure decision to the

household’s problem resulted in increased output volatility. Procyclical employment and

positive international correlation of employment are successfully reproduced by the model.

Further, changes in labor supply improve the international correlations of output, consump-

tion and investment. Increasing the elasticity of labor supply can result in improved output

volatility without worsening any of the other results. Past researchers suggest that the cor-
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relation of business cycles produced by the model can be further improved by slowing the

rate of investment exodus from one country to the other through asset market frictions. By

increasing costs associated with purchasing foreign bonds, the model can in fact generate

stronger correlations of output, consumption and new firm construction. However, this is

achieved at the expense of the international market and the labor market. Increased asset

market frictions boost the volatility of exports and reduce the volatility of the trade balance

as countries try to maintain more balanced trade. Changes in labor supply when strong

bond market frictions are present induce a reduction in employment in the foreign country,

worsening the correlation of employment across countries.

Without any notion of capital, the definition of "investment" in the original Ghi-

roni and Melitz (2005) is inconsistent with the real business cycle literature. Chapter 4 adds

a more formal capital market and allows for capital in the production of final consumption

goods. At first, the inclusion of capital into the model improves the correlation between

imports, exports and GDP when foreign bonds purchases are costly and economic fluctu-

ations are driven by productivity shocks to intermediate goods production. The presence

of capital, however, results in negative international correlations of output, investment and

consumption and inadequately captures the volatility of the international market. Increases

in the price of capital when there are positive productivity shocks leads to decreases in the

real interest rate which induces statistical declines in foreign variables after transforming

them into comparable terms. When productivity shocks to final goods are incorporated into

the model, dramatic improvements in international correlations along with higher volatilities

of international market variables are achieved. Positive shocks to final goods production
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directly increase the exchange rate, making positive international correlations of output,

consumption and investment statistically achievable. Since shocks to final goods produc-

tion also acts as demand shocks for intermediate goods, there is increased volatility of trade

measures and international prices. When endogenous labor supply is incorporated into the

model with capital accumulation, increased output volatility along with procyclical employ-

ment and positive correlation of employment across countries are achieved when business

cycles are driven by shocks to intermediate goods production. When shocks to final goods

production are added, the model can generate positive international correlation of employ-

ment with low labor supply elasticities. This is achieved, however, at the expense of output

volatility.

Future work includes incorporating unemployment into the model. Concerns over

the transmission of job-loss across countries are of concern to policy makers which suggests

an adequate concept of involuntary unemployment needs to be added to the framework.

Other potential extensions to the model include adding multiple countries and "common

shocks", which would likely result in stronger international correlations without having to

sacrifice international market volatility. Not only can the inclusion of multiple countries

explain changes in the distribution of global wealth over the business cycle, it can contribute

to current debates on multilateral trade agreements. Modern concerns about financial

collapse (such as the Asian Financial Crisis or the current housing market crisis) and the

transmission of recessions across countries require more refined financial markets be built

into the model. These are left for future research.
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Appendix A

Appendix

A.1 Appendix to Chapter 3

A.1.1 Details of the Model with Endogenous Labor Supply

The Balance of Payments

I construct the balance of payments equation by first imposing stock market clear-

ing and bond adjustment costs transfers on the consumer’s budget constraint. The budget

constraint for the home country becomes:

Ct +Bt+1 +QtB∗t+1 + (Nhtṽt) = wtlt + (1 + rt)Bt +Qt(1 + r
∗
t )B∗t

+Ndtṽt +Ndtd̃t

I generate the budget constraint for the foreign agent:

C∗t +B
∗
t+1 +Q

−1
t B∗∗t+1 + (N

∗
htṽ

∗
t ) = w∗t l

∗
t + (1 + rt)B

∗
t +Q

−1
t (1 + r∗t )B

∗
∗t

+N∗
dtṽ

∗
t +N

∗
dtd̃

∗
t
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I multiply the foreign budget constraint by Qt to transform it into home consumption terms

and subtract it from the home budget constraint. Imposing the bond market clearing

conditions suggest the following equation for net foreign assets:

2(1 + rt+1)Bt + 2(1 + r
∗
t+1)QtB∗t = [Ct −QtC

∗
t ] + [Netṽt −QtN

∗
etṽ

∗
t ] + 2[Bt+1 +QtB∗t+1]

−[wtlt −Qtw
∗
t l
∗
t ]− [Ndtd̃dt −QtN

∗
dtd̃

∗
dt]

−[Nxtd̃xt −QtN
∗
xtd̃

∗
xt] (A.1)

Equilibrium Conditions

The model is characterized by the following nonlinear system of equations:

1. Price and Profit definitions:

ρ̃dt = (
a

a− 1

wt

Ztz̃d
) (A.2)

ρ̃∗dt = (
a

a− 1

w∗t
Z∗t z̃d

) (A.3)

ρ̃xt = (
a

a− 1

wt

Ztz̃xt

τ

Qt
) (A.4)

ρ̃∗xt = (
a

a− 1

w∗t
Z∗t z̃

∗
xt

τQt) (A.5)

d̃dt =
1

a
Ctρ̃

1−a
dt (A.6)

d̃∗dt =
1

a
C∗t ρ̃

∗1−a
dt (A.7)

d̃xt =
1

a
C∗tQtρ̃

1−a
xt −

wtFXt

Zt
(A.8)

d̃∗xt =
1

a
CtQtρ̃

∗1−a
xt −

w∗tFXt

Z∗t
(A.9)

2. Price Index1:

1Using the equation for the price index of consumption, we substitute in average prices.
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1 = (Ndtρ̃
1−a
dt +N∗

xtρ̃
∗1−a
xt ) (A.10)

1 = (N∗
dtρ̃

∗1−a
dt +Nxtρ̃

1−a
xt ) (A.11)

3. Expected Profit:

d̃t = d̃dt + (
Nxt

Ndt
)d̃xt (A.12)

d̃∗t = d̃∗dt + (
N∗

xt

N∗
dt

)d̃∗xt (A.13)

4. Free Entry:

ṽt = wtFEt/Zt (A.14)

ṽ∗t = w∗tFEt/Z
∗
t (A.15)

5. Zero-Profit Intermediate Exporter2:

d̃xt = [
a− 1

k + 1− a
]
wtFXt

Zt
(A.16)

d̃∗xt = [
a− 1

k + 1− a
]
w∗tFXt

Z∗t
(A.17)

6. Share Exporting Firms:

(1−G(zxt)) =
Nxt

Ndt
= zkmin(

k

k + 1− a
)k/(a−1)z̃−k

xt (A.18)

(1−G(z∗xt)) =
N∗

xt

N∗
dt

= zkmin(
k

k + 1− a
)k/(a−1)z̃∗−k

xt (A.19)

2To generate this condition, we utilize the cutoff condition, 1
aC

∗

tQtρ
1−a
xjt =

wtFXt
Zt

, the useful transform,

zxt = (
k

k+1−a )
1/(1−a)z̃xt, and the definition for exporter profit, d̃xt.
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7. Number of Firms:

Ndt = (1− δ)(Ndt−1 +Net−1) (A.20)

N∗
dt = (1− δ)(N∗

dt−1 +N
∗
et−1) (A.21)

8. Euler Equation for Domestic Bonds:

C−1t (1 + nBt+1) = (1 + rt+1)βEtC
−1
t+1 (A.22)

C∗−1t (1− nB∗t+1) = (1 + r∗t+1)βE
∗
tC

∗−1
t+1 (A.23)

9. Euler Equation for Foreign Bonds:

QtC
−1
t (1 + nB∗t+1) = (1 + r∗t+1)βEtQt+1C

−1
t+1 (A.24)

Q−1t C∗−1t (1− nBt+1) = (1 + rt+1)βE
∗
tQ

−1
t+1C

∗−1
t+1 (A.25)

10. Euler Equation for Mutual Fund Shares:

ṽt = β(1− δ)Et(
Ct+1

Ct
)−1(d̃t+1 + ṽt+1) (A.26)

ṽ∗t = β(1− δ)E∗t (
C∗t+1
C∗t

)−1(d̃∗t+1 + ṽ
∗
t+1) (A.27)

11. Labor Market Clearing3:

C
−1/λ
t w

1/λ
t =

a− 1

wt
(NDtd̃dt +Nxtd̃xt) + (A.28)

(aNxtFXt +NEtFEt)/Zt

C
∗−1/λ
t w

∗1/λ
t =

a− 1

w∗t
(N∗

Dtd̃
∗
dt +N

∗
xtd̃

∗
xt) + (A.29)

(aN∗
xtFXt +N

∗
EtFEt)/Z

∗
t

3When labor is supplied inelastically, we set the left-hand side of the equations to 1.
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12. Net Foreign Assets:

2(1 + rt+1)Bt + 2(1 + r
∗
t+1)QtB∗t = [Ct −QtC

∗
t ] + [Netṽt −QtN

∗
etṽ

∗
t ] + 2[Bt+1 +QtB∗t+1]

−[wtlt −Qtw
∗
t l
∗
t ]− [Ndtd̃dt −QtN

∗
dtd̃

∗
dt]

−[Nxtd̃xt −QtN
∗
xtd̃

∗
xt] (A.30)

Note that the mutual fund market clearing conditions in addition to the zero net

supply of bonds conditions have already been included in the above equilibrium equations.

The 29 equations are log-linearized around the symmetric steady state to form 29 linear

equations in terms of percentages (denoted by ^)4.

In addition to these equations, the stochastic processes for the technology innova-

tions must be specified:





Ẑt

Ẑ∗t




 =





s11 s12

s21 s22










Ẑt−1

Ẑ∗t−1




+





ξZt

ξ∗Zt




 (A.31)

Et(Zt) = E∗t (Z
∗
t ) = Z̄

σξZt = σξ∗Zt = σξ

ρξZtξ∗Zt = ρξZξ∗Z

4Since the variable, Bt, has an expected value of zero in equilibrium, it is linearized with respect to steady
state consumption: B̂t =

Bt−0
C

= Bt
C
.

93



A.1.2 Divisible versus Indivisible Labor

Although endogenizing the labor supply decision allows the model to capture em-

ployment dynamics, the formulation employed in the previous sections does not allow the

model to analyze changes in unemployment. By construction, any unemployment in the

model is completely voluntary. Past research by Hansen (1985) and Rogerson (1988) sug-

gests a simple modification can be made to allow for endogenous involuntary unemployment

("indivisible labor"). In addition to improving the realism of the model, indivisible labor

can also increase the volatility of labor hours relative to the real wage; a feature of the data

that divisible labor models have difficulty matching. Results from incorporating indivisible

labor into the framework developed so far suggest this feature can distort the pattern of

trade in a way that causes excessively volatile output. In the model with indivisible labor,

positive productivity shocks lead to huge gains in output which induces massive investment

exodus and negatively correlated business cycles across countries.

The consumer’s problem is reformulated as follows. When considering divisible

labor, I will follow Rogerson (1988). Workers have 1 unit time to spend either working (lt)

or in leisure. The consumer’s instantaneous utility function takes the form:

Ut(Ct, lt) = logCt +H log(1− lt)

where the parameter, H, is calibrated such that the steady state fraction of time working
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is 1/3. The agent’s maximization problem is still written as:

max{Cs,ls,Bs+1,B∗s+1,xs+1}∞s=t Et

∞∑

s=t

βs−t [Us(Cs, ls)] s.t.

Cs +Bs+1 +QsB∗s+1 +
n1
2 (B

2
s+1) +

n2
2 (QsB

2
∗s+1) + (Nhsṽs)xs+1 =

wsls + (1 + rs)Bs +Qs(1 + r
∗
s)B∗s + Γs + xs(Ndsṽs +Ndsd̃s)

The labor supply equation is:

lt = 1−H
Ct

wt
(A.32)

This equation is linearized and then included in the equation system that is used to solve

the model.

For indivisible labor, the representative agent only has two choices of labor supply:

to work a fixed number of hours or no hours at all. The agent contracts with firms to work

l0 hours with probability φt
5. The expected amount of labor that the household will supply

is lt = φtl0.

The consumer’s expected instantaneous utility function takes the form:

Ut(Ct, lt) = φt(logCet +H log(1− l0)) + (1− φt)(logCut +H log(1))

where Cet is consumption when the worker is employed and Cut is consumption when the

worker is unemployed. It is assumed that the consumer is fully insured against becoming

unemployed so that consumption in the unemployed state is the same as consumption in

the employed state (Cet = Cut = Ct). The expected instantaneous utility function is then:

5Instead of choosing the number of labor hours to supply, workers are choosing a probability of becoming
employed each period, φt.
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Ut(Ct, lt) = logCt + φtH log(1− l0))

which can be rewritten using the definition of lt as:

Ut(Ct, lt) = logCt + lt
H log(1− l0))

l0
= logCt +Glt

where G = H log(1−l0))
l0

. The first order condition governing labor supply becomes:

wt = −GCt (A.33)

The parameters G and l0 are calibrated so that the steady state fraction of time spent

working (lt) is 1/3 and the parameter H matches the case of divisible labor. This equation

is linearized and then included in the equation system that is used to solve the model.

The simulation results for the models with divisible labor and indivisible labor

that follow Hansen’s (1985) exercise are reported in table A.1. The model with divisible

labor generates qualitatively similar results to the model described in the previous sec-

tion. The model with indivisible labor actually worsens the model’s fit by exacerbating

the volatility of output and investment, generating countercyclical exports, and inducing

negative correlation of output, investment and labor hours across countries. Inspection

of the impulse response functions for both the divisible labor and indivisible labor models

suggest the worsened fit is due to a mixture of open capital markets and strong responses

of labor demand.

In the model with divisible labor, a positive productivity shock in the home coun-

try leads to an overall expansion at home. Consumption increases, the profitability of
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Table A.1: Simulation Results: Divisible Versus Indivisible Labor.

(1) (8) (9)

Domestic Statistics
Volatility
σY (%) 1.54 1.38 9.67
σC/σY 0.75 0.52 0.10
σI/σY 3.41 4.51 11.20
σL/σY 0.61 0.40 1.16
Correlation with GDP
ρC,Y 0.88 0.98 0.48
ρI,Y 0.90 0.95 1.00
ρL,Y 0.81 0.98 0.99

International Comovement
Correlation
ρY,Y∗ 0.56 0.20 -0.12
ρC,C∗ 0.45 0.17 0.21
ρI,I∗ 0.37 -0.26 -0.39
ρL,L∗ 0.39 0.41 -0.19

International Market Statistics
Volatility
σIM/σY 3.31 0.73 0.21
σEX/σY 3.74 0.77 0.20
σNX/Y 0.40 0.37 0.88
σTOT/σY 1.69 0.27 0.04
σQ/σY 3.37 0.08 0.03
Correlation with GDP
ρIM,Y 0.60 0.84 0.54
ρEX,Y 0.28 0.09 -0.28
ρNX/Y,Y -0.36 -0.46 -0.45

ρTOT,Y 0.07 0.57 0.76
ρQ,Y -0.18 -0.55 -0.03

(1) Data
(8) Divisible Labor
(9) Indivisible Labor
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firms rises, there’s increased firm construction and higher demand for imported goods as

aforementioned. In the labor market, there is increased demand for labor to spend on

production and new firm construction but reduced supply of labor due to the expansion of

consumption. The model predicts an increase in the real wage and in increase in employ-

ment, which boosts output. In the foreign country, less is spent on firm construction and

investment dollars are redirected abroad. There is downward pressure on labor demand

due to the fall in firm construction but upward pressure on labor demand due to the ex-

pansion of the export sector. Labor supply increases due to a reduction in the variety of

goods which resulted from firm attrition. The model predicts a fall in the real wage, but

an increase in employment and a boost in output.

When labor is indivisible, inspection of the impulse response functions for the

endogenous variables of the model suggest a strong increase in employment in the home

country in response to a positive productivity shock. Holding labor supply and new firm

construction constant, a positive productivity shock leads to an increase in labor demand

and higher employment in equilibrium. In the model with indivisible labor, the increase

in labor demand leads to an larger increase in employment than in the model with divisi-

ble labor. Firms in the home country become more profitable under the indivisible labor

specification than they do under divisible labor. Since firms are more profitable under

the indivisible labor specification, there is a larger boost in new firm construction than

in the divisible labor framework. Finally, allowing for changes in labor supply, the labor

supply curve in the indivisible labor model rises quite dramatically since the positive pro-

ductivity shock boosts consumption relatively more than in the model with divisible labor.
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Employment is more volatile as is the real wage, leading to a dramatic increase in income.

In the foreign country, there is a large exodus of investment in the indivisible

labor framework due to the dramatic increase in the profitability of home firms. Firm

attrition leads to a large decrease in labor demand. Although labor supply increases in

the foreign country due to a fall in consumption, the model predicts a lower real wage as

well as lower employment in equilibrium. National income falls as does the demand for

home’s exports. The model predicts negatively correlated output and employment across

countries and countercyclical exports, none of which match the empirical facts.
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A.2 Appendix to Chapter 4

A.2.1 Details of the Model with Capital Accumulation

The theoretical model is heavily influenced by Ghironi and Melitz (2005) and is

quite similar to the model developed in Chapter 3. Details of the model follow. Note

that the model described here considers two countries, home and foreign (which is denoted

by *). Both countries are large and assumed to be structurally identical. That in mind,

I construct the framework for one country (the home country) knowing that a symmetric

framework exists for the foreign counterpart.

The Consumer’s Problem

Denote the universe of intermediate input varieties as Ω. At any time, t, a subset

Ωt ⊆ Ω are actually produced by firms. Ωt contains both domestically produced and

imported goods. Further, it need not be the case that Ωt = Ωs for t �= s nor Ωt = Ω
∗
t . A

composite intermediate good, Mt, is produced using Dixit-Stiglitz technology:

Mt =




∫

ω∈Ωt

mt(ω)
(a−1)/adω




a/(a−1)

(A.34)

where mt(ω) denotes the quantity of variety ω used in the production of the composite, and

a denotes the elasticity of substitution across varieties. The composite intermediate good

is then combined with capital, Kt, to produce consumption using a simple Cobb-Douglass

production process:
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Ct = AtM
b
tK

1−b
t (A.35)

At denotes total factor productivity at time, t. At At = b = 1, the model reverts to the

structure described by Ghironi and Melitz (2005).

It is straightforward to construct demand equations and price indices formt,Mt,Kt

and Ct. Denote PXt as the price index for good X. I construct the following conditional

demand equations by solving a straight-forward cost-minimization problem6:

mt(ω) = Mt(Pt(ω)/PMt)
−a (A.36)

Mt =
Ct

At
(
PMt

PKt

1− b

b
)b−1 (A.37)

Kt =
Ct

At
(
PMt

PKt

1− b

b
)b (A.38)

I also construct the associated price indices:

PMt = (

∫

ω∈ΩDt

Pt(ω)
1−adω)1/(1−a) (A.39)

PCt =
P b
MtP

1−b
Kt

At(1− b)1−bbb
(A.40)

Next, I turn to the household’s problem faced by the representative agent. It is

assumed that there exists a representative household that chooses to work, consume and

save. The household is endowed with 1 unit of time that it can divide between labor, lt, and

leisure. Labor earns the real wage, wt. The household can choose to save by purchasing

6The production function for Ct is essentially a multi-step CES production function. First, I find the
lowest-cost way to produce one unit of the intermediate index, M

′

t . Then, I solve a cost-minimization
problem for Ct over M

′

t and Kt.
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bonds, Bt+1, which each cost one unit of consumption, but yield (1 + rt+1) units in the

next period. Both domestic and foreign bonds (B∗) are available to the household and are

subject to a quadratic transaction cost which is rebated, lump-sum (Γt), to the household.

The household can also purchase shares of a mutual fund, xt+1, which entitle the owner

to a fraction of the profits of the producing firms. Arbitrage prices the shares at the

firms expected discounted value (Nhtṽt for new shares, Ndtṽt for old shares). Households

are obligated to hold bonds and stocks for only one period before they are resold in asset

markets. Finally, the households have the option of saving real wealth in the form of

savings accounts, St+1. Savings are used to construct capital in the next period and earn

a real return of Rt
7. The consumer’s real period budget constraint is then given by:

Ct +Bt+1 +QtB∗t+1 +
n1
2 (B

2
t+1) +

n2
2 (QtB2∗t+1) + (Nhtṽt)xt+1 + St+1 =

wtlt + (1 + rt)Bt +Qt(1 + r∗t )B∗t + Γt + xt(Ndtṽt +Ndtd̃t) +RtSt

(A.41)

where n2 ≥ n1 > 0 are scale parameters on foreign and domestic bond adjustment costs,

Γt =
n1
2 (B

2
t+1) +

n2
2 (QtB

2
∗t+1) in equilibrium and Qt is the real exchange rate.

The instantaneous utility function for the agent is assumed to have the form:

Ut(Ct, lt) = logCt −
l1+λ
t

1 + λ

7All savings instruments are denoted with the time subscript in which they yield a return.
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The agent’s maximization problem can then be written as:

max{Cs,ls,Bs+1,B∗s+1,xs+1,Ft+1}∞s=t Et

∞∑

s=t

βs−t
[
logCs −

l1+λs
1+λ

]
s.t.

Cs +Bs+1 +QsB∗s+1 +
n1
2 (B

2
s+1) +

n2
2 (QsB2∗s+1) + (Nhsṽs)xs+1 + Ss+1 =

wsls + (1 + rs)Bs +Qs(1 + r
∗
s)B∗s +Γs + xs(Ndsṽs +Ndsd̃s) +RsSs

(A.42)

The first-order conditions for the consumer’s problem generate an equation that guides

labor supply in addition to three Euler equations. The labor supply equation is:

lt = C
−1/λ
t w

1/λ
t (A.43)

which suggests that 1/λ represents elasticity of labor supply. In the original Ghironi and

Melitz (2005) framework, labor was supplied inelastically (lt = 1). The Euler equation for

domestic bonds is:

C−1t (1 + n1Bt+1) = (1 + rt+1)βEtC
−1
t+1 (A.44)

Similarly, the Euler equation for foreign bonds is:

QtC
−1
t (1 + n2B∗t+1) = (1 + r

∗
t+1)βEtQt+1C

−1
t+1 (A.45)

The Euler equation for stocks is:

ṽt = β(1− δ)Et(
Ct+1

Ct
)−1(d̃t+1 + ṽt+1) (A.46)

Notice that repetitive forward substitution of the Euler equation for stocks generates the

expected value of the firm’s lifetime profit stream. Finally, the Euler equation for savings
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is:

C−1t = βEtRt+1C
−1
t+1 (A.47)

The Firm’s Problem

I now consider the problem faced by a typical intermediate good producer in the

home country. It is assumed that there exists an unbounded mass of firms in the economy

that may begin production at any time. These firms are monopolistically competitive

producers of unique varieties. Further, it is assumed that firms produce for domestic and

foreign markets separately8. Given the demand for their products derived in the previous

section, the firm’s problem is as follows:

Step 1: Decide whether or not to enter.

Step 2: Upon entry, choose how much output to produce for each market and

what prices to set.

Step 3: Death or exit.

In practice, firms will first derive the solutions to step 2 and step 3 and form

estimates on their future profit streams before choosing whether or not it’s worth it to enter

the industry.

Prior to entry, the firm calculates average (expected) profit. Each firm j in the

home country produces output according to the production function:

yjt = ZtzjLjt (A.48)

8Markets are segmented — firm’s practice third-degree price discrimination.
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where yjt denotes the quantity of output firm j produces, Zt denotes an economy-wide

technology variable, zj is a productivity draw specific to firm j and Ljtis the quantity of

labor firm j hires in the production of output. The firm will choose how much to produce

for the domestic market (mdjt) and how much to produce for export (mxjt = m∗
mjt).

Exports are subject to an iceberg cost, τ ≥ 1. Thus, total output for the firm is given by

yjt = mdjt + τmxjt.

The firm’s expenses include a wage bill, a start-up cost paid in terms of labor, and

an exporter fee (also paid in terms of labor). The wage bill is simply wtLjt. Start-up costs

are a fixed cost paid once during the period the firm begins production. The "production" of

entry is given byFEt = ZtLEjt which suggests a total fixed cost of wtFEt/Zt. Exporter fees

are paid each period the firm chooses to export (mxjt>0). TheproductionoftheexporterfeeisgivenasFXt =

ZtLXjt . Thus, the per-period exporter cost is wtFXt/Zt. Dropping the start-up cost, we

form the firm’s real per-period profit maximization problem:

max
cxjt,cdjt

Πjt

PCt
=
Pdjt

PCt
mdjt + εt

Pxjt

PCt
mxjt −

wt

Ztzj
(mdjt + τmxjt)− Ixt

wtFXt

Zt
(A.49)

where Ixt = 1 if cxjt > 0, else Ixt = 0. εt denotes the nominal exchange rate. It is

important to note that Pxjt is measured in terms of foreign currency. For any variable,

X, we denote real prices as ρX = PX/PC and substitute the demand functions from the

previous section into the firm’s problem (as is standard with monopolistic competition) to

generate the first order conditions for the firm9:

9It is assumed that firms do not observe the impact of price setting on the aggregate price level when
solving the firm’s maximization problem. Also, note that the definition of PCt implies Mt = bCtρ

−1
Mt
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mdjt = bCtρ
a−1
Mt (

a

a− 1

wt

Ztzj
)−a (A.50)

mxjt = bC∗t ρ
∗a−1
Mt (

a

a− 1

wt

Ztzj

τ

Qt
)−a (A.51)

where Qt = εtP
∗
Ct/PCt is the real exchange rate. For simplicity, it is assumed that εt = 1.

We then use the demand equations to find the optimal real prices charged by the firm:

ρdjt =
a

a− 1

wt

Ztzj
(A.52)

ρxjt =
a

a− 1

wt

Ztzj

τ

Qt
(A.53)

The prices suggest a constant markup over marginal cost (wt/Ztzj).

Profits for the firm can be divided into "domestic production profits" and "export

profits". They are given as:

ddjt =
b

a
Ctρ

a−1
Mt ρ

1−a
djt (A.54)

dxjt =






b
aC

∗
t ρ
∗a−1
Mt Qtρ

1−a
xjt −

wtFXt
Zt

if cxjt > 0

0 if cxjt = 0





(A.55)

For a continuum of potential firms, there exists some productivity draw, zxt, such

that the firm which receives that draw upon entering at time t earns zero profits whether

it exports or not (the exporter cutoff). For this firm, b
aC

∗
t ρ
∗a−1
Mt Qtρ

1−a
xjt =

wtFXt
Zt

.

Knowing the profits for any given productivity draw, potential firms decide whether

or not to enter. Their productivity draw is not assured prior to entry, so firms form an
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expectation of their profits (they calculate an "average" profit from entry). To do this,

we employ the "special averages" developed by Melitz (2003). First, we suppose that the

productivity draws follow a Pareto distribution with CDF G(z) = 1− (zmin/zj)k and PDF

g(z) = kzkminz
−k−1
j where k denotes the shape parameter of the distribution. Next, define:

z̃1−a
d =

∫ ∞

zmin

z1−a
j g(z)dz (A.56)

z̃1−a
xt =

∫ ∞

zxt

z1−a
j

g(z)

1−G(zxt)
dz (A.57)

Finally, substitute these definitions in constructing average prices: ρ̃1−a
dt =

∫∞
zmin

ρ1−a
djt g(z)dz =

( a
a−1

wt
Ztz̃d

)1−a and ρ̃1−a
xt =

∫∞
zxt
ρ1−a
xjt

g(z)
1−G(zxt)

dz = ( a
a−1

wt
Ztz̃xt

τ
Qt
)1−a. We define Ndt as the

number of firms that produce for the domestic market and Nxt as the number of firms that

produce for export. The model is recast in terms of average prices:

ρ̃dt = (
a

a− 1

wt

Ztz̃d
) (A.58)

ρ̃xt = (
a

a− 1

wt

Ztz̃xt

τ

Qt
) (A.59)

ρ̃Mt = (Ndtρ̃
1−b
dt +N∗

xtρ̃
∗1−b
xt )1/(1−b) (A.60)

d̃dt =
b

a
Ctρ̃

a−1
Mt ρ̃

1−a
dt (A.61)

d̃xt =
b

a
C∗t ρ̃

∗a−1
Mt Qtρ̃

1−a
xt −

wtFXt

Zt
(A.62)

Completing the integral for the special productivity averages suggests that z̃D =

( k
k+1−a)

1/(a−1)zmin and z̃xt = (
k

k+1−a)
1/(a−1)zxt where k > a−1 for boundedness. Knowing

that all existing firms produce for the domestic market, and a fraction of those become

exporters, the expected per-period profit for a potential firm, on average, is:
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d̃t = d̃dt + (1−G(zxt))d̃xt (A.63)

There are two important features guiding firm creation and destruction. The first

is a lag in production. A firm that enters in period t starts producing at period t+1. The

entering firm, however, is still counted as a firm in period t. The total number of firms that

exist at period t, Nht, is given by the number of producing firms that already exist plus the

number of new firms, Net.

Nht = Ndt +Net

Second, firms are subject to an exogenous exit shock. The number of firms that

"survive" to produce in period t+ 1 is given by:

Ndt+1 = (1− δ)Nht = (1− δ)(Ndt +Net) (A.64)

Therefore, the expected value of the firm’s lifetime profit stream, ṽt, is given by:

ṽt = Et

∞∑

s=t+1

[1− δ]s−t

[
βs−t(

Cs

Ct
)−1
]
d̃s (A.65)

where
[
βs−t(CsCt )

−1
]
is the stochastic discount factor to be discussed shortly and (1− δ) is

the firm’s survival probability. Firms continue to enter as long as the discounted value of

their profit stream exceeds the cost of entry. Therefore, the entry cutoff is determined by:

ṽt = wtFEt/Zt (A.66)
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Market Clearing and Equilibrium

I now turn to important market clearing conditions implied by the model. The

most obvious of these conditions is labor market clearing. As determined in the consumer’s

problem for the home (foreign) country, labor supply is given as lt = C
−1/λ
t w

1/λ
t when labor

supply is endogenous and lt = 1 when labor is supplied inelastically. Labor demand comes

from three sources:

1. Production of intermediate inputs. Each firm that produces for the domestic market

requires Ldjt =
mdjt

Ztzj
units of labor. From demand,mdjt = Ct(ε

e
Hα

b
D)ρ

b−e
Ht ρ

a−b
Dt (ρdjt)

−a →

mdjt

Ztzj
= Ct(εeHα

b
D)ρ

b−e
Ht ρ

a−b
Dt (ρdjt)

−a( 1
Ztzj

wt
wt

a
a−1

a−1
a )

= Ct(ε
e
Hα

b
D)ρ

b−e
Ht ρ

a−b
Dt (ρdjt)

1−a(a−1awt
) = addjt(

a−1
awt
) = ddjt(

a−1
wt
).

On average, Ndt firms each demand d̃dt(
a−1
wt
) units of labor. Similarly, each firm that

produces for export requires Lxjt =
τmxjt

Ztzj
units of labor. From demand, mxjt =

C∗t (ε
e
Hα

b
M )ρ

∗b−e
Ht ρ∗a−b

Mt (ρxjt)
−a →

τmxjt

Ztzj
= C∗t (ε

e
Hα

b
M )ρ

∗b−e
Ht ρ∗a−b

Mt (ρxjt)
−a( τ

Ztzj
wt
wt

a
a−1

a−1
a

Qt
Qt
) = C∗t (ε

e
Hα

b
M )ρ

∗b−e
Ht ρ∗a−b

Mt (ρxjt)
1−a(a−1awt

Qt) =

a−1
wt
dxjt+(a−1)FXt/Zt. On average, Nxt firms each demanda−1

wt
d̃xt+(a−1)FXt/Zt.

Total labor demand for production of goods is then Ndtd̃dt(
a−1
wt
)+Nxt

a−1
wt
d̃xt+Nxt(a−

1)FXt/Zt.

2. Exporter costs. Nxt firms must hire labor to produce the exporter fee of FXt/Zt.

Demand for labor to produce the exporter fee is thus NxtFXt/Zt.

3. Start-up costs. NEt entering firms must hire labor to produce the entry fee of FEt/Zt.

109



Demand for labor to produce the entry fee is thus NEtFEt/Zt. Labor demand in the

model is given as10:

Lt =
a− 1

wt
(NDtd̃dt +Nxtd̃xt) + (aNxtFXt +NEtFEt)/Zt

The equation that governs equilibrium in the labor market when labor supply is endoge-

nously determined is:

C
−1/λ
t w

1/λ
t =

a− 1

wt
(NDtd̃dt +Nxtd̃xt) + (aNxtFXt +NEtFEt)/Zt (A.67)

When labor is supplied inelastically, the labor market clearing condition is:

1 =
a− 1

wt
(NDtd̃dt +Nxtd̃xt) + (aNxtFXt +NEtFEt)/Zt (A.68)

The second market clearing condition ensures market clearing in the mutual fund

market (shares of the portfolio sum to unity):

xt+1 = xt = 1 (A.69)

The third market clearing condition ensures zero net supply of bonds. The rep-

resentative agent in each country is either a borrower or a lender, but not both. If the

agent produces bonds to sell, they must be purchased by agent in the foreign country:

Bt+1 = −B
∗
t+1. Thus, we generate the zero net supply conditions:

10As shown in the appendix to this chapter.
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Bt+1 +B
∗
t+1 = 0 (A.70)

B∗t+1 +B
∗
∗t+1 = 0

The presence of adjustment costs ensure that the unique steady state bond issuance is zero

(B = 0)11.

The next market clearing condition applies to the market for capital (when capi-

tal is relevant in production). In equilibrium, savings today become the foundation for

tomorrow’s capital stock (St+1 = Kt+1). In equilibrium, the gross return to savings

(RtFt = RtKt) should be equal to total payments to capital plus the return of non-

depreciated capital (ρKtKt+(1− δK)Kt). This suggests the equilibrium price of capital is

given by:

ρKt = Rt − 1 + δK (A.71)

Capital demand for the production of consumption in period t is given by:

Kt =
Ct

At
(
ρMt

ρKt

1− b

b
)b (A.72)

while supply of capital in the next period is determined by the Euler equation:

C−1t = βEtRt+1C
−1
t+1 (A.73)

11Again, this can be seen by comparing the home agent’s Euler equation for home bonds and foreign
agent’s demand for home bonds at the steady state then applying the zero net supply condition. For the
home agent, β(1+r) = (1+nB). For the foreign agent, β(1+r) = (1+nB∗). The zero net supply condition
implies B = −B∗. Thus, (1 + nB) = (1− nB)→ B = 0.
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The final market clearing condition ensures balance of payments. To generate

this condition, we consider the consumer’s budget constraint. Note that capital market

clearing suggests St+1−RtSt = Kt+1− (ρKtKt+(1−δK)Kt) = Kt+1−(1−δK)Kt−ρKtKt.

I impose mutual fund market clearing and lump-sum transfers of bond adjustment costs:

Ct+Bt+1+QtB∗t+1+(Nhtṽt)+Kt+1 = wtlt+(1+rt)Bt+Qt(1+r
∗
t )B∗t+Ndtṽt+Ndtd̃t+ρKtKt+(1−δK)Kt

We generate the budget constraint for the foreign agent:

C∗t+B
∗
t+1+Q

−1
t B∗∗t+1+(N

∗
htṽ

∗
t )+K

∗
t+1 = w∗t l

∗
t+(1+rt)B

∗
t+Q

−1
t (1+r

∗
t )B

∗
∗t+N

∗
dtṽ

∗
t+N

∗
dtd̃

∗
t+ρ

∗
KtK

∗
t+(1−δK)K

We multiply the foreign budget constraint by Qt to transform it into home consumption

terms and subtract it from the home budget constraint. Imposing the bond market clearing

conditions suggest the following equation for net foreign assets:

2(1 + rt+1)Bt + 2(1 + r
∗
t+1)QtB∗t = [Ct −QtC

∗
t ] + [Netṽt −QtN

∗
etṽ

∗
t ] + 2[Bt+1 +QtB∗t+1]

−[wtlt −Qtw
∗
t l
∗
t ]− [Ndtd̃dt −QtN

∗
dtd̃

∗
dt]

−[Nxtd̃xt −QtN
∗
xtd̃

∗
xt] + [Kt+1 −QtK

∗
t+1] (A.74)

−(1− δK)[Kt −QtK
∗
t ]− [ρKtKt −Qtρ

∗
KtK

∗
t ]

Equilibrium in this model is characterized by the 35 equations described below.

These equations are log-linearized around the symmetric steady state to form a log-linear

linear equation system (denoted by ^)12. In addition to these equations, the stochastic

12Since the variable, Bt, has an expected value of zero in equilibrium, it is linearized with respect to steady
state consumption: B̂t =

Bt−0
C = Bt

C .
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processes for the technology innovations are specified:





Ẑt

Ẑ∗t




 =





s11 s12

s21 s22










Ẑt−1

Ẑ∗t−1




+





ξZt

ξ∗Zt




 (A.75)

Et(Zt) = E∗t (Z
∗
t ) = Z̄ (A.76)

σξZt = σξ∗Zt = σξ (A.77)

ρξZtξ∗Zt = ρξZξ∗Z (A.78)





Ât

Â∗t




 =





h11 h12

h21 h22










Ât−1

Â∗t−1




+





ξAt

ξ∗At




 (A.79)

Et(At) = E∗t (A
∗
t ) = Ā (A.80)

σξAt = σξ∗At = σξA (A.81)

ρξAtξ∗At = ρξAξ∗ZA (A.82)

Additional definitions are required. Following, income (GDP) is defined as:

Yt = wtlt + ρKtKt +Ndtd̃dt (A.83)

Further, total imports is constructed using the average revenue foreign exporters earn from

their sales abroad:

IMt = bN∗
xtCtρ̃

a−1
Mt ρ̃

∗1−a
xt (A.84)
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Total exports is constructed using the average revenue domestic exporters earn from their

sales abroad:

EXt = bQtNxtC
∗
t ρ̃
∗
Mtρ̃

1−a
xt (A.85)

Terms of trade is defines as the ratio of import prices to export prices:

TOTt =
ρ̃∗xt
Qtρ̃xt

(A.86)

Investment is defined as expenditures on new firm entry plus the purchases of new capital:

It = Netṽt +Kt+1 − (1− δK)Kt (A.87)

In the model, the price of consumption (PCt) is measured as a welfare-based price

index following Feenstra (2003). It is thus important to transform this welfare-based index

into one which closer matches the price index calculated in the data. To do so, recall:

1 =
[Ndtρ̃

1−a
dt +N∗

xtρ̃
∗1−a
xt ]b/(1−a)ρ1−b

Kt

At(1− b)1−bbb

If we assume that all prices are, on average, ρ̃ = P̃t/PCt, we construct:

PCt

P̃t

=
[Ndt +N

∗
xt]

b/(1−a)

At(1− b)1−bbb
(A.88)

Any variable measured in terms of real consumption, Xt, is adjusted to this index: X̃t =

PCtXt

P̃t
. Further, since the real exchange rate is constructed using the welfare-based price

indices (Qt = P
∗
Ct/PCt), we construct an adjusted real exchange rate:
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Q̃ = P̃ ∗t /P̃t = Qt[
A∗t
At
][
Ndt +N

∗
xt

N∗
dt +Nxt

]b/(1−a) (A.89)

Equilibrium in this model is characterized by the following equation system:

1. Price and Profit definitions:

ρ̃dt = (
a

a− 1

wt

Ztz̃d
) (A.90)

ρ̃∗dt = (
a

a− 1

w∗t
Z∗t z̃d

) (A.91)

ρ̃xt = (
a

a− 1

wt

Ztz̃xt

τ

Qt
) (A.92)

ρ̃∗xt = (
a

a− 1

w∗t
Z∗t z̃

∗
xt

τQt) (A.93)

ρ̃Mt = (Ndtρ̃
1−a
dt +N∗

xtρ̃
∗1−b
xt )1/(1−b) (A.94)

ρ̃∗Mt = (N∗
dtρ̃

∗1−a
dt +Nxtρ̃

1−b
xt )

1/(1−b) (A.95)

d̃dt =
b

a
Ctρ̃

a−1
Mt ρ̃

1−a
dt (A.96)

d̃∗dt =
b

a
C∗t ρ̃

∗a−1
Mt ρ̃∗1−a

dt (A.97)

d̃xt =
b

a
C∗t ρ̃

∗a−1
Mt Qtρ̃

1−a
xt −

wtFXt

Zt
(A.98)

d̃∗xt =
b

a
Ctρ̃

a−1
Mt Qtρ̃

∗1−a
xt −

w∗tFXt

Z∗t
(A.99)

2. Price Index:

1 =
ρbMtρ

1−b
Kt

At(1− b)1−bbb
(A.100)

1 =
ρ∗bMtρ

∗1−b
Kt

A∗t (1− b)
1−bbb

(A.101)
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3. Expected Profit:

d̃t = d̃dt + (
Nxt

Ndt
)d̃xt (A.102)

d̃∗t = d̃∗dt + (
N∗

xt

N∗
dt

)d̃∗xt (A.103)

4. Free Entry:

ṽt = wtFEt/Zt (A.104)

ṽ∗t = w∗tFEt/Z
∗
t (A.105)

5. Zero-Profit Intermediate Exporter13:

d̃xt = [
a− 1

k + 1− a
]
wtFXt

Zt
(A.106)

d̃∗xt = [
a− 1

k + 1− a
]
w∗tFXt

Z∗t
(A.107)

6. Share Exporting Firms:

(1−G(zxt)) =
Nxt

Ndt
= zkmin(

k

k + 1− a
)k/(a−1)z̃−k

xt (A.108)

(1−G(z∗xt)) =
N∗

xt

N∗
dt

= zkmin(
k

k + 1− a
)k/(a−1)z̃∗−k

xt (A.109)

7. Number of Firms:

Ndt = (1− δ)(Ndt−1 +Net−1) (A.110)

N∗
dt = (1− δ)(N∗

dt−1 +N
∗
et−1) (A.111)

8. Euler Equation for Domestic Bonds:

C−γt (1 + nBt+1) = (1 + rt+1)βEtC
−γ
t+1 (A.112)

C∗−γ
t (1− nB∗t+1) = (1 + r∗t+1)βE

∗
tC

∗−γ
t+1 (A.113)

13To generate this condition, we utilize the cutoff condition, C∗

t (ε
e
HαbM )ρ

∗b−e
Ht ρ∗a−bMt Qtρ

1−a
xjt =

wtFXt
Zt

, the

useful transform, zxt = (
k

k+1−a )
1/(1−a)z̃xt, and the definition for exporter profit, d̃xt.
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9. Euler Equation for Foreign Bonds:

QtC
−γ
t (1 + nB∗t+1) = (1 + r∗t+1)βEtQt+1C

−γ
t+1 (A.114)

Q−1t C∗−γ
t (1− nBt+1) = (1 + rt+1)βE

∗
tQ

−1
t+1C

∗−γ
t+1 (A.115)

10. Euler Equation for Mutual Fund Shares:

ṽt = β(1− δ)Et(
Ct+1

Ct
)−γ(d̃t+1 + ṽt+1) (A.116)

ṽ∗t = β(1− δ)E∗t (
C∗t+1
C∗t

)−γ(d̃∗t+1 + ṽ
∗
t+1) (A.117)

11. Labor Market Clearing14:

C
−γ/λ
t w

1/λ
t =

a− 1

wt
(NDtd̃dt +Nxtd̃xt) + (A.118)

(aNxtFXt +NEtFEt)/Zt (A.119)

C
∗−γ/λ
t w

∗1/λ
t =

a− 1

w∗t
(N∗

Dtd̃
∗
dt +N

∗
xtd̃

∗
xt) + (A.120)

(aN∗
xtFXt +N

∗
EtFEt)/Z

∗
t (A.121)

12. Net Foreign Assets:

2(1 + rt+1)Bt + 2(1 + r
∗
t+1)QtB∗t = [Ct −QtC

∗
t ] + [Netṽt −QtN

∗
etṽ

∗
t ] + 2[Bt+1 +QtB∗t+1]

−[wtlt −Qtw
∗
t l
∗
t ]− [Ndtd̃dt −QtN

∗
dtd̃

∗
dt]

−[Nxtd̃xt −QtN
∗
xtd̃

∗
xt] + [Kt+1 −QtK

∗
t+1] (A.122)

−(1− δK)[Kt −QtK
∗
t ]− [ρKtKt −Qtρ

∗
KtK

∗
t ]

14When labor is supplied inelastically, we set the left-hand side of the equations to 1.
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13. Demand for Capital in Period t:

Kt =
Ct

At
(
ρMt

ρKt

1− b

b
)b (A.123)

K∗
t =

C∗t
A∗t
(
ρ∗Mt

ρ∗Kt

1− b

b
)b (A.124)

14. Supply of Capital in Period t+1:

C−1t = βEt(ρKt+1 + (1− δK))C
−1
t+1 (A.125)

C∗−1t = βEt(ρ
∗
Kt+1 + (1− δK))C

∗−1
t+1 (A.126)

A.2.2 Investment Volatility and Shocks to the Production of Final Goods.

To see that there is an increase in investment volatility when there are shocks to

the production of final goods, we return to the equation governing conditional demand for

capital: Kt =
Ct
At
(ρMt
ρKt

1−b
b )

b. Recall the the price index for consumption is given as PCt =

P bMtP
1−b
Kt

At(1−b)1−bbb
. We can rewrite this equation as At(1− b)PCt = P b

MtP
1−b
Kt (1− b)

bb−b. In its

nominal form, capital demand is Kt = CtA
−1
t P b

MtP
−b
Kt (1− b)

bb−b. Multiplying and dividing

by PKt and substituting in the expression for the price index yields Kt = Ct(1− b)ρ
−1
Kt. In

this form, the demand for capital is expressed as a function of aggregate consumption and

the price of capital only. A positive productivity shock leads directly to an increase in

consumption, resulting in a rise in capital demand. Since Kt is a state variable, at time

t the amount of capital supplied is fixed, therefore a positive productivity shock results

directly in an increase in capital prices.

Since the shock, At, is persistent, households expect there to be higher capital

prices in the future. An increase in EtρKt+1 results in an increase in the amount consumers
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are willing to save, resulting in higher Kt+1. Investment spending on capital, Kt+1 − (1−

δK)Kt, thus increases.
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