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International Business Cycles with Frictions 
in Goods and Factors Markets

Ivo Krznar

Abstract

This paper explores the impact of frictions in the market for final goods and factors of produc-
tion on international transmission of business cycles. In particular, I analyze the role of habits in 
consumption, capital adjustment costs and labor market frictions in the form of habits in leisure 
or labor adjustment costs, in a standard international real business cycles model with complete 
markets. Overall, these frictions that help explain many salient facts of a closed-economy have less 
success in resolving international comovement puzzles. Specifically, I find that capital adjustment 
costs together with consumption habits help explain positive investment comovement only – in 
combination with capital adjustment costs, consumption habits provide a channel through which 
capital adjustment costs become larger than the opportunity costs of not investing in a more pro-
ductive country. However, resolving the investment puzzle comes at the expense of aggravating 
other comovement problems. In addition, I find that frictions in the labor market do not help to 
explain factor comovements such as the employment and investment puzzle. Furthermore, while 
both labor adjustment costs and leisure habits increase the output correlation, only the effects of 
the latter present forces toward resolving the consumption cross-correlation puzzle (although not 
actually resolving it). This mainly comes as a result of leisure habits reducing the consumption 
correlation through amplified effects on the nonseparability of consumption and leisure.

JEL: E32, G12, G15, D90

Keywords: international real business cycles, risk sharing, habit formation preferences, adjust-
ment costs
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1 Introduction

In a closed economy environment, real business cycle (RBC) theory has enjoyed 
a measure of success in accounting for many business cycle features. However, 
most of the poor matching performance of the standard RBC model came from the 
weakness of its internal propagation mechanism. During the past decade, several 
studies extended the standard RBC model to address this difficulty. The exten-
sions were made via the introduction of different frictions in domestic markets 
for goods and factors of production. In particular, labor market frictions such as 
labor adjustment costs (Cogley and Nason (1995), Janko (2008) and Chang et al. 
(2006)), habit preferences over leisure (Bouakez and Kano (2006), Wen (1998), 
Hotz et al. (1988) and Eichenbaum et al. (1988)) or the combination of habit 
preferences over consumption and capital adjustment costs (Boldrin et al. (2001), 
Beaubrun and Tripier (2005) and Christiano et al. (2005)) turned out to be impor-
tant in magnifying the propagation of shocks in the economy. Not only do these 
frictions improve the matching performance of the standard RBC model, but they 
are now being used to understand a wide range of issues in asset pricing, growth, 
monetary and international economics.1

However, closed-economy models abstract from the fact that countries partic-
ipate in international markets. In particular, they ignore that countries can have 
the opportunity to share country-specific risks with other countries through the 
exchange of goods and financial assets. An early open-economy version of the 
standard RBC model (international real business cycles model, henceforth IRBC 
model) that incorporated international linkages has been less successful than its 
closed-economy counterpart in replicating the basic characteristics of interna
tional comovements of output, consumption, investment and employment.2 This 
model assumes the existence of complete markets that in turn implies perfect risk 
sharing among agents in the world economy. Perfect risk sharing has implications 
that are far away from the data. First, empirical cross-correlation of consumpti-
on is generally similar to cross-country correlation of output, whereas the stan-
dard IRBC model with complete markets produces consumption correlation that 
is much higher than that of output (consumption puzzle). And second, investment 
and employment tend to be positively correlated across the countries, whereas the 
model predicts a negative correlation (investment and employment puzzle).

To reconcile data and theory, models were developed in which risk-sharing is 

1	 Several papers are worth mentioning. Carroll et al. (2000) suggest that consumption habits may be able to 
explain the relationship between savings and growth across countries. Fuhrer (2000) argues that consump-
tion habits can induce hump-shaped responses of consumption and inflation to monetary shocks. Mendoza 
(1991) finds that introducing leisure habits in a small open-economy RBC model improves the fit of con-
sumption and trade balance. Boldrin et al. (2001) show that the combination of consumption habits, capital 
adjustment costs and labor adjustment costs helps to account for the equity premium puzzle in the full-blown 
general equilibrium model. Janko (2008) finds that labor adjustment costs are one of the factors that are 
crucial in explaining business cycle properties of real as well as nominal variables.

2	 See, for example, Backus et al. (1992).
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limited because of domestic or international financial frictions.3 While much of the 
IRBC literature focuses on financial frictions for resolving international comove
ment puzzles, this paper explores the role of frictions on markets for domestic 
goods and factors, which today present an important part of the closed-economy 
RBC model, on international comovements. In other words, I am asking the same 
question that Backus et al. (1992) put forward: what are the effects of extending the 
standard RBC model to an open-economy environment. However, since from the 
time the Backus et al. (1992) paper was published, much effort has been devoted 
to extending the standard RBC model and trying to replicate salient features of the 
closed-economy business cycle. In order to explore the effect of goods and factors 
market frictions that represented those extensions on international comovements, I 
build a two-country IRBC model with habit formation preferences over consump-
tion and adjustment costs on capital change in a complete markets environment. In 
this setting individuals have complete access to international risk-sharing (perfect 
risk sharing). In addition to consumption habits and capital adjustment costs, I 
analyze the impact of two labor market frictions – demand-side friction in the form 
of habit formation preferences over leisure and supply-side friction in the form of 
labor adjustment costs.

The main message of this paper is that the “real” frictions that help explain 
many closed-economy features resolve only the investment comovement puzzle. 
In particular, I find that capital adjustment costs together with consumption hab
its help to resolve the investment comovement puzzle by impairing capital flows. 
Frictions on the labor market do not help explain factor comovements like the 
employment and investment puzzle. On the other hand, both labor adjustment 
costs and leisure habits increase the output correlation. However, only the effects 
of the latter work towards resolution of the consumption cross-correlation puzzle 
(although not actually resolving it). This mainly comes as a result of leisure habits 
reducing consumption correlation through amplified effects on nonseparability 
between consumption and leisure. On the whole, real frictions, either when resolv
ing the investment puzzle or trying to resolve the consumption puzzle, accentuate 
problems in explaining other international comovements.

The rest of the paper is organized as follows. In Section 2 I present a two-
country IRBC model where habits and adjustment costs are incorporated in a 
complete markets environment. Simulation results together with interpretation of 
the results in terms of domestic and international (co)movements are presented 
in Section 3. Section 4 concludes. Appendix shows how to decentralize the social 

3	 Baxter and Crucini (1995) and Kollmann (1996) investigated the quantitative impact of elimination of trade 
in state-contingent assets on the properties of international real business cycles. They found that the exoge-
nous limit on the assets that may be traded was not severe enough in terms of risk sharing, investment flows 
and working effort to resolve correlation puzzles. Kehoe and Perri (2002) examined the model in which 
limited risk sharing arises endogenously from the limited ability to enforce international credit arrangements 
between countries. They find that this contract enforcement friction goes a long way in reconciling the IRBC 
theory and data (although not all the way in terms of the consumption puzzle). Recently, Yakhin (2007) 
show that exogenous market incompleteness can also generate positive employment and investment cross-
correlations once additional nominal rigidities are introduced (staggered wages and monopolistic behavior 
of households with respect to supply of labor).
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planner’s problem. Finally, in the second part of the Appendix, I describe in detail 
the algorithm that was constructed to solve and simulate the model.

2 The Model Economy

The model considered here follows closely the structure of earlier two-country 
IRBC models with complete markets (see, in particular, the model by Backus et al. 
(1992) or Baxter and Crucini (1995)) except here a number of frictions in goods 
and factors markets are incorporated: habit formation preferences over consump-
tion and leisure and adjustment costs on change of capital and on change of labor. 
In this section, I first describe the international environment of the model. Then 
I present a model as social planner’s problem. In the same subsection I provide 
and interpret the optimality conditions the solution of which the social planner 
has to satisfy and that I will use in order to simulate the same solution in the next 
section.

2.1 The Environment

The world economy consists of two countries indexed by j=1,2, each populated 
with a continuum of identical households. Households in country j have prefer
ences over consumption, cjt, past consumption incorporated in consumption habit 
stock, hc

jt,
4 and labor, ljt, represented by the Von-Neumann Morgenstern expected 

utility function. Consumption habit stock evolves through the standard law of mo-
tion characterized by a persistency parameter, lc.

I also allow for two labor market frictions and analyze their impact separately 
– demand-side friction in the form of leisure habits and supply-side friction in 
the form of labor adjustment costs. However, for the sake of compactness I will 
present the model as if both labor market frictions are being analyzed at the same 
time. By shutting down the parameter characterizing each labor market friction, 
the model could be rewritten to incorporate each labor market friction separately.

When I allow for demand-side friction in the labor market, households also 
have preferences over past labor incorporated in leisure habit stock, hl

jt. Leisure 
habit stock evolves through standard law of motion characterized by persistency 
parameters, ll. In this case, firms decide on labor they want to hire, ljt, and invest
ment, ijt. Firm’s capital accumulation technology is subject to capital adjustment 
costs governed by the function f(×).

On the other hand, when I introduce supply-side friction in the labor market, 
firms decide on new hirings, mjt, in addition to the investment decision, which is 
subject to adjustment costs. Productive employment at time t+1 is hired at time 
t. In deciding about new hirings, firms take into account that on each occasion 
labor hours differ across periods they will face labor adjustment costs, governed 

4	 The particular specification of preferences that I adopt links the household’s habits to its own past consump-
tion (“internal habit”), rather than aggregate, economy-wide consumption (“external habit”).
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by the function g(×). Furthermore, in each period, exogenous destruction of hours 
worked occurs by the “quit” rate yÎ(0,1). Hence, changing employment within 
the firm is costly, but it is costless to hire or replace the amount of employment that 
was exogenously wiped out.

There is a single homogeneous good produced, consumed and used for in-
vestment by both countries. A country’s j output is produced using the technology 
that exhibits constant return to scale using capital, kjt and labor, ljt and is subject 
to country-specific labor augmenting total factor productivity shock, zjt. The two 
countries are symmetric i.e. they share the same structure of economy in terms of 
preference, technology forms and parameters. The countries differ in two impor-
tant aspects. In the first, labor input consists only of domestic labor (labor does not 
move across the borders). And in the second, production is subject to a country-
specific (labor augmenting) technology shock.

2.2 The Social Planner Problem

I characterize the equilibrium in the world economy by exploiting the equivalence 
between competitive equilibrium and Pareto optimum with reference to the second 
welfare theorem5 (in the Appendix I show how to decentralize the social planner’s 
problem). Consequently, the equilibrium allocation in this economy can be com-
puted as the solution to the social planner’s problem. The social planner chooses 
contingency plans for  in order to maximize the expected discounted 
sum of weighted utilities of the two countries j={1,2}. The control variable, xjt, 
denotes new hirings, mjt, in the case of analyzing supply-side labor market fric-
tion – labor adjustment costs, or just labor decision, ljt, in the case of examining 
demand-side labor market friction – leisure habits. The expectation is taken over 
the sequence of the shocks  where zt=(z1t, z2t).

I will present the model in “continuous” formulations in order to be consistent 
with the algorithm I use to solve the model – the algorithm utilizes a shock process 
that has continuous support. To do this, I first introduce some technicalities con-
cerning the formal representation of uncertainty.

Let (Z, Z) be a measurable space, where Z is a s–algebra of the Borel subsets 
of Z. Then the transition function can be defined as Q : Z ́  Z ® [0,1] on (Z, Z). It 
is assumed that the transition function satisfies the Feller property. The sequence 
of the exogenous random vector {zt} is a Markov process generated by Q. Then, 
for a given point z Î Z and a set A Ì Z, Q(z, A) can be interpreted as a probability 
that the next period’s shock lies in A, given that the current shock is z.

Next, I define the spaces for the partial histories of shocks zt=(z1, z2, ..., zt) for 
t=1,2,... Given a measurable space (Z, Z) a t–fold product space (Zt, Zt) can be 
defined as

	 (Zt, Zt)=(Z ´ ... ´ Z, s(Z ´ ... ´ Z)),      (t  times)	 (1)

5	 Note that this is possible since, among other things, I am dealing with internal habits that, in comparison to 
external, do not exert any externality. For details see Alvarez et al. (2004) or Alonso et al. (2004).
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where s(Z ´ ... ´ Z) denotes s–algebra generated by the product s–algebras, for 
any finite t=1,2,... It follows that, for any given initial value of the shock z0 Î Z, 
and the transition function Q on (Z, Z), the probability measures mt(z0, ×) : Zt ® 
[0,1] can be defined on these spaces.6 For any rectangle B=A1´ ... ´At Î Zt, let

	 	 (2)

In this economy, a consumption allocation, for both j={1,2}, is then defined as 
a sequence of {cjt}

¥
t=0 where cjt : Z

t ®  is a Zt – measurable function, for all t. In a 
similar way, allocations of investment and labor supply, or new hirings are defined 
as sequences of {ijt}

¥
t=0, {ljt}

¥
t=0 or {mjt}

¥
t=0 respectively, where ijt : Z

t ® , ljt : Z
t ® 

(0,1) and mjt : Z
t ® (0,1) are Zt – measurable functions, for all t.

Then the objective of the planner is to solve the following problem:

	 	 (3)

subject to:

	 	 (4)

	 	 (5)

	 	 (6)

in the case of labor adjustment costs:

	 	 (7)

with

	 kj0, h
c
j0, zj0, and lj0  given, for j={1,2}

or in the case of leisure habits:

	 	 (8)

with

	 kj0, h
c
j0, zj0 and hl

j0 given, for j={1,2}

6	 As shown in Stokey and Lucas (1989) it is sufficient to define mt(z0, ×) over the measurable rectangles in Zt.



6	 Ivo Krznar

Parameters lj for j={1,2} represent the weights that the planner attaches to 
each country. Furthermore, u(×) represents a utility function that is assumed to 
be bounded, continuous, strictly concave, strictly increasing and satisfies Inada 
conditions. f(×) is a production function satisfying concavity and differentiability 
properties.

To find first order conditions corresponding to the planner’s problem, I rewrite 
the consumption habit stock as a function of all past consumptions:

	 	 (9)

and the leisure habit stock as a function of all past leisure hours:

	 	 (10)

Furthermore, I implicitly define the investment function as

	 	 (11)

Then the optimality conditions that a solution of the planner’s problem has to 
satisfy are the following.

The Euler equation for j={1,2} reads as:

	 	 (12)

The labor supply equation is given by:

		  (13)

Finally, the risk sharing condition reads as:
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		  (14)

In those conditions ui(cjt, h
c
jt, ljt, h

l
jt), fi(kjt, ljt, zjt), Ii(kjt+1, kjt), gi(mjt, ljt) denote 

the partial derivative of the function u(×), f(×), I(×) and g(×) respectively, with the 
respect to the i–th component variable.

To sum up, in the optimum, the world economy can be described by the fol
lowing optimality conditions: Euler equations (12) and labor supply equations 
(13) for both countries j={1,2} and risk sharing condition (14) together with the 
budget constraint (4), laws of motion for capital, consumption habit stock, leisure 
habit stock (in case of examining demand-side friction in the labor market) or 
hours worked (in case of analyzing supply-side friction in the labor market) given 
in (5), (6), (7) and (8) respectively in each country.

The optimality conditions that match up to the social planner’s problem 
help shed some light on the planner’s intratemporal and intertemporal alloca
tion decisions. They demonstrate the dynamic characteristics of consump
tion, employment and capital in a framework with frictions in labor, capital and 
goods market. In particular, for each country the Euler equation represents 
the planner’s intertemporal consumption trade-off: if the planner saves and in
vests one additional unit of the final good instead of consuming it today, she will 
consume more tomorrow as a result of higher capital stock to work with. But 
since the present utility of the planner is derived from past consumption also, 
which means that agents dislike variations in habit-adjusted consumption, rather 
than in consumption itself, reducing consumption today will come at the utili-
ty cost of u1(cjt, h

c
jt, ljt, h

l
jt), but also at the expected discounted utility benefit of 

. Furthermore, one 

unit of final good saved today will not translate to a proportional increase of capital 
stock because capital is subject to capital adjustment costs (having a cost of I1(kjt+1, 
kjt)) and to depreciation (represented by the cost of I2(kjt+2, kjt+1)). Each additional 
unit of production tomorrow, when used for consumption, will yield utility benefit 
coming from decreased consumption today but also utility loss because of habit 
forming preferences. The labor-supply equation shows planner’s intratemporal and 
intertemporal decisions on labor supply (leisure) and consumption in the general 
model with consumption and leisure habits and labor and capital adjustment costs. 
Since I am analyzing supply-side friction (leisure habits) and demand-side friction 
(labor adjustment costs) separately I will interpret the labor-supply equation by 
assuming that just one of the frictions is present. Hence, if I allow only for labor 
adjustment costs (implying that utility is not derived from past leisure decisions), 
reducing new hirings today will come at the expense of labor adjustment costs, 
which will have both utility benefit and utility cost. This opposite effect on utility 
is the result of consumption habits, as in the Euler equation. Since labor hired 
today becomes productive only tomorrow, a fall in new hirings today will result in 
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an expected discounted utility gain from increased leisure tomorrow. On the oth
er hand, less hiring today will decrease productive labor stock tomorrow, part of 
which will be destroyed. A smaller labor stock tomorrow will produce less. This will 
again have a utility loss from present consumption and discounted expected utility 
benefit from the future stream of consumption. If only leisure habits are present 
(and I neglect labor adjustment costs i.e. g(mjt, ljt)=0) then labor employed today 
becomes productive immediately. Hence, reducing labor supply today will create a 
utility gain coming from increasing leisure activities today. On the other hand, this 
will come at the expected discounted utility loss coming from the future stream of 
leisure. Furthermore, a reduced labor force will produce fewer final goods which, 
when used for consumption, have again a utility loss from present consumption 
and a utility benefit coming from the future stream of consumption. Finally, the 
risk-sharing equation requires that the ratio of marginal utilities of consumption 
in both countries has to be equal to the ratio of weights that the planner assigns to 
each country.

3 Quantitative Model Prediction

To explore the quantitative impact of different frictions for international comove
ments, the model has to be calibrated and functional forms have to be chosen. 
Before analyzing economies with frictions, it is useful to review the mechanics of a 
frictionless model (benchmark perfect risk sharing model) in order to understand 
the puzzles in the first place. I start by choosing the benchmark economy that is 
essentially a version of Backus et al. (1992), which has become the standard in the 
literature as a perfect risk-sharing case plagued with international comovement 
puzzles. I describe the calibration of the benchmark model in subsection 3.1 and 
that of the model with different frictions in subsection 3.2. For the sake of compa-
rability, when calibrating the model I build on the existing IRBC studies that take 
parameter values from growth observations or micro studies. If parameter value 
cannot be pinned down from the data, I choose its value such that the model’s 
second moment of some particular variable matches its empirical counterpart. If 
this is not possible, I adapt the parameter’s value from existing studies and then 
run the sensitivity analysis by varying the value of this particular parameter. The 
calibration procedure is summarized in Table 1.

In this section I also briefly discuss the numerical algorithm that I construct for 
simulating the solution that satisfies the optimality conditions given in the previous 
section. In the end I provide the model’s findings and sensitivity analyses results 
from a simulation exercise.

3.1 Functional Forms and Calibration of the Benchmark Model

As mentioned before, the world in my model is composed of two equally sized coun
tries with identical preferences and technology and the same initial endowments so 
that the planner’s weights are the same, l1 = l2. Following the previous IRBC liter
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ature I choose the functional forms of preferences and technology (and the set of 
parameters values associated with these forms) to match the characteristics of the 
long-run behavior of aggregates observed in the U.S. data (for both j={1,2}).

3.1.1 Technology Parameters

I use Cobb-Douglas production function

	 F(kjt, ljt, zjt)=ka
jt(zjtljt)

1–a	 (15)

which is consistent with the stability of labor share in output despite secular in-
creases in the real wage. The parameter a represents the share of capital in output 
and zjt denotes country-specific, labor augmenting total factor productivity (TFP) 
shock.

The stochastic fluctuations of the TFP shocks of the two countries zt=(z1t, z2t) 
are assumed to follow a first order vector-autoregressive process, V AR(1) in logs. 
Letting Zt+1= (log(z1t+1), log(z2t+1))’ the V AR(1) reads as:7

	 Zt+1= RZt+et+1	 (16)

where  is a sequence of bivariate normal random variables with zero mean 
and variance-covariance matrix W and where R is a autoregressive coefficient ma-
trix.

In general, TFP shocks can be related through the non-zero off-diagonal coef-
ficient of the matrix R and non-zero off-diagonal element of the covariance matrix 
W. In parametrizing the coefficient matrix R, I follow Baxter and Crucini (1995), 
Kollmann (1996) and Heathcote and Perri (2002) who found little evidence of 
spillovers between the United States and some European countries. Furthermore, 
as is common in the real business cycle literature I assume that each shock is highly 
auto-correlated. I summarize the parameters of the process given in (16) by:

	 	 (17)

The later is consistent with the estimation results of TFP shock-processes for 
the United States and Europe.8

The law of motion of the capital stock (5) in the steady state was used to cali-
brate the depreciation rate, d, which depends on the investment/capital ratio that 
I restrict from observed data to take the value of 0.025 (as in Cooley (1995) I 
assume that the investment/output share in the US data is roughly 0.25, and that 
capital output ratio on a quarterly basis is around 10)

7	 The transition function Q on (Z, Z) can be then defined implicitly by the assumption that the random shocks 
follow the stochastic difference equation (16). See Theorem 8.9 in Stokey and Lucas (1989), which insures 
that a first order stochastic difference equation can be used to define a transition function.

8	 See Backus et al. (1992), Baxter and Crucini (1995), Kollmann (1996) and Heathcote and Perri (2002).
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	 kss= diss	 (18)

where subscript ss denotes the value of the corresponding variable in the steady 
state.9 Hence d = 0.025.

The range of estimates for the capital share in the literature is a Î [0.25, 4]. I 
choose a compromise and set a = 0.36 reflecting a long-run labor share in national 
income accounts of 2/3.

3.1.2 Preference Parameters

In the benchmark model economy, the preferences are of constant relative risk 
aversion form:

	 	 (19)

where s represents the curvature on utility, while g denotes the share of consump-
tion (relative to leisure) in a composite consumer good.

The discount rate, b, was set so as to match the net average interest rate, (r–d) 
in the US data of 6.5% (annual base). Using the Euler equation (12) in the deter-
ministic steady state and shutting down all frictions I have

	 	 (20)

so that b=0.984.
The share of consumption good in the composite good, g, was pinned down 

from the labor supply equation (13) in the deterministic steady state by shutting 
down all the frictions and assuming that time devoted to market activities is equal 
to 1/3 and that the investment/output share is equal to 0.25. In the steady state the 
labor supply equation (13) reads as:

	 	 (21)

or by defining css=yss– iss and dividing by y I have

	 	 (22)

from which I get g=0.369.
I calibrate the utility curvature parameter, s, such that the intertemporal elas

ticity of consumption, IES(cjt, cjt+1) in a deterministic model without any frictions 
given as

	 	 (23)

9	 Since I choose the same parametrization for both countries, they have the same deterministic steady state. 
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is equal to 1/2. This value corresponds to the value of the curvature equal to 2 which 
is usually assumed in RBC and IRBC literature concerned with models without en-
dogenous labor supply. Holding constant intertemporal elasticity of substitution and 
having calculated g, I can pin down the curvature parameter, s=3.7, corresponding 
to intertemporal elasticity of substitution of consumption equal to 1/2.

3.2 Calibration of the Model with Frictions

Once I have calibrated a benchmark model economy that does not include any 
friction, I present the calibration of a model with four different frictions. Unfortu-
nately, it was only possible to calibrate the capital adjustment cost parameter “pro-
perly” (such that the model’s investment volatility is equal to its empirical coun
terpart). In calibrating the parameters corresponding to other frictions, I adapt 
their values from studies related to mine. In the sensitivity analysis I allow for these 
parameters to take different values in exploring how changes of these values affect 
international comovements.

3.2.1 Capital Adjustment Costs

I use the specification in Jermann (1998) to deal with adjustment costs to change 

of capital. Adjustment costs are governed by the function  where f(×) is a 
positive, convex function given by:

	 	 (24)

Parameter x represents the elasticity of investment with respect to Tobin’s q (ratio 
of the price of a newly installed unit of capital to the price of investment good10). 
This parameter determines the magnitude of capital adjustment costs. Values for d1 
and d2 are chosen so that the deterministic steady state is invariant to x11 i.e. so that 
the steady state value of Tobin’s q is equal to one. If  x ® ¥ the capital accumula-
tion formula reduces to the standard law of motion of capital without adjustment 
costs. I set the value for x so that the investment volatility in the model is similar 
to that in the data.

3.2.2 Labor Adjustment Costs

In the case of analyzing supply-side friction on labor market, labor adjustment 
costs follow the standard quadratic specification as suggested by Cogley and Na-
son (1995), Cooper et al. (2003) and Shapiro (1986):

10	 Note that in the model without adjustment costs Tobin’s q is equal to one.
11	 The formulas are
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	 	 (25)

where j ³ 0 denotes labor adjustment cost parameter. When j > 0, firms incur 
positive labor adjustment costs in terms of loss of their production if aggregate 
hours worked differ across periods. There will be no labor adjustment costs if 
j = 0 or if hours worked do not fluctuate across periods (for example, in the deter-
ministic steady state). A functional form of labor adjustment costs is homogeneous 
of degree one. Hence, decision on hirings does not depend on the number of firms, 
i.e. the assumption of a single representative firm holds. Furthermore, the labor 
adjustment cost function is convex and symmetric. Convexity of the labor adjust
ment cost function has the same interpretation as convexity of capital adjustment 
cost function – changing labor stock rapidly is more costly than changing it slowly. 
Furthermore, symmetric property of labor adjustment costs could be interpreted 
as it is as easy to hire workers as it is to fire them.12 The micro foundation of this 
kind of friction on the labor market stems from the fact that labor adjustment costs 
are just a particular case of a two sided search-and-matching process in the labor 
market. In particular, my model with convex labor adjustment costs, if put in a 
closed-economy environment, would be a particular case of the RBC model with 
two sided search and matching in Merz (1995) if the elasticity of job matches with 
respect to total search effort were equal to zero, if a cost per unemployed worker 
is not incurred by varying search intensity and if posting a vacancy comes to an 
advertising cost that is governed by convex function.13

As is usual in the RBC literature, my model yields employment volatility lower 
than in the data. Hence, no calibration of the labor adjustment cost parameter as 
in the case of the capital adjustment cost parameter was possible. I set the labor 
adjustment cost parameter by referring to the labor adjustment costs literature. 
Cogley and Nason (1995) and Shapiro (1986) estimated a quadratic labor adjust
ment cost function similar to the one used here. Their findings correspond to the 
value of j equal to 0.36. In a recent paper, Cooper et al. (2003) estimated a similar 
quadratic labor adjustment cost function, obtaining a value of j around 2. Given 
that the study of Cooper et al. (2003) is more recent, I use this parameter value 
in simulating the model and in reporting my results. However, in order clearly to 
evaluate the impact of labor adjustment costs on international comovement, I con-
duct a sensitivity analysis with respect to j, and consider values of j Î {1,20} as 
much smaller and much bigger value of labor adjustment cost parameter than the 
parameter value in the main simulation exercise.

The value of the quarterly exogenous quit rate is set to y = 0.15, based on mi-
cro evidence reported in Andolfatto (1996).

12	 I also experimented with the natural assumption of being able to hire workers more easily than to fire them. 
Overall, the effect of asymmetric labor adjustment costs was very small. Furthermore, notice that there is no 
actual firing decision taking place. Employment is subject to continual exogenous depletion.

13	 I am thankful for this comment to Thijs van Rens.
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3.2.3 Consumption and Leisure Habits

I assume simple time additive non-persistent habit-in-consumption specification in 
the non-separable utility function14 (between consumption and leisure) proposed 
by Constantinides (1990). Then lc= 1 in law of motion of consumption habit 
stock (6). In this case, consumption habit stock at period t is simply represented 
by the level of consumption at period t–1.

In dealing with leisure habits (bl¹ 0, see below) I assume the same habit-in-
leisure specification as for habit-in-consumption specification. Then ll= 1 in law 
of motion of leisure habit stock (8). This non-persistent specification of leisure 
habits found some support in empirical studies like Eichenbaum et al. (1988), Yun 
(1996) and Hotz et al. (1988).

Consequently, consumption and leisure habit stocks at period t are simply the 
levels of consumption and leisure at period t–1. Then the utility function reads 
as:

	
	

		  (26)

where bc and bl are consumption and leisure habit importance parameters. Now 
g denotes the share of (habit adjusted) consumption (relative to (habit adjusted) 
leisure) in a composite consumer good.

Again, the share of consumption good in a composite good, g, was pinned 
down from the labor supply equation (13) by assuming that time devoted to mar-
ket activities is equal to 1/3 and that investment/output share is equal to 0.25. But 
now in the deterministic steady state the labor supply equation (13) with additive 
non-persistent consumption and leisure habits reads as:

	 	 (27)

from which I get the value for g depending on values for the habit importance pa-
rameters bc and bl.

Calibration of the habit model economy requires choosing a value for the habit 
importance parameter in consumption, bc, and, in the case of analyzing the friction 
on the demand side of labor market, a value for the habit importance parameter in 
leisure, bl. There are several studies that try to estimate the parameter of consump-
tion and leisure habits (see Diaz et al. (2003) and Wen (1998) for an overview of 
the estimation of the consumption and leisure habit parameter, respectively). The 
conclusion of all these studies is that heterogeneity of data, techniques and goals 
in research rises to a very wide range of possible values for parameters bc and bl. 

14	 With additive habits the objective function of the planner preserves concavity property, whereas this might 
not be true in a model with multiplicative habits (see Alonso et al (2005) for details).



14	 Ivo Krznar

Ideally, I would be looking for an estimator consistent with my model in functional 
forms and length of period, which does not exist. The range of estimated or cali-
brated values of bc and bl in the literature is very wide. Studies of asset pricing,15 
found that consumption habits characterized by values in the range of 0.69 to 0.9 
can help to explain the equity premium puzzle. Since those models are close to 
mine, in reporting my results I use a compromise between those values and set 
bc= 0.8. Finally, as far as leisure habits are concerned I follow empirical literature16 
in parametrizing their importance parameter, bl= 0.7. In sensitivity analysis I re-
port the results from simulation of the model with different combinations of two 
values of habit importance parameters (with the values that should correspond to 
low and high values of the parameter), bc Î {0.4, 0.8} and bl Î {0.4, 0.8}.

In the model with habits, again I calibrate the utility curvature parameter, s, 
such that the intertemporal elasticity of consumption, IES(cjt, cjt+1)

17 is equal to 
1/2. In other words, I compare the benchmark economy and the economy with 
consumption and leisure habits but adjusted to have the same IES(cjt, cjt+1). This 
is achieved by changing the curvature parameter, s. Holding the intertemporal 
elasticity of substitution constant and having calculated g (depending on different 
values for bc and bl) I can pin down the curvature parameter, s, which will now take 
different values for different values of bc and bl. Notice that in this way the steady 
state of the particular variable will be the same across different models and that 
simulated moments across different models will be comparable.

3.3 Numerical Solution of the Model

The social planner’s problem was solved numerically using the parametrized 
expectations approach (PEA henceforth) introduced by Marcet (1989). The idea 
of PEA is to replace the expectation functions in (12), (13) and (14) by smooth 
parametric approximation functions of the current state variables18 and a vector of 
parameters and then iterate on the values of parameters until rational expectation 
equilibrium is achieved. I choose PEA as a solution algorithm for two reasons. 
First, PEA circumvents the curse of dimensionality by avoiding the discretization 
of state space. And second, it has proven difficult to compute a solution of models 
that incorporate additive consumption habits by value function iteration algorithm, 
for example. Diaz et al. (2003) show that solving a simple growth model with 
exogenous incomplete markets and additive habits in consumption is not feasible. 
This is because the algorithm that relies on value function iteration cannot rule out 

15	 See Boldrin et al. (2001), Constantinides (1990) or Jermann (1998).
16	 See Wen (1998), Hotz et al. (1988) and Eichenbaum et al. (1988).
17	 Notice that since I deal with additive consumption habits recalibration of the coefficient of relative risk aver-

sion in the model with habits is not needed since intertemporal elasticity of substitution of consumption in 
the model with habits is the same as in the setting without habits and it does not depend (in the deterministic 
steady state) on habit parameters bc and lc. See Lemma 2 in Diaz et al. (2003) that establishes this result in 
the environment without labor. It is straightforward to show that the same lemma applies to my model with 
endogenous labor supply decision and leisure habits.

18	 In my model the vector of states is given by [k1t h
c
1t y1t z1t k2t h

c
2t y2t z2t] where hc

jt=cjt–1 for j = {1,2} and 
yjt=hl

jt=1– ljt–1 in case of leisure habits or yjt= ljt in case of studying labor adjustment costs.



International Business Cycles with Frictions in Goods and Factors Markets	 15

ex ante the values of decision variables that the agent would try very hard to avoid 
(so that actually agents end up consuming negative habit adjusted consumption!). 
By the endogenous oversampling feature, PEA solves this problem. The endoge
nous oversampling feature implies that PEA only pays attention to those points that 
actually happen in the solution (for details see Marcet and Marshall (1994)) – only 
the economically relevant region of the state space is explored. For algorithm de-
tails see the Appendix.

3.4 Findings

In this section I compare the quantitative properties of the theoretical world econ
omy with those of the data. I start with a brief discussion of international comove
ment puzzles by comparing simulation results of a standard, complete markets 
IRBC model without any friction on goods or factors markets (the benchmark, 
perfect risk sharing model) with the moments calculated from the data (Table 2). 
Then, I explore the quantitative effect of different frictions on international co-
movements. In particular, I analyze the simulation results of two models: a model 
with consumption habits, capital adjustment costs and labor adjustment costs and 
a model that instead of labor adjustment costs incorporates a different type of labor 
market friction, namely leisure habits.

First, I interpret the effects of introducing capital adjustment costs and con-
sumption habits both separately and jointly on international comovements in com-
parison to results of the benchmark model and data. Then, I investigate separate 
consequences on international correlations of introducing labor adjustment costs, 
on the one hand, and leisure habits on the other in the model with consumption 
habits and capital adjustment costs. Table 2 shows simulation results of the model 
that incorporates consumption habits (represented by parameter bc), capital adjus-
tment costs and labor adjustment costs (represented by parameter j). Table 3 
shows the simulation results of the model that incorporates consumption habits 
(represented by parameter bc), capital adjustment costs and leisure habits (repre-
sented by parameter bl). By shutting down a particular parameter in two models, 
it is possible to explore separate effects of a particular friction on international 
comovements.

The statistics reported in all the tables in the first nine rows of the Data column 
are taken from Kehoe and Perri (2002) and pertain to the U.S. quarterly time se
ries (logged and HP filtered with smoothing parameter 1600). International corre-
lations in those tables are also taken from the same source and refer to the corre-
lations between U.S. aggregate variables and the same variables for the aggregate 
of 15 European countries. The capital flow statistic was computed from the U.S. 
national accounts (NIPA) and pertains to the quarterly time series of net exports/
GDP. To be consistent with the statistics computed from the data, the relevant 
model statistics are calculated from logged and HP filtered data with smoothing 
parameter 1600. Instead of simulating each model many times to obtain many 
samples of artificially generated short time series and then calculating the average 
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throughout the samples and its standard deviations, I simulated each model just 
once, using however a long time series of each variable (10,000 periods).19

3.4.1 The Benchmark, Perfect Risk Sharing Model

In comparing the benchmark model and the data in the second and third columns 
of Table 2, we can see three international comovement puzzles documented in the 
literature. In the model, consumption cross-country correlation is substantially 
higher than that of output (0.65 vs. –0.02), while in the data the opposite is true 
(0.32 vs. 0.51). And both investment and employment correlations are negative 
in the model (–0.78 and –0.37 respectively) whereas in the data they are positive 
(0.29 and 0.43 respectively). In addition, there is one major discrepancy in the 
domestic economy – both net exports and investments are much more volatile in 
the model than in the data (0.81 vs. 0.15 and 6.04 vs. 3.24 respectively).

In order to get some intuition for the pattern of (co)movements of the model’s 
aggregates and the dynamics of the model, I study impulse responses of a world 
economy to a 1% increase in total factor productivity in the home country20 (pic
tured in Figure 1). All the impulse responses of the aggregates are measured as 
percentage deviations from their steady state values. Figure 1 illustrates what hap-
pens in the home and foreign country following a positive shock in the home coun-
try, which slowly dies out after the first period. Home investment and labor hours 
increase (resulting in an increase in domestic output) while foreign investment and 
employment fall (resulting in a fall in foreign output) – positive domestic produc-
tivity shock increases the productivity of capital and labor which results in a shift 
of resources to the home country. The capital stock in the home country increases 
both by domestic agents saving more and by more capital inflows from abroad tak
ing advantage of higher return on capital in the home country. This will result in a 
negative cross-country correlation of investment. For our calibration of the model, 
investment rises much more than consumption and output together, leading to 
net exports deficit and negative correlation of net-exports and GDP. With regard 
to employment, the temporarily high productivity of labor induces home country 
agents to supply more labor since the substitution effect prevails over the wealth 
effect, while in the foreign country the stronger wealth effect of the shock gener
ates a reduction in labor supply. This will result in a negative cross-country corre-
lation of employment. Next, since country-specific risk is perfectly insured, agents 
in the home country agree to “share” some of the additional output generated by 
the increase in productivity in exchange for a similar deal when the other country 
receives a positive productivity shock. This will result in a positive cross-country 
correlation of consumption.21 Finally, large volatility of investment and net exports 

19	 The two procedures should be equivalent assuming that number of simulations in the first and the sample 
size in the second procedure are large enough.

20	 Notice that since there are no spillovers (a2= 0) the productivity in the foreign country does not change.
21	 Note that consumption sharing between countries is not 1:1 because preferences are nonseparable in con-

sumption and leisure making cross-country correlation of consumption smaller than 1. Actually, since 
consumption and labor are complements in utility function, consumption increases by more at home than 
abroad. 
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reflects the ability of agents in the model to costlessly shift investments across the 
countries (to a country which is more productive).

3.4.2 Adding capital adjustment costs

To account for variability of investment and net exports in the data I add capital 
adjustment costs into a benchmark model. Capital adjustment costs have been 
incorporated to slow the response of investment to a country-specific shock. With
out the capital adjustment costs, capital owners have a strong incentive to locate 
new investment in the more productive country making investment and then net 
exports excessively volatile.

Here I compare the statistics of a benchmark model with those of the model 
where capital adjustment costs are incorporated. Table 3 presents simulation re-
sults of the model that incorporates consumption habits, leisure habits and capital 
adjustment costs. To explore the relevant effects of capital adjustment costs I shut 
down consumption habits (bc= 0) and labor adjustment costs (bl= 0). The fourth 
and third columns of Table 3 show that when compared to a benchmark model, in-
troduction of capital adjustment costs substantially affects investment cross-corre-
lation only. Still this correlation is far from the one we observe in the data (–0.32 
in the model with capital adjustment costs vs. 0.29 in the data). Moreover, while 
impairing capital flows (0.93 vs. 1.38), capital adjustment costs make correlation 
of net export and GDP positive (0.15 vs. –0.26). With regard to domestic comove
ments, investment and net exports volatilities fall considerably (3.24 vs. 6.04 and 
0.18 vs. 0.81 respectively) as consumption volatility rises (0.42 vs. 0.37).

The fact that capital adjustment costs bring volatility of investment and net 
exports in line with the data follows from our calibration procedure. Capital adjust
ment costs reduce volatility of investment since convexity of the adjustment cost 
function, f(×) implies that changing capital stock rapidly is more costly than 
changing it slowly. This is the reason why investment (net exports) volatility falls. 
Furthermore, volatility of consumption rises as a result of not having an investment 
change opportunity to shield consumption against a shock as in the benchmark 
model. This effect can be also seen from the impulse responses pictured in Figure 
2 (impulse responses denoted by bc= 0, j = 0). The impulse response to a 1% 
increase in total factor productivity in the home country leads to much smaller 
investment response than in a no-capital adjustment cost case. Moreover, this pre-
sents a main force behind the reversal (and a fall) of capital flows – with small 
investment response (relative to response of consumption and output which are 
almost the same as in the no-capital adjustment cost case) the home country will 
experience capital outflow (net exports surplus) during the “good” times. Positive 
output response in the home country together with a net exports surplus generates 
a positive correlation of net exports and GDP. With regard to international corre-
lations, capital adjustment costs make a sizeable change in investment cross-corre-
lation only. This is because the costs imposed by adjustment on change of capital 
impair incentives to move investment to a more productive country – cross-corre-
lation gets smaller. However this cost is still smaller that the return on investment 
in a more productive country – cross-correlation is still negative.
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3.4.3 Adding Consumption Habits

Now I consider the economy in which agents form preferences over past consump-
tion and where change of capital is subject to adjustment costs.22 I compare the 
statistics of benchmark model with those of the model where consumption habits 
are characterized by habit importance parameter, bc= 0.8.

The most important results of introducing consumption habits into a IRBC 
model with capital adjustment costs can be summarized as follows (comparing the 
results of the benchmark model in the third column of Table 3 and the results of the 
model with consumption habits and capital adjustment costs in the fifth column of 
Table 3, where I shut down leisure habits, bc= 0.8, bl= 0). The variability of both 
investments and net exports is reduced substantially – the standard deviation of the 
net exports falls from 0.81 to 0.20 and standard deviation of investment from 6.04 
to 3.24. In addition, even though consumption habits alone generate more capital 
flows, in combination with capital adjustment costs the latter has much stronger 
effect on impairing capital flows (they fall from 1.38 to 0.84). In connection to 
this, the correlation of net exports and GDP gets positive (0.72 vs. –0.26). Finally, 
employment variability falls from 0.45 to 0.38. With regard to international statis
tics, capital adjustment costs and consumption habits have the largest effect on 
cross-correlation of investment and employment. While they generate large nega
tive cross-correlation of employment (–0.78 vs. –0.37) both frictions help to re-
solve the investment puzzle – cross country investment correlation is now positive 
(0.31 vs. –0.78) and in the range as is observed in the data.

As far as the fall of investment and net exports volatility is concerned, the same 
logic applies as in the previous subsection. Furthermore, capital adjustment costs 
act as a tax on labor – labor volatility falls since the substitution effect coming 
from higher productivity (wage) becomes lower than in a benchmark case (but 
still dominates over the wealth effect) – agents are not willing to increase their 
labor supply as much as without the “tax”. This is the reason why employment 
volatility falls. In connection to international comovements, the cross-correlation 
of investment is positive whereas that of employment is negative and much larger 
than in the benchmark model. International comovements can be explained in 
the following way. Consumption habits make investment volatility larger than in 
a model without consumption habits and with capital adjustment costs implying 
that a magnitude of adjustment costs, now, has to be larger to make investment 
volatility in line with the data. From Figure 2 we can see that the investment im-
pulse response of foreign country is now small but more important, it is positive 
(denoted by bc= 0.8, j = 0), for our calibration procedure. This is because the 

22	 Incorporating consumption habits into the model without adjustment costs had its standard effect of in-
creasing volatility of investment and net exports even further, and decreasing volatility of consumption. 
Consumption habits make the agents (locally) very risk-averse since now they want to smooth changes in 
consumption instead of consumption itself, which implies extreme consumption smoothing (in levels). This 
then gives rise to more volatile investment which serves as a buffer against productivity shock. With regard to 
international comovements, consumption habits do not make much difference with respect to the benchmark 
model. This result stems from the fact that habits do not change the “structure” of the economy in terms of 
changing the pattern of behavior of aggregates in both countries.
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effect of capital adjustment costs prevails over the opportunity cost of not shifting 
the investment to a more productive country. In other words, the cost (stemming 
from transforming investment to capital) that agents have to “pay” if they invested 
abroad are bigger than the return on capital in the more productive country. This 
in turn, gives a rise to a positive cross-correlation of investment, fewer capital 
flows (in comparison to both benchmark model and model without habits and with 
adjustment costs) and positive correlation between net exports and GDP. Although 
capital adjustment costs and habits together help explain investment puzzle, they 
aggravate the employment puzzle – the negative cross-correlation of employment 
is much stronger that in the benchmark model. Because of the lower substitution 
effect, discussed above, capital adjustment costs bring the response of labor supply 
in the home country more in line with that in the foreign country (with the opposite 
sign) making cross-correlation stronger.23

3.4.4 Leisure Habits vs. Labor Adjustment Costs

Now I separately explore the effects of introducing two labor market frictions, 
demand-side friction – labor adjustment costs and supply-side friction – leisure 
habits, into the model with consumption habits and capital adjustment costs. I 
compare simulation results of the model with consumption habits, capital and la-
bor adjustment costs (or leisure habits), where labor adjustment costs (or leisure 
habits) are characterized by j = 2 (or bl= 0.7) (the sixth column of Table 2 or the 
sixth column of Table 3, respectively) with the results of the model with consump-
tion habits and capital adjustment costs (the fourth column of Table 2, where I shut 
down labor adjustment costs, j = 0).

Introducing labor adjustment costs has the following main effects. In domestic 
terms, once labor adjustment costs are included in a model with consumption hab
its and capital adjustment costs, employment and output volatility and correlation 
of employment with GDP naturally go down. However, for our parametrization 
this change is small (0.36 vs. 0.38, 0.71 vs. 0.77 and 0.69 vs. 0.90 respectively). 
All these come as a result of the employment-smoothing effect – firms are reluc-
tant to change the employment level as they are facing labor adjustment costs. 
With regard to international comovements, all cross correlations rise, which from 
the perspective of matching the data is favorable for the output cross-correlation 
only. As we have seen before, the main forces behind positive investment comove-
ment include consumption habits and capital adjustment costs. Labor adjustment 
costs just accentuate the effect of two frictions by acting as a tax on investment. 
When a home country experiences a positive shock, the response of investment 
will be lower than in the case of no labor adjustment costs (see Figure 2) (but still 
positive) making investment correlation stronger. Even though the responses of 
employment are reduced substantially in “good times” once the labor adjustment 
costs are introduced (see Figure 2), the employment correlation becomes even 

23	 Notice that this did not happen in the model without habits and with adjustment costs since the substitution 
effect coming from “lower” adjustment costs i.e. the “lower tax” of that model did not induce agents in home 
country to decrease (relatively) their labor effort as much as in the model with both elements.



20	 Ivo Krznar

stronger. Positive correlation of investment and of TFP shock together with small 
responses of employment in both countries will induce positive correlation of out-
put across the countries.

Now consider an economy in which instead of firms facing adjustment costs 
if they change the level of employment, agents have preference over past leisure as 
well as over past consumption. Because of leisure habits, agents will not be willing 
to change their labor supply decisions too much. The main effects of this kind of 
labor market friction in a model with consumption habits and capital adjustment 
costs on domestic and international comovements are different from those coming 
from labor adjustment costs (the last column of Table 3 shows the simulation 
results). In particular, employment volatility is lower than in the model without 
leisure habits (0.34 vs. 0.38). Furthermore, correlation of employment with GDP 
is higher and it is in line with the data (0.85 vs. 0.69), but lower than in the model 
without any labor market friction (0.85 vs. 0.90). Moreover, while labor adjust
ment costs increase the correlation of net exports and GDP, leisure habits will 
result in smaller correlation of net exports and GDP, although still too far from the 
negative correlation that we observe in the data. In an international environment, 
favorable effects of leisure habits include the increase in output cross-correlations 
(0.07 vs. 0.00) and a fall in consumption cross-correlation (0.69 vs. 0.80). On 
the other hand, employment and investment correlations move in the opposite di-
rection from what is needed to account for the correlations that we observe in the 
data (–0.83 vs. –0.78 and 0.22 vs. 0.31 respectively). The explanations for output, 
investment and employment comovements with leisure habits is similar to that with 
labor adjustment costs. The only difference between the two labor market frictions, 
in terms of international comovements, pertains to consumption correlation. The 
decline of consumption correlation can be traced from the risk sharing equation. 
This equation requires that marginal utilities for both countries should be the same 
in any period.24 Since in the labor adjustment costs case labor is a quasi-fixed 
factor of production, this equality is driven solely by consumption comovements. 
With leisure habits, an agent will be able to influence the equality of marginal util
ities by changing not only the level of labor supply decision but also by changing 
the habit-adjusted labor supply. This magnifies the effect of nonseparability in the 
utility between consumption and leisure and therefore lowers consumption corre-
lation across countries.

3.4.5 Sensitivity Analysis

The results discussed in the previous section are conditional on parameter values 
that I could not calibrate from the data. To address this issue, I repeat the anal-
ysis carried out in the previous section, using different values of habit importance 
parameters, bc= {0, 0.4, 0.8} and bl= {0, 0.4, 0.8}, and different values of labor 
adjustment costs, j = {0, 1, 20}. Table 4 reports simulation results for different 

24	 Notice that the expectation terms will cancel each other out since the expectation is taken with respect to the 
same joint distribution of the shock process vector.
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values of bc and j corresponding to analysis the results of which are summarized 
in Table 2. Table 5 shows the results of sensitivity analysis of different values of bc 
and bl corresponding to simulation exercise the results of which are summarized in 
Table 3. Other parameter values in both sensitivity analyses are the same as in the 
baseline analyses.

Increasing the importance of consumption habits, bc, given the labor adjustment 
cost parameter, has an important effect on investment and employment cross- 
correlations and on correlation between output and net exports (see Table 4). Only 
the first effect of positive investment cross-correlation positive coming from high 
importance of consumption habits is desirable as far the data is concerned. It seems 
that “intermediate” values of bc= 0.4 do not have much quantitative relevance for 
any domestic or international statistics. The results indicate that only a high im-
portance of consumption habits is sufficient for generating positive comovement 
in investment.

Increasing the value of labor adjustment costs, j, given the consumption im-
portance parameter, is not quantitatively important for any statistics. It seems that 
j taking higher values than 20 would not help in resolving international puzzles 
since higher labor adjustment costs bring about even stronger cross-correlations of 
consumption, investment and employment, which is not in line with the data.

Making leisure habits more important in consumers’ utility function (see Table 
5), given the value for consumption habits, magnifies the effects of nonseparability 
in utility between consumption and leisure and therefore lower consumption cross-
correlation. Together with rising output cross-correlation, higher bl brings about 
forces that lower the gap a bit between output and consumption cross-correlations 
(but not nearly closing the gap that represents the consumption puzzle). However, 
effects of higher bl on investment and employment cross-correlations do not work 
towards resolving factor comovements puzzles.

4 Conclusion

The main goal of this paper was to explore the importance of different types of 
frictions in the market for goods and factors, which today constitute a large part 
of closed-economy RBC theory, for the character of international business cycles. 
First, I show that the IRBC model with consumption habits and capital adjustment 
costs can resolve the investment cross-correlation puzzle – the combination of two 
frictions provides a channel through which the adjustment costs become larger 
than the opportunity costs of not investing in a more productive country. However, 
solving the investment puzzle comes at the expense of too low capital flows, posi-
tive correlation of net export and GDP and even more puzzling cross-correlation 
of employment. Second, frictions on the labor market do not help to explain factor 
comovements (employment and investment puzzles), neither introduced alone in 
the IRBC model nor in combination with other frictions. While both labor adjus-
tment costs and leisure habits increase the output correlation, only the effects of 
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the latter present forces toward resolving the consumption cross-correlation puz-
zle (although not actually resolving it). This mainly comes as a result of leisure 
habits reducing consumption correlation through amplified effects on nonsepara-
bility between consumption and leisure.

Overall, this paper shows that “real” frictions that help explain many closed-
economy salient facts have less success in resolving international comovement 
puzzles. Given that only a complete markets environment was considered here, 
the conclusion of this paper supports the results of Kehoe and Perri (2002) or 
Yakhin (2007), which show the importance of financial and contractual frictions 
in explaining the international transmission of business cycles.



International Business Cycles with Frictions in Goods and Factors Markets	 23

25	 See Lucas (1978) for rigorous treatment and notation of the price of the state contingent bond.

Appendix

In the first part of the Appendix I show one way to decentralize the social planner’s 
problem presented in the main text. In the second part of the Appendix, I describe 
the algorithm that was constructed to solve the model numerically.

Competitive Equilibrium

There exists an alternative formulation of the social planner’s economy that views 
households and firms as interacting in the perfectly competitive markets for goods, 
capital and labor. Below I present a decentralized market mechanism that corre
sponds to the planner’s optimal allocation from the main text.

Endowments

Each household has an endowment of one unit of time that can be allocated to 
leisure or work. The world economy has an initial stocks (identical for the two 
countries j = {1,2}) of capital, kj0, consumption habits, hc

j0, labor-augmenting tech
nology, zj0 and initial amount of state contingent assets, aj0. In the case of analyzing 
leisure habits, a world economy also starts with an initial stock of leisure, hl

j0, or 
with an initial stock of labor, lj0, in the case of examining labor adjustment costs. 
Notice that in the case of labor adjustment costs, labor hired in period t becomes 
productive only in period t+1. This can be interpreted as “time to build labor 
stock” or necessity to train workers before they get productive. Anyway, the de-
cision about labor supply in t+1 is made in period t, or in other words, the labor 
supply decision is made before realization of the shock process in t+1. After the 
state of technology is realized, the labor market clears (subject to predetermined 
labor supply) at a competitive wage.

Households

In each period, in both home and foreign country, j = {1,2} a representative house
hold supplies labor to the firm in exchange for the wage wjt that represents its labor 
income. From the total income it decides how much to consume and how much 
to save. Since markets are complete, asset trading opportunities consist of a full 
set of one-period Arrow securities representing a claim for consumption in t+1 
and whose payment is contingent on realization of zt+1. Let ajt(zt) denotes the one-
period Arrow security that a household brings into period t. Furthermore, q(zt+1) 
is a price of a state-contingent bond that (loosely speaking25) gives the price of 
one unit of period t+1 consumption, contingent on the realization of zt+1 at t+1. 
The decisions to consume, save and supply labor are made so as to maximize 
the expected discounted lifetime utility function which represents preferences over 
consumption, cjt, labor, ls

jt and consumption habit stock, hc
jt (in case of examining 

demand-side labor market friction households also have preferences over leisure 
habit stock, hl

jt):
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	 	 (28)

subject to

	 	 (29)

	 hc
jt+1 = hc

jt+ lc(cjt – hc
jt)	 (30)

(in case of leisure habits:)

	 hl
jt+1 = hl

jt+ll (1 – ljt – hl
jt)	 (31)

	 aj0(z0), h
c
j0, h

l
j0, zj0 given for j = {1,2}

with discount factor 0 < b < 1.
To rule out the Ponzi schemes, I impose state-by-state borrowing constraint

	 –ajt+1(zt+1) £ Ajt+1	 (32)

where Ajt+1 is natural debt limit.

Firms

In each country there is a representative firm that operates the technology f(kjt, ljt, 
zjt). In each period, the firm decides how much labor to hire, ld

jt and how much to 
invest, ijt taking into account capital adjustment costs. In the case of labor adjust
ment costs, instead of deciding on labor demand, the firm decides on new em-
ployment, mjt so as to maximize expected, present values of discounted profits 
(current and future cash flow) to its owners (a representative household):

	 	 (33)

subject to

	 	 (34)

	 ljt+1 = (1 – y)ljt+ mjt	 (35)

	 kj0, lj0, zj0 given for j = {1,2}

where xjt={ld
jt, mjt}, depending on the presence of particular labor market friction. 

Furthermore, vjt,0 is the firm’s stochastic discount factor representing a marginal 
rate of substitution of consumption between the time period t and period 0 of the 
firm’s owners in country j = {1,2} given by
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		  (36)

and f(×) and g(×) are capital and labor adjustment cost functions given in (24) 
and (25) respectively.

Market Equilibrium

In this economy, a competitive equilibrium consists of, for j=1,2, a list of sto-
chastic processes for allocations for the households, , and for the firm 

, assets , and prices , such that
1. given prices, and initial assets, consumption habit stock, {aj0, h

c
j0}j=1,2 (in the 

case of leisure habits initial stocks read as {aj0, h
c
j0, h

l
j0}j=1,2),  solves the 

consumer problem for each j={1,2},
2. given prices and initial capital {kj0}j=1,2, (in the case of labor adjustment costs 

there is also an initial stock of labor {lj0}j=1,2), the allocation  solves the 
representative firm problem for each j={1,2} where xjt={ld

jt, mjt} depending on the 
presence of particular labor market friction.

3. markets clear

	 a1t+1(zt+1)+a2t+1(zt+1) = 0	 (37)

	 ls
jt = ld

jt	 (38)

	 	 (39)

The Algorithm

I rely on log-linear polynomials in a parametrization of conditional expectations so 
that each conditional expectation is approximated by the following functional form 
(for each country j={1,2}) as a function of states:

yj(qj;k1t(q),hc
1t(q),y1t(q),z1t,k2t(q),y2t(q),z2t) = exp(qj1+qj2k1t(q)+qj3h

c
1t(q)+ 

		  + qj4y
c
1t(q)+ qj5z1t+ qj6k2t(q)+ qj7h

c
2t(q)+ +qj8y2t(q)+ qj9z2t)

where q = (q1, q2), qj Î 9 and where yjt(q) = hl
jt(q) in the case of analyzing leisure 

habits or yjt(q) = ljt(q) in the case of examining labor adjustment costs. The sub
script of functional form, yj and of parameter vector, qj denotes the parametrizati-
on for specific country j={1,2}. One advantage of using the log-linear polynomial 
is that it guarantees the simulated series will be non-negative.

If expectation were correctly parametrized i.e. if there existed a q*
j such that 

yj(q*
j; k1t(q*), hc

1t(q*), y1t(q*), z1t, k2t(q*), hc
2t(q*), y2t(q*), z2t) is a very good approxima-
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tion to the true conditional expectation, then the decision rules would coincide 
with the true optimal decision rules and simulations of decision variables would 
represent realization from the true stochastic process (for the proof see Marcet 
and Marshall (1994)). Increasing the degree of polynomial would insure that there 
existed q*

j such that yj(q*
j; k1t(q*), hc

1t(q*), y1t(q*), z1t, k2t(q*), hc
2t(q*), y2t(q*), z2t) is an 

arbitrary good approximation to the true conditional expectation.
To obtain a numerical solution of the model I parametrize three conditional 

expectation functions, for each country, which I denote by Ei
t(×) where super

script i denotes the optimality condition (i=1 corresponds to expectation in the 
Euler equation (12), i=2 to expectation in the labor supply equation (13) and 
i=3 to expectation in the risk sharing condition (14)). In other words, for my 
functional forms and calibration, after rearranging the terms and applying the law 
of iterated expectations I parametrize the expectation in the Euler equation (12), 
E1

t(×), expectation in labor supply equation (13), E2
t(×), and expectation in risk 

sharing condition (14), E3
t(×). Each expectation function is denoted by superscript 

i = {1,2,3} for both j = {1,2}. Also, parameters corresponding to a parametriza
tion of a given expectation will be denoted by the same superscript.

First, I rewrite the Euler equation (12) in such a way that I can parametrize its 
expectation for the quadratic value of investment, i2

jt for both countries, j = {1,2}. 
Next, I substitute the conditional expectation E1

t(×) in (12) by a first degree log-
linear polynomial that depends on state variables and vector of parameters q1

j to 
get

	 i2
jt= byj(q1

j; k1t(q), hc
1t(q), y1t(q), z1t, k2t(q), hc

2t(q), y2t(q), z2t)	 (40)

where y1t(q) represents either leisure habit stock or labor stock depending on the 
labor market friction I am analyzing (as explained before).

Next, for j = {1,2} I also use first degree log-linear polynomial (with parame-
ter vector q2

j) to parametrize a conditional expectation E2
t(×) in the labor supply 

equation (13). I parametrize the resulting conditional expectation for xjt which 
represents either ljt in case of analyzing leisure habits (where labor adjustment cost 
parameter j = 0) or mjt in the case of examining labor adjustment costs (where lei
sure habit importance parameter bl= 0), for both countries, j = {1,2}. I substitute 
the conditional expectation E2

t(×) in (12) by a first degree log-linear polynomial 
that depends on state variables and vector of parameters q2

j to get

	 xjt= byj(q2
j; k1t(q), hc

1t(q), y1t(q), z1t, k2t(q), hc
2t(q), y2t(q), z2t)	 (41)

Finally, for j = {1,2} I also use first degree log-linear polynomial (with param
eter vector q3

j) to parametrize a conditional expectation E3
t(×) in the risk sharing 

condition (14) to get:

E3
t[u2(c1t, h

c
1t, l1t, h

l
1t)]= byj(q3

j; k1t(q), hc
1t(q), y1t(q), z1t, k2t(q), hc

2t(q), y2t(q), z2t)	 (42)
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26	 In order to ensure higher accuracy of solution and correct impulse response functions I should choose a very 
large sample size such that the estimated parameter q does not depend on the realization of the shock proc
ess. I manage to experiment with a sample size up to T=100 000. Even though there was a lot of variation in 
the estimated parameter vector in the estimation using a sample of T=10 000 and that for the sample size of 
T=100 000 the model’s results did not change much. In addition, because of the computational time prob
lem (for the solution of the model with habits alone the algorithm that used T=100 000 needed more than 
10 days to converge to the rational expectation equilibrium) I report the results obtained using the sample 
size T=10 000.

Once I have a parametrized expectation forms, the algorithm for solving the 
model can be described as follows.

	•• Step 1. Fix the initial vector of parameters, q = (q1
1, q1

2, q2
1, q2

2, q3
1, q3

2) , the 
stopping criterion (tolerance level) and draw sequences of the TFP shocks 
{z1t, z2t}

T
t=0 that obey (16) with T sufficiently large.26

	•• Step 2. Given the parametrized expectations and given the parameter vector 
q, at time period t, solve for the decision variables {cjt(q), ijt(q), xjt(q), kjt+1(q), 
yjt+1(q)}2

j=1 from the system of risk sharing condition (14) and budget con-
straint (4) together with the laws of motion for the capital, consumption, 
leisure (or labor) stock (5), (6), (8) (or (7)), respectively. To do this, given 
the parametrized expectations in (40), (41) and (42) for both j={1,2} 
(hence given {ijt}

2
j=1 and {xjt}

2
j=1) calculate the values for the capital stock 

next period, kjt+1, which follows from the corresponding equations of mo-
tion (5) and the values for yjt+1 

– the values for the habits leisure stock next 
period, ljt, in the case of analyzing demand-side friction on the labor market 
from (8) or labor stock next period, ljt+1, in the case of analyzing supply-
side friction on the labor market from (7). Also, given the parametrized 
expectations i={1,2,3} for both j={1,2} in (40), (41) and (42) the values 
of remaining decision variables {c1t(q), c2t(q)} are a solution of the non-
linear system of the following two equations in two unknowns: risk sharing 
condition (14) and the budget constraint (4).

	•• Step 3. For particular parametrization depending on q use the realizations 
for the shocks, {z1t, z2t}

T
t=0 to obtain recursively a sequence for the decision 

variables {cjt(q), ijt(q), xjt(q), kjt+1(q), yjt+1(q)}T
t=0 for j={1,2} by repeating 

Step 2.

	•• Step 4. Compute the updated parameter vector S(q)=(S(q1
1), S(q1

2), S(q2
1), 

S(q2
2), S(q3

1), S(q3
2)) by running six non-linear least square regressions using 

the simulated realization {c1t(q), i1t(q), x1t(q), k1t+1(q), c2t(q), i2t(q), x2t(q), 
k2t+1(q)}T

t=0 as data. In other words, for every j={1,2} and i={1,2,3} find 
S(q j

i) such that

	

		  (43)

where Yi
jt denotes the dependent variable for country j, as an expression inside the 

conditional expectation Ei
t(×), for i={1,2,3}.
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	•• Step 5. Find a fixed point of the map S by iterating on steps 3 and 4 such 
that q*=S(q*) (equal up to the tolerance level set in step 1) which gives the 
solution for the decision variables {cjt(q*), ijt(q*), xjt(q*), kjt+1(q*), nxjt(q*)}T

t=0 
for j={1,2} where nxjt denotes the net exports defined as net absorption in 
country j.
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Table 1 Parameter Values for the Benchmark Model and the Model with Frictions

Parameter
Calibrated values

TargetsBenchmark 
model

Model with 
frictions

Technology

Capital share a 0.36 0.36 Labor/output=2/3

Depreciation rate d 0.1 0.1 Investment/output=0.25

Quit rate y 0.15 0.15 Taken from the literature
Elasticity of investment 
(capital adj. cost parameter)

x ¥ – Same inv. volatility of the model and data

Matrix of coefficients in 
VAR(1) of the shock process

R Taken from the literature

Covariance matrix of the 
shock process

Ω 0.0072  
Taken from the literature

Labor adjustment cost 
parameter

j 0 {1,2,20} Taken from the literature and varies

Preference

Discount rate b 0.984 0.984 Net average interest rate=6.5%
Habit importance 
in consumption

bc 0 {0.4,0.8} Taken from the literature and varies

Habit importance in leisure bl 0 {0.4,0.7,0.8} Taken from the literature and varies
Share of consumption in 
composite good

g 0.369 –
Depends on bl and bc ; Investment/output=0.25, 
labor supply=1/3

Utility curvature s 3.7 – Depends on g; Intertemporal elasticity of consumption=1/2
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Table 2 Business Cycle Statistics	  
Perfect Risk Sharing Model (Benchmark Model) and the Model with Consumption Habits, Capital and Labor Adjustment 
Costs

Note: Parameters bc, x and j denote the consumption habit importance parameter in the utility function and the parameter of capital and 
labor adjustment costs, respectively. Data column contains estimates (standard errors in parenthesis) of the business cycle moments taken 
from Kehoe and Perri (2002), except for the Capital flow statistic which was calculated from the NIPA. The Volatility, Standard deviations 
and Domestic comovement of the Data column pertain to the U.S. quarterly time series sample 1970:1-1998:4. International comove-
ments statistics are calculated from U.S. data and aggregated data of 15 European countries – all the statistics are based on logged (except 
for the net exports) and HP filtered data with the smoothing parameter of 1600. The model statistics are computed from a single simulation 
on a 10 000 periods time series of logged and HP-filtered data (with smoothing parameter 1600).

Statistic Data

Models with different frictions
Perfect risk 

sharing 
(bc=0, j=0, x=¥)

Capital 
adjustment costs 

(bc=0, j=0, x<¥)

Cons. habits, 
cap. adj. cost 

(bc=0.8, j=0, x<¥)

Cons. habits, cap. & 
labor adj. cost 

(bc=0.8, j=2, x<¥)
Volatility (% st. dev.)

GDP 1.72 (0.20) 0.90 0.83 0.77 0.71
Net exports/GDP 0.15 (0.01) 0.81 0.18 0.20 0.17

% st. dev. relative to GDP
Consumption 0.79 (0.05) 0.37 0.42 0.28 0.30
Investment 3.24 (0.17) 6.04 3.24 3.24 3.24
Employment 0.63 (0.04) 0.45 0.43 0.38 0.36

Domestic comovement
Correlation with GDP

Consumption 0.87 (0.03) 0.92 0.93 0.64 0.62
Investment 0.93 (0.02) 0.73 0.94 0.95 0.96
Employment 0.86 (0.03) 0.98 0.97 0.90 0.69
Net exports/GDP –0.36 (0.09) –0.26 0.15 0.72 0.72

International correlations
GDP 0.51 (0.13) –0.02 0.07 0.00 0.06
Consumption 0.32 (0.17) 0.65 0.75 0.80 0.82
Investment 0.29 (0.17) –0.78 –0.32 0.31 0.32
Employment 0.43 (0.11) –0.37 –0.42 –0.78 –0.84

Capital flows (in %)
Net exports/GDP 1.10 1.38 0.93 0.84 0.83
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Statistic Data

Models with different frictions
Perfect risk 

sharing 
(bc=0, bl=0, x=¥)

Capital 
adjustment costs 

(bc=0, bl=0, x<¥)

Cons. habits, 
cap. adj. cost 

(bc=0.8, bl=0, x<¥)

Cons. habits, cap. & 
labor adj. cost 

(bc=0.8, bl=0.7, x<¥)
Volatility (% st. dev.)

GDP 1.72 (0.20) 0.90 0.83 0.77 0.75
Net exports/GDP 0.15 (0.01) 0.81 0.18 0.20 0.15

% st. dev. relative to GDP
Consumption 0.79 (0.05) 0.37 0.42 0.28 0.28
Investment 3.24 (0.17) 6.04 3.24 3.24 3.23
Employment 0.63 (0.04) 0.45 0.43 0.38 0.34

Domestic comovement
Correlation with GDP

Consumption 0.87 (0.03) 0.92 0.93 0.64 0.80
Investment 0.93 (0.02) 0.73 0.94 0.95 0.97
Employment 0.86 (0.03) 0.98 0.97 0.90 0.85
Net exports/GDP –0.36 (0.09) –0.26 0.15 0.72 0.70

International correlations
GDP 0.51 (0.13) –0.02 0.07 0.00 0.07
Consumption 0.32 (0.17) 0.65 0.75 0.80 0.69
Investment 0.29 (0.17) –0.78 –0.32 0.31 0.22
Employment 0.43 (0.11) –0.37 –0.42 –0.78 –0.83

Capital flows (in %)
Net exports/GDP 1.10 1.38 0.93 0.84 0.82

Table 3 Business Cycle Statistics	  
Perfect Risk Sharing Model (Benchmark Model) and the Model with Consumption and Leisure Habits and Capital Adjust
ment Costs

Note: Parameters bc, bl and x denote the consumption and leisure habit importance parameter in the utility function and the parameter of 
capital adjustment costs, respectively. Data column contains estimates (standard errors in parenthesis) of the business cycle moments taken 
from Kehoe and Perri (2002), except for the Capital flow statistic which was calculated from the NIPA. The Volatility, Standard deviations 
and Domestic comovement of the Data column pertain to the U.S. quarterly time series sample 1970:1-1998:4. International comove-
ments statistics are calculated from U.S. data and aggregated data of 15 European countries – all the statistics are based on logged (except 
for the net exports) and HP-filtered data with the smoothing parameter of 1600. The model statistics are computed from a single simulation 
on a 10 000 periods time series of logged and HP-filtered data (with smoothing parameter 1600).
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Statistic Data
Sensitivity analysis with respect to bc and j

bc=0 bc=0.4 bc=0.8
j=0 j=1 j=20 j=0 j=1 j=20 j=0 j=1 j=20

Volatility (% st. dev.)
GDP 1.72 (0.20) 0.83 0.77 0.69 0.82 0.76 0.69 0.77 0.71 0.66
Net exports/GDP 0.15 (0.01) 0.18 0.19 0.16 0.12 0.14 0.11 0.20 0.17 0.17

% st. dev. relative to GDP
Consumption 0.79 (0.05) 0.42 0.42 0.41 0.39 0.40 0.40 0.28 0.30 0.31
Investment 3.24 (0.17) 3.24 3.23 3.25 3.23 3.24 3.25 3.24 3.24 3.25
Employment 0.63 (0.04) 0.43 0.42 0.32 0.43 0.42 0.31 0.38 0.37 0.27

Domestic comovement
Correlation with GDP

Consumption 0.87 (0.03) 0.93 0.9 0.87 0.88 0.86 0.81 0.64 0.62 0.59
Investment 0.93 (0.02) 0.94 0.91 0.91 0.94 0.94 0.95 0.95 0.96 0.95
Employment 0.86 (0.03) 0.97 0.83 0.68 0.97 0.82 0.66 0.90 0.70 0.57
Net exports/GDP –0.36 (0.09) 0.15 0.26 0.30 0.35 0.37 0.45 0.72 0.72 0.74

International correlations
GDP 0.51 (0.13) 0.07 0.09 0.15 0.07 0.11 0.17 0.00 0.04 0.17
Consumption 0.32 (0.17) 0.75 0.75 0.84 0.78 0.78 0.85 0.80 0.81 0.88
Investment 0.29 (0.17) –0.32 –0.28 –0.24 –0.14 –0.12 –0.07 0.31 0.32 0.47
Employment 0.43 (0.11) –0.42 –0.48 –0.55 –0.47 –0.46 –0.60 –0.78 –0.84 –0.85

Capital flows (in %)
Net exports/GDP 1.1 0.93 0.91 0.87 0.91 0.89 0.87 0.84 0.83 0.80

Table 4 Business Cycle Statistics – Sensitivity Analysis	  
Economy with Consumption Habits, Capital and Labor Adjustment Costs

Note: Parameters bc and j denote the consumption habit importance parameter in the utility function and parameter of labor adjustment 
costs, respectively. Data column contains estimates (standard errors in parenthesis) of the business cycle moments taken from Kehoe and 
Perri (2002), except for the Capital flow statistic which was calculated from the NIPA. The Volatility, Standard deviations and Domestic 
comovement of the Data column pertain to the U.S. quarterly time series sample 1970:1-1998:4. International comovements statistics 
are calculated from U.S. data and aggregated data of 15 European countries – all the statistics are based on logged (except for the net 
exports) and HP-filtered data with the smoothing parameter of 1600. The model statistics are computed from a single simulation on a 10 
000 periods time series of logged and HP-filtered data (with smoothing parameter 1600).
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Table 5 Business Cycle Statistics – Sensitivity Analysis	  
Economy with Consumption and Leisure Habits and Capital Adjustment Costs

Note: Parameters bc and bl denote the consumption and leisure habit importance parameter in the utility function, respectively. Data column 
contains estimates (standard errors in parenthesis) of the business cycle moments taken from Kehoe and Perri (2002), except for the Cap
ital flow statistic which was calculated from the NIPA. The Volatility, Standard deviations and Domestic comovement of the Data column 
pertain to the U.S. quarterly time series sample 1970:1-1998:4. International comovements statistics are calculated from U.S. data and 
aggregated data of 15 European countries – all the statistics are based on logged (except for the net exports) and HP-filtered data with the 
smoothing parameter of 1600. The model statistics are computed from a single simulation on a 10 000 periods time series of logged and 
HP-filtered data (with smoothing parameter 1600).

Statistic Data
Sensitivity analysis with respect to bc and bl

bc=0 bc=0.4 bc=0.8
bl=0 bl=0.4 bl=0.8 bl=0 bl=0.4 bl=0.8 bl=0 bl=0.4 bl=0.8

Volatility (% st. dev.)
GDP 1.72 (0.20) 0.83 0.81 0.72 0.82 0.81 0.72 0.77 0.77 0.74
Net exports/GDP 0.15 (0.01) 0.18 0.20 0.23 0.12 0.12 0.16 0.20 0.17 0.14

% st. dev. relative to GDP
Consumption 0.79 (0.05) 0.42 0.43 0.47 0.39 0.39 0.44 0.28 0.28 0.29
Investment 3.24 (0.17) 3.24 3.25 3.23 3.23 3.23 3.24 3.24 3.24 3.24
Employment 0.63 (0.04) 0.43 0.40 0.30 0.41 0.40 0.31 0.38 0.37 0.32

Domestic comovement
Correlation with GDP

Consumption 0.87 (0.03) 0.93 0.93 0.94 0.88 0.92 0.94 0.64 0.7 0.83
Investment 0.93 (0.02) 0.94 0.93 0.91 0.96 0.96 0.95 0.95 0.97 0.97
Employment 0.86 (0.03) 0.97 0.96 0.83 0.96 0.96 0.84 0.90 0.86 0.84
Net exports/GDP –0.36 (0.09) 0.15 0.09 0.03 0.35 0.23 0.03 0.72 0.72 0.67

International correlations
GDP 0.51 (0.13) 0.07 0.07 0.10 0.07 0.09 0.11 0.00 0.03 0.10
Consumption 0.32 (0.17) 0.75 0.71 0.61 0.78 0.74 0.63 0.80 0.78 0.65
Investment 0.29 (0.17) –0.32 –0.34 –0.36 –0.14 –0.15 –0.23 0.31 0.22 0.20
Employment 0.43 (0.11) –0.42 –0.48 –0.62 –0.47 –0.44 –0.63 –0.78 –0.83 –0.84

Capital flows (in %)
Net exports/GDP 1.10 0.93 0.93 0.93 0.91 0.91 0.91 0.84 0.83 0.80



International Business Cycles with Frictions in Goods and Factors Markets	 35

Figure 1 Impulse Response Functions of Home and Foreign Country Variables Implied by the Model 
without Any Frictions

Note: bc, bl, x, j denote consumption habits importance parameter, leisure habits importance parameter, capital 
adjustment cost parameter and labor adjustment cost parameter, respectively.
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Figure 2 Impulse Response Functions of Home and Foreign Country Variables Implied by the Model 
with Capital Adjustment Costs, Model with Consumption Habits and Capital Adjustment Costs and 
Model with Consumption Habits, Capital and Labor Adjustment Costs

Note:	 bc=0, j=0 represents the impulse response of the corresponding variable of the model with capital adjust
ment costs (without consumption habits and no labor adjustment costs),
bc=0.8, j=0 represents the impulse response of the corresponding variable of the model with capital 
adjustment costs and consumption habits (and no labor adjustment costs), and
bc=0, j=2 represents the impulse response of the corresponding variable of the model with capital adjust
ment costs, consumption habits and labor adjustment costs.
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Figure 3 Impulse Response Functions of Home and Foreign Country Variables Implied by the Model 
with Capital Adjustment Costs, Model with Consumption Habits and Capital Adjustment Costs and 
Model with Consumption and Leisure Habits, Capital Adjustment Costs

Note:	 bc=0, bl=0 represents the impulse response of the corresponding variable of the model with capital 
adjustment costs (without consumption and leisure habits),
bc=0.8, bl=0 represents the impulse response of the corresponding variable of the model with capital 
adjustment costs and consumption habits (without leisure habits), and
bc=0.8, bl=0.7 represents the impulse response of the corresponding variable of the model with capital 
adjustment costs, consumption and leisure habits.
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