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Abstract

In this paper, we document difference in comovement of real exchange
rates (RER) with other macroeconomic aggregates between emerging economies
and developed small open economies, especially the significant and neg-
ative correlation between real interest rate and RER in emerging market
economies. Motivated by these observations, we include the RER and real
interest rate data in the estimation of a two-sector small open economy RBC
model with tradable and non-tradable goods. We find that to explain the
RER dynamics and comovement observed in emerging market economies,
two features are important. First, imperfect substitution between home and
foreign tradable goods are introduced into standard two-sector models to al-
low for deviation from law of one price in tradable goods. This helps to gen-
erate RER volatility relative to output which is consistent with data. Second,
the interaction of pecuniary effects of real exchange rate changes and collat-
eral constraint on firms’ borrowing helps to explain the negative correlation
between RER and real interest rate and countercyclical real interest rates.
A model with these features does well in matching business cycle moments
in emerging market economies, including those related to RER. Finally, our
estimation results also identify country premium shock as the major force in
driving RER dynamics and output fluctuations, thus providing another evi-
dence supporting the important role of country premium shock and financial
frictions in explaining emerging market business cycle.
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1 Introduction

Understanding real business cycles in emerging market economies remains to be

a central issue in international macroeconomics. Currently, there are debates on

the major source of aggregate fluctuation in emerging market and the mecha-

nism to generate the puzzling behavior of aggregate moments, such as the excess

consumption volatility and strongly counter-cyclical trade balance. Aguair and

Gopinath (2007) propose “trend is the cycle” and introduce permanent technology

shock to explain the excess consumption volatility puzzle. The other strand of lit-

erature (Neumeyer and Perri, 2005; Uribe and Yue, 2006; Garcia-Cicco, Pancrazi

and Uribe, 2010) emphasizes the importance of interest rate shock and financial

friction to explain the consumption volatility and the counter-cyclical trade bal-

ance. 1

These papers, however, focus on one-sector models and therefore the role of

real exchange rates (hereafter, RER) in real business cycles are not discussed or

explored. Since most emerging market economies are small open economies sub-

ject to external interest rate and relative price shocks, it seems nontrivial to include

real exchange rates in the discussion of business cycle. Several interesting ques-

tions then arise. First, are real exchange rate dynamics and their comovements

with aggregate variables, such as output, consumption, trade balance and real in-

terest rate, different between emerging market economies and developed small

open economies? Second, can a standard two-sector model with non-tradable

goods explain the RER dynamics and their comovement with macroeconomics

aggregates? Finally, can permanent productivity shocks or interest rate shocks

help to explain the behavior of RER and aggregate moments related to RER? Do

these shocks remain important in explaining the aggregate fluctuations in emerg-

ing market economies when the real exchange rates are included in the estimation?

These are the questions we intend to answer in this paper.

We first document the real exchange rate behavior and its comovement with

1Intuitively, once country spread goes up, interest rate cost to finance working capital is higher

and firms reduce production. Households will save more and the reduction of consumption is

larger than reduction of output.
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macroeconomic variables in emerging market economies to check if there ex-

ists difference in RER dynamics and moments between emerging and developed

small open economies. On average, RER volatility relative to output and RER

persistence in emerging economies are similar to that of developed small open

economies. In other words, RER is quite volatile and very persistent. How-

ever, the comovement between RER and other macroeconomic aggregates are

quite different between emerging economies and developed SOE. First, real ex-

change rates2 are positively correlated with consumption and output in the emerg-

ing economies, while in developed economies it is counter-cyclical. They are also

negatively correlated trade balance to output ratio at business cycle frequency.

More importantly, there is significant and negative correlation between real inter-

est rate and real exchange rate in emerging market economies while this correla-

tion is almost zero in developed small open economies. Our findings suggest that

like the excess consumption volatility puzzle, RER dynamics and moments differ

systematically in emerging market economies and therefore should be considered

when investigating emerging market business cycle properties.

Motivated by our empirical finding, we evaluate the performance of a stan-

dard two-sector RBC small open economy model with non-tradable goods and

homogenous tradable goods. In this benchmark model, the tradable good price is

constant and equal to the world tradable good price. So the fluctuation of RER

comes from the change of non-tradable goods price. The domestic real interest

rate is the sum of international rate and country spread which depends on exter-

nal debt level. Five shocks are introduced in the Bayesian estimation. Besides

the permanent productivity shock and the country premium shock, we also con-

sider the stationary technology shock in both sectors and the preference shock.

The unique feature of our estimation is that both real interest rate and real ex-

change rate data are included in the Bayesian estimation since these data contains

information which helps to estimate parameters in the model to explain the RER

dynamics and moments, especially the negative correlation between RER and real

2We use real effective exchange rate to measure RER. A rise of RER means appreciation of

domestic currency.
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interest rate.

The estimation results are as follows. The model does well in generating RER

persistence, but underestimate the real exchange rate volatility relative to output.

It also fails to generate the excess consumption volatility and is unable to generate

the countercyclical interest rate. Meanwhile, the model underestimates two neg-

ative correlations between real interest rate and macroeconomics variables, real

interest rate and trade balance to output ratio, respectively. The reason for the

failure of the model in generating excess volatility lies in the fact that the model

relies on temporary technology shocks to drive output and consumption fluctua-

tion as well as real exchange rate dynamics, although the permanent shock also

accounts for a moderate fraction of output and consumption volatility. When there

is a positive technology shock in the non-tradable sector, non-tradable good price

decrease and RER will depreciate. Meanwhile, a positive temporary technology

shock leads to consumption smoothing, so the increase of output will be higher

than that of consumption and investment, implying the trade balance will increase

and the real interest rate will decrease. It is therefore not surprising that the nega-

tive correlation between real interest rate and RER cannot be fully explained when

non-tradable temporary technology shock plays a dominant role in explaining real

exchange rate dynamics.

Obviously, to explain this negative correlation, some other shocks which drives

the real interest rate and the RER together will be ideal. Most real interest rate

fluctuations come from country premium shock, as expected. Will it also drive

real exchange rate fluctuation? A positive country premium shock will lead to an

increase of domestic interest rate, and a decrease of domestic consumption and

investment. This will imply a decrease of non-tradable goods price and a slight

RER depreciation. It will also generate the negative correlation between real in-

terest rate and output/consumption. Nevertheless, RER depreciation generated

through this channel is too small in magnitude, since it only works through the

decrease in demand for non-tradable goods. Is there any other way to generate

real exchange rate fluctuations?

In the empirical literature on real exchange rates, the dominant view is that
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relative prices of tradable goods account for most of the observed high variability

of CPI based real exchange rates. Engel (1999) shows that almost all of the vari-

ance in the bilateral real exchange rates between the US and a number of OECD

countries is attributable to fluctuations in the real exchange rates of traded goods,

and the role of relative price of nontradable goods is negligible. He also finds

that this applies to Mexico using the Mexican monthly data from 1991 to 1999.3

Betts and Kehoe (2005) got similar finding for U.S. real exchange rate fluctua-

tions. Although Mendoza (2005), Burstein, Eichenbaum and Rebelo (2005), and

Betts and Kehoe (2008) show that the relative price of non-tradable goods price

are still important in accounting for RER fluctuations 4, it seems reasonable to

introduce differentiated home and foreign tradable good and allow for fluctuation

in tradable goods prices to account for real exchange rate dynamics.

Our first extended model, hence, introduces imperfect substitution between

domestic produced tradable goods and imported tradable goods and was called

the imperfect substitution model. Besides the changes of relative price of non-

tradable goods to tradable goods, this model provides another source to capture

the real exchange rate volatility. The estimation result shows that this extension

improves the model’s performance in the following dimensions. First, the modi-

fied model can match the negative comovement between real interest rate and real

exchange rate as well as the negative correlation between RER and trade-balance

to GDP ratio. Meanwhile, it can also generate the negative correlation between

real interest rate and output and the excess consumption volatility, but only quali-

3In Engel (1999, 2000), using a sample of monthly data from 1991 to 1999, he finds that the

fraction of the variance of the peso-dollar real exchange rate accounted for by the variance of the

Mexico-U.S. ratio of prices of tradable goods adjusted by the nominal exchange rate exceeds 90

percent, regardless of the time horizon over which the data are differenced.
4Betts and Kehoe (2008) extend Engel’s analysis to a large set of bilateral real exchange rates

and find that the measured relation between the bilateral real exchange rate and the relative price of

non-traded to traded goods is strong on average. Burstein, Eichenbaum and Rebelo (2005) discuss

the real exchange rate dynamics under large devaluations scenario. They find that primary force

behind the real exchange rate is the adjustment in the prices of nontradable goods and services.

Mendoza (2005) shows that Mexico’s nontradables prices display high variability and account for

a significant fraction of real exchange rate variability in periods of managed exchange rates.
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tatively.

The main reason for the improvement of performance comes from the dom-

inant role of country premium shock in explaining both RER and real interest

rate fluctuations. From the impulse response function one can see that in this ex-

tended model, a positive country premium shock now generates a much bigger

real exchange rate depreciation, compared to the benchmark model. This is be-

cause with differentiated domestic and imported tradable goods, demand decrease

in consumption and investment can be generated through the change in relative

price of domestic and imported tradable goods, as well as change in the relative

price of non-tradable to tradable goods. Decrease in consumption and investment

leads to decrease in demand for non-tradable goods and through real exchange

rate depreciation, a bigger decrease in demand for imported tradable goods. In

other words, compared to the benchmark model, the demand effect of interest rate

shock will now induce additional relative price changes and RER fluctuations.

And consistent with intuition, the RER fluctuation generated by country premium

shock depends on the elasticity of substitution between home and imported trad-

able goods.

Nevertheless, the RER and output volatility generated by the imperfect sub-

stitution model is too high compared to the data. It also under-estimates the neg-

ative correlation between real interest rate and output. How to further improve

the model’s performance? To get more significant negative comovement between

real interest rate and output/consumption, interest rate shocks need to play more

important role in the supply side. Intuitively, financial frictions on firms’ bor-

rowing implies interest rate shock will have a supply side effect. This is also

consistent with finding in Neumeyer and Perri (2005) and Garcia-Cicco, Pancrazi

and Uribe (2010), in which financial frictions have been identified as important in

explaining emerging market business cycles. In our benchmark model and imper-

fect substitution model, we have already introduced working capital constraint.

But we find that the imperfect substitution model’s performance does not rely on

this constraint. This finding is also consistent with Chang and Fernandez (2013)’s

conclusion. Recently, Mendoza (2005, 2010) model collateral constraint with
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collateral value affected by real exchange rate, and finds that the pecuniary effect

of relative price changes will amplify shocks’ impacts on real economy. This kind

of financial friction may help to improve our model’s performance since pecu-

niary effect induced by RER changes can help to match the negative comovement

of RER and real interest rate.

Our second modification is inspired by this intuition. We follow the literature

on collateral constraint by assuming firm’s borrowing capacity is binding by its

collateral value (hereafter, we call ”collateral constraint model”). Different from

Bianchi (2011), we consider a collateral constrain on the producers so as to em-

phasize impact of interest rate shock on supply side. Obviously, firms’ borrowing

cost is larger than households saving interest rate due to the existence of the col-

lateral constraint. The introduction of wedge between domestic interest rate and

borrowing cost is supported by Fernandez and Gulan (2015), who documents the

EMBI and Corporate EMBI. Although these two series comoves but there is a

spread between them. Furthermore, the collateral value depends on the RER, or

the relative prices between tradable and non-tradable goods prices, which helps

to generate the comovement between the RER and real interest rates. It may also

help to reduce the excess volatility of RER because now the real exchange rate

fluctuation is also constrained by supply side factors.

The estimation of this collateral constraint model confirms that the interaction

of pecuniary effect induced by relative price changes and the collateral constraint

can help improve the model performance significantly. The collateral constraint

model can quantitatively match the volatility of output, consumption, investment

and RER, as well as the negative correlation between RER and real interest rate.

It also improves on the negative correlation between real interest rate and out-

put/consumption.

For robustness check, we also consider another kind of financial friction, the

possible endogenous response of domestic interest rate premium to productivity

shocks, as inspired by Neumeyer and Perri (2005, hereafter NP). Chang and Fer-

nandez (2013) also suggest that compared to working capital constraint, this kind

of financial friction does better in matching the data in emerging market business
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cycles. As in the NP paper, the introduction of this financial friction can explain

the countercyclical real interest rates. It also does well in generating the negative

correlation between RER and real interest rates, however, the main problem is

that it overestimate the output volatility and underestimate the relative volatility

of RER. This suggest the interaction of pecuniary effect of relative price changes

and the financial friction is important in matching the RER volatility observed in

the data.

Finally, the variance decomposition indicates that the country premium shock

play dominant role in driving fluctuations of almost all variables, including RER

dynamics and real interest rate fluctuations. Our findings suggest that country pre-

mium shock is important in explaining RER dynamics and its comovement with

other macroeconomic variables in the emerging market economies. In this sense,

we provide another argument for the importance of country premium shock and

financial friction in explaining RBC in emerging economies, from the perspective

of RER fluctuations and its comovement with real interest rates.

Our paper belongs to the literature on emerging market business cycles. As

discussed at the beginning of the paper, two kinds of shocks are usually con-

sidered as the source of aggregate fluctuation in emerging market. Aguiar and

Gopinath (2007) use GMM estimation and argue that most business cycle fluctu-

ations could be explained by permanent technology shock. Based on permanent

income hypothesis, households’ consumption will response more than current out-

put when there is positive permanent technology change and thus it can help to

explain the excess consumption volatility puzzle. Another strand of literature em-

phasizes the importance of interest rate shock and financial friction. Supported by

both empirical observation and calibration exercise, Neumeyer and Perri (2005)

suggest that country premium explain significant part of Argentina’s output fluctu-

ation. Uribe and Yue (2006) use VAR and find US interest rate shock and country

spread account for 20% and 12% of movement in aggregate activities respectively.

Garcia-Cicco, Pancrazi and Uribe (2010) find RBC model predicts too persistent

and too volatile trade balance to GDP ratio while financial friction model gen-

erates reasonable trade balance to GDP ratio. Chang and Fernandez (2013) and
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Hevia (2014) confirm the dominant role of financial friction as well.

These papers do not include real interest rate data in the estimation and Ak-

inci (2014) is the first paper to fill the gap. She finds that canonical one-sector

model fails to generate countercyclical interest rate. So she considers uncer-

tainty shock to explain the negative comovement between interest rate and out-

put/consumption. Meanwhile, typically one-sector model is used in the literature

except Seoane (2016). He finds significant parameter drifts processes when es-

timating the standard one-sector model and these parameter drifts are correlated

with real exchange rate dynamics. Thereby he introduces nontradeable sector and

includes the real exchange rate data in estimation. But he does not consider real

interest rate in his analysis.

Compared to other papers in the literature, our main contribution is as follows.

First, we document the difference in RER dynamics and comovements between

the emerging economies and the developed SOEs, Second, motivated by this ev-

idence, especially the significant and negative correlation between RER and real

interest rates, we include both RER and real interest rate data in the estimation of a

two-sector model with tradable and non-tradable goods. We find that the deviation

of law of price and the pecuniary effect of real exchange rate changes are impor-

tant in explaining the RER dynamics and movement observed in emerging market

economies. Our Bayesian estimation results also identify country premium shock

as the major force in driving RER dynamics and output fluctuations, thus provid-

ing another evidence supporting the important role of country premium shock and

financial friction in explaining emerging market business cycle.

This paper is also related to literatures on real exchange rate dynamics. This

literature focuses on whether the volatility and persistence of real exchange rates

can be explained by sticky price models with staggered price setting, pioneered by

Chari, Kehoe, and McGrattan (2002). They find in sticky price models the RER

volatility can be explained, but not the persistence. So a number of subsequent

papers have sought to address this “persistence anomaly” by introducing various

forms of strategic complementarity and asymmetry, as well as sticky wages and

persistent monetary policy (Bergin and Feenstra 2001; Benigno 2004; Groen and
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Matsumoto 2004; Sondergaard 2004 and Bouakez 2005).

These papers usually consider monetary shocks. In contrast, Steisson (2008)

shows that in response to a number of different real shocks a two-country sticky-

price business cycle model yields hump-shaped dynamics for the real exchange

rate. Corsetti, Dedola, Leduc (2008a) find that a two country model with only

productivity shock can capture high RER volatility by assuming low trade elastic-

ity, incomplete financial market and home bias. Our paper differs with those pa-

pers in several aspects. First, we focus on real exchange rate dynamics as well as

its comovement with macroeconomics aggregates in emerging market economies.

Second, our estimated real business cycle model can generate the real exchange

rate persistence as well as the high volatility observed in the data.

Our paper is inspired by a small but fast growing literature on collateral con-

straints in small open economy. In this literature, the collateral constraints play

an important role in understanding the economic fluctuation and capital flow. For

example, Mendoza (2005, 2010) models collateral constraint with collateral value

affected by real exchange rate, and finds that the pecuniary effect of relative price

changes will amplify shocks’ impacts on real economy. Bianchi (2011), Korinek

(2011), Jeanne and Korinek (2010) discuss how the collateral constraint with pe-

cuniary externality cause the over-borrowing problem in small open economy.

Schmitt-Grohe and Uribe (2017) discuss the multiple equilibria problem in similar

setting. We follow their spirit and show that the pecuniary effect of real exchange

rate changes cannot be neglected in explaining business cycle.

The rest of paper is organized as follows. Section 2 discusses the empirical

findings. In Section 3, we estimate a standard two-sector real business cycle small

open economy model with tradable and non-tradable goods using Bayesian meth-

ods, including the real interest rate and real exchange rate data in the estimation.

Section 4 extends the benchmark model to include imperfect substitution between

home and foreign traded goods. We then present its quantitative performance.

Section 5 discusses the collateral constrain model. Robustness check results are

given in Section 6. Section 7 concludes.

9



2 Empirical facts

2.1 Business cycle moments

In Table 1A, we present the comparison of second moments of business cycle,

especially those related to RER, between the emerging market economies and

the developed small open economies. On average, RER volatility relative to

output and RER persistence in emerging economies are similar to that of de-

veloped small open economies. However, the comovement between RER and

other macroeconomic aggregates are quite different between emerging economies

and developed SOE. First, real exchange rates are positively correlated with con-

sumption and output in the emerging economies, while in developed economies

it is counter-cyclical. They are also negatively correlated trade balance to out-

put ratio at business cycle frequency. More importantly, there is significant and

negative correlation between real interest rate and real exchange rate in emerging

market economies while this correlation is almost zero in developed small open

economies. Second, as discussed in the literature, there exists excess consumption

volatility in emerging market economies. We then look at individual emerging

market economies data more carefully and document the following three facts.

Data description is documented in appendix.

Fact 1 Real effective exchange rates are positively correlated with consump-

tion and output. RER is negatively correlated with trade balance to GDP ratio.

Table 1 documents the correlations with real exchange rate using HP filter

detrended data. All emerging countries except South Africa and Colombia have

positive and significant correlations between output and RER. We also find strong

co-movement between consumption and real exchange rate. The pro-cyclical be-

havior of real exchange rate is also documented by Mendoza (1995). Specifically,

he documents significant positive correlation between REER and output at im-

port price by using annual data, but the correlation between REER and output

at constant price is weak. While country risk premium is emphasized in typi-

cal literature such as Garcia-Cicco, Pancrazi and Uribe (2010) and Chang and

Fernandez (2013), the real exchange rate is always ignored with few exceptions.
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Seoane (2016) finds that when putting standard one sector model into estimation,

the data prefer models with parameter drifts. He further documents the correla-

tions of these parameters processes with real exchange rate and concludes that

time-varying parameters contain relevant information regarding the behavior of

the real exchange rate. Our finding of positive comovements of real exchange

rate and fundamental variables (output and consumption) is in consistent with his

argument. The same table also documents the correlations using log difference

variables. The comovements are weaker. On average, the coefficient is 0.07.

Besides, we also document a negative correlation between trade balance to

GDP ratio and international relative price. This fact is robust for both HP filter

detrended RER series and raw RER data. One potential interpretation of this rela-

tions is: when domestic currency depreciates, domestic produced goods gain more

international competitiveness and the net export goes up. Or if we assume exoge-

nous interest rate shock are driving force for emerging market, raising exogenous

interest rate will result in more saving abroad and households are less willing to

consume. Equivalently, we would observe positive change in trade balance to

GDP ratio and negative change of domestic consumption price index.

Fact 2 There are significant and negative correlations between real interest

rate and real exchange rate.

In Table 1, All countries except Chile display negative correlation between

real interest rate and real exchange rate. On average, the coefficient is -0.29. This

negative comovement means that higher country interest rate comes together with

depreciation of real exchange rate. Figure 1 plots the patterns of real interest rate

and real exchange rate for our sample countries. Take Mexico as example, If the

economies’ fundamentals are driven by country spread and international interest

rate, Figure 1 illustrates that real exchange rate will depreciate as well. Argentina

is another typical case. In large devaluation of Argentina Peso in 2001, capital

escapes from the country and annualized real interest rate jumps from 10% to

60%. Similar with these two Latin American countries, emerging economies de-

pend highly on external factors: their productions depend on imported factors and

significant fractions of their output is exported to rest of worlds. The depreciation
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of real exchange rate may introduce the substitution effect (impact on imported

goods) and income effect (import on export market). Relying on external envi-

ronment means that real exchange rate is not trivial in these economy at least in

the short run. Thereby, our finding provides the exchange rate channel through

which financial friction and country premium shock could play a role in emerging

markets. Table 2 documents the correlation using log real interest rate and log

real exchange rate. Correlation between real exchange rate and real interest rate is

weaker compared with the correlation documented using detrended variables. But

typical studied countries like Argentina, Brazil and Mexico still display strong in-

teractions between these two rates. This observation motivates us to include these

two data in Bayesian estimation exercise when discussing the driving force behind

emerging market business cycle.

Fact 3 Real interest rates are countercyclical in emerging market. They are

negatively correlated with consumption and investment as well.

Table 1 reports correlations between detrended real interest rate with funda-

mental variables using HP filtered data. We confirm the finding of Neumeyer and

Perri (2005) using updated data. Among all 11 countries, the negative correlations

of interest rate and output hold for all country except Chile and South Africa. The

consequence of exogenously countercyclical interest rate is following: when there

is positive shift of domestic interest rate, households save more and cut down their

consumptions. Firms will reduce their production when the market price goes

down. This intuition predicts that real interest rate should be negatively correlated

with consumption, investment and net export to GDP ratio. And these predictions

are confirmed in Table 1. We also document the correlations of log real interest

rate and growth rates of fundamental variables. The negative correlations between

real interest rate and fundamental variables are maintained when we include the

low frequency data, which is documented in Table 2.

Our findings suggest that RER dynamics and moments should be considered

when investigating emerging market business cycle properties. Therefore, in the

following analysis we include the RER and real interest rates data simultaneously

in Bayesian estimation and evaluate the performance of a standard two-sector
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RBC small open economy model with non-tradable goods and homogenous trad-

able goods in explaining RER behavior in emerging market economies.

3 The benchmark model

Our benchmark model is a standard two-sector model with homogenous tradable

goods. Firms in each sector use labor and capital to produce tradeable and non-

tradeable goods. They need to finance for the wage payment. Households provide

labor and consume goods. Domestic interest rate is specified following Schmitt-

Grohe and Uribe (2003). Final consumption goods are composited by tradeable

goods and nontradeable goods. In this benchmark model, tradable goods are ho-

mogenous. This specification is the simplest model that allow us to put real in-

terest rate and real exchange rate into estimation simultaneously. This model is

similar to Seoane (2016), but he does not consider real interest rate in the estima-

tion.

3.1 Household

There is an infinitely lived representative agent with GHH preference.

E0

∞

∑
t=0

β
t
vt [

Ct
Xt−1
−Λτ−1ltτ ]1−γX1−γ

t−1 −1

1− γ
(3.1)

vt is the preference shock. Λ is a parameter to ensure the allocation of labor

in steady state. Xt−1 is the permanent productivity, which is assumed to be non-

stationary. Let gt =
Xt

Xt−1
denote the non-stationary shock. g measures the growth

rate in balance growth path. We assume gt and vt follow AR(1) processes. We

set tradable goods price as numeraire and pN
t is the relative price of nontradable

sector. The real budget constraint is

pc
t Ct +Dh

t + IN
t + IT

t =
Dh

t+1

1+ rt
+wt lt +RK,N

t KN
t +RK,T

t KT
t + ∑

j=T,N
Π

j
t +Πt (3.2)

Where pc
t Ct is the total expenditure on consumption, Dh

t is the holding of

debts due at period t, which is borrowed from the financial intermediary. Π
j
t is the
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profits received from domestic firms and Πt is profit from bank. Households buy

domestic tradable good as investment. RK,T
t and RK,N

t are the capital rental rates.

Households’ income includes wage payment, capital rents and profits transferred

from the intermediate sector. When changing its capital stocks, households pay

quadratic adjustment costs. φ j governs capital adjustment cost in sector j. The

capital motions are

K j
t+1 = (1−δ )K j

t + I j
t −

φ j

2
(
K j

t+1

K j
t
−g)2K j

t , for j = {T,N} (3.3)

rt is the domestic interest rate on household debt. and it is assumed to be

decided by the following equation,

1+ rt = r∗+ψ[exp(
D̃t+1

Xt
−d)]+µt (3.4)

To introduce stationary equilibrium, we follow Schmitt-Grohe and Uribe (2003)

by assuming the domestic interest rate is external debt elastic. The variable D̃t+1

is the aggregate level of external debt and dt+1 =
D̃t+1

Xt
is the detrended debt level.

d represents the steady state level of normalized debt and r∗ is real interest rate

in steady state. Once country borrows too much from abroad ( D̃t+1
Xt

> d), the pre-

mium will be positive. ψ > 0 governs the elasticity of interest rate to changes

in indebtedness. The country premium shock µt is assumed to follow a AR(1)

process.

The household chooses Ct , lt ,Dh
t+1,K

T
t+1, I

T
t ,K

N
t+1, I

N
t to maximize its utility,

subject to budget constraint (3.2), capital motion (3.3) and no-Ponzi game lim j−→∞ Et(
Dt+ j

Π
j
s=0(1+rs)

)≤

0. Lagrangian multiplier is λtX
−γ

t−1. First order conditions are:

[
Ct

Xt−1
−Λτ

−1lτ
t ]
−γX−γ

t−1 = λtX
−γ

t−1 pc
t (3.5)

[
Ct

Xt−1
−Λτ

−1lτ
t ]
−γX1−γ

t−1 Λltτ−1 = λtX
−γ

t−1wt (3.6)

λtX
−γ

t−1
1

1+ rt
= βEtλt+1X−γ

t (3.7)
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For j = {T,N} :

λtX
−γ

t−1

[
1+φ

j(
K j

t+1

K j
t
−g)

]
= βE

λt+1X−γ

t

 RK, j
t+1 +(1−δ )

−φ j

2 (
K j

t+2

K j
t+1
−g)2 +φ j(

K j
t+2

K j
t+1
−g)

K j
t+2

K j
t+1


(3.8)

3.1.1 Consumption aggregator

Final consumption good Ct is produced by using nontradable good CN
t and trad-

able good CT
t . The production function is CES form, with κ being the elasticity of

substitution between two inputs, and ς as the expenditure share on tradable input.

Ct = [ω
1
κ C

T κ−1
κ

t +(1−ω)
1
κ C

N κ−1
κ

t ]
κ

κ−1 (3.9)

Demands of CN
t and CT

t are:

CN
t = (1−ω)(

pN
t

pc
t
)−κCt (3.10)

CT
t = ω(

pT
t

pc
t
)−κCt (3.11)

The composite consumption price index and the tradable good price index is:

pc
t = [ω(pT

t )
1−κ +(1−ω)(pN

t )
1−κ ]

1
1−κ (3.12)

3.2 Firms

Firms that produce tradable goods Y T
t or nontradable goods Y N

t are competitive.

They take prices as given and minimize production cost by choosing capital and

labor. Following the logic of Aguiar and Gopinath (2007), the trend shock is

country-specific as it’s always related with government policy, therefore we as-

sume the trend productivity shock gt is a common shock for both sectors. A j
t is

the transitory shock and follows AR(1) process. For j producer, j ∈ {T,N}, the

production function is:

Y j
t = A j

t (K
j,s

t )1−α j(Xt l
j
t )

α j (3.13)
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Firms are assumed to suffer from capital constraint. Our specification follows

Uribe and Schmitt-Grohe (2016). For each unit of wage payment, firms need to

hold ϖ j units of real money, denoted as MB j
t .The working capital constraint is

MB j
t ≥ ϖ

jwt l
j
t (3.14)

Firms can borrow or lend at rate rt and distribute dividends. Net profit of firms

could be specified as

Π
j
t = p j

t Y
j

t −wt l
j
t −RK, j

t K j,s
t − (MB j

t −MB j
t−1)+

D f , j
t+1

1+ rt
−D f , j

t (3.15)

This equation means that the dividend equal to revenue minus change in cash and

plus the increase in international debt. D f , j
t+1 is the debt borrowed from financial

intermediary and due in period t+1.Firms choose l j
t ,K

j
t+1,MB j

t and D f , j
t+1 to max-

imize profit

max
l j
t ,K

j
t+1,MB j

t ,D
j
t+1

E0Σ
∞
t=0[β

t
λtX

−γ

t−1Π
j
t ]

λtX
−γ

t−1 is the stochastic discount factor, and Lagrangian equation is

L = E0Σ
∞
t=0β

t
λtX

−γ

t−1

 p j
t Y

j
t −wt l

j
t −RK, j

t K j
t − (MB j

t −MB j
t−1)

+
D f , j

t+1
1+rt
−D f , j

t +µ
j

ct

(
MB j

t −ϖ jwt l
j
t

)  (3.16)

where β tλtX
−γ

t−1µ
j

ct denotes Lagrangian multiplier on working capital constraint.

Optimal choices on D f , j
t+1,K

j
t , l

j
t ,MB j

t are

λt = βg−γ

t (1+ rt)Etλt+1 (3.17)

RK, j
t = p j

t (1−α j)A
j
t (

u j
t K j

t

Xt l
j
t
)−α j (3.18)

wt(1+µ
j

ctϖ
j) = p j

t α jA
j
t Xt(

u j
t K j

t

Xt l
j
t
)1−α j (3.19)

λt(1−µ
j

ct) = βg−γ

t Etλt+1 (3.20)

Equation (3.17) and (3.20)s imply:

µ
j

ct =
rt

1+ rt
(3.21)
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We can get the choices of labor and capital as the following way:

wt(1+
rt

1+ rt
ϖ

j) = p j
t α jA

j
t Xt(

u j
t K j

t

Xt l
j
t
)1−α j (3.22)

RK, j
t = p j

t (1−α j)A
j
t (

u j
t K j

t

Xt l
j
t
)−α j (3.23)

3.3 Equilibrium

Similar with Uribe and Stephanie Schmitt-Grohe (2017), we assume that there is

a continuum of identical and perfectly competitive banks. They borrow funds in

international financial markets and lend them to domestic households and firms.

Meanwhile, the bank accept deposit from firms. The bank balance sheet is the

following:

Dh
t+1 +D f ,T

t+1 +D f ,N
t+1

1+ rt
=

D̃t+1

1+ rt
+MBT

t +MBN
t (3.24)

D̃t+1 is the international debt position of the whole country in period t. The left-

hand size is the bank’s asset. The right-hand size is the liabilities. Bank’s profit

Π = Dh
t +D f ,T

t +D f ,N
t − D̃t−MBH

t−1−MBN
t−1 (3.25)

Besides the optimal behaviors of households and firms, the equilibrium requires

market clearing conditions listed below and the specification of shock processes.

lt = lN
t + lT

t (3.26)

Y N
t = CN

t (3.27)

Y T
t = CT

t +T Bt + IT
t + IT

t (3.28)

Let Θt = {gt ,vt ,AT
t ,A

N
t ,µt} and Θ is their steady state level. The AR(1) process

is

ln(
Θt

Θ
) = ρ

Θ ln(
Θt−1

Θ
)+ ε

Θ
t ;ε

Θ
t ˜N(0,σ2

Θ) (3.29)
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3.4 Quantitative result: case of Mexico

3.4.1 Calibration and estimation strategy

Calibration Our interest is on shocks and frictions that may affect the business

cycle movement. For preference and production parameters, we either use the

common value in literature or calibrate to match moments in data. Summary of

calibrated parameters for Mexican economy is in Table 3. Since our benchmark

estimation uses quarterly Mexican data, our choices of parameters follow Aguiar

and Gopinath (2007) closely. Namely, the discount factor β is 0.98. Labor income

share αT = αN = 0.68. Capital depreciation rates for tradable and nontradable

is δ = 0.05. Our parameters governing GHH preference are from Garcia-Cicco,

Pancrazi and Uribe (2010). τ is calibrated to be 1.6 so that labor supply elasticity

is 1/(τ−1) = 1.7. The curvature of period utility γ = 2. We let Λ = 2.2 such that

household allocates about 35% time for working in steady state. g is the steady

state growth rate and we use it to calibrate the average output growth rate in data,

which is around 0.64%. We also match two key moments in data: The first one is

the average trade balance to GDP ratio, which is around 2% in data. The second

one is the average level of logarithm of real effective exchange rate in data, which

is 1.6%.

Prior Let G(a,b) and B(a,b) denote for Gamma and Beta distribution with

a being mean and b being standard deviation. First part of estimated structural

parameters is the shock persistence and standard deviation: Λ = {ρ j,σ j}, j ∈
{g,AT ,AN ,η ,µ}. Same as in Seoane (2016), prior distribution for shock per-

sistence is B(0.7,0.1). The output volatility of our sample is 1.36% and con-

sumption volatility is 1.7%, so we choose prior distributions for volatility to be

G(0.015,0.01). We assume no home bias in prior. The prior distribution for ω

is Beta distribution with mean equal to 0.5 and standard deviation equal to 0.1.

Literature in estimating the elasticity of substitution between tradables and non-

tradables κ such as Akinci (2011) finds that the value is around 0.5. A distribution

B(0.5,0.1) is assumed to be the prior for κ . ϖN and ϖT capture working capi-

tal constraint and Both Chang and Fernandez (2013) and Seoane (2016) find that
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these value is around 0.75. We assume their priors are B(0.75,0.1). Regarding

the capital adjustment cost, Uribe and Schmitt-Grohe (2016)5 find that the capi-

tal adjustment cost for nontradable sector and export sector in Mexico is 0.6 and

1.01 separately. Our estimation follows these value. Mean of priors of capital

adjustment cost is one and the distribution is G(1,0.5). In the same exercise, they

also report the debt elasticity of the interest rate ψ , which is 0.24 for Mexico. We

assume the prior is B(0.1,0.05).

Data The data is from 1994Q1 to 2012Q4. Available data are output, con-

sumption, investment, trade balance, real effective exchange rate and real interest

rate. To address the difference between theoretical variables and variables in data,

we define real exchange rate as the ratio of domestic consumer price index to con-

sumer price index in rest of world REERt =
pc

t
P∗t
, where p∗t = 1. An increase in RER

means a real appreciation of domestic currency and loss of international compet-

itiveness. The real GDP measured in constant price in data and corresponding

measurement in model is GDPt =
Y T

t +pN
t Y N

t
pc

t
. The trade balance to GDP ratio is

tbyt =
T Bt

pc
t GDPt

. Investment data is the aggregation of both sector’s and the model

counterpart is It =
(IT

t +IN
t )

pc
t

. The consumption and real interest rate are consistent

between model and data.

Posterior The posterior distributions of estimations are reported in Table 4.

Distributions are characterized by median, 5% and 95% confidence interval. The

distributions are simulated by Metropolis-Hasting algorithm with two million draws.

We target a 25% acceptance rate.

For the benchmark model, the posterior medians of capital adjustment costs

both deviate from their prior mean. The median of external debt elasticity is simi-

lar with the value in Seoane (2016). This value implies that 1% international debt

change raises the domestic interest rate by 0.09%. We also find that ω is around

0.14, meaning that the weight on tradable goods is relatively small. Besides, all

shock processes are highly persistent. Stationary technology shock in tradable

sector is much larger than stationary technology shock in nontradable sector. Me-

dian of measurement errors of consumption, investment and trade balance to GDP

5In their table 8.3.
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ratio are around 1/3 of their standard deviations. We also report the log likelihood

and log marginal likelihood as statistics to judge the model performance.

3.4.2 Model performance

Table 5 documents the theoretical moments using the posterior medians of esti-

mated parameters and their empirical moments. The model can match the standard

deviation of investment and trade balance to GDP ratio, but fails to generate ex-

cess volatility of consumption. This is because the predicted output is too volatile.

Variance decomposition in Table 6 reveals that the stationary technology shock in

nontradable sector accounts for around 50% of output’s fluctuation and this shock

also explains around 24% of consumption variance. In effect, if we shut down

the standard deviation of stationary technology shock in nontradable sector, the

standard deviation of output is equal to 1.461% and the standard deviation of

consumption is 1.462%. Illustrated by Figure 2, temporary technology shocks

have larger impact on the output than on household’s consumption. Households

smooth their consumption and the consumption volatility implied by these tem-

porary technology shocks is smaller than the volatility of output. Similar with the

literature, we can match the auto-correlation of consumption and output qualita-

tively but not quantitatively. The model fails to match first order autocorrelation

of investment both qualitatively and quantitatively.

Real exchange rate Similar in Seoane (2016), our benchmark model gener-

ates RER persistence. However, it underestimates the RER volatility, both abso-

lutely and relatively to GDP. In addition, the model generates positive comove-

ment between real exchange rate and output, as well as positive comovement be-

tween real exchange rate and consumption. Variance decomposition indicates

that most of relative price fluctuation is driven by stationary technology shock in

both sectors. The IRF in Figure 2 and Figure3 plot RER’s response to stationary

technology shocks. When there is positive and temporary productivity shock in

tradable sector, the relative price of nontradable goes up so as to clear the market

of tradable goods. The real exchange rate appreciates and comoves positively with

output and consumption. A positive and temporary productivity shock in nontrad-
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able sector will generate negative comovement of real exchange rate and output.

Besides, the low value of expenditure share on tradable goods ω, whose median

is 0.14, is important for exchange rate volatility. When we choose ω = 0.5, stan-

dard deviation of RER is around 5.25 And the magnitude of RER’s response to

stationary technology shock AT is only half as large as the ones documented in

Figure 2.

Real interest rate The model-generated coefficient between real exchange

rate and output is 0.10 while its empirical counterpart is -0.17. The model-

predicted correlation between consumption and real interest rate is 0.04 but the

coefficient is -0.24 in data. Finally, the negative correlation between real exchange

rate and real interest rate is matched qualitatively but not quantitatively. The ob-

served correlation is -0.51 in data while the model generated correlation around

-0.23.

We plot the impulse response to one standard deviation (0.484%) of perma-

nent technology shock in Figure 4. A positive trend shock stimulates domestic

output growth rate by 0.4% initially. Households expect higher future income and

consume more than current production. This permanent income hypothesis ex-

plains the initial 1% increase in consumption growth rate. The excess response of

consumption results in growing of external debt and consequently positive shift of

borrowing cost. The real interest rate increase by 0.01% initially. In sum, the trend

shock generates sizable and positive comovement between output and real interest

rate. The variance decomposition indicates that trend shock explains around 42%

of output and 32% of real interest rate. In effect, when we assume zero standard

deviation of the trend shock, the comovement between real exchange rate and real

interest rate is -0.039. This counterfactual exercise indicates that trend shock is

responsible for positive comovement of real interest rate and output growth rate.

What’s left is why the country premium shock play no role in driving eco-

nomic fundamentals. Figure 5 plots the economy’s response to one percentage

country premium shock. In this economy, a positive country risk premium shock

µt raises the country borrowing cost. Initially, the incentive to save abroad dom-

inates and output in tradable sector goes up for a short period. In the following
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period, Given the higher borrowing cost, firms decrease their inputs because it’s

costlier to finance working capital. Meanwhile, households reduce their current

consumption so as to save abroad. The mix effect of real interest rate on output

is not consistent with data and it’s not surprising that the model does not relies on

country premium shock to drive the output fluctuation.

4 The imperfect substitution model

Our exercise so far finds that standard two-sector model fails to generate the coun-

tercyclical interest rate. The reason is because the data puts weight on trend shock

to explain both output fluctuation and real interest rate dynamics when we use

the standard model in estimation. Meanwhile, real exchange rate is fully captured

by stationary technology shock in tradable sector. Therefore, the standard model

underestimates the correlation between real interest rate and real exchange rate.

A strong assumption of this standard model is that the real exchange rate fluctu-

ation is due to changes in the relative price of nontradable goods. In fact, there

is a debate on driving force behind real exchange rate movements. Evidences

are Burstein, Eichenbuam and Rebelo (2005) and Mendoza (2005) find empirical

evidence to prefer the change of price in nontradable goods as the main driving

force behind real exchange rate dynamics. Another wisdom (Engel, 1999; Betts

and Kehoe, 2006) finds that deviation from the law of one price for tradable goods

captures a large fraction of real exchange rate fluctuation. Our second exercise is

inspired by the fact that real exchange rate may not be merely driven by relative

price of nontradable good. Our motivation here is not to provide variance analysis

on which prices matter on real exchange rate dynamics but to release our strong

assumption in benchmark model and to provide another potential driving force

of real exchange rate dynamics. In other word, we provide more freedom when

estimation searches parameters and shocks to match data.
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4.1 The imperfect substitution model

The economy is similar as previous one. We denote the domestic produced good

with superscript {H} and imported good with {F}. Supply side is same as previ-

ous one. We assume the imported good is the numeraire goods. To save words,

we use ”the imperfect substitution model” to represent the model with imperfect

substitution between home and foreign tradables in coming section.

4.1.1 Tradable consumption goods

Domestic tradable goods CH
t and foreign produced tradable goods CF

t are imper-

fect substituted with each other. Inputs are aggregated in in CES form to get

composite tradable goods CT
t . θ is the elasticity of substitutions between trade-

able and ξ is the share on domestic tradable goods. Our benchmark model is a

special case of this CES aggregator where we force θ −→ ∞.

CT
t = [ξ

1
θ (CH

t )
θ−1

θ +(1−ξ )
1
θ (CF

t )
θ−1

θ ]
θ

θ−1 (4.30)

The demands of domestic tradable and foreign tradable are:

CH
t = ξ (

pH
t

pT
t
)−θCT

t (4.31)

CF
t = (1−ξ )(

pF
t

pT
t
)−θCT

t (4.32)

The tradable goods’ price index:

pT
t = [ξ (pH

t )
1−θ +(1−ξ )(pF

t )
1−θ ]

1
1−θ (4.33)

4.1.2 Exports

Domestic tradable good producer exports its product to the rest of world. In small

open economy framework, the fraction of export is so small that the world price

index is not affected by domestic goods. That is, the world price index is equal to

the imported good price index. Foreign households have the same trade elasticity
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θ as domestic households. World consumption c∗t is assumed to follow AR(1)

process. World demand on domestic good C∗H,t is specified as following:

C∗H,t = (1−ξ
∗)(pH,t)

−θC∗t (4.34)

The trade balance is

T Bt = (1−ξ
∗)p1−θ

H,t C∗t −CF
t (4.35)

4.2 Estimation of imperfect substitution model: case of Mexico

4.2.1 Model performance

Posterior Most parameters are same as in previous model. The prior of share

on domestic tradable goods ξ is B(0.5,0.1) while the prior of elasticity between

domestic tradables and imported goods is G(2,0.5). Other estimation strategies

are same as previous exercises. The posterior distributions are reported in Table

4. Both log posterior and log marginal likelihood reveal that model with imper-

fect substitution between home and foreign traded goods are preferred by data.

Measurement errors of all variables are slightly smaller compared with estimation

on model with homogeneous tradable goods. The measurement errors of output,

real interest rate and real exchange rate will hit zero bound if they are allowed in

estimation. Posterior median of domestic interest rate’ sensitivity to fundamentals

ψ is 0.013 while the corresponding value in previous estimation is 0.09. We em-

phasize that the posterior median of standard deviation of trend shock is 0.0027,

compared with 0.005 in benchmark model. The posterior medians of standard

deviation of country premium shock are identical in both benchmark model and

model with imperfect substitution.

Variance decomposition Before discussing the model generated moments,

we highlight the importance of various shocks, which is documented in Table 6.

A noticeable change is that the stationary technology shock in both tradable sec-

tor and nontradable sector is no longer important. More interestingly, we find that

both permanent technology shock and country premium shock play both nontriv-

ial roles in understanding most variables’ variations. Concretely speaking, the
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share of permanent technology shock to capture output variation is 59%. This

shock also explains nearly 67% of consumption variation and 65% of RER move-

ment. The country premium shock drives the real interest rate dynamics while it

only accounts for 60% of real interest rate variance in our benchmark exercise.

Meanwhile, this premium shock captures around 30% of output fluctuation and

34% of real exchange rate movement.

Business cycle moments The simulated moments based on posterior median

of parameters are reported in Table 5. Given the differences of shocks’ impor-

tance, our imperfect substitution model performs better in three dimensions. First,

regarding the standard deviations, our modified model is capable to generate the

excess volatility of consumption qualitatively. Output’s standard deviation and

consumption’s standard deviation are closer to their empirical counterparts com-

pared with results in previous exercise. Second, this modified model generates

qualitatively negative comovement between real interest rate and output, which

is -0.06 in our theoretical model and it’s -0.17 in data. The negative correlation

between real interest rate and consumption is also matched qualitatively. Thirdly,

this modified model improves comovement between real interest rate and real ex-

change rate as well. In this model, the coefficient is -0.45 and it’s -0.51 in data.

Another minor change is the correlation between RER and trade balance to GDP

ratio. Previously the model let RER purely driven by stationary technology shock

and its comovement with trade balance is underestimated. In this modified model,

the driving forces of RER and tby are pretty similar and the coefficient of their

correlation is -0.85, compared with -0.58 in data.

Role of trade elasticity To understand why data prefer trend shock and coun-

try premium shock when we distinguish home tradables from foreign tradables,

it’s helpful to check the shocks’ impulse response function in this imperfect sub-

stitution model. Different from benchmark economy, the economy’s response to

a standard deviation of positive trend shock is much larger. First, domestic output

growth rate increases by 0.8% initially, a size twice larger than one in benchmark

model. The impact of trend shock on investment is also twice larger. A more

impressive result is the response of real exchange rate, which is more than 3.9%
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initially. When there is one percentage change in country premium shock, re-

sponse of output is definitely negative. The initial drop of output is more than

0.8% while the drop in consumption is nearly 1%. Additionally, the relative price

drop more than 4%.

We argue that the significant change of relative price is due to the estimated

low elasticity of substitution between domestic tradables and foreign tradables.

Note that the posterior median of θ approaches unit. The increasing domestic

saving rate stimulate households to save abroad and generate positive net trade

balance. Given that the trade elasticity is near one, price changes will hardly

change export value. The positive trade balance in (4.35) comes from decreases

of import goods. Consequently, the domestic tradable goods price decreases so

as to substitute the imported consumption. Meanwhile, tradables goods and non-

tradables goods are complementary given that κ is less than unit. The decrease of

tradable goods price generates a large drop in nontradable goods price. In Figure

5, we show a clear pattern on the response of real exchange rate by setting various

value for θ . The response of RER become smaller as the elasticity of substitution

becomes larger.

4.3 Model without working capital constraint

Given that the country premium shock is important in this model, it’s worthy to

check the channel. We first argue that our result does not reply on our specifying

of working capital constraint. The exercise is conducted by forcing ϖ j = 0. The

results are reported in Table 4. The estimated parameters and shock processes

do not deviate from the ones with working capital constraint. Business cycle

moments and variance decomposition are similar as well. Variance decomposi-

tion based on this model still allocates a significant role of country risk premium

shock, indicating that the interest rate’s impact on real economy works through

household’s intertemporal choice, or the demand side, but not through firms’ pro-

duction decision, or the supply side. The country premium shock is more like a

demand shock to household in this model.
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5 The collateral constraint model

Our previous exercise indicates that the country premium shock is nontrivial and

this shock works through household’s demand change but not through the working

capital constraint. A recent research by Fernandez and Gulan (2015) find there is

a spread between the Corporate EMBI and sovereign EMBI. This extension is in-

spired by this finding and try to model the difference between households’ saving

interest rate and firms’ borrowing cost. We borrow the collateral constraint spec-

ification in Liu, Wang and Zha (2013). That is, firms’ borrowing is constrained

by the collateral value. To keep the model consistent with previous discussion,

we assume only the capital stock can be used as collateral and no other collat-

eral goods is introduced. This collateral generates the wedge between the firms’

borrowing cost and household’s saving interest rate. The specification of demand

side is identical to previous sections.

6 Entrepreneur

There are two sector j = {H,N}. We assume that the entrepreneur’s objective

function is

E ∑
t=0

β
e,t

{
(C j

et)
1−γ

1− γ

}
(6.36)

Production is

Y j
t = A j

t [K
j

t ]
1−α j

(XtL
j
t )

α j
(6.37)

Y j
t is the output, K j

t ,L
j
t denote the input capital and labor. φ j governs capital

adjustment cost in sector j. The capital motions are

K j
t+1 = (1−δ )K j

t + I j
t −

φ j

2
(
K j

t+1

K j
t
−g)2K j

t (6.38)

The collateral constraint

D f , j
t+1 ≤ θ

j
t Et [q

j
k,t+1K j

t ] (6.39)
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q j
k,t+1 is the shadow price of capital in consumption units. Suppose the firm need

MB j
t to pay the wage. The working capital constraint is

MB j
t ≥ ϖ

jwtL
j
t (6.40)

The entrepreneur need to buy tradable goods as investment goods. The entrepreneur’s

profit is

p j
t C

j
et = p j

t Y
j

t − pH
t I j

t −wtL
j
t +

D f , j
t+1

1+ rt
−D f , j

t − (MB j
t −MB j

t−1) (6.41)

Let λ
e j
t X−γ

t−1,µ
j

ktλ
e j
t X−γ

t−1,µ
j

btλ
e j
t X−γ

t−1,µ
j

ctλ
e j
t X−γ

t−1 be the multiplier for flow of funds

constraint (6.41), capital accumulation (6.38), collateral constraint (6.39) and work-

ing capital constraint (6.40) . Immediately, we have q j
k,t = µ

j
kt according to the

definition. FOCs on C j
et ,L

j
t , I

j
t ,K

j
t ,D

f , j
t+1,MB j

t are

(C j
et)
−γ = λ

e j
t X−γ

t−1 p j
t (6.42)

wt(1+µ
j

ctϖ
j) = α

j p j
t Y

j
t

L j
t

(6.43)

pH
t = µ

j
kt (6.44)

µ
j

ktλ
e j
t

[
1+φ

j(
K j

t+1

K j
t
−g)

]
−λ

e j
t µ

j
btθ

j
t Et µ

j
kt+1 (6.45)

= β
eEtλ

e j
t+1g−γ

t

 (1−α j)
Y j

t+1 p j
t+1

K j
t+1

+µ
j

kt+1

(
(1−δ )− φ j

2 (
K j

t+2

K j
t+1
−g)2 +φ j(

K j
t+2

K j
t+1
−g)

K j
t+2

K j
t+1

)


1
1+ rt

= β
eEt

[
λ

e j
t+1

λ
e j
t

g−γ

t

]
+µ

j
bt (6.46)

λ
e j
t (1−µ

j
ct) = β

eEt

[
λ

e j
t+1g−γ

t

]
(6.47)

Rearrange the term, we have

(1−µ
j

ct)+µ
j

bt =
1

1+ rt
(6.48)

µ
j

ct =
rt

1+ rt
+µ

j
bt (6.49)

Compare with standard model without collateral constraint, we find that the wedge

contents another term µ
j

bt which is the marginal value of collateral.
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6.1 Equilibrium

The bank balance sheet

Dh
t+1 +D f ,H

t+1 +D f ,N
t+1

1+ rt
=

D̃t+1

1+ rt
+MBT

t +MBN
t (6.50)

Bank’s profit

Π = Dh
t +D f ,T

t +D f ,N
t − D̃t−MBH

t−1−MBN
t−1 (6.51)

D̃t is the international debt position of the whole country. Besides the optimal

behaviors of households and firms, the equilibrium requires market clearing con-

ditions listed below and the specification of shock processes.

lt = lN
t + lH

t (6.52)

Y N
t = CN

t (6.53)

Y H
t = CH

t +C∗,Ht + IH
t + IH

t (6.54)

6.2 Estimation and model performance

On the parameter calibration, we let β e = 0.96 so that the entrepreneur is less

patient than the household and the credit constraint is binding. The new param-

eters are θ T and θ N , which govern the fraction of capital stock that can be used

as collateral value in steady state. Liu, Wang and Zha (2013) find this value is

0.75 in U.S. We specify the mean of prior distribution as 0.5, since Mexico is

less financial-developed and land is not considered. The collateral shocks pro-

cesses are also specified. To check the role of collateral constraint, we also es-

timate a model without working capital constraint. The estimated posteriors are

documented in Table 7. The log posterior indicates that the collateral constraint

model performs better compared with the imperfect substitution model, while the

log marginal density provides the inverse prediction. This symptom is also dis-

cussed in Chang and Fernandez (2013). They conclude that marginal likelihood

comparisons are known to favor models with few parameters. Thereby, the mix

information provided by log posterior and log marginal density is inconclusive.
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However, the data significantly prefer collateral constraint model with working

capital constraint to the model without working capital constraint.

The simulated business cycle model is documented in Table 8. Interestingly,

our collateral constraint model matches the empirical counterpart pretty well in

all dimensions. The aggregate output volatility is 1.42, reasonably close to the

one in data. The consumption volatility is 1.69, which exceeds the output volatil-

ity and is also close to the empirical one. Besides, real exchange rate volatility

is matched as well. The model can also generate the countercyclical interest rate

quantitatively. Compared with the imperfect substitution model, this model with

collateral constraint also generate reasonable first order correlations of all vari-

ables. The variance decomposition in Table 9 indicates that the country premium

shock play a dominant role in driving fluctuations of all variables.

7 Robustness

7.1 Financial friction model in Neumeyer and Perri (2005)

In this robustness check, we consider the possible endogenous response of domes-

tic interest rate to productivity shocks, as inspired by Neumeyer and Perri (2005,

hereafter NP).

1+ rt = r∗+ψ[exp(
D̃t+1

Xt
−d)]+µt (7.55)

+ψ̃(gt−g)+ ψ̃(AT
t −AT,ss)+ ψ̃(AN

t −AN,ss)

ψ̃ captures the interest rate’s elasticity to productivity shocks. The prior for

the elasticity of interest rate to productivity shocks is identical to the prior for the

elasticity of interest rate to external debt.

The estimation results are documented in Table 10. Simulated business cycle

moments and variance decomposition are documented in Table 11 and Table 12.

The estimation result of benchmark NP model is similar except some parameters
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governing the real interest rate and country premium shocks. For instance, the me-

dian of external debt elasticity is 0.044, half of the value in benchmark estimation.

This is because real interest rate dynamics can be driven by the productivity shock

in the NP model, as the estimation of the median of productivity shock elasticity

is 0.042. This feature also results in the smaller estimated standard deviation of

country premium shock. In the benchmark model, the median is 0.34% while the

median is 0.23% in the NP model.

As in Chang and Fernandez (2013), we also find that introducing endoge-

nous response of country spread to productivity shock help to improve the model

performance relative to the benchmark model. In Table 5, we find that our bench-

mark NP model can generate relative excess consumption volatility. Besides, the

real interest rate is countercyclical as this rate responds negatively to productivity

shocks. It also does well in generating the negative correlation between RER and

real interest rates. 6

However, compared to the collateral constraint model , this model main prob-

lem is that it overestimate the output volatility (50 percent) and underestimate the

RER volatility, both in absolute magnitude and relative to output. This suggest

the interaction of pecuniary effect of relative price changes and the financial fric-

tion is important in matching the RER volatility observed in the data. Besides,

our collateral constraint model does better in matching the cyclical behavior of

real interest rate and matching the autocorrelations of output and consumption.

Finally, we also consider the collateral constraint model with NP friction, and find

that the model generates too volatile output, implying that collateral constraint

model without NP friction is enough to match the data.

6The imperfect substitution model with NP is also estimated. We find that introducing interest

rate’s endogenous response to productivity shock does not help to improve the imperfect substitu-

tion model’s performance in matching business cycle moments. The imperfect substitution +NP

model can generate excess volatility of consumption and real exchange rate. The countercyclical

interest rate is also captured. But still the output volatility is too big compared to the data.
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8 Conclusion

In this paper, we revisit the debate on the source of emerging market business

cycle fluctuation. We first confirm the countercyclical behavior of real interest

rate and the procyclical behavior of real effective exchange rate. More surpris-

ingly, we document the negative comovement between real interest rate and real

exchange rate. Motivated by these empirical finding, we build a two-sector model

and include both real interest rate and real exchange rate in estimation. We find

that a standard two-sector model with homogenous tradable goods fails to match

both countercyclical real interest rate and underestimates the negative correlation

between these two rates. This symptom is due to trivial role of country premium

shock in explaining the output’s fluctuation. In the modified model, we release

the homogenous tradable goods assumption and allow imperfect substitution be-

tween tradable goods, aiming at providing freedom to match real exchange rate

when doing estimation. The estimation still put an important role of trend shock

in capturing the output and consumption dynamics. Yet, the role of country pre-

mium shock is much more important compared with the estimation on benchmark

model. This change enables the model to generate countercyclical real interest

rate behavior. Meanwhile, the negative comovement between real exchange rate

and real interest rate is matched. We find that the country premium shock works

through demand side in the imperfect substitution model. In a model with collat-

eral constraint, the role of country premium shock is enhanced. In other word, we

propose an alternative mechanism that interest rate shock affects real economy,

which is through the collateral constraint. The simulated moments based on the

collateral constraint model is better in all dimensions.
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9 Appendix

9.1 Data

This subsection provides data details for our empirical motivation. Choice of

emerging markets is subject to data availability. A detailed data source and period

are documented in Table 1 in Chen (2015).

National account Quarterly national account data, including real Gross Do-

mestic Product (Y ), consumption (C), gross fixed capital formation (I), import

and export of goods and services, are measured in local currency. For developed

countries, all national account variables are available in chain-linked volumes.

Observations of Brazil, Israel and Korea are from OECD measured in chain-linked

volumes. Data of South Africa and Mexico are also from OECD but measured in

constant prices. Other emerging countries data are from IMF international finan-

cial statistics (IFS) in nominal term. For raw data in nominal prices, we get the

real variables by dividing the GDP deflator.

Real exchange rate CPI based real effective exchange rate (REER) is used

to represent the real exchange rate. According to definition of IMF, REER is the

nominal effective exchange rate (a measure of the value of a currency against

a weighted average of several foreign currencies) divided by a price deflator or

index of costs. Since we study small open economy, real effective exchange rate

is a proper measurement of international price between home and rest of world.

Quarterly REER data from IFS are preferred if available. Otherwise, we use data

from Bank for International Settlements (BIS). Since BIS only reports the monthly

data, we simply regard the value of last month for each quarter as the quarterly

value. All national account and real exchange rate data are seasonal adjusted by

using Census x12 method if necessary.

Interest rate7 All interest rate data are directly borrowed from Uribe and

Schmitt-Grohe (2016). Real interest rate is the sum of country spread (measured

by J.P. Morgan’s EMBI stripped spread) and US real interest rate (measured by

7data is available at http://www.columbia.edu/˜mu2166/book/irs/
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3 month T-bill rate minus US GDP inflation). All series are logged to eliminate

scale effect and annualized. Note that due to data availability, we do not present

comovements regarding real interest rate for Israel, Indonesia and Philippines.
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1.2 Figures and tables

Figure 1: Real interest rate and real exchange rate in emerging markets.
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Figure 1 (Cont.): Real interest rate and real exchange rate in emerging markets.
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Table 3: Parameters for benchmark model

Value Meaning Source

β = 0.98 quarterly discount factor AG,2007

γ = 2 curvature of period utility function AG,2007

Λ = 2.2 parameter to ensure the allocation of labor in steady state calibrated

τ = 1.6 1/(τ −1) is the labor supply elasticity GPU,2010

αT = αN = 0.68 labor income share AG,2007

δ T,ss = δ N,ss = 0.05 capital depreciation rate AG,2007

lnRER = 0.016 steady state level of real effective exchange rate calibrated

tby = 0.02 steady state level of trade balance to GDP ratio calibrated
AG denotes Aguiar and Gopinath (2007); GPU donotes Garcia-Cicco, Pancrazi and Uribe

(2010)
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Table 5: Model business cycle moment: Mexico

gY gC gI tby RER R

Standard Deviations:

benchmark model 2.01 1.92 4.46 2.43 8.58 0.92

imperfect substitutoin model 1.94 1.95 5.05 2.88 20.42 1.25

imperfect substitutoin model without wc 1.889 1.894 4.92 2.91 20.53 1.26

data 1.36 1.70 4.19 2.99 12.09 0.98

Correlation with gY :

benchmark model 0.84 0.66 -0.08 0.26 0.10
imperfect substitutoin model 0.96 0.87 -0.25 0.33 -0.06

imperfect substitutoin model without wc 0.96 0.85 -0.24 0.32 -0.05
data 0.87 0.83 0.02 0.20 -0.17

Correlation with gC:

benchmark model 0.70 -0.22 0.27 0.04
imperfect substitutoin model 0.85 -0.26 0.34 -0.07

imperfect substitutoin model without wc 0.83 -0.25 0.33 -0.05
data 0.80 -0.04 0.33 -0.24

Correlation with RER

benchmark model -0.13 -0.23
imperfect substitutoin model -0.85 -0.45

imperfect substitutoin model without wc -0.85 -0.47
data -0.58 -0.51

First Order Autocorr.:

benchmark model 0.12 0.12 -0.01 0.88 0.91 0.94

imperfect substitutoin model 0.08 0.08 -0.04 0.95 0.95 0.96

imperfect substitutoin model without wc 0.09 0.09 -0.04 0.96 0.95 0.96

data 0.46 0.35 0.36 0.95 0.86 0.95
we use posterior median as parameters value so as to get moments simulated by models.
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Table 6: Variance decomposition: imperfect substitutoin models

benchmark model

AH AN v g CS µ

gY 1.38 50.03 0.03 42.12 6.04

gC 0.34 24.00 0.07 53.83 21.42

gI 0.24 5.18 0.08 7.63 86.90

tby 0.09 0.14 0.03 20.32 79.40

RER 17.35 47.79 0.14 15.02 17.36

R 0.22 0.38 0.07 32.56 66.54

imperfect substitutoin model

AH AN v g CS µ

gY 1.14 8.67 0.01 59.36 0.01 30.31

gC 0.14 4.02 0.10 67.31 0.01 28.05

gI 2.02 3.88 0.25 32.09 0.02 61.53

tby 0.01 0.01 0.00 66.29 0.04 33.66

RER 0.03 0.31 0.00 65.66 0.07 33.80

R 0.00 0.00 0.00 9.84 0.01 90.16

imperfect substitutoin model without wc

AH AN g v µ

gY 1.11 8.13 0.00 67.46 0.02 22.49

gC 0.15 3.86 0.09 75.38 0.01 20.25

gI 2.00 3.59 0.22 36.89 0.02 57.05

tby 0.01 0.01 0.00 70.67 0.04 29.25

RER 0.03 0.31 0.00 68.16 0.08 31.39

R 0.00 0.00 0.00 10.68 0.01 89.31
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Table 8: Collateral constraint model business cycle moment: Mexico

gY gC gI tby RER R

Standard Deviations:

collateral constraint model 1.42 1.69 3.64 2.78 13.78 1.32

collateral constraint model without wc 1.69 1.72 8.00 2.69 15.54 1.42

data 1.36 1.70 4.19 2.99 12.09 0.98

Correlation with gY :

collateral constraint model 0.90 0.81 -0.23 0.34 -0.11
collateral constraint model without wc 0.88 0.81 -0.17 0.21 -0.04

data 0.87 0.83 0.02 0.20 -0.17
Correlation with gC:

collateral constraint model 0.78 -0.25 0.37 -0.11
collateral constraint model without wc 0.64 -0.24 0.29 -0.07

data 0.80 -0.04 0.33 -0.24
Correlation with RER

collateral constraint model -0.87 -0.49
collateral constraint model without wc -0.91 -0.53

data -0.58 -0.51
First Order Autocorr.:

collateral constraint model 0.18 0.15 0.08 0.95 0.90 0.97

collateral constraint model without wc -0.17 -0.01 -0.45 0.91 0.89 0.97

data 0.46 0.35 0.36 0.95 0.86 0.95
we use posterior median as parameters value so as to get moments simulated by models.
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Table 9: Variance decomposition: collateral constraint models

collateral constraint model

AH AN v g CS µ θ H θ N

gY 0.38 26.79 0.01 24.74 0.23 46.63 0.17 0.62

gC 0.29 9.42 0.04 17.69 0.06 71.54 0.10 0.30

gI 1.75 9.26 0.02 9.32 0.01 78.70 0.47 0.45

tby 0.03 0.04 0.07 1.22 0.05 98.53 0.01 0.00

RER 0.04 1.18 0.05 3.59 0.12 94.83 0.04 0.00

R 0.00 0.00 0.00 0.01 0.00 99.98 0.00 0.00

collateral constraint model without wc

AH AN v g CS µ θ H θ N

gY 0.55 17.75 0.04 27.18 0.24 52.84 0.05 0.08

gC 0.08 10.26 0.06 25.78 0.04 62.97 0.00 0.00

gI 0.19 0.95 0.06 5.81 0.24 92.07 0.16 0.32

tby 0.03 0.05 0.04 1.77 0.04 98.01 0.00 0.00

RER 0.01 0.64 0.04 3.85 0.19 95.12 0.00 0.01

R 0.00 0.00 0.00 0.02 0.00 99.97 0.00 0.00
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Table 11: Robustness check: Business moments for model with Neumeyer and Perri (2005)

friction

gY gC gI tby RER R

Standard Deviations:

benchmark model with NP 2.09 2.12 5.12 2.68 10.74 0.95

imperfect substitution model with NP 1.95 1.98 5.05 2.99 20.67 1.22

collateral constraint modell with NP 1.90 2.13 4.33 3.28 18.58 1.35

data 1.36 1.70 4.19 2.99 12.09 0.98

Correlation with gY :

benchmark model with NP 0.87 0.77 -0.23 0.30 -0.06
imperfect substitution model with NP 0.95 0.87 -0.24 0.33 -0.08
collateral constraint model with NP 0.94 0.86 -0.61 0.68 -0.39

data 0.87 0.83 0.02 0.20 -0.17
Correlation with gC:

benchmark model with NP 0.70 -0.31 0.28 -0.08
imperfect substitution modell with NP 0.86 -0.25 0.34 -0.09
collateral constraint modell with NP 0.86 -0.55 0.62 -0.35

data 0.80 -0.04 0.33 -0.24
Correlation with RER

benchmark model with NP -0.22 -0.51
imperfect substitution model with NP -0.86 -0.49
collateral constraint model with NP -0.93 -0.49

data -0.58 -0.51
First Order Autocorr.:

benchmark model with NP 0.16 0.13 -0.03 0.89 0.88 0.94

imperfect substitution model with NP 0.09 0.08 -0.04 0.95 0.95 0.96

collateral constraint model with NP 0.51 0.41 0.38 0.96 0.94 0.97

data 0.46 0.35 0.36 0.95 0.86 0.95
we use posterior median as parameters value so as to get moments simulated by models.

20



Table 12: Robustness check: Variance decomposition for model with Neumeyer and Perri

(2005) friction

benchmark NP model

AH AN v g CS µ θ H θ N

gY 0.79 45.93 0.07 41.82 10.01

gC 0.25 24.46 0.11 52.17 22.37

gI 0.32 5.63 8.60 0.06 85.39

tby 0.04 0.20 0.02 21.93 77.85

RER 10.48 46.29 0.14 18.32 21.37

R 0.27 0.50 0.02 26.56 72.56

imperfect substitutoin model with NP

AH AN v g CS µ θ H θ N

gY 1.05 7.95 0.01 64.56 0.01 25.51

gC 0.14 3.62 0.09 72.50 0.01 23.37

gI 1.86 3.62 0.23 39.32 0.01 54.71

tby 0.01 0.01 0.00 75.82 0.03 24.12

RER 0.03 0.28 0.00 73.77 0.06 25.75

R 0.00 0.00 0.00 12.39 0.01 87.60

collateral constraint model with NP

AH AN v g CS µ θ H θ N

gY 0.38 26.79 0.01 24.74 0.23 46.63 0.17 0.62

gC 0.29 9.42 0.04 17.69 0.06 71.54 0.10 0.30

gI 1.75 9.26 0.02 9.32 0.01 78.70 0.47 0.45

tby 0.03 0.04 0.07 1.22 0.05 98.53 0.01 0.00

RER 0.04 1.18 0.05 3.59 0.12 94.83 0.04 0.00

R 0.00 0.00 0.00 0.01 0.00 99.98 0.00 0.00
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