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Abstract

A small open emerging-economy model is extended with a household sector financial
constraint to investigate business cycle implications of a rise in household access and
use of financial services. Estimating the model on Mexican data and consistent
with empirical findings, this paper finds that a rise in household credit market
participation: (1) yields larger aggregate consumption volatility and (2) amplifies
the effects of shocks in the domestic economy, particularly those transmitted through
the interest rate channel. The estimated model also highlights that: (3) the lesser
financial frictions are, the lower is the increase of consumption growth and trade
balance volatility driven by a rise in household credit market participation and
(4) trend productivity shocks become a more relevant source of business cycle
fluctuations. Finally, standard measures of predictive accuracy suggest that the
extended model outperforms the baseline emerging market model.
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Introduction

During the period 1995-2010, emerging countries in Latin America were observing
a significant increase in their middle income class population as poverty rates declined
(Ferreira et al., 2013). This not only increased credit demand but also motivated the
entry of new suppliers in the consumer credit market. According to Obermann (2006)
and Montero and Tarzijan (2010), in countries such as Mexico, Colombia, Chile and
Brazil, new providers from international and national-level retail chains emerged as main
credit suppliers for “new middle class shoppers”. Indeed, many countries in the region
experienced a credit boom in the second half of the 2000s (Hansen and Sulla, 2013).
More importantly, these credit booms -as identified by the authors - were mainly driven
by unsecured credit to households.

Both the increase in the fraction of population that is more likely to have access to
financial services and the increase in unsecured credit supply particularly for lower income
households suggest a rise in household credit market participation.

As a larger fraction of households can freely save and incur in debt to smooth income
fluctuations, aggregate consumption would tend to be less volatile. However, for emerging
economies, the empirical literature has found the opposite result. Greater ability to
borrow and increased access to credit may be associated with either a short term boom in
consumption (Fulford, 2013) or an increase in consumption volatility in emerging markets
- see Basu and Macchiavelli (2015) and Bhattacharya and Paitnaik (2015). In this paper,
I provide further evidence of this phenomenon and illustrate the role of financial frictions
- acting through the interest rate channel - in the relationship between household credit
market participation and business cycle dynamics. The paper contributes to the discussion
by finding that the level of financial access is an additional channel through which the
effect of interest rate fluctuations on business cycles may be amplified in an emerging
economy.

To explicitly derive business cycle implications of rising household credit market
participation and explore the role of financial frictions, a household sector financial
constraint is added in an otherwise standard small open economy. In particular, Chang
and Fernández (2013) model is extended with an exogenous fraction of rule-of-thumb
consumers coexisting with households that are able to smooth income fluctuations. This
model is chosen as baseline since it encompasses two alternative mechanisms typically
used by the literature to explain business cycles in emerging markets: financial frictions
and shocks to the trend. In the extended model, rule of thumb consumers are households
that do not own any assets nor have any liabilities; they just consume their current labor
income. While there may be several interpretations for this behavior, one is their lack of
access to capital markets 1.

1Other interpretations include myopia, fear of saving and ignorance of intertemporal trading
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The model focuses on two types of financial frictions that have proved to be important
when explaining empirical regularities in emerging markets.

The first relates to cyclical changes in access to international credit or in particular, the
volatile and highly countercyclical interest rates that these economies face. This empirical
regularity was documented by Neumeyer and Perri (2005) and Uribe and Yue (2006) and
is usually attributed to countercyclical default risk. Real interest rates in these economies
are sensitive to fluctuations in output as these influence international investors’ perception
of country default risk ; for its microfoundations see, for example, Eaton and Gersovitz
(1981), Arellano (2008) and Mendoza and Yue (2012).

The second financial friction is the working capital constraint introduced due to its
importance in explaining output contractions in emerging countries (Mendoza (2005),
Oviedo (2005), Uribe and Yue (2006) and Chang and Fernández (2013)). The presence of
a working capital constraint introduces a direct supply side effect of changes in the cost of
borrowing in international financial markets. This implies input demand is sensitive to the
real interest rate and adds an indirect effect of the interest rate on consumption growth.
Besides the direct effect proportional to the intertemporal elasticity of substitution,
exogenous shocks moving the real interest rate would have an indirect effect through
employment growth.

I find that estimation of the extended model still favors a high degree of the
aforementioned financial frictions in an emerging economy. In such environment, rising
household credit market participation yields greater consumption growth and trade
balance volatility. In particular, the larger the fraction of households using financial
services in an emerging country, the more amplified are the effects of shocks in the domestic
economy, particularly those transmitted through the interest rate channel. The model also
predicts that lessening financial frictions dampen the increase of consumption growth and
trade balance volatility driven by a rise in household credit market participation.

This paper is related to a growing body of research that uses dynamic general
equilibrium models to account for business cycles in small open emerging economies.
When assessing the role of particular shocks in emerging market business cycles, many
papers have found that financial frictions are significant and have an amplifying effect
through the interest rate channel. Whether the shocks under study were productivity
related (Aguiar and Gopinath (2007),Chang and Fernández (2013)), external financial
shocks (Neumeyer and Perri (2005), Lubik and Teo (2005), Uribe and Yue (2006)),García-
Cicco et al. (2010), Fernández-Villaverde et al. (2011), Akinci (2013)) or commodity
prices (Fernández et al. (2017), Shousha (2016), Drechsel and Tenreyro (2018), Fernandez
et al. (2018)), the domestic real interest rate is a key channel through which the effect
of these shocks are amplified in the economy. Unlike this paper, none of these works

opportunities.
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explicitly model household limited credit market participation. By doing so, this paper,
illustrates an additional channel through which the effect of interest rate fluctuations
on aggregate consumption may be amplified. As byproduct of the main research, the
estimation of the extended model contribute to this literature in three ways. First,
standard measures of predictive accuracy suggest that a model including rule of thumb
consumers outperforms the baseline model. Second, when there is limited credit market
participation by households, trend productivity shocks become a more relevant source of
business cycle fluctuations. Finally, financial frictions acting through the interest rate
channel remain quite significant after the inclusion of rule of thumb consumers in the
model.

This paper also builds on a large literature on two-agent models: rule-of-thumb and
unconstrained households or those with full access to financial markets. The simplistic
two-agent model assumption is chosen not only for its tractability. The important
lesson emerging from this literature is that allowing for simple deviations from the strict
Ricardian behavior helps capturing the aggregate effect of policy shocks (Galí et al. (2004),
Galí et al. (2007), Bilbiie (2008), Bilbiie and Straub (2013), Broer et al. (2019) ) and/or
other sources of fluctuations (see Debortoli and Galí (2017) and references therein).

A growing literature has emerged in recent years that aims at re-examining these
important questions through the lens of richer models with heterogeneous agents and
allowing the presence of occasionally binding borrowing constraints. However, Debortoli
and Galí (2017) show that for the purpose of approximating the effects of aggregate
shocks on aggregate variables or consequences of changes in the environment, a tractable
two-agent model approximates reasonably well the predictions of richer models with
heterogeneous agents. Based on these findings and the purpose of this paper, adopting
the simple two-agent model assumption is an interesting first step to take in the literature
studying business cycles in small open emerging economies. It is left for future research
the exciting task of endogenizing the fraction of households with rule-of-thumb behavior
using a richer model with occasionally binding borrowing constraints. A much richer
model may not only assess more adequately welfare implications but also answer other
interesting questions such as the effect of monetary or fiscal policy on income and wealth
distribution.

The rest of the paper is organized as follows. Section 1 presents empirical evidence
that an increase in indicators of the degree to which the public can access financial services
would tend to amplify the responses of macroeconomic aggregates to a country interest
rate shock in an emerging economy. Motivated by this empirical evidence, Section 2
embeds a household financial constraint in an otherwise standard open economy model
with financial frictions. In Section 3, the extended model is taken to Mexican data
and results regarding posterior distributions of key parameters of interest and model
evaluation are presented. Section 4 illustrates the relationship between rising credit
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market participation and aggregate volatility of key aggregates and explores the role
of financial frictions. In Section 5, I examine whether an increase in household credit
market participation was behind the rise in consumption growth volatility observed in
Mexico during the decade 2005-2014. Section 6 presents robustness checks. Finally,
Section 7 concludes.

1 Empirical analysis

As found by previous literature and described in the introduction, the domestic real
interest rate is a key channel through which the effect of various sources of shocks are
amplified in an emerging economy. Due to the presence of financial frictions affecting the
dynamics of real interest rates and/or magnifying their effect on labor demand, a rise in
household access and use of financial services in emerging countries may amplify the effect
of interest rate fluctuations on key aggregate variables. The goal of the empirical analysis
is to identify exogenous shocks to domestic real interest rates and examine whether the
data is consistent with this conjecture.

The dataset used in this section consists of quarterly data over the period 1996:I to
2017:4, for sixteen emerging countries: Argentina, Brazil, Chile, Colombia, Ecuador,
Egypt, India, Indonesia, Malaysia, Mexico, Peru, Philippines, Southafrica, Thailand,
Turkey and Uruguay. The choice of countries and their corresponding final sample period
is guided by availability of country real interest rates, national accounts and financial
access data. Furthermore, these countries are typically considered as emerging economies
by the small open economy RBC literature and are included in J.P. Morgan’s EMBIG
data set for emerging-country spreads2.

1.1 The empirical model

The empirical model closely follows the model specification in Uribe and Yue (2006):

Ayi,t = γXi,t +
L∑
l=1

Φlyi,t−l + εi,t (1)

where Xi,t is the vector of controls which includes country specific intercepts ηi and other
exogenous controls, L is the number of lags, i denotes countries, t time period and

yi,t =
[

ˆgdpi,t, ˆinvi,t, tbyi,t, R̂
∗
t , R̂i,t

]
εi,t =

[
εgdpit , ε

inv
it , ε

tby
it , ε

R∗
t , εRit

]
2JP Morgan’s Emerging Markets Bond Index Global (EMBIG) tracks total returns for traded external

debt instruments (i.e. foreign currency denominated fixed income) in emerging markets.
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Variable gdp is real gross domestic product, inv is real gross domestic investment,
tby is the trade balance-to-output ratio, R∗ is the real interest rate for the US3 and
R is the country specific gross real interest rate. Data sources are the International
Financial Statistics, OECD and local statistics institutions for certain countries. The
country borrowing rate in international financial markets, R, is measured as the sum of
J.P. Morgan’s EMBIG sovereign spread and the US real interest rate. More details on
the data and variable construction are provided in Appendix.

Output, investment and the trade balance are in constant local currency units and
seasonally adjusted. Following Akinci (2013) and Uribe and Yue (2006), a hat on a gdp
and inv denotes log deviations from their corresponding log-linear trend. A hat on R and
R∗ denotes the log. The trade balance-to output ratio, tby, is expressed in percentage
points.

As it is common in the literature, real interest rate shocks are identified by assuming
that exogenous changes in the interest rate have no contemporaneous effect on any
macroeconomic aggregate, only at lags. The standard recursive identification imposed
on matrix A assumes real domestic shocks contemporaneously affect financial markets.
An additional standard restriction that is imposed when estimating the VAR system is
that R∗ follows a simple univariate AR(1) process. This follows the assumption that
disturbances in a particular (small) emerging country will not affect the real interest rate
of the United States.

Towbin andWeber (2013) approach is adopted and the model allows certain coefficients
in matrix Φl to be deterministically varying coefficients, potentially as function of country
characteristics. Since the main question is whether household access and use of financial
services play a significant role on the impact of real interest rate shocks in aggregate
activity, the recursive Interacted Panel Var considered for estimation takes the following
form:


1 0 0 0 0

a2,10,t 1 0 0 0

a3,10,t a3,20,t 1 0 0

0 0 0 1 0

a5,10,t a5,20,t a5,30,t a5,40,t 1





ˆgdpi,t
ˆinvi,t

tbyi,t
R̂∗
t

R̂i,t

 = γXi,t +
L∑
l=1


φ1,1l,t φ1,2l,t φ1,3l,t φ1,4l,t φ1,5l,i,t
φ2,1l,t φ2,2l,t φ2,3l,t φ2,4l,t φ2,5l,i,t
φ3,1l,t φ3,2l,t φ3,3l,t φ3,4l,t φ3,5l,i,t
0 0 0 φ4,4l,t 0

φ5,1l,t φ5,2l,t φ5,3l,t φ5,4l,t φ5,5l,t





ˆgdpi,t−l
ˆinvi,t−l

tbyi,t−l
R̂∗
t−l

R̂i,t−l

+ εi,t (2)

where all coefficients in Φl matrix that are indexed by i are function of the country’s
measure of household access and use of financial services (ACCESS). In particular,

φj,kl,i,t = θj,kl,1 + θj,kl,2 · ACCESSi,t for j = 1, 2, 3 (3)

The deterministically varying coefficients φ1,5
l,i,t, φ

2,5
l,i,t and φ

3,5
l,i,t correspond to the coefficients

3The real interest rate for the US is constructed as the 3-month gross U.S. Treasury Bill rate (%)
deflated using a measure of the expected U.S. inflation. This measure is the average of annual inflation
of 4 previous quarters (including current).
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pre-multiplying real interest rate at each lag l in the equation of gdp,i and tby respectively.
Note that φ5,5

l,t doesn’t depend on ACCESS. This implies measures of access and use of
financial services don’t affect directly the process of the real interest rate but indirectly
through their interaction with other macroeconomic variables4. The variable ACCESS
also enters in levels in the vector of exogenous controls Xit.

The main proxies of household access and use of financial services considered are
Financial system deposits as % of GDP and Credit to Households as % of GDP. The
former is annual and extracted from the World Bank’s Global Financial Development
database. The latter is quarterly and come from Bank for International Settlements
(BIS) "Long series on credit to the private non-financial sector" database. Alternative
proxies are also added following financial access measures described in Cihak et al. (2012).
These include bank accounts per 10 adults, bank branches per 1000 adults and ATMs
per 1000 adults. Data is annual and extracted from the World Bank’s Global Financial
Development database. Descriptive statistics and detailed country sample description are
presented in Appendix A, see Tables 13, 14 and 15.

The Interacted Panel VAR is estimated using OLS, allowing for country fixed effects
and one lag5. The procedure followed for estimation, impulse response analysis and
bootstrap standard errors adjusted for the fact that there are interaction terms are
outlined in Towbin and Weber (2013)6.

1.2 Results

Figure 1 shows the impulse responses to a domestic real interest rate shock under
two financial access scenarios. For illustration purposes, Financial system deposits as %
of GDP is used as measure of household access and use of financial services. The first
scenario evaluates impulse response functions at the 25th percentile value of this measure
for the entire sample. The second scenario is that of high financial access, corresponding
to the 75th percentile of the sample.

Under high financial access, the responses for all series after an interest rate shock
appear to be significantly greater than under low financial access. This is again illustrated
in Table 1 which reports impulse responses at the horizon of 1, 2 and 3 years, conditional
to financial access size. Results using our main measures of financial access size: Financial
system deposits as % of GDP and Credit to Households as % of GDP, suggest that after
a 1 standard deviation shock to the domestic real interest rate, the response of Output,
Investment and the Trade Balance ratio is significantly larger under high financial access

4Results are robust if this restriction is relaxed and the domestic real interest rate can be directly
influenced by financial access characteristics. Results available upon request.

5I choose one lag as suggested by the Bayesian information criterion and the Hannan and Quinn
information criterion.

6I thank Pascal Towbin and Sebastian Weber for sharing their matlab codes.
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at all horizons.

Considering the alternative financial access measures of bank accounts per 10 adults,
bank branches per 1000 adults and ATMs per 1000 adults presented in Table 16 in
Appendix, the response of the Trade Balance ratio is the only one that remains robust
at the horizon of 1, 2 and 3 years. Regardless the specification, after a 1 standard
deviation shock to the domestic real interest rate, the response of the Trade Balance ratio
is significantly larger under high financial access. By contrast, the larger response of
Output and Investment under high financial access is either no longer significant or have
distinct signs across proxies.

Since the US real interest rate is also included in the system, the analysis can also
be extended to derive responses of each macroeconomic series to a shock in this foreign
variable conditional to financial access size. As in Uribe and Yue (2006), the effects of
US interest-rate shocks on domestic variables are measured with significant uncertainty.
In addition, regardless the financial access measure and the horizon, there is either no
significant effect on domestic aggregates or the responses of domestic aggregates are no
significantly different across financial access scenarios.7.

Results from this empirical analysis support the conjecture that an increase in
indicators of the degree to which the public can access financial services would tend
to amplify the responses of macroeconomic aggregates to a country interest rate shock in
an emerging economy. One caveat: ACCESS measures used in this section are not the
exact empirical counterpart of the structural parameter capturing the degree of limited
household credit market participation in the model. Since there is no available data on
household credit market participation for the majority of emerging economies considered
in the panel, the selected measures of access are the closest we can get to household usage
of financial services. Indeed, Beck et al. (2005) argue that measures of bank penetration
(both geographic and demographic) closely predict harder-to-collect micro-level statistics
of households.

Motivated by the empirical evidence and through embedding a household financial
constraint in an otherwise standard model, the following sections examine the role of
financial frictions - acting through the interest rate channel - in the relationship between
household usage of financial services and business cycle dynamics in emerging economies.

7There are no findings emerging from the analysis of impulse responses to a shock in US real interest
rate that remain robust across financial access measures. Results available upon request.
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Figure 1: Impulse response to a domestic real interest rate shock conditional to financial
access size.

Notes: (1) Dash-dot lines depict point estimates of impulse responses, and grey area depict the
corresponding 90 % confidence interval. (2) The responses of Output and Investment are expressed
in percent deviations from their respective log-linear trends. The responses of the Trade Balance-to-GDP
ratio, the country interest rate, and the US interest rate are expressed in percentage points.
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Table 1: Impulse response to a one standard deviation shock to the domestic real interest
rate conditional to financial access size

Low Fin. Access High Fin. Access Diff.

1 std. shock in R Access:Financial system deposits to (%)
Output
1st year -0.2∗∗∗ -0.49∗∗∗ 0.29∗∗∗
2nd year -0.28∗∗∗ -0.67∗∗∗ 0.4∗∗∗
3rd year -0.27∗∗∗ -0.65∗∗∗ 0.38∗∗∗
Investment
1st year -0.51∗∗∗ -2.41∗∗∗ 1.91∗∗∗
2nd year -0.65∗∗ -3.43∗∗∗ 2.79∗∗∗
3rd year -0.56∗ -3.46∗∗∗ 2.9∗∗∗
Trade Balance Ratio
1st year 0.17∗∗ 0.53∗∗∗ -0.37∗∗∗
2nd year 0.2∗∗∗ 0.74∗∗∗ -0.54∗∗∗
3rd year 0.17∗∗∗ 0.74∗∗∗ -0.58∗∗∗

1 std. shock in R Access: Credit to Households (% )
Output
1st year -0.13 -0.58∗∗∗ 0.46∗∗∗
2nd year -0.06 -1.06∗∗∗ 1∗∗∗
3rd year 0.11 -1.41∗∗∗ 1.51∗∗∗
Investment
1st year 0.25 -2.05∗∗∗ 2.29∗∗∗
2nd year 0.81 -3.8∗∗∗ 4.6∗∗∗
3rd year 1.4 -5.1∗∗∗ 6.49∗∗∗
Trade Balance Ratio
1st year 0.09∗ 0.16∗∗∗ -0.07∗∗∗
2nd year 0.11 0.29∗∗∗ -0.19∗∗∗
3rd year 0.08 0.39∗∗∗ -0.32∗∗∗

∗,∗∗,∗∗∗ indicate that zero lies outside the 80,90,95 %
confidence bands.
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2 The general model

This section investigates business cycle implications of a rise in household access and
use of financial services through the lens of an extended dynamic general equilibrium
model suitable for emerging markets. For simplicity, household access and use of financial
services is referred as household credit market participation. I extend Chang and
Fernández (2013) model (CF hereafter) with an exogenous fraction of rule-of-thumb
consumers coexisting with households that are able to smooth income fluctuations.

2.1 CF model

2.1.1 Firms

Firms are perfectly competitive. They hire labor ht and rent capital Kt to produce
the final good. Technology is characterized by a Cobb-Douglas production function:

Yt = AtKt
α(Γtht)

1−α (4)

where α is capital’s share of output, At is temporary productivity and Γt reflects
trend productivity. These two productivity processes are characterized by the following
stochastic properties:

ln

(
At
µA

)
= ρA

(
At−1
µA

)
+ εAt εAt ∼ N(0, σ2

A) (5)

Γt = gtΓt−1 =
t∏

s=0

gs (6)

ln

(
gt
µ

)
= ρg

(
gt−1
µ

)
+ εgt εgt ∼ N(0, σ2

g) (7)

A positive realization of εgt has a permanent effect on total productivity. In what
follows, realizations of g will be loosely referred as “trend shocks” since they constitute
the stochastic trend of productivity.

To produce, firms need to borrow working capital at the beginning of the period due
to a friction in the technology for transferring resources to households providing labor
services. In order to transfer wage payments to workers firms need to set aside a fraction
θ of the wage bill at the beginning of the period and a fraction (1− θ) at the end of the
period. Because production becomes available only at the end of the period, firms have
to borrow θWtht units of goods (the working capital) between the beginning and end of
period t, at rate Rt−1.
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There is no friction in the technology for transferring resources to households that
supply capital to firms. At the end of the period, once output becomes available, firms
pay wages (Wtht), rental fees to owners of capital (utKt) and repay the working capital
loan plus interest (θWthtRt−1). Each period they solve a static problem:

maxYt −Wtht − utKt − (Rt−1 − 1)θWtht

s.t:

Yt = AtKt
α(Γtht)

1−α

(8)

The term (Rt−1 − 1)θWtht represents the net interest on the fraction of the wage bill
that was paid with borrowed funds.

First order conditions give capital demand and labor demand equations, respectively

αAtKt
α−1(Γtht)

1−α = ut (9)

(1− α)AtKt
α(Γtht)

−αΓt = (1 + (Rt−1 − 1)θ)Wt (10)

2.1.2 Interest rates and country risk

As discussed in Schmitt-Grohé and Uribe (2003), since households face an incomplete
asset market and the rate of return is partly exogenously determined, the steady state
of the model depends on initial conditions; in particular, on net foreign asset position.
Put differently, the equilibrium dynamics are no longer stationary. Therefore, serious
computational difficulties arise.

To induce stationarity of the equilibrium dynamics, the model assumes a debt elastic
interest rate premium p(.). Interest on foreign borrowing is therefore specified as the sum
of the real interest rate and the premium:

1

qt
= Rt + p(.) (11)

with
p(Dt+1,Γt) = ψ

(
exp

(
Dt+1

Γt
− d
)
− 1

)
Note that in choosing the optimal amount of debt, households do not internalize the fact
that there is an upward-sloping supply of loans.

The real interest rate at which international investors are willing to lend to the
emerging economy has two sources of fluctuations: the perceived default risk and
international investors preferences for risky assets. As in Neumeyer and Perri (2005),
these two sources of fluctuations are captured by decomposing the interest rate faced by
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the emerging economy as
Rt = StRt

∗ (12)

where R∗t is an international rate for risky assets (not specific to any emerging economy)
and St is the country spread paid by borrowers to international investors. The CF model
assumes a simple country risk determination8. Similar to their model, expected total
productivity - measured by Solow Residual - drives country risk. Formally,

ln

(
St
S

)
= −ηEtln

(
SRt+1

SR

)
+ εSt εSt ∼ N(0, σ2

S) (13)

where SRt+1 is the Solow residual. Under Cobb-Douglas production technology with
constant returns to scale

SRt = Atgt
1−α

Finally, the foreign rate of risky assets is modeled as a stochastic process completely
independent from domestic conditions

ln

(
R∗t
R∗

)
= ρR∗ln

(
R∗t−1
R∗

)
+ εR

∗

t εR
∗

t ∼ N(0, σ2
R∗) (14)

2.2 Extension

There is a continuum of infinitely-lived households, indexed by i ∈ [0, 1]. A fraction
1−λ of households have access to an international financial market where they can trade
a non-contingent real bond. In addition, these households have access to a competitive
capital market where they can buy and sell physical capital (which they accumulate and
rent it to firms). This subset will be refereed as unconstrained households. The remaining
fraction λ of households do not own any assets nor have any liabilities; they just consume
their current labor income and will be referred as rule-of-thumb consumers.

2.2.1 Unconstrained households

Let Cu
t and Lut represent consumption and leisure for unconstrained consumers.

Preferences are defined by the discount factor β ∈ (0, 1) and the period utility U(Cu
t , L

u
t ).

These consumers seek to solve the following problem:

max
∞∑
t=0

βtU(Cu
t , L

u
t ) (15)

8This idea is based on models of default and incomplete markets in which default probabilities are
high when expectations of positive shocks to productivity are low. See Eaton and Gersovitz (1981) and
Arellano (2008)
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subject to the sequence of budget constraints

Cu
t + Iut − qtDu

t+1 ≤ Wth
u
t + utK

u
t −Du

t − T ut (15a)

and the capital accumulation equation

Ku
t+1 = (1− δ)Ku

t + Iut −
φ

2
Ku
t

(
Ku
t+1

Ku
t

− µ
)2

(15b)

Lut + hut = 1 (15c)

Hence, at the beginning of the period the representative unconstrained household
receives labor income Wtht (where Wt denotes real wage), and income from renting her
capital holdings Kt to firms at (real) rental cost ut. Besides these factor receipts in period
t, the household pays taxes to the government T ut and has access to a world capital
market for noncontingent debt at price qt. At this price, they can sell a promise to deliver
one unit of goods at t + 1 and Dt+1 is number of such promises issued. The household
uses the sum of these four income sources to finance consumption goods, investment and
current debt payments. The capital accumulation constraint indicates that there is a cost
when adjusting the capital stock. This is commonly used in business cycles of small open
economies in order to avoid excessive volatility of investment in response to variations in
the domestic-foreign interest rate differential.

Following both Neumeyer and Perri (2005) and CF, this model assumes GHH
preferences, i.e :

U(Ct, ht,Γt−1) =
(Ct − τΓt−1(ht)

ω)
1−σ

1− σ

Note that Γt−1 is included in the period utility function U to allow for a balanced
growth9. For this type of preferences, a well-behaved steady state of the deterministic
linearized model requires β 1

q
= µσ.

The first order conditions for the household’s problem can be written as:

τΓt−1ω(hut )
ω−1 = Wt (2)

(
1 + φ

(
Ku
t+1

Ku
t

− µ
))

= EtΛt,t+1

(
ut+1 + 1− δ − φ

2

(
µ2 −

(
Ku
t+2

Ku
t+1

)2
))

(3)

qt = EtΛt,t+1 (4)
9Since supply of work hours is independent of consumption, the absence of Γt−1 would imply non

stationary hours. Benhabib et al. (1991) show that these preferences can be interpreted as reduced form
preferences for an economy with home production and technological progress in the home production
sector.
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where Λt,t+k is the stochastic discount factor for real k-period ahead payoffs given by

Λt,t+k ≡ βk
(
Cu
t+k − τΓt+k−1(h

u
t+k)

ω

Cu
t − τΓt−1(hut )

ω

)−σ
(5)

2.2.2 Rule of thumb households

By definition, these households behave in a “hand-to-mouth” fashion; i.e., each period
they fully consume their labor income and government transfers if any. While there
may be several interpretations for rule of thumb consumers, one is their lack of financial
access and (continuously) binding borrowing constrains. Other reasons are myopia, fear
of saving and ignorance of intertemporal trading opportunities. Each period they solve a
static problem:

maxU(Cr
t , L

r
t )

s.t:
(6)

Cr
t ≤ Wth

r
t + T rt (6a)

Lrt + hrt = 1 (6b)

Preferences are symmetric to those of unconstrained households and their first order
condition is:

τΓt−1ω(hrt )
ω−1 = Wt (7)

Substituting hours in the budget constraint yields:

Cr
t = (τΓt−1ω)

−1
ω−1Wt

ω
ω−1 + T rt (8)

2.2.3 Aggregation

Consumption good aggregate demand and hours aggregate supply are a weighted
average of individual demand and supply, respectively. Formally:

Ct ≡ λCr
t + (1− λ)Cu

t (9)

hSt ≡ λhrt + (1− λ)hut (10)

Note, under symmetrically parameterized GHH preferences and homogenous labor
productivity, hrt = hut = hSt .

Similarly, aggregate investment, aggregate supply of capital stock and aggregate debt
stock:
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It ≡ (1− λ)Iut (11)

KS
t ≡ (1− λ)Ku

t (12)

Dt ≡ (1− λ)Du
t (13)

Aggregate euler for investment(
1 + φ

(
Kt+1

Kt

− µ
))

=

Etβ

(
Ct+1 − τΓth

ω
t Ω− λT rt+1

Ct − τΓt−1hωt Ω− λT rt

)−σ(
ut+1 + 1− δ +

φ

2

((
Kt+2

Kt+1

)2

− µ2

)) (14)

Aggregate euler for international bonds

qt = Etβ

(
Ct+1 − τΓth

ω
t Ω− λT rt+1

Ct − τΓt−1hωt Ω− λT rt

)−σ
(15)

where Ω = λ(ω − 1) + 1

2.2.4 Government

As assumption, the government runs a balanced budget period by period. Transfers
to rule of thumb households are financed by lump sum taxes collected from unconstrained
households.

(1− λ)T ut = λT rt

Transfers and taxes are exogenous variables in the model. Since it is assumed there is
no time variation of λ in the estimation section, the ratio T rt /T ut also remains stable.

2.3 Market equilibrium

Given initial conditions on capital stock K−1, debt stock D−1, labor augmenting
productivity Γ−1 and sequences of real interest rates {Rt}∞−1, prices for noncontingent
debt {qt}∞0 , productivity {At}∞0 and trend shocks {gt}∞0 , an equilibrium is a sequence of
allocations {Ct, ht, Dt+1, It, Kt+1} and of prices {Wt, ut} such that

1. Allocations solve the firm’s and the household problem at the equilibrium prices

2. Markets for inputs clear

A balanced growth path for the economy is an equilibrium in which Rt, At and gt are
constant. Along a balanced growth path ut, ht and qt are constant and all other variables

16



grow at rate µ.

The aggregate resource constraint10

Ct + It − qtDt+1 =
Yt(1 + (Rt−1 − 1)θα)

1 + (Rt−1 − 1)θ
−Dt (16)

Aggregate investment

It = Kt+1 − (1− δ)Kt +
φ

2
Kt

(
Kt+1

Kt

− µ
)2

(17)

Country’s net exports (NXt) is production net of working capital loan payments and
that are not spent in consumption or investment:

NXt =
Yt(1 + (Rt−1 − 1)θα)

1 + (Rt−1 − 1)θ
− Ct − It = Dt − qtDt+1 (18)

3 Empirical approach

3.1 Does data support a model with limited credit market

participation?

3.1.1 Calibrated and estimated parameters

The choice of which parameters to estimate or calibrate is guided by the research
interest. The parameter λ is the most relevant object of estimation as it reflects the
fraction of rule of thumb households in the economy.

In addition to the exogenous processes for all shocks to productivity (ρa, ρg, σa, σg)
and to spread component (σS), financial frictions represented by the spread elasticity to
domestic fundamentals (η) and working capital requirement (θ) are also included in the
estimation. Introducing working capital requirement in production is useful to match the
volatility of output.

Following most papers, the parameter (φ) governing the capital adjustment function
and the long run yearly growth rate (ζ) are also estimated. Note that the latter implies
that the value of long run productivity quarterly growth µ will be determined by posterior
estimates of ζ, since µ = (ζ/100 + 1)1/4.

The remaining parameters of the model are calibrated. A period is taken to be one
quarter. Calibrated values are given in Table 2 and set at conventional values following
CF, Akinci (2014) and references therein. The coefficient of risk aversion (σ) affecting

10See model derivations in Supplementary Material.
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the intertemporal elasticity of substitution is set to the conventional value of 2. The
parameters ω and τ are set so that labor supply elasticity equals 1.67 and the fraction of
time spent working equals 1/3 in the long run, respectively11.

The parameter α is set so that labor share of income is 0.68. Following CF and Aguiar
and Gopinath (2007), the baseline value of debt to GDP ratio is set to 10%12.

Calibration of steady state interest rate and spread is based on corresponding historical
data, calculated as Uribe and Yue (2006) and described further in the next subsection.
Annualized foreign interest rate and country gross spreads are set to 1.004 and 1.008
respectively. Parameters related to the foreign interest rate process (σR∗ and ρR∗) are
calibrated to match its standard deviation and first order serial correlation for the sample
period used (1995:II-2018:IV).

The quarterly depreciation rate is assumed to be 5% as in Aguiar and Gopinath
(2007) and CF. The elasticity of interest rates to debt (ψ) is set to a small value equal to
0.001. The main purpose of this parameter is to guarantee the equilibrium solution to be
stationary13.

Furthermore, note that a well behaved steady state of the deterministic linearized
model requires βR = µσ. As previously explained, long run productivity quarterly growth
µ is linked to the posterior distribution of ζ. Therefore the bounds of the discount factor β
(= µσ

Rss
), the calibrated steady state value of gross domestic interest rate and the calibrated

coefficient of risk aversion σ will impose restrictions on the domain of ζ when its prior is
defined.

Finally, the ratio of net transfers to gdp (γt) is calibrated at 6.5%. Transfers as % of
GDP were extracted for Mexico from OECD (2014). The series correspond to average
annual social expenditures as % of GDP for the period 1995-2012. It is the total of cash
benefits and benefits in kind for all social policy areas (Active labour market programmes,
family, health etc).

11In Robustness Section, I estimate these parameters assuming asymmetric preference parameters for
uncontrained and rule of thumb households. All main results of this section hold.

12Results are insensitive to alternate levels of steady state debt to GDP. See Robustness Section.
13Supplementary Material includes a robustness check that calibrates ψ using the median estimate

found by Garcia-Cicco et al (= 2.8). Results in this section remain robust.
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Table 2: Calibrated parameters

Parameter Description Value

α Capital share of income 0.32

δ Depreciation rate of capital 0.05

dyss Debt to GDP ratio 0.1

rfss Gross foreign interest rate 1.004

ψ Debt elastic interest rate parameter 0.001

µa Mean of Transitory Tech. process 1

γt Ratio net transfers/ GDP 0.065

σ Intertemporal elasticity of substitution (=1/σ) 2

ω Labor supply elasticity (1/(ω − 1) = 1.67) 1.6

rss Long run country interest rate 1.012

sss Long run gross country interest rate premium 1.008

τ Leisure preference parameter so that hss=1/3 1.78

ρr AR(1) coef. Foreign interest rate process 0.98

σR∗ S.D of foreign interest rate shock (%) 0.394

Notes: The value used as σR∗ matches a foreign interest rate with a standard
deviation of 1.978% , given the calibrated value of ρR∗ .

Table 3: Parameters linked to estimated parameters

Parameter Description Linked with Linking equation

µ Long run gross quarterly growth rate ζ µ = (ζ/100 + 1)1/4

β Discount factor ζ β = µσ

rss

Ω Parameter in aggregate Euler λ Ω = λ(ω − 1) + 1

3.1.2 Data and implementation

Observables

Aggregate series of Output (Y), final private consumption (C), gross fixed capital
formation (I) and the trade balance (TB) for Mexico are retrieved from the OECD
database. All series are measured in national currency at constant prices (national base
year) and are seasonally adjusted. The initial sample for Mexican data covers the years
1993 to 2018 (quarterly frequency). The period 1993:I-1995:I is dropped as it is common
in the literature on mexican business cycles; fluctuations during this period were mostly
driven by the Tequila crisis.

In addition, quarterly data of foreign risky interest rate and spreads are included by
following Uribe and Yue (2003) in constructing these series. Real interest rates in the US
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are used to calibrate the process of foreign risky interest rate.

The real interest rate (r∗t ) for the US is constructed as the 3-month Treasury Bill
Secondary market rate (%) (TB3MS) minus a measure of expected annual inflation. This
measure is the average of annual inflation of 4 previous quarters (including current).

r∗t = TB3MSt −
t∑
t−3

(ln(DEFt)− ln(DEFt−4))/4

The price index used to calculate inflation is the GDP Implicit Price Deflator (DEF). The
inputs for constructing US real interest rate are extracted from FRED.

Country spreads are based on JP Morgan’s Emerging Markets Bond Index Plus
(EMBI+) which tracks total returns for traded external debt instruments (i.e. foreign
currency denominated fixed income) in emerging markets.

Following CF, the model is estimated using log differences of C, I and Y and the first
difference of TBy. As García-Cicco et al. (2010) and CF pointed out, although TBy has
no trend, it is convenient to feed the model with its first differences when fitting small
open economy models. The reason is that these models typically and counterfactually
deliver a quasi random walk process in the trade balance level inherited by the nature of
the endowment process. The observables therefore considered are

DATAt =
[
∆ln(Yt),∆ln(Ct),∆ln(It),∆TByt, ln(S̄t)

]
where: ∆ln(Yt) is real GDP growth, ∆ln(Ct) is real consumption growth, ∆ln(It) is real
Investment growth, ∆TByt is the first difference of trade balance to GDP ratio and ln ¯(St)

is log of gross spreads for Mexican bonds (demeaned)14.

Implementation and choice of priors

To sample from the posterior distribution, I implement a Random Walk Metropolis
Algorithm described in An and Schorfheide (2007). I make 4 million draws from posterior
and burn the first 1 million draws15.

A considerable diffuse prior for φ is chosen since previous studies have found different
values when trying to mimic investment volatility. In addition, prior distributions for
η, θ and ζ are set following CF and prior distributions for parameters related to shock
processes (ρa, σa, ρg, σg, σs) follow Akinci (2014) 16.

14Variable X is demeaned in the following way :

ln(X̄t) = ln(Xt)−
T∑

t=0

ln(Xt)

T

. See Supplementary Material for derivation of model counterpart of selected series.
15Convergence analysis of chains (running means plot) can be sent upon request.
16I follow Akinci (2014) since CF assumes a Gamma prior distribution for the standard deviation of
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The choice of a prior distribution for the parameter of interest λ follows similar previous
studies. Bilbiie and Straub (2013) used a beta prior distribution centered at 0.35 and
with a standard deviation of 10% for the US supported by previous empirical estimates.
There is far less evidence on estimates for developing countries. One paper is that of
Vaidyanathan (1993). The author estimates λ using aggregate data on consumption
growth and output growth for a sample of 94 countries and found a mean of 0.6 for
the southamerican sample. Ponce (2003) estimated similar reduced form regressions for
Mexico and his results suggest that the fraction of rule of thumb in Mexico would be
around 0.4. Therefore, the assumed beta prior distribution is centered at a mean of 0.4
and has a relatively high dispersion of 10 %.

Since there are five observables and four structural shocks, measurement error shocks
are added for all our observables. I assume flat priors with a standard deviation not larger
than 25% of each corresponding series total standard deviation.

Table 4: Prior distributions

Description Density Mean S.D (%) min max

λ Fraction of rule of thumb households Beta 0.4 10 0 1
ρa AR(1) coef. transitory tech. process Beta 0.8 10 0.001 0.999
σa S.D of transitory tech. shock (%) Inv. Gamma 0.02 1.5 0.001 0.03
ρg AR(1) coef. permanent tech. process Beta 0.8 10 0.001 0.999
σg S.D of permanent tech. shock (%) Inv. Gamma 0.02 1.5 0.001 0.03
η Spread elasticity Gamma 1 10 0.001 10
φ Capital adjustment cost parameter Gamma 40 500 1 100
σs S.D of exogenous shock to spreads Inv. Gamma 0.01 1.5 0.001 0.02
θ Working cap. requirement Beta 0.6 10 0 1
ζ Long run yearly growth rate (%) Gamma 2 20 0 2.4
σγYme S.D (%) measurement error in γY Uniform 0.01 0.296
σγCme S.D (%) measurement error in γC Uniform 0.01 0.282
σγIme S.D (%) measurement error in γI Uniform 0.01 0.758
σdTbyme S.D (%) measurement error in dTby Uniform 0.01 0.209
σSme S.D (%) measurement error in S Uniform 0.01 0.139

technology and spread shocks.
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3.1.3 Posterior estimates

Table 5 summarizes estimated posterior distributions of the parameters of both
restricted and unrestricted models17.

The most important result is that related to the posterior distribution of the fraction
of rule of thumb households (λ). Data is very informative regarding the key parameter of
interest; the posterior distribution is to the right of its prior. The parameter λ in the model
would represent households with no savings nor access to (or demand of) consumption
loans. Its posterior median is 0.834 and this estimate is slightly higher that financial
exclusion measures derived from household surveys in Mexico. The National Report of
Financial Inclusion in Mexico (CONAIF, 2016) provides evidence that in 2011, 73 % of
adults in Mexico not only didn’t have any account (savings, deposits etc) in a financial
institution, but also spent at least all their income and therefore have not saved during
the previous 12 months of the survey.

Several other results are also worth mentioning.

First, data seems very informative when estimating both versions. The estimated
posteriors for almost all parameters appear much more precise than the priors. However,
data has little to say about the long run annual growth parameter ζ which basically
reproduces the prior in both versions. Regarding this parameter, CF found that its
posterior mode is only slightly higher than the prior mode.

Second, the parameters related to financial frictions appear quite significantly different
than zero and the inclusion of rule of thumb households does not affect the estimated
posterior distribution. The tight posterior distribution of η, with a median above 0.80 is
robust when restricting the model and is fairly close to the estimates in CF. This result
reveals a significant elasticity of the spread to expected fluctuations in the Solow residual.
The posterior median, mode and mean values of the parameter θ governing working capital
requirement are also robust when restricting the model and are found to be lower than
those found in CF. While in CF the posterior distribution shifts right relative to the prior,
here it shifts left.

Third, unlike CF, trend shocks seem dominant in both versions. In CF , the estimated
ratio between the implied unconditional volatility of trend shocks to that of stationary
shocks is significantly lower than estimates in this paper. To further assess the importance
of trend shocks and following Aguiar and Gopinath (2007), the Random Walk Component
measure (RWC) is derived from recognizing the Solow residual (in logs) implied by the
model log(SRt) = log(At) + (1−α)log(Γt) can be rewritten as the sum of a random walk
component τt and a transitory component st. Then, a measure of the importance of trend

17See Figures 9 and 10 in Appendix that plot priors and posterior distributions for the restricted model
and the unrestricted model, respectively.
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shocks is the variance of the random walk component ∆τ relative to the overall variance in
∆log(SR). As Table 5 shows, in the model of limited credit market participation (λ ≥ 0),
the implied RWC calculated at the median, mode and mean of the relevant parameters
seem far above the values found under the restricted version (λ = 0). In simple words,
when there are rule of thumb households in the economy, trend shocks increase its relative
relevance.

RWC =

(1−α)2
(1−ρg)2σ

2
g

2
(1+ρa)

σ2
a + (1−α)2

(1−ρ2g)
σ2
g

The second and third results are important findings contributing to the RBC literature
on emerging markets. In a typical emerging economy where financial frictions are high,
consumption from unconstrained households tend to be more volatile than output. As it
will be proved in Section 4, the inclusion of a fraction of households that cannot smooth
consumption would imply a lower volatility of aggregate consumption and trade balance
ratio. In addition, it will also dampen the countercyclicality in the trade balance ratio.
In order to match the data, the unrestricted model will require higher unconditional
volatility in growth shocks and no change in the posterior distribution of financial friction
parameters.

Finally, the estimated values of the capital adjustment cost parameter φ is not
identified in the restricted model but its posterior distribution shifts right relative to the
prior in the unrestricted version. Even though, rule of thumb households have no effect on
investment dynamics per se (as only unconstrained households accumulate capital), they
have an indirect effect through their implications on aggregate consumption and trade
deficits. A higher value of λ would increase (slightly) the volatility of investment. Section
4 derives this result and provides the intuition.
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3.1.4 Model evaluation

a) Marginal data densities

Table 6 reports standard measures of predictive accuracy: log values of the likelihood,
the posterior -both computed at the posterior mode- and model comparison based on
posterior odds (marginal data density). The last measure captures the relative one-
step ahead predictive performance. All measures suggest that the unrestricted model
outperforms the restricted version.

Table 6: Model comparison. Period 1995:II-2018:IV

Restricted model (λ = 0) Unrestricted model (λ 6= 0)

Log posterior at mode 1362.90 1431.55

Log likelihood at mode 1365.46 1446.73

Log marginal data density 1291.41 1354.87

Notes: The log marginal data densities are computed based on Geweke (1999)

modified harmonic mean with truncation parameter 0.5. Results hold when used

different truncation values.

b) Matching moments

Another metric to evaluate the relative merits of alternative models is the comparison
on how well model implied moments fit those observed by data.

Results are gathered in Table 7 where sample moments of the data, in terms of standard
deviation, serial correlation and cross correlation with output growth are compared to the
theoretical moments implied by median estimates from the two models. Regarding its
ability to match observed moments, the unrestricted model does a better job at matching
standard deviation, serial correlation and correlation with gdp growth of all series but
one (spreads). In particular, the unrestricted model yields lower volatilities of the trade
balance-to-GDP ratio and consumption growth.

The fact that the restricted model generates higher volatility in consumption
growth may seem counter-intuitive. A neoclassical model featuring no distortions and
driven mostly by shocks to stationary factor productivity would suggest that aggregate
consumption is less volatile in a model where all agents are able to smooth consumption.
However, estimation results presented in Subsection 3.1.3, show that financial frictions are
highly significant and non stationary productivity shocks tend to be important drivers of
domestic fluctuations in both versions.
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In such environment, when the non stationary component of productivity is behind
the rise in total factor productivity, agents in these economies observe there is a positive
growth rate in productivity not only in the current period but also in the future. As
a consequence, those with access to the credit market choose to smooth consumption
by borrowing against future income and current consumption increases beyond current
output. Rule of thumb consumers have no choice other than consume their income period.
Therefore, as we include them in the model, aggregate consumption will become less
volatile. Even if non stationary productivity shocks are negligible and standard stationary
productivity shocks are the main drivers of domestic fluctuations, the presence of financial
frictions (if strong enough) will yield the same implication. More intuition is presented in
section 4.1 where we analyze impulse responses.

It is worth to remark that estimating the domestic interest rate elasticity to net foreign
debt position (ψ) might be an alternative way to match the volatility of consumption and
the trade balance implied by the restricted model. In the influential work by García-
Cicco et al. (2010), the authors find that a higher estimated value of ψ in the otherwise
frictionless RBC model of Aguiar and Gopinath (2007) would also yield lower implied
volatilities of consumption growth and the trade balance ratio. A counterfactual exercise
presented in Supplementary Material finds that this result will also hold in the model
of financial frictions by CF18. However, besides the different interpretation of what a
change in the parameter means, the main difference with a higher estimated value of λ
is its implication on investment volatility. Whereas García-Cicco et al. (2010) find that a
higher ψ would yield lower volatility in investment, a higher λ yields higher investment
volatility. When λ is higher, trade deficit and net foreign debt position responses are
dampened regardless the shock hitting the economy19. Given country premia sensitivity
to net foreign debt position, there is a smaller effect on the domestic interest rate path
and investment volatility is higher relative to an economy in which all households are
unconstrained. When ψ is higher, the domestic interest is more sensitive to any given
level of net foreign debt position and thus, private investment is less volatile20.

18Unfortunately, we cannot resort to estimation. When estimating the CF model using the same set of
observables and sample period, the parameter ψ can not be identified.

19The intuition is presented in Section 4.1.
20The intuition based on the CF model is presented in Supplementary Material.
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Table 7: Matching moments at median estimates. Period 1995:II-2018:IV

γY γC γI dTby S

Standard deviation (%)

Data 1.184 1.128 3.031 0.836 0.556

Restricted model (λ = 0) 0.950 2.709 3.457 2.632 0.750

Unrestricted model (λ 6= 0) 1.035 1.180 3.271 0.862 0.977

Serial correlation

Data 0.267 0.341 0.249 -0.176 0.767

Restricted model (λ = 0) 0.150 0.039 0.008 -0.051 0.777

Unrestricted model (λ 6= 0) 0.221 0.156 0.015 -0.066 0.862

Correlation with γY
Data 1.000 0.760 0.794 -0.379 -0.167

Restricted model (λ = 0) 1.000 0.463 0.341 -0.068 -0.422

Unrestricted model (λ 6= 0) 1.000 0.990 0.481 -0.159 -0.436

3.1.5 Comparing variance decomposition results across models

This Subsection assesses the role of each exogenous shock by computing the variance
decomposition implied by both the unrestricted and restricted models at their median
estimates and over a time horizon of 40 quarters.

First, there are important differences when comparing the variance decomposition
analysis predicted by the restricted model (λ = 0) for the recent period 1995:II-2018:IV
to that predicted by CF estimates for the earlier period of 1980:I-2003:II for Mexico. First,
even though fluctuations in gdp growth are still mostly generated by transitory technology
shocks; unlike CF, this is not anymore the case for fluctuations in consumption growth,
investment growth and the first difference in trade balance ratio. For these aggregate
series, their fluctuations are mostly generated by foreign interest rate shocks. Second, for
all observables, estimation results from the restricted model indicate that for the recent
period there is a larger role played by trend shocks. In CF, the largest contribution
of trend shocks is in the variance of consumption growth (2.16%) while our estimates
suggest that the largest share is for gdp growth (35.1%) and consumption growth (13.8%).
These findings are mostly driven by two main differences when comparing CF parameter
estimates/calibrated values with those in this paper: a recent increase in the estimated
ratio between the implied unconditional volatility of trend shocks to that of stationary
shocks and a recent increase in the unconditional volatility of the foreign interest rate21.

21Table 17 in Appendix B.2 presents the variance decomposition of three counterfactual experiments
that support this argument. The analysis focuses on the most significant differences observed in CF
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A more relevant comparison for the purpose of this paper is the variance decomposition
implied by unrestricted model estimates versus that implied by the restricted model
estimates. Table 8 suggests that 44.2% of gdp growth variance, 44.4% of consumption
growth variance and 13.2% of investment growth variance are driven by shocks to
the trend when the fraction of financially excluded households is not restricted to
zero. These contributions are far larger than those implied by the restricted model
estimates, particularly in the case of consumption growth. The inclusion of λ in the
estimation, enhances the contribution of non stationary technology shocks on consumption
growth volatility by approximately 31 percentage points. Finally, the unrestricted model
decreases substantially the contribution of the foreign interest rate on the volatility of all
observables, particularly of consumption. Under the unrestricted model, productivity
shocks account for at least 87% of total consumption growth variance, distributed
somewhat equally across stationary and non stationary components.

Four counterfactual experiments confirm that limited credit market participation is
the friction driving the greater role of trend shocks and lower contribution of the foreign
interest rate particularly in consumption growth volatility. Table 18 in Appendix B.2
presents the variance decomposition of four counterfactual experiments that shut off each
or all financial frictions, that is, set λ = 0 (no limited credit market participation), η = 0

(no endogenous spread), θ = 0 (no working capital requirements) or λ = η = θ = 0.
Changes in the variance decomposition analysis are relatively negligible when there are
no endogenous spreads η = 0 or when the working-capital assumption is dropped (θ = 0).
In contrast, when λ = 0, interest rate shocks have a much greater role and trend shocks
a much lower role in accounting for the variance of consumption growth.

estimates; i.e higher financial frictions measured by a higher working capital requirement θ, a lower ratio
between the implied unconditional volatility of trend shocks to that of stationary shocks and a lower
unconditional volatility of the foreign interest rate.
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Table 8: Variance decomposition predicted by model. Period 1995:II-2018:IV

γY γC γI dTby S

Restricted model (λ = 0)

Stationary technology (εAt ) 49.30 12.00 7.10 0.60 69.10

Nonstationary technology (εgt ) 35.10 13.80 6.20 2.00 22.20

World Interest rate (εR∗
t ) 14.80 74.00 86.70 97.40 0.00

Exogenous spread (εSt ) 0.70 0.20 0.00 0.10 8.70

Unrestricted model (λ ≥ 0)

Stationary technology (εAt ) 43.70 42.70 13.10 2.30 72.50

Nonstationary technology (εgt ) 44.20 44.40 13.20 3.90 22.40

World Interest rate (εR∗
t ) 11.40 10.50 73.70 93.60 0.00

Exogenous spread (εSt ) 0.70 2.40 0.00 0.20 5.10

Notes: The estimated contribution of measurement errors (not shown)

is negligible for all five variables

4 The predicted macroeconomic effect of a rise in credit

market participation in an emerging economy

4.1 Impulse response implications

This section conducts impulse response analyses to illustrate the intuition on the
role of an increase in credit market participation in an emerging economy. Figure 2
presents the impulse responses of key macro aggregates to a 1 standard deviation shock
on trend productivity, foreign interest rate and stationary productivity. The continuous
line depicts the responses after setting parameters at their median estimates. The dashed
line illustrates the counterfactual responses if there is a higher credit market participation
(λ = 0.3) in this economy.

The first column in Figure 2 plots the responses (deviation from steady state) to a
one standard deviation reduction in the foreign risky rate (εR∗

t ). On impact, consumption
of unconstrained households observes a rise proportional to the intertemporal elasticity
of substitution. Given that the working capital requirement links current labor demand
with the predetermined interest rate, output doesn’t change on impact. However, labor
demand increases in the subsequent period, leading to a further increase of aggregate
consumption. In addition, the increase in expected marginal productivity of capital yields
a rise of investment on impact. As output responds less and more slowly to the shock on
the real interest rate relative to both consumption and investment, there is a trade deficit.
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The second column in Figure 2 illustrates the responses of one standard deviation
impulse in the stationary productivity component (εAt ). A positive productivity shock
increases marginal product of inputs and labor demand increases. Given GHH preferences,
an increase in labor demand induces a movement along the labor supply curve and an
increase of hours (and output) in equilibrium. Foreign lenders perceive a lower probability
of default and therefore real interest rate declines. Unconstrained households have a
temporary increase in income which leads them to increase savings in order to smooth
consumption through a PIH reasoning. However, the decrease in real interest rates
provides these households stronger incentives to consume and consumption rises a bit
more than output. This translates in a trade deficit.

The last column in Figure 2 illustrates a one standard deviation shock in trend (εgt ). A
positive trend shock increases marginal product of inputs and labor demand increases; thus
hours and output rise on impact. As before, foreign lenders perceive a lower probability of
default in the economy and real interest rate declines. Households observe an increasing
profile of income and the unconstrained ones increase consumption beyond current income.
Furthermore, the decrease in real interest rates provides these type of households further
reasons to incur in debt.

The key message delivered by the dashed line responses is that for all shocks, a lower
fraction λ of rule of thumb households (rise in credit market participation), would amplify
the response of consumption and the trade balance ratio, ceteris paribus. The impulse
responses suggest that among the most sensitive moments to a change in λ are the
comovement of net exports with output and the volatilities of consumption and the trade
balance ratio.

Figures in Appendix C analyze the sensitivity of selected moments to different levels
of λ and conditional to other parameters reflecting financial frictions. Interesting results
emerge and are described as follows.

As expected, a decrease in the financial exclusion measure (↓ λ) increase the volatility
of both consumption and the trade balance and at any given level of η and θ. On
the contrary, as a greater percentage of households can smooth income fluctuations,
volatility of investment is reduced regardless the degree of financial frictions. The reason
is that changing the fraction of rule of thumb households would have an indirect effect on
investment through their implications on aggregate consumption and trade deficits. To
provide intuition, we use a reduction in the foreign risky interest rate as an example. As
described earlier in impulse response analyses, investment increases and unconstrained
households have incentives to consume. However, in an environment where there is a
higher fraction of households with access to credit markets, aggregate consumption have
a larger increase and thus, there is a greater trade deficit. In turn, the implied higher
net foreign debt position cause a larger rise in country premia in the subsequent period,
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discouraging current private investment by more.

A second result is that a decrease in λ will tend to reduce the correlation between
consumption growth and income growth and increase the countercyclicality of the trade
balance ratio. This is due to the amplified effect on the responses of aggregate consumption
relative to output as more households can smooth consumption.

Figure 2: Impulse response functions
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4.2 The role of financial frictions

Since there are two other sources of financial frictions in the model: endogenous spread
(η) and working capital requirement (θ), it is of interest to examine how these forms of
financial imperfections amplify or dampen the effect of a rise in credit market participation
on the transmission of exogenous disturbances to emerging economies. For this analysis,
all financial frictions (λ = η = θ = 0) are first shut off in order to derive impulse responses
implied by a frictionless economy model. Next, each financial friction is activated one at
a time by setting the corresponding parameter at its median estimate from the previous
section.

Figure 3 shows what happens when credit market participation rises in an economy
with no other frictions such as endogenous spreads or working capital requirements. This is
illustrated by switching from an economy with a high fraction of rule of thumb households
(continuos lines) to a complete frictionless economy model (dashed lines). An increase
in credit market participation in this setting would amplify the responses of aggregate
consumption and trade balance ratio to a shock in the foreign interest rate or trend
productivity. Same intuition provided in Subsection 4.1 applies. However, in the case
of stationary productivity shocks, an increase in credit market participation will have
a dampening effect on the response of consumption. While unconstrained households
have incentives to increase savings in order to smooth consumption after a temporary
increase in income, rule of thumb consumers cannot save and will be adjusting their
consumption proportional to their increased labor income. The lower is the fraction of
rule of thumb consumers, lower is the rise in aggregate consumption after a positive
stationary productivity shock.

Figure 4 illustrates that the presence of working capital requirements would mainly
introduce hump-shaped impulse responses of consumption and output to an exogenous
shock in the real interest rate. After a negative shock in the foreign risky rate (εR∗

t ),
aggregate consumption will rise on impact and proportionally to households’ intertemporal
elasticity of substitution. Given that the working capital requirement links current labor
demand with the predetermined interest rate, output doesn’t change on impact. However,
output and labor demand increases in the subsequent period, leading to a further increase
of aggregate consumption.

Unlike working capital requirements, the introduction of a financial friction in the form
of an endogenous spread will counteract and may even reverse the dampening effect that
an increase in credit market participation has on aggregate consumption after a stationary
productivity shock. Since real interest rates decline as foreign lenders perceive a lower
probability of default, a positive shock in stationary productivity provides unconstrained
households strong incentives to consume that may exceed their incentives to save and
aggregate consumption may even rise more than output. This could translate in a trade
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deficit. Indeed, endogenous spreads are key to deliver a countercyclical trade balance
in the case of stationary productivity shocks. In the case of shocks to the trend (εgt ),
introducing endogenous spreads would tend to enhance the amplifying effect of a rise
in credit market participation on the responses of aggregate consumption and the trade
balance ratio. This is because in addition to observing an increasing profile of income,
unconstrained households also observe a decrease in real interest rates that gives them
further incentives to incur in debt. This in turn translates in a greater trade deficit.
See Figure 5 for implications related with the introduction of endogenous spreads in an
otherwise frictionless economy.

Figure 3: Impulse response functions: limited credit market participation in an otherwise
frictionless economy model
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Figure 4: Impulse response functions: working capital requirement in an otherwise
frictionless economy model
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Figure 5: Impulse response functions: endogenous spread in an otherwise frictionless
economy model

To conclude this section, we analyze the role of financial frictions on the sensitivity of
selected moments to different values of λ. Figures in Appendix C illustrate that weakening
financial frictions measured by η and θ will dampen the increase in unconditional
volatilities of consumption and the trade balance implied by a rise in credit market
participation. In addition, a decrease in η will mitigate the greater countercyclicality
of the trade balance ratio driven by higher financial inclusion. The reason is that the
smaller is η the less sensitive is the interest rate to domestic conditions. Therefore, when
there is an improvement in productivity, there are less incentives for households to borrow.

4.3 Welfare implications

To assess welfare implications of rising credit market participation in an emerging
economy, a compensating variation welfare metric is calculated for two regimes: low
and high credit market participation regimes. In particular, let κj be the fraction of
consumption that household type j would need each period in the high credit market
participation regime to yield the same welfare as would be achieved in the low credit
market participation regime. A negative value for κj means that the household prefers
the high credit market participation regime - it would need to reduce consumption when
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credit market participation is high to be indifferent between the two regimes. In contrast,
a positive value of κj means that the household prefers the low credit market participation
regime. To find κj we solve the following expression:

V j
i=l,t ≡ Et

∞∑
k=0

βtU((1 + κj)Cj
i=h,t+k, h

j
i=h,t+k) (19)

With GHH preferences, κj the solution to the following equality:

V j
i=l,t = Et

∞∑
k=0

βt

(
(1 + κj)Cj

i=h,t+k − τΓt+k−1(h
j
i=h,t)

ω
)1−σ

1− σ
(20)

where

V j
i=l,t = Et

∞∑
k=0

βt

(
Cj
i=l,t+k − τΓt+k−1(h

j
i=l,t)

ω
)1−σ

1− σ

There does not exist a closed form expression for the κj that makes this expression
hold with equality. Following the general method explained in Schmitt-Grohé and Uribe
(2004) and the description of its application to calculate welfare costs in Schmitt-Grohe
and Uribe (2005), I take a second order approximation of the equilibrium conditions
(including the recursive representation of the value function for each type of household)
around the model’s non-stochastic steady state22. The parameter κj is the welfare cost
of household type j of switching from a low credit market participation regime to a high
credit market participation regime. The "low credit market participation regime" or
"benchmark regime" is that corresponding to the model economy where all parameters
are fixed at either calibrated values or median estimates of the unrestricted model for the
full sample period.

Table 9 calculates κj for rule of thumb consumers (j = r) and unconstrained consumers
(j = u) at different values of λ.

Table 9: Welfare analysis results

Unconstrained Rule of thumb
κu % κr %

λ = 0.734 -10.6505 0.0018
λ = 0.634 -14.7702 0.0030
λ = 0.534 -16.9561 0.0038
λ = 0.434 -18.3108 0.0042
λ = 0.334 -19.2327 0.0045
λ = 0.234 -19.9007 0.0046
λ = 0.134 -20.4069 0.0047

Results indicate that higher credit market participation (or equivalently a lower
22See Supplementary Material for further details.
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fraction of rule of thumb consumers, ⇓ λ), increases welfare of unconstrained and
decreases (but only minimally) welfare of rule of thumb consumers. A reduction in
the fraction of rule of thumb consumers in 20 percentage points (from λ = 0.834 to
λ = 0.634), imply that in order to attain the same welfare level as the benchmark
regime, unconstrained households would have to reduce their consumption in this higher
credit market participation regime by approximately 14.8%. In the case of rule of thumb
households, in order to attain the same welfare level as the benchmark regime, they would
have to increase their consumption in this higher credit market participation regime by
0.0030%.

The intuition behind this result is that even though both households are risk averse and
prefer smoother streams of consumption, the higher credit market participation regime is
endowing each unconstrained household not only lower capital and debt stocks than what
they would hold in the lower credit market participation regime, but also a government
collecting lower taxes. The mix of lower taxes, lower investment spending, lower debt
holding and unaltered wage income in steady state affect the deterministic steady-state
level of welfare of unconstrained households and compensate the negative higher order
costs. In the case of rule of thumb households, since rising credit market participation
doesn’t affect aggregate steady states of the state vector, the deterministic steady-state
level of welfare is unaltered when λ changes and they perceive only the negative higher
order costs of higher consumption volatility.

Table 10 suggests that welfare costs will be slightly lower for both type of households
as other measures of financial frictions in the aggregate economy are less severe.

Table 10: Welfare analysis results when changing other financial frictions

Benchmark values Lower financial frictions (⇓ η) Lower financial frictions (⇓ θ)
θ = 0.376 θ = 0.376 η = 0.838
η = 0.838 η = 0.538 η = 0.238 θ = 0.276 θ = 0.176

Unconstrained (κu %)
λ = 0.634 -14.7702 -14.7698 -14.7694 -14.7701 -14.7700
λ = 0.434 -18.3108 -18.3106 -18.3105 -18.3107 -18.3106
λ = 0.234 -19.9007 -19.9006 -19.9006 -19.9006 -19.9006

Rule of thumb (κr %)
λ = 0.634 0.0030 0.0021 0.0014 0.0029 0.0028
λ = 0.434 0.0042 0.0032 0.0025 0.0041 0.0040
λ = 0.234 0.0046 0.0036 0.0028 0.0045 0.0044
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5 Rising credit market participation in Mexico and its

effect on aggregate fluctuations

To provide further empirical evidence on the macroeconomic effect of a rise in credit
market participation in an emerging economy, the model is re-estimated on Mexican data
over two decades. First, this section verifies that, consistent with results from Mexico’s
first National Financial Inclusion Report (CNBV, 2009), credit market participation
increased. Finally, I check whether this increase was behind a rise in relative volatility of
consumption observed during the decade 2005-2014.

5.1 Splitting the full sample in two subperiods

I first proceed by splitting the sample in two subperiods: 1995:II - 2004:IV (39 quarters)
and 2005:I- 2014:4 (40 quarters). The year 2005 is chosen as the beginning of the second
subperiod since financial depth measured by domestic credit to private sector (as % of
GDP) started to rise significantly around 200523. The choice for splitting the sample is
also aligned with the findings by Hansen and Sulla (2013) who find that domestic credit to
private sector increased significantly from 2004 to 2011 in most latin american countries.
In Mexico, most of the rise was driven by consumption credit growth24.

5.2 Calibration and priors

The calibration of all parameters except that used to match the standard deviation of
the foreign interest rate process (σR∗) are kept stable. The value used as σR∗ for the first
and second subperiod matches a foreign interest rate with a standard deviation of 1.89%
and 1.38% respectively.

Since splitting the sample reduces significantly the sample size, the AR(1) coefficients
in the transitory and the permanent technology processes, financial frictions parameters
(θ and η) and the long run yearly growth rate ζ are calibrated at the median of the
correspondent posterior distribution from the full sample estimation. Later, in robustness
section we estimate them. The list of estimated parameters is therefore restricted to: λ,
σa, σg, φ, σS and standard deviations of all five measurement errors. The assumed prior
distributions are the same as those assumed earlier when estimating the full sample.

23See Figure 17a in Appendix
24See Figure 17b in Appendix
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5.3 Posterior estimates

The posterior distributions of key parameters and for each subperiod are illustrated
in Figure 6. See estimation results in Table 20 presented in the Appendix.

Whereas in the first subperiod of 1995-2004, median estimates suggest that around
76.4% of total households had a behavior consistent with rule of thumb consumers, during
the most recent decade 2005-2014, that fraction fell to around 65.3%. The significant
rise in the number of households smoothing income fluctuations, is aligned with the
observed trend of financial sector outreach measures derived for Mexico25. The other
main conclusion that emerges from the estimation results is that no other parameter
changed significantly across subperiods.

Figure 6: Posterior estimates by subperiod

Regarding the variance decomposition analysis, productivity shocks (distributed
somewhat equally across its stationary and non stationary components) were the main
driver of fluctuations in real gdp and consumption growth, explaining around 90% of their

25The first National Financial Inclusion Report (CNBV, 2009), finds that the number of bank branches
per 1,000 km2 increased from 3.61 in 2001 to 5.06 in 2009 and the number of bank branches per 100 people
increased from 73 in 2001 to 93 in 2009. In addition to their upward trend, both measures experienced
a significant increase on their annual compounded growth rate at the beginning of 2006. There are no
other financial inclusion indicators for Mexico that date back to 2005 or earlier.
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variance in both periods26. In the case of investment growth and the trade balance ratio,
regardless the period considered, world interest rate was the main driver of their variance.
However, in the recent decade from 2005 to 2014, its relative contribution fell for both
series.

5.4 Isolating the role of a rise in credit market participation on

busines cycles for the recent decade.

During the recent decade 2005-2014, the Mexican economy faced a less volatile foreign
risky interest rate and less volatile spreads. Table 11 shows standard deviations for key
macroeconomic series across subperiods.

Relative to the previous decade, the recent subperiod 2005-2014 is also associated
with:

1. A decrease of 0.075 percentage points in GDP growth (γY ) volatility.

2. An increase of 0.318 in the ratio of standard deviation in consumption growth to
standard deviation in gdp growth (γC/γY ).

3. A decrease of 0.720 in the ratio of standard deviation in investment growth to
standard deviation in gdp growth (γI/γY ).

4. A decrease of 0.2 percentage points in trade balance ratio (dTby) volatility.

Recall that the calibration and estimates presented in the previous subsection reflect two
key differences emerging across subperiods: a rise in credit market participation and a
decrease in the volatility of the foreign risky interest rate process.

To illustrate the role of a rise in credit market participation on aggregate fluctuations
the following experiment is conducted.

First, I illustrate the effect of an increase in credit market participation by 11.1
percentage points- as implied by second subperiod estimates of λ- by keeping all other
parameters of baseline scenario fixed. The baseline scenario uses the calibration and
implied median estimates of the first subperiod (1995-2004). The estimated increase in
credit market participation would per se increase the ratio γC/γY by 0.157 and dTby by
0.245 percentage points.

Second, the volatility of the foreign interest rate is reduced by keeping all other
parameters of baseline scenario fixed (including λ). The estimated reduction in the
volatility of the foreign interest rate would per se decrease the volatility of all aggregate
series and the relative volatilities γI/γY (reduced by 0.435) and dTby (reduced by 0.258).

26See Table 21 in Appendix.
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Note the increase in the relative volatility of consumption reflects the greater sensitivity
of ouput than consumption growth to a decrease in the standard deviation of the foreign
interest rate.

The key message of this exercise is that a rise in credit market participation is crucial
to approach the observed higher ratio of volatility of consumption growth relative to
volatility of GDP growth in the more recent decade. Reestimating the model is able to
generate volatility in all aggregates that is closer to what is observed in the data.

Table 11: Implied standard deviations at median estimates by subperiod

γY γC/γY γI/γY dTby S

Period 1995:II-2004:IV

Data 1.319 0.747 2.808 0.971 0.685

Model 1.274 1.205 3.112 1.141 1.241

Period 2005:I-2014:4

Data 1.244 1.065 2.088 0.770 0.168

Model 1.198 1.350 2.628 1.039 1.200

Table 12: Rising credit market participation in Mexico and implied standard deviations

γY ∆∗∗ γC/γY ∆∗∗ γI/γY ∆∗∗ dTby ∆∗∗

Data subperiod 1995-2004 1.319 0.747 2.808 0.971

Data subperiod 2005-2014 1.244 -0.075 1.065 0.318 2.088 -0.720 0.770 -0.201

Baseline model* 1.274 1.205 3.112 1.141

Baseline + new λ 1.273 -0.002 1.362 0.157 3.095 -0.017 1.386 0.245

Baseline + new σ(Rf ) 1.249 -0.025 1.207 0.002 2.677 -0.435 0.883 -0.258

Baseline + new λ + new σ(Rf ) 1.248 -0.026 1.345 0.140 2.664 -0.449 1.077 -0.064

Reestimated model 1.198 -0.076 1.350 0.145 2.628 -0.484 1.039 -0.102

Notes:
∗ Baseline model uses median estimates from the first subperiod estimation. New λ is baseline but

setting λ to the median estimate for second subperiod (0.653). New σR∗ is baseline but setting the

calibration of foreign interest rate standard deviation to value observed for second subperiod (0.274).

Reestimated model uses median estimates from the second subperiod estimation.
∗∗ Change (∆) implied by data is relative to first subperiod. Change implied at different

parameterizations is relative to baseline.
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6 Robustness checks

6.1 Sensitivity to alternative values of dyss

The graph below illustrates that posteriors are insensitive to different calibrated values
of steady state debt to GDP (dyss). I select two alternative values, the first sets dyss = 0.05

as in García-Cicco et al. (2010) for their Mexican sample and the second sets dyss = 0.28

reflecting average external debt stock as percentage of GDP for Mexico during the period
1995-2018 (World Bank data). Their corresponding posterior distributions are compared
to those from the baseline model which sets dyss = 0.1 as in AG and CF. I present both
restricted and unrestricted models.

Figure 7: Posterior estimates of the restricted model at different values of dyss
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Figure 8: Posterior estimates of the unrestricted model at different values of dyss

6.2 Asymmetric risk aversion and labor supply elasticity

Let U(Cj
t , L

j
t) denote period utility of household type j = {r, u}, where r refers to

rule of thumb consumers and u to unconstrained consumers. This extension assumes
preferences are asymmetric in the coefficient of risk aversion σj and the preference
parameter ωj that governs labor supply elasticity (1/(ωj-1)):

U(Cj
t , h

j
t ,Γt−1) =

(
Cj
t − τjΓt−1(h

j
t)
ωj
)1−σj

1− σj

In addition to all other parameters calibrated in Section 3, long run productivity
quarterly growth µ is set such that long run yearly growth rate ζ is 2.5%. In this
extension, the new parameters σu, ωr and ωu are considered in the list of estimated
parameters. Since σR∗ doesn’t appear in any equilibrium condition we can ignore it. Note
that the parameters τu and τr will be linked with the posterior distribution of ωu and ωr,
respectively. In particular, these will be such that hrss = huss = 1/3.

As additional parameters are estimated, the list of observables also includes the first
difference of Household Debt to GDP ratio (∆Dyt) using the BIS database described in
Section 1. As before, it is assumed a flat prior for measurement error shocks in ∆Dyt
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with a standard deviation not larger than 25% of its total standard deviation.

Results reported in Supplementary Material suggest that data is very informative
regarding the key parameter of interest λ and that its posterior median is above 0.80.
Key findings related to other financial frictions parameters, the greater relevance of trend
shocks in the unrestricted model, model evaluation results suggesting the unrestricted
model performs better than its restricted version also remain robust.

Two other findings that are worth mentioning are those related with the coefficient
of risk aversion of unconstrained households σu and the preference parameters ωu and
ωr. First, estimates from the unrestricted model suggest a σu lower than that implied
by restricted model estimates. The second interesting result emerges in the unrestricted
model estimation. While the posterior distribution of the preference parameter ωu shifts
left relative to its prior, the posterior distribution of ωr shifts right relative to its prior.
In other words, aggregate data suggests that labor supply of unconstrained households
tends to be more elastic to real wage fluctuations than that of rule of thumb households.

6.3 Estimating financial frictions parameters

This section checks whether main results change when instead of calibrating
parameters reflecting financial frictions (θ and η), these are estimated. As before, the
calibration includes the AR(1) coefficients in both the transitory technology process and
the permanent technology process and the long run yearly growth rate ζ. In addition, the
standard deviations in both the transitory technology process (σa) and the permanent
technology process (σg) are calibrated at the median of the correspondent posterior
distribution from the full sample estimation. Prior distributions assumed are the same as
those described earlier when estimating the full sample.

Estimation results reported in Supplementary Material once more suggest that 75.2%
of total households had a behavior consistent with rule of thumb consumers in the first
subperiod of 1995-2004 and that the fraction fell to around 63.9% during the most recent
decade 2005-2014. As before, no other parameter - i.e financial frictions (θ and η) spread
shocks, capital adjustment cost parameter φ - seemed that changed significantly across
subperiods.

6.4 Lower social transfers during first subperiod

According to annual data from the OECD, while the ratio net transfers over GDP (γt)
remained stable and relatively close to 6.5% during the second subperiod 2005-2014, it
was significantly lower during the first subperiod 1995-2004. This section checks whether
a lower ratio affects main results. As shown in Supplementary Material, even after

44



calibrating γt at the observed average of 4.6%, around 75.8% of total households had
a behavior consistent with rule of thumb consumers in the first subperiod of 1995-2004.

7 Concluding Remarks and Suggestions for Further

Research

Aligned with previous literature, this paper finds evidence that an increase in
indicators of the degree to which the public can access financial services would tend to
increase aggregate volatility in emerging countries. In particular, estimation results of an
interacted panel VAR model, suggest that an increase in financial access measures tend
to amplify the responses of macroeconomic aggregates to a country interest rate shock in
an emerging economy.

In order to illustrate the role of financial frictions - acting through the interest rate
channel- in the relationship between household usage of financial services and business
cycle dynamics, a household financial constraint is embedded in an otherwise standard
small open economy model. The estimation of the extended model with limited credit
market participation by households contribute to a growing body of research that studies
business cycles in emerging economies. In the extended model, while financial frictions
remain quite significant, trend shocks become a more relevant source of business cycles.
Furthermore, standard measures of predictive accuracy suggest the extended model that
includes rule of thumb consumers outperforms a baseline model that excludes them. While
these findings arise as by-product of the main research, results suggest that including rule
of thumb consumers may have important implications in models assessing the role of
particular shocks in emerging market business cycles.

From impulse response analyses, two key model implications emerge. First, a rise
in household credit market participation in an emerging economy yields an increase
in aggregate consumption and trade balance volatility, regardless the shock hitting
the economy. Second, the lesser financial frictions are, the lower is the increase in
consumption growth and trade balance volatility driven by a rise in household credit
market participation. To provide further empirical evidence on these macroeconomic
effects, the model is re-estimated on Mexican data over two subperiods. The estimation
results suggest that the structural increase in credit market participation lead to an
increase in the volatility of consumption growth relative to output and during the recent
decade 2005-2014.

Although this paper finds that rising credit market participation would increase welfare
of unconstrained households, it would also have an effect on the transmission of exogenous
disturbances to emerging economies and unambiguously increase fluctuations in terms
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of aggregate consumption and trade balance ratio at business cycle frequencies. The
presence of financial frictions is the main mechanism. As more households participate in
consumption credit markets, a greater need of improving broad financial development
measures arise. For example, domestic policies that improve access to international
financial markets and lead towards more stable real interest rates in foreign borrowing
would dampen the volatility effect of higher credit market participation and their effect
on aggregate responses of consumption and the trade balance ratio after exogenous
disturbances. Similarly, reducing working capital constraints within firms would reduce
labor demand sensitivity to credit conditions and decrease aggregate volatility driven by
the rise in households that are able to borrow.

An interesting venue for future research is the exciting task of endogenizing the fraction
of households with rule of thumb behavior using a richer model with occasionally binding
borrowing constraints. A much richer model may not only assess more adequately welfare
implications but also answer other interesting questions such as the effect of monetary or
fiscal policy on income and wealth distribution in emerging economies with limited credit
market participation.
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Appendix

A Sample and Variable description for IPVAR

Table 13: Country sample

n Country Maximum sample1 Source National Accounts

1 Argentinaa 1996q1 - 2017q1 IFS
2 Brazil 1996q1 - 2017q4 OECD
3 Chile 1999q3 - 2017q4 OECD
4 Colombia 2000q1 - 2017q4 OECD
5 Ecuadora 1996q1 - 2017q3 IFS
6 Egypta 2002q1 - 2013q4 IFS
7 India 2013q1 - 2017q4 OECD
8 Indonesiaa 2004q3 - 2017q1 IFS
9 Malaysiaa 1997q1 - 2017q1 IFS
10 Mexicob 1996q1 - 2017q2 IFS
11 Perua 1997q2 - 2017q1 IFS
12 Philippinesc 1998q1 - 2017q4 PSA
13 Southafricab 1996q1 - 2016q4 IFS
14 Thailandb 1998q1 - 2017q3 IFS
15 Turkeya 1996q3 - 2017q4 IFS
16 Uruguayc 2005q1 - 2017q4 BCU

IADB: Inter-American Development Bank, PSA: Philippine Statistics
Authority, BCU: Central Bank of Uruguay, ECLAC: Economic
Commission for Latin America and the Caribbean.
1

Maximum sample given by national accounts and real interest rate
data availability.
a National Accounts data had to be seasonally adjusted and divided by
GDP deflator.
b National Accounts data had to be divided by GDP deflator.
c National Accounts data had to be seasonally adjusted. No superscript
implies data was already in constant values and seasonally adjusted.

Proxies for Household access and use of financial services:

– Financial system deposits to GDP : A common measure of financial depth which
refers to the size of financial institutions and markets and reflects the overall
extent of services provided by the financial system (Cihak et al., 2012). Data
is annual and extracted from the World Bank’s Global Financial Development
database.

– Credit to Households as % GDP : Credit to Households and Non-profit
institutions serving households (NPISHs) from All sectors at Market value
expressed as percentage of GDP and adjusted for breaks. It has quarterly
frequency and was extracted from Bank for International Settlements (BIS)
"Long series on credit to the private non-financial sector" database.

– Alternative financial access measures: Financial access refers to the
degree to which individuals and firms can and do use financial institutions

50



and markets. Three commonly used indicators are used: Bank accounts per
10 adults, Bank branches per 1000 adults and ATMs per 1000 adults. Data is
annual and extracted from the World Bank’s Global Financial Development
database.

Domestic real interest rate

The real gross interest rate for each emerging country is constructed as the
product of gross real interest rate for the US and gross country spreads. The
former is measured by the 3-month Treasury Bill Secondary market rate (%)
minus a measure of expected annual inflation. This measure is the average
of annual inflation of 4 previous quarters. The price index used to calculate
inflation is the GDP Implicit Price Deflator. All inputs for constructing US real
interest rate are extracted from FRED. Gross country spreads are based on JP
Morgan’s Emerging Markets Bond Index Global (EMBIG) which tracks total
returns for traded external debt instruments (i.e. foreign currency denominated
fixed income) in emerging markets.

Table 14: Descriptive statistics of National Accounts and interest rate data

Variable Mean Std. Dev. Min Max Observations

Output overall -0.002 0.069 -0.260 0.284 N = 1153
between 0.006 -0.011 0.011 n = 16
within 0.069 -0.252 0.291 T-bar = 72.063

Consumption overall -0.004 0.065 -0.354 0.335 N = 1153
between 0.007 -0.018 0.010 n = 16
within 0.065 -0.350 0.349 T-bar = 72.063

Investment overall -0.015 0.157 -0.676 0.714 N = 1153
between 0.021 -0.070 0.009 n = 16
within 0.156 -0.681 0.711 T-bar = 72.063

Trade Balance overall 0.011 0.068 -0.137 0.287 N = 1153
to Output ratio between 0.055 -0.059 0.160 n = 16

within 0.041 -0.196 0.153 T-bar = 72.063

Real interest rate overall 0.055 0.061 -0.001 0.551 N = 1153
between 0.035 0.017 0.145 n = 16
within 0.050 -0.047 0.461 T-bar = 72.063

Output, consumption, investment and the trade balance are in constant local currency
units, seasonally adjusted and expressed as log deviations from their corresponding log-
linear trend. The trade balance ratio and real interest rate are detrended in levels.
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Table 15: Descriptive statistics of Financial Access measures

Variable Mean Std. Dev. Min Max Observations

ACCESS I overall 48.357 28.290 12.999 126.365 N = 1049
Financial system deposits between 28.702 18.180 114.531 n = 16
to GDP (%) within 5.259 30.276 63.440 T = 65.563

ACCESS II overall 22.925 18.283 1.000 70.900 N = 709
Credit to Households between 18.847 4.900 60.878 n = 11
to GDP (%) within 5.866 9.849 41.749 T-bar = 64.455

ACCESS III overall 0.197 0.307 0.038 2.577 N = 698
Bank branches between 0.204 0.043 0.884 n = 16
per 1000 adults within 0.234 -0.578 1.889 T = 43.625

ACCESS IV overall 0.433 0.281 0.026 1.180 N = 674
ATMs between 0.259 0.069 1.119 n = 16
per 1000 adults within 0.120 -0.046 0.795 T = 42.125

ACCESS V overall 7.053 4.502 0.534 21.332 N = 356
Bank accounts between 4.829 1.337 17.756 n = 10
per 10 adults within 1.174 3.663 10.629 T = 35.6
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Table 16: Impulse response to a one standard deviation shock to the domestic real interest
rate conditional to financial access size (alternative proxies)

Low Fin. Access High Fin. Access Diff.

1 std. shock in R Access: bank branches per 1000 adults
Output
1st year -0.26∗∗∗ -0.26∗∗∗ -0.01
2nd year -0.3∗∗∗ -0.3∗∗∗ -0.01
3rd year -0.25∗∗∗ -0.24∗∗∗ -0.01
Investment
1st year -0.86∗∗∗ -0.69∗∗∗ -0.18∗∗
2nd year -0.91∗∗∗ -0.73∗∗∗ -0.19∗
3rd year -0.67∗∗∗ -0.54∗∗∗ -0.14∗
Trade Balance Ratio
1st year 0.05 0.13∗∗ -0.08∗∗∗
2nd year 0.09 0.14∗∗∗ -0.06∗∗∗
3rd year 0.08∗∗ 0.11∗∗∗ -0.03∗

1 std. shock in R Access: ATMS per 1000 adults
Output
1st year -0.24∗∗∗ -0.35∗∗∗ 0.12
2nd year -0.27∗∗∗ -0.39∗∗∗ 0.13
3rd year -0.22∗∗∗ -0.31∗∗∗ 0.1
Investment
1st year -0.61∗∗∗ -1.29∗∗∗ 0.69∗∗∗
2nd year -0.62∗∗ -1.35∗∗∗ 0.73∗∗∗
3rd year -0.45∗∗ -0.97∗∗∗ 0.53∗∗∗
Trade Balance Ratio
1st year 0.05 0.31∗∗∗ -0.27∗∗∗
2nd year 0.06 0.27∗∗∗ -0.22∗∗∗
3rd year 0.05 0.17∗∗∗ -0.13∗∗∗

1 std. shock in R Access: Bank accounts per 10 adults
Output
1st year -0.42∗∗∗ -0.29∗∗∗ -0.13
2nd year -0.39∗∗∗ -0.25∗∗∗ -0.14
3rd year -0.27∗∗∗ -0.16∗∗∗ -0.12∗
Investment
1st year -0.8∗∗∗ -0.27 -0.53∗
2nd year -0.87∗∗∗ -0.38 -0.49∗
3rd year -0.69∗∗∗ -0.31 -0.38
Trade Balance Ratio
1st year -0.02 0.26∗∗∗ -0.28∗∗∗
2nd year 0.05 0.15∗∗∗ -0.1∗
3rd year 0.06 0.08∗∗∗ -0.03

∗,∗∗,∗∗∗ indicate that zero lies outside the 80,90,95 %
confidence bands.
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B Appendix Section 3

B.1 Posterior estimates

Figure 9: Posterior estimates of the restricted model (λ = 0)
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Figure 10: Posterior estimates of the unrestricted model (λ ≥ 0)

B.2 Model Evaluation
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Table 17: Variance decomposition of restricted model and counterfactual exercises.

γY γC γI dTby S

Restricted model (λ = 0)

Stationary technology (εAt ) 49.30 12.00 7.10 0.60 69.10

Nonstationary technology (εgt ) 35.10 13.80 6.20 2.00 22.20

World Interest rate (εR∗
t ) 14.80 74.00 86.70 97.40 0.00

Exogenous spread (εSt ) 0.70 0.20 0.00 0.10 8.70

Counterfactual, higher working capital (θ = 0.69)

Stationary technology (εAt ) 48.13 13.69 7.07 0.27 69.14

Nonstationary technology (εgt ) 33.43 14.84 6.08 1.41 22.18

World Interest rate (εR∗
t ) 16.20 70.85 86.85 98.03 0.00

Exogenous spread (εSt ) 2.24 0.62 0.00 0.29 8.67

Counterfactual, lower volatility of gt (σg = 0.052%)

Stationary technology (εAt ) 75.38 13.88 7.55 0.57 88.46

Nonstationary technology (εgt ) 0.85 0.25 0.10 0.03 0.45

World Interest rate (εR∗
t ) 22.67 85.67 92.35 99.32 0.00

Exogenous spread (εSt ) 1.11 0.20 0.00 0.08 11.09

Counterfactual, lower volatility of R∗ (σR∗ = 0.26%)

Stationary technology (εAt ) 53.94 20.88 14.12 1.26 69.14

Nonstationary technology (εgt ) 38.37 24.02 12.41 4.57 22.18

World Interest rate (εR∗
t ) 6.90 54.79 73.47 93.99 0.00

Exogenous spread (εSt ) 0.79 0.31 0.00 0.18 8.67

Notes: The estimated contribution of measurement errors (not shown)

is negligible for all five variables. Third counterfactual experiment use

σg such that the implied ratio of unconditional volatilities of trend to

stationary shocks is that implied by CF estimates and assuming ρg,

ρa and σa are fixed at median estimates from the restricted model in

Section 3. Fourth counterfactual experiment use σR∗ such that the

implied unconditional volatility of the foreign interest rate shock is that

implied by CF estimates and assuming ρR∗ is fixed at its calibrated value

in Section 3.
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Table 18: Variance decomposition of unrestricted model and counterfactual exercises.

γY γC γI dTby S

Benchmark, Unrestricted model (λ ≥ 0)

Unrestricted model (λ ≥ 0)

Stationary technology εAt 43.70 42.70 13.10 2.30 72.50

Nonstationary technology εgt 44.20 44.40 13.20 3.90 22.40

World Interest rate εR∗
t 11.40 10.50 73.70 93.60 0.00

Exogenous spread εSt 0.70 2.40 0.00 0.20 5.10

Counterfactual, no limited credit market participation (λ = 0)

Stationary technology σz 44.62 18.03 14.15 3.80 72.53

Nonstationary technology σg 44.87 22.91 13.90 7.20 22.39

World Interest rate σR∗ 9.80 58.90 71.95 88.91 0.00

Exogenous spread σS 0.72 0.16 0.00 0.09 5.08

Counterfactual, no endogenous spread (η = 0)

Stationary technology σz 41.64 34.98 0.26 3.60 0.00

Nonstationary technology σg 43.80 45.39 8.31 0.99 0.00

World Interest rate σR∗ 13.71 15.97 91.44 95.23 0.00

Exogenous spread σS 0.85 3.66 0.00 0.18 100.00

Counterfactual, no working capital requirement (θ = 0)

Stationary technology σz 42.70 41.69 13.12 3.42 72.53

Nonstationary technology σg 46.58 50.98 13.52 5.58 22.39

World Interest rate σR∗ 10.72 7.33 73.37 91.00 0.00

Exogenous spread σS 0.00 0.00 0.00 0.00 5.08

Counterfactual, λ = η = θ = 0

Stationary technology σz 44.59 2.97 0.32 1.00 0.00

Nonstationary technology σg 46.59 19.33 9.08 4.03 0.00

World Interest rate σR∗ 8.82 77.71 90.60 94.96 0.00

Exogenous spread σS 0.00 0.00 0.00 0.00 100.00

Notes: The estimated contribution of measurement errors (not shown)

is negligible for all five variables

57



Table 19: Implied moments by model

γY γC γI dTby S

Data

Standard deviation (%) 1.184 1.128 3.031 0.836 0.556

Serial correlation 0.267 0.341 0.249 -0.176 0.767

Correlation with γY 1.000 0.760 0.794 -0.379 -0.167

Unrestricted model λ = 0.834, η = 0.838, θ = 0.376

Standard deviation (%) 1.035 1.180 3.271 0.862 0.977

Serial correlation 0.221 0.156 0.015 -0.066 0.862

Correlation with γY 1.000 0.990 0.481 -0.159 -0.436

Model λ = 0.834, η = θ = 0

Standard deviation (%) 0.922 0.892 2.884 0.831 0.220

Serial correlation 0.257 0.276 0.028 -0.012 0.000

Correlation with γY 1.000 0.996 0.241 0.107 0.000

Model η = 0.838, λ = θ = 0

Standard deviation (%) 0.911 2.905 3.035 2.566 0.977

Serial correlation 0.267 0.002 0.011 -0.020 0.862

Correlation with γY 1.000 0.549 0.494 -0.256 -0.448

Model θ = 0.376, λ = η = 0

Standard deviation (%) 0.931 2.654 2.752 2.501 0.220

Serial correlation 0.233 0.064 0.025 -0.055 0.000

Correlation with γY 1.000 0.387 0.238 0.014 -0.066

Model λ = η = θ = 0

Standard deviation (%) 0.911 2.597 2.698 2.448 0.220

Serial correlation 0.238 0.014 0.025 -0.016 0.000

Correlation with γY 1.000 0.389 0.246 0.000 0.000
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C Appendix Section 4

Figure 11: Unconditional standard deviation of key macroeconomic aggregates at different
λ and η combinations

(a) Output growth (b) Consumption growth

(c) Investment growth (d) Trade balance ratio (first difference)

Notes: Remaining parameters are fixed at median estimates of unrestricted model
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Figure 12: Implied Autocorrelation (order 1) of key macroeconomic aggregates at different
λ and η combinations

(a) Output growth (b) Consumption growth

(c) Investment growth (d) Trade balance ratio (first difference)

Notes: Remaining parameters are fixed at median estimates of unrestricted model
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Figure 13: Implied Correlation with Output Growth of key macroeconomic aggregates at
different λ and η combinations

(a) Consumption growth (b) Investment growth

(c) Trade balance ratio (first difference)

Notes: Remaining parameters are fixed at median estimates of unrestricted model
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Figure 14: Unconditional standard deviation of key macroeconomic aggregates at different
λ and θ combinations

(a) Output growth (b) Consumption growth

(c) Investment growth (d) Trade balance ratio (first difference)

Notes: Remaining parameters are fixed at median estimates of unrestricted model
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Figure 15: Implied Autocorrelation (order 1) of key macroeconomic aggregates at different
λ and θ combinations

(a) Output growth (b) Consumption growth

(c) Investment growth (d) Trade balance ratio (first difference)

Notes: Remaining parameters are fixed at median estimates of unrestricted model
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Figure 16: Implied Correlation with Output Growth of key macroeconomic aggregates at
different λ and θ combinations

(a) Consumption growth (b) Investment growth

(c) Trade balance ratio (first difference)

Notes: Remaining parameters are fixed at median estimates of unrestricted model

64



D Appendix Section 5

Figure 17: Evolution of private credit in Mexico

(a) Domestic credit to private sector as % GDP
(b) Credit by type as % of domestic credit to private
sector

Sources: World Bank Global Financial database. Comision Nacional Bancaria y de Valores de Mexico.
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Table 21: Variance decomposition predicted by subperiod estimates.

γY γC γI dTby S

Subperiod 1995:II - 2004:IV

Stationary technology (εAt ) 47.32 46.03 21.17 6.70 74.15

Nonstationary technology (εgt ) 43.49 43.80 17.19 7.65 20.37

World Interest rate (εR∗
t ) 8.38 7.84 61.64 85.44 0.00

Exogenous spread (εSt ) 0.82 2.34 0.00 0.21 5.48

Subperiod 2005:I - 2014:IV

Stationary technology (εAt ) 50.31 46.37 29.20 10.25 74.69

Nonstationary technology (εgt ) 44.11 43.72 23.00 12.87 19.64

World Interest rate (εR∗
t ) 4.69 8.06 47.80 76.56 0.00

Exogenous spread (εSt ) 0.89 1.86 0.00 0.32 5.67

Notes: The estimated contribution of measurement errors (not shown)

is negligible for all five variables
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