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Abstract
I argue that household heterogeneity plays a key role in the transmission of aggregate
shocks in emerging market economies. Using Mexico’s 1995 crisis as a case study, I
first document empirically that working in the tradable versus non-tradable sector
is a crucial determinant of the income and consumption losses of different types of
households. Specifically, households in the non-tradable sector suffered much larger
income and consumption losses regardless of other household characteristics. To
account for the effect of this observation on macroeconomic dynamics, I construct
a New Keynesian small open economy model with household heterogeneity along
two dimensions: uninsurable sector-specific income and limited financial-market
participation. I find that the propagation of shocks in this economy is affected by
both dimensions of heterogeneity, with uninsurable sector-specific income playing
a quantitatively larger role. In terms of policy, a managed exchange rate policy is
more costly overall when households are heterogeneous; however, households in the
non-tradable sector benefit from it.
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Introduction

In recent years, there has been heightened concern about the exposure of emerging markets
to sudden stops characterized by the abrupt decline in capital inflows and a sharp drop in
output.1 In economics, a large literature has developed to analyze the causes and consequences of sudden stops. Typically, baseline models to analyze this phenomenon adopt
a representative agent approach, bypassing household heterogeneity and distributional
issues. I argue in this paper that accounting for household heterogeneity is particularly
important for these episodes. I consider a heterogeneous agents model consistent with
micro evidence and find that the output drop due to a sudden stop is almost two times as
large as in a representative agent framework, while the consumption drop is one and a
half times as large. In terms of policy, flexible exchange rates might not benefit all types of
households, despite providing aggregate stabilization for the economy.
I organize my study of household heterogeneity in emerging market economies and
its role in the transmission of aggregate shocks by focusing on two questions: 1. How
are different types of households affected by external shocks?; and 2. How do different
household-level responses drive macroeconomic dynamics? To answer these questions, I
use Mexico’s 1995 crisis as a case study. My empirical analysis suggests that households
do not have diversified income across sectors and the possibilities to smooth consumption are limited. Based on these observations, I construct a New Keynesian small open
economy model with household heterogeneity along two dimensions: uninsurable sectorspecific income and limited financial-market participation. I use the model to perform
two exercises. First, I consider a crisis episode in which there is an unexpected increase
in the international interest rate and the economy abandons a fixed exchange rate policy
unexpectedly after the shock takes place. I find that household heterogeneity amplifies
the effects of external shocks on output and this channel is more important under a fixed
exchange rate regime. Second, I compute the welfare cost of monetary policies that display
“fear of floating”, i.e. that limit the fluctuations of the nominal exchange rate. This type
of policy becomes more costly when households are heterogeneous, but the asymmetric
income responses make such a policy beneficial for some households at the expense of
others.
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Most recently, U.S. Federal Reserve Bank Chairman Jerome Powell declared ‘‘we’re raising rates, that puts
upward pressure on interest rates around the world and can affect countries, particularly countries that have significant
external dollar borrowing. (...) There are some countries that are – that are undergoing severe stress, a handful of them,
and – but not most emerging market countries.” on his Sept. 26th, 2018 opening statement. See also the Wall
Street Journal article from June 3rd, 2018, “Dollar’s Strength Adds Stress to Emerging Market Currencies”.
Argentina, Brazil and Turkey were experiencing turbulences that evoked late 1990s sudden stops.
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In the first part of the paper, I study the effects of Mexico’s 1995 crisis at the household
level to identify which dimensions of heterogeneity are more likely to play a distinctive
role during sudden stops. I focus on this case for two reasons. First, this event has been
extensively studied at the macroeconomic level and can be characterized as a sudden stop
crisis.2 Second, there is high-quality household data available for the time period of the
crisis, both for income and consumption outcomes. Using microdata from the Mexican
household income and expenditure survey, I document that there are heterogeneous
responses of income and consumption across different types of households. In particular,
these losses are not significantly different across education levels or age cohorts, but
they do differ according to the household sector of employment. Households in the nontradable sector experienced a larger income loss than households in the tradable sector.
Moreover, this pattern is also observed for consumption losses. My empirical analysis
offers two insights: first, most households receive all of their income from just one of these
two broad sectors; and second, the fact that the sector of work also affects consumption
points to limited possibilities to smooth income shocks. These two observations are the
building blocks of household heterogeneity in my model.
The second part of my paper focuses on understanding the effects of household heterogeneity during an emerging market crisis and the role of exchange rate policy. To do
this, I construct a two-sector New Keynesian small open economy model that incorporates
household heterogeneity. The model has two key ingredients: uninsurable sector-specific
income and limited financial-market participation. In terms of the first ingredient, there
are two types of workers according to their sector of work being tradable or non-tradable.
In the baseline specification, households are made up of only one type of worker so there
is no sectoral income sharing. In terms of the second ingredient, workers can accumulate
uncontingent foreign debt (assets) at an exogenous interest rate. However, not all workers
have access to this possibility. For each type of worker, there is a subset that has no access
to financial markets, i.e. they consume all of their current income. These hand-to-mouth
workers decide how much to work and consume every period, but they cannot smooth
consumption over time.
To analyze the quantitative predictions of the model, I calibrate the model so that
its steady state equilibrium matches long-run averages for the Mexican economy. I use
household-level data to identify the share of workers in each sector, and in particular,
the share of hand-to-mouth households. I identify the income/expenditure categories
in the household level data that correspond to participation in formal financial markets
2

Calvo & Mendoza (1996a), Cole & Kehoe (2000), Mendoza (2002), Aguiar & Gopinath (2007), Kehoe &
Ruhl (2009), focus on different aspects of Mexico’s 1995 crisis.
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and consider as hand-to-mouth those households that did not receive/spend any income
in those categories. With the calibrated model in hand, I study two situations: first, the
adjustment during a crisis episode; and second, the welfare costs of monetary policy rules
with different degrees of “fear of floating”.
The crisis exercise consists of analyzing the dynamic adjustment, with and without
household heterogeneity, of an economy that is unexpectedly hit by an increase in the
international interest rate of 200 basis points while its exchange rate is fixed. After the
shock takes place, the economy unexpectedly abandons the fixed exchange rate for a
floating one. The interest rate shock can be interpreted as a sudden stop of capital inflows
and is of similar magnitude to the shock experienced by the Mexican economy. Similarly,
the Mexican economy had a fixed exchange rate at the beginning of the crisis, but it was
abandoned soon after the shock.
Consider first the case of a representative household setup in which there is a single
household that pools income from all types of workers. By pooling income from both
sectors, workers are insured from sectoral shocks, but not from aggregate ones. An
increase in the international interest rate is an intertemporal shock that makes present
consumption less attractive and reduces the present discounted value of lifetime income.
The representative household would like to reduce their consumption and increase their
hours worked. There is a fall in aggregate demand for both types of goods, tradable and
non-tradable, while there is a surge in the supply of hours in both sectors. In the tradable
sector, since the economy is a small player in the world market that takes as given the
price in foreign currency, there is an increase in tradable output that absorbs the increase in
labor supply even though there was a decrease in domestic aggregate demand for tradable
goods. In the non-tradable sector, however, since prices are sticky and the exchange rate
is fixed, relative prices cannot adjust enough to absorb the labor supply expansion. The
non-tradable sector is demand-determined since the fixed exchange rate creates a rigidity
in terms of the relative price of non-tradable goods. Since domestic aggregate demand
was reduced, so it is non-tradable output. As soon as the fixed exchange rate is abandoned
after the shock, the economy recovers since the fall in the relative price of non-tradables
boosts domestic aggregate demand.
In my model, household heterogeneity amplifies the effects of the sudden stop shock.
Households in each sector respond differently to the shock since their income reacts
differently and they do not have the same consumption smoothing possibilities. This
affects aggregate outcomes through two channels. First, households in the tradable sector
do not experience a negative income shock as large as in the representative agent economy.
4

In fact, heterogeneity within the tradable sector dampens the increase in tradable output
observed in the representative household model since not all types of households in the
tradable sector will increase labor supply. Second, the fall in non-tradable output is larger
since hand-to-mouth households in the non-tradable sector reduce their demand for nontradable goods by more than the rest of the economy. The effect of these two channels is a
larger fall in both output and consumption. When the fixed exchange rate is abandoned,
this economy recovers faster than the representative agent one since the reallocation of
demand towards non-tradable goods is more effective through the stronger response of
hand-to-mouth households to changes in relative prices.
My second exercise consists of evaluating the welfare costs of monetary policy with
“fear of floating”. The central bank commits to let the exchange rate float and follow
an interest rate rule that responds to inflation, but for reasons outside the model, it is
reluctant to let the nominal exchange rate fluctuate excessively. As documented by Calvo
& Reinhart (2002), many emerging markets’ central banks behave in this way, particularly
after experiencing sudden stop crises. “Fear of floating” can be incorporated into a
standard Taylor rule by including a reaction to the nominal exchange rate depreciation. In
this case, the domestic interest rate set by the central bank will react to changes in both
inflation and the exchange rate depreciation. The more elastic is the domestic interest rate
with respect to the depreciation rate, the higher is the “fear of floating” that the central
bank experiences.
I compute the welfare cost of different degrees of “fear of floating” by comparing
lifetime welfare under a policy with “fear of floating” and lifetime welfare under an
exchange rate policy that replicates the flexible-price allocation. The welfare cost is given
by the permanent percentage change in consumption under the policy that replicates the
flexible-price allocation that provides the same lifetime utility as under the policy with
“fear of floating”. For the economy as a whole, a monetary policy with “fear of floating” is
worse than letting the exchange rate float freely. In addition, the cost is at least twice as
large in the economy with household heterogeneity than in the representative agent case.
As the strength of “fear of floating” increases the policy becomes relatively more costly in
the economy with heterogeneous households. Uninsurable sector-specific income plays a
larger role in increasing the welfare cost of such policies than the lack of access to financial
markets. In terms of the distribution of welfare costs, households in the non-tradable
sector that can access financial markets actually prefer policies that limit exchange rate
fluctuations, even though this increases aggregate volatility. “Fear of floating” can then
arise if this type of household has more weight in the economy.
5

Related Literature. This paper is related to several strands of the literature. First, it builds
upon the international macroeconomics literature on emerging markets and sudden stops.
Mendoza (2002) incorporates a liquidity constraint on borrowing and defines sudden stops
as the moments when the constraint binds, in an otherwise standard small open economy
model. Kehoe & Ruhl (2009) show that a multi-sector growth model can account for the
trade balance reversal and the real exchange depreciation during a sudden stop, but not
for the dynamics of aggregate and sectoral output, even when including labor frictions and
variable capital utilization. Gertler, Gilchrist & Natalucci (2007) study the role of financial
frictions in the propagation of a sudden stop in a New Keynesian small open economy
under alternative exchange rate regimes. They find that a fixed exchange rate exacerbates
sudden stops. Schmitt-Grohé & Uribe (2016) analyze the costs of fixed exchange rates in an
two-sector economy with downwardly rigid wages and they find that the optimal policy
consists of a floating exchange rate. They also study the benefits of alternative policies,
such as capital controls, when monetary policy is constrained. Burstein, Eichenbaum &
Rebelo (2007) account for the price dynamics after large devaluations in an economy with
sticky prices in the non-tradable sector and distribution costs in the tradable one. Cook
& Devereux (2006) study the role of imported intermediate inputs and financial frictions
in a New Keynesian small open economy with non-tradable goods and dollar-currency
pricing. Their model generates large declines in output that are very short-lived compared
to the East Asian crises. The main contribution of my paper to this strand of literature is
the inclusion of heterogeneous households. By including household heterogeneity, I can
identify a demand-side channel that helps explain the large fall in output and consumption
that takes place during sudden stops. Additionally, I can study the distributional effects of
different exchange rate regimes.
This paper contributes to a growing literature on household heterogeneity in New
Keynesian models. Kaplan, Moll & Violante (2018) study the transmission mechanism
of monetary policy in a closed economy with heterogeneous households that face an
occasionally binding borrowing constraint. They find that heterogeneity changes the
transmission mechanism of monetary policy. The indirect general equilibrium channels
outweigh the direct effect of monetary policy through the intertemporal substitution
channel. Galí & Debortoli (2018) show that a model with limited heterogeneity can
replicate well the qualitative and quantitative dynamics from a complex model as the one
in Kaplan et al. (2018). The limited heterogeneity consists of the existence of two types of
agents, one that has access to financial markets or can accumulate capital, and another
that is hand-to-mouth as in Campbell & Mankiw (1989). Galí, López-Salido & Vallés
(2007), for example, study the effects of government spending, while Bilbiie (2008) studies
6

optimal monetary policy, aggregate dynamics, and stability. These are just some of the
emerging literature in this area. A common thread in this literature is the study of a closed
economy for which all markets clear domestically.3 My paper extends the framework
with limited heterogeneity to a two-sector small open economy model. I consider the
effect of uninsurable sector-specific income in addition to marginal propensity to consume
heterogeneity. I show that, for emerging markets, the lack of sectoral income sharing is
more important in the transmission of aggregate shocks than the differences in marginal
propensities to consume. This is due to sectoral incomes behaving very differently after a
shock.
Finally, this paper is related to the study of the redistribution effects of monetary policy.
Doepke & Schneider (2006) asses the effects of unexpected inflation on the value of nominal
assets for different types of households. Rich old households are hurt the most by inflation
since they are savers, while young middle-class households are the winners since they are
borrowers with fixed-rate mortgages. Auclert (2017) studies the role of redistribution in the
transmission of monetary policy, emphasizing the interest rate exposure channel (which
considers the maturity of assets and liabilities). Gornemann, Kuester & Nakajima (2016)
consider the distributional effects of monetary policy through its impact in labor market
outcomes. Wealth-poor households benefit more from accommodative monetary policy,
since they rely mostly on labor income. For open economies, Drenik (2015) considers the
case of a small open economy with tradable and non-tradable sectors and downwardly
rigid nominal wages. When not all wages are equally rigid, nominal devaluations have
redistribution effects across workers according to the degree of nominal wage rigidity
in their sector of work. Prasad & Zhang (2015) examine the distributional effects of
exchange rate policies in a model similar to mine. They find that the short-run and longrun distributional effects of exchange rate policy can be very different. However, they
do not provide evidence for the lack of income sharing and they do not systematically
compare their model with the representative agent version as I do. Cravino & Levchenko
(2017) analyze empirically the redistribution effects of nominal devaluations through their
effects on prices for the case of Mexico in 1995. They find devaluations are anti-poor.
Poor households face a higher inflation rate since they consume more tradable goods and
tradable prices increase by more than non-tradable ones after a devaluation. Wieland,
Hausman & Rhode (2018) study the role of the dollar devaluation in the U.S. 1933 recovery
through the redistribution of resources to constrained farmers. They find that this channel
can account for a large portion of the output recovery in 1933. In terms of redistribution
3

Drenik (2015) is an exception that considers an open economy with heterogeneity, however, there is no
reference to the channels that operate with household heterogeneity compared to a single household version.
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effects, my paper highlights the role of the income channel in determining who benefit and
who lose from exchange rate fluctuations. Individual income dynamics under alternative
exchange rate policies can be very different from aggregate dynamics once there is no
income sharing across sectors, creating a distributional conflict across households.
Layout. In the following section I present empirical evidence on the household level effects
of an external crisis, using Mexico’s 1995 Tequila crisis as a case study. In section 3, I
construct a New Keynesian small open economy model with household heterogeneity. I
compare the benchmark model with the traditional representative agent model in section
4. In section 5, I evaluate the welfare cost of monetary policy that limits nominal exchange
rate fluctuations, i.e. that exhibit “fear of floating”. Finally, section 6 concludes.

2

Mexico’s 1995 Tequila crisis

In this section, I lay out the macroeconomic behavior during the Mexican 1995 crisis
and the effects on different types of households that motivate the inclusion of household
heterogeneity in the model in section 3. First, I describe the macroeconomic facts of
the crisis, while in the second part of the section I study the distribution of income and
consumption losses during the crisis for different types of households.
The Mexican 1995 crisis, also known as the “peso crisis” or “Tequila crisis”, refers to
the sudden stop episode that started at the end of 1994 in Mexico. This event has been
extensively studied at the aggregate level since it was the first in a succession of major
international crisis to hit emerging markets in the 1990s.4 A sudden stop, as characterized
by Calvo (1998) and Calvo & Reinhart (2000), represents an unexpected loss of access
to international markets, through a negative swing in capital inflows, a corresponding
current account reversal, and a sharp contraction in domestic output and expenditure.
During such episodes, there are collapses in asset prices, the real exchange rate and the
relative price on non-tradable goods. These events also tend to exhibit larger volatility
in emerging markets than balance-of-payment crises in advanced economies (Calvo &
Reinhart 2000). Tornell & Westermann (2002) characterize sudden stop events and boombust cycles after the liberalization of financial markets in middle-income countries. One of
the characteristics they identify is the asymmetric evolution of tradable and non-tradable
sectors: while the tradable sector experiences a quick recovery after a mild recession, the
non-tradable one experiences a sharp fall and a sluggish recovery.
4

For different studies on the Mexican crisis, see for example Cole & Kehoe (2000), Calvo & Mendoza
(1996a) Mendoza (2002), Kehoe & Ruhl (2009), Meza & Quintin (2007), Aguiar & Gopinath (2007), Chari,
Kehoe & McGrattan (2005)
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Figure 1 presents the growth rates of Mexican GDP, private consumption, GDP in the
tradable sector and GDP in the non-tradable sector for 1991:Q1 to 2001:Q4, using quarterly
national accounts data. The events that triggered Mexico’s sudden stop started at the
end of 1994, while the full impact of the crisis was felt in 1995:Q2.5 Both output and
consumption display the large contraction characteristic of sudden stop episodes. While
tradable GDP experienced a large fall during 1995:Q2 and quickly recovered, non-tradable
GDP experienced a longer recession with a more pronounced output contraction. Figure 2
presents a similar picture when considering detrended variables.
The top panel of Figure 3 presents the trade balance to GDP ratio, which shows a
reversal from -4% of GDP in 1994:Q4 to 2% in 1995:Q1 and continues improving while
output and consumption remained depressed. The bottom panel of Figure 3 presents the
evolution of the nominal and real exchange rates at a quarterly frequency. The nominal
exchange rate was under control until the end of 1994, when the government announced a
15% devaluation, after a speculative attack against the Mexican peso in November, and
lost a massive amount of reserves. By January 1995, the government had completely
abandoned any notion of a fixed or managed nominal exchange rate and was letting the
currency float freely. The nominal depreciation between December 1994 and January 1995
was 75%. The real exchange rate also depreciated following the nominal depreciation and
the collapse of non-tradable relative prices, as documented by Burstein, Eichenbaum &
Rebelo (2005) for the case of Mexico and other sudden stop episodes that featured large
devaluations. Figure 4 shows that consumer price inflation increased by less than the
nominal devaluation, as in the other episodes analyzed by Burstein et al. (2005).
As shown in Figure 5, the unemployment rate peaked in 1995:Q2 for all education
levels, with unemployment rates being higher for more skilled workers. In terms of shocks
related to the external sector, Figure 6 shows the evolution of productivity in the tradable
sector (top panel) and international and domestic interest rates (bottom panel). During the
sudden stop, productivity in the tradable sector dropped significantly for the duration of
the crisis. This is in line with Meza & Quintin (2007), who point out that conventionally
measured TFP falls by unusual amounts during financial crises. After the speculative
attacks against the Mexican peso in 1994 and the capital flight at end of December 1994,
the international interest rate faced by Mexico (measured as the 90-day U.S. T-bill rate plus
the EMBI index for Mexico, adjusted by U.S. inflation) increased at the end of 1994 and
shot up in the first quarter of 1995. Domestic rates for 90-day CETES (Mexican Treasury
bonds) also increased in 1995:Q1, displaying the government’s inability to borrow at low
5

See Mussachio (2012), Whitt (1996), Sachs, Tornell & Velasco (1996) Calvo & Mendoza (1996a), and
Calvo & Mendoza (1996b) for more detailed accounts of the events leading up to the crisis and its evolution.
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rates.
2.1

Household level effects of the crisis: the role of the sector of work

The household level effects of the Mexican crisis can be studied using two alternative
household-level surveys: ENEU, a labor market survey, and ENIGH, an income and
expenditure survey. Both surveys are conducted by INEGI, the national statistical institute
of Mexico. In my empirical analysis, I will use ENIGH (National Household Income
and Expenditure Survey), a repeated cross-section survey with a two-year frequency
and interviews taking place from August to October. It is similar in structure to the
Family Expenditure Survey (FES) from the UK. Data is comparable from 1992 onward.
ENIGH is representative at the national level, both for urban and rural areas. The survey
includes very detailed demographic information of all household members, as well as
in-depth income information from different sources, not only labor income. Households
also keep an expenditures diary including product, price and quantity purchased of nondurable goods and some durable goods and services. In terms of the distributional effects
of the Mexican crisis, my main contribution consists of re-examining the income and
consumption losses experienced by different types of households, taking into account their
sector of work (tradable or non-tradable). I will first summarize the existing empirical
findings to motivate my empirical analysis.
Binelli & Attanasio (2010) find that real wages dropped significantly between 1994 and
1996. This fall in income is also reflected in consumption, which indicates that households
were not able to smooth out the negative shock of the crisis. Maloney, Cunningham &
Bosch (2004) study the distribution of income shocks during the Mexican crisis using
quantile regressions. They find that households with lower education experienced lower
income losses both. This difference across education levels becomes more pronounced
when considering extreme negative shocks.
Similarly, McKenzie (2003) finds that less-educated, rural and agricultural workers
experienced smaller drops in income (around 20%), while households in metropolitan
areas, highly educated, and workers in financial services and construction suffered larger
reductions in income and consumption (around 40%). Despite these large income changes,
household structure and labor market participation did not change much during the
episode. In a related work, McKenzie (2006) finds that households adjusted mainly
through a reduction in durable consumption.
Attanasio & Székely (2004) find that for all cohorts and education levels, the 1994
crisis induced a decline in real wages, but lower educated households experienced smaller
10

income losses as a percentage of their wage in 1994. In terms of consumption, they also find
that households with lower educated heads experienced a smaller loss. Lopez-Acevedo
& Salinas (2000) find that labor earnings is the most important source of inequality in
Mexico during the 1990s. Even though the top income decile had access to financial assets,
they were not able to protect their labor income during the crisis and experienced a larger
income loss, leading to a reduction in income inequality.
The empirical literature has highlighted the correlation between education and the size
of income and consumption losses during the Mexican crisis. Lopez-Acevedo & Salinas
(2000) suggest this correlation is due to the highly educated working mainly in the nontradable sector which was more heavily affected by the crisis. Defining agriculture, mining,
and manufacturing as tradable industries, Figure 7 shows that while 47% of households
with primary education or less had a household head working in the tradable sector in
1994, only 16% of high-educated households did. On top of this, most households received
income from only one of these two broad sectors, as I show in Figure 8. Considering
that labor mobility costs are high in developing countries and emerging markets, as
shown by Artuc, Lederman & Porto (2015), and the asymmetric response of tradable
and non-tradable sectors during sudden stop episodes, I re-examine the distribution of
income and consumption losses during the Mexican crisis in order to take into account
the effect of sector of work. Figure 9 shows that when grouping households according to
their household head’s sector of work, income and consumption losses were larger for
households in the non-tradable sector.
Following Glewwe & Hall (1998), I investigate the role of sector of employment in
explaining the differential losses in income and consumption across different types of
households, with particular attention to education levels. Households’ decisions are a
time-variable function of fixed household characteristics, household fixed effects, and
unobserved factors. Households make two types of decisions: labor market and household
structure choices, such as their sector of work or which member is the household head,
and consumption choices.
At the individual level, I assume that labor market and household structure choices,
Nit , are a time-variable linear function of fixed household characteristics, household fixed
effects, and unobservable factors:
Nit = βN t Xi + FN i + uN it
where Xi are characteristics of the household head fixed over time, FN i is a household
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fixed effect and uN it represents unobserved factors.
The outcomes of interest wit , per-capita household income and consumption, are a
log-linear function of period t decisions as well as household fixed characteristics and
fixed effects:
ln(wit ) = µt Nit + βt Xi + Fi + uit
where Fi is a household fixed effect that captures unobservable household characteristics
such as attitudes towards risk, and uit represents other time-variable unobserved factors.
The outcome change during the crisis for a given household i is then given by:
∆t−(t−1) ln (wit ) = ∆µTit−1 + ∆βXi + ∆γNit−1 + ∆t−(t−1) uit

(1)

where Tit−1 is the sector of work choice made at t−1 and other labor market and household
structure choices that affect outcomes are grouped in Nit−1 and they are also measured at
t − 1 to capture the effects of initial conditions.
Since I want to study both the effects on income and consumption, I will work with the
income and expenditure survey ENIGH. As I mentioned earlier, this survey is a repeated
cross-section so I do not observe the same household over time. Instead, I work with
groups of households by taking means over (1):
∆t−(t−1) ln (wit )c = ∆µTit−1 c + ∆βXic + ∆γNit−1 c + ∆t−(t−1) uitc

(2)

where the bar above variables represents the mean over the individual households that
make up group c. As long as groups are defined by characteristics that do not change
from one survey to the next, (2) captures the outcome change for the same group of
households, as noted by Browning, Deaton & Irish (1985). Under this representation, ∆µ
is the differential effect on the outcome of interest of the sector of work given by Tit−1 , ∆β
is the change between t − 1 and t of the effect of variables in Xi , while ∆γ is the differential
effect of the initial conditions of the group given by Nit−1 .
I define groups according to educational attainment, birth cohort, and location. I use
three education levels: up to primary education, some secondary to complete secondary,
and some college and above. I consider groups of two-year birth cohorts based on the birth
year of household heads aged 25-64 in the 1994 survey.6 Finally, for location I consider
6

Household heads younger than 25 might change their education attainment from one survey to the
next since they are on the period of human capital accumulation, while household heads older than 64 are in
their retirement period.
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whether the household lives in an urban or rural area. I exclude from the sample selfemployed households and business owners since they have more flexible occupations and
possibly a different attitude with respect to risk than employees.
I estimate (2) for t − 1 = 1994 and t = 1996 to capture the effects of the crisis. I use
educational attainment, age groups (25-35 and 50-64 years old), and location (rural versus
urban) fixed effects. The labor market choice of interest is employment in the tradable
sector. Additionally, I control for other household characteristics such as the number of
children under 12 years old, the type of household -single parent, extended household-,
whether the household head is an informal worker, and the sex of the household head.
Except for variables that define the group, all other variables are averages across the
group.7
I define employment in the tradable sector, Tit , as a dummy variable that indicates
whether the household head of household i works in a tradable industry. In my main
specification, I consider as tradable any industry in agriculture, mining or manufacturing.
Results are robust to considering an alternative definition of tradable industries based
on trade data or considering the sector of work of the maximum income earner in the
household or a household weighted average.8
I consider two outcome variables: household income and household consumption.
Both outcomes are measured at per-capita household level, deflated by the domestic
consumer price index (CPI).9 In the main specification, I use as a measure of income the
sum of labor income for all household members working, and as a measure of consumption
I use total household consumption, which includes expenditures in both non-durable and
semi-durable goods.
Table 1 presents the estimation results for the crisis period, 1994 to 1996, for both income
and consumption. Groups with a larger share of households working in the tradable sector
experienced a smaller income loss during the crisis as well as a smaller consumption loss.
For every 1 percentage point (p.p.) increase in the share of households employed in the
tradable sector in a group, the outcome change for the group increases by 0.62 p.p. for
income and 0.64 p.p. for consumption. For example, consider the base group given by
7

ENIGH oversamples rural areas, so I use the provided sample weights when computing group averages.
See appendix A for more details on the data cleaning process and alternative definitions of the sector of
employment variable.
9
To capture some of the findings by Cravino & Levchenko (2017), i.e. lower-income households faced a
larger inflation rate during this episode, I also repeat the analysis deflating household level variables using
an income-specific CPI constructed by INEGI according to the number of minimum wages the household
receives as income. Results are similar to those of Table 1.
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college-educated male-headed nuclear households, with no children under 12 years old,
working in the formal sector, living in an urban area, aged 35-50, and no one working in
the tradable sector. The constant in Table 1 indicates the income change for this group
was -46%. If this exact same group had instead been working in the tradable sector, their
income change would have been 17% instead.
Once the sector of work is taken into account, education levels affect income and
consumption losses in a way in line with the conventional wisdom: low-educated households fare worse during the crisis.10 As noted by Lopez-Acevedo & Salinas (2000), lowskilled workers in Mexico worked mostly in the low-tech manufacturing industry, while
high-educated workers worked in services, such as finance. Table 2 presents the results
separating sub-sectors within the tradable sector: agriculture, mining, and manufacturing. Households working in agriculture are not the ones driving the results in the main
specification, instead households working in the manufacturing sector are.
Finally, as a placebo test, I estimate (2) for the pre-crisis and the post-crisis periods.
In both cases, the share of households in the tradable sector has a small effect that is
not significantly different from zero, as presented in Table 3. During non-crisis periods,
tradable and non-tradable sectors were not displaying such stark differences as in the
crisis, so there was no differential effect from employment in one or the other. In fact,
in the pre-crisis period education levels are significant in explaining income growth and
the sign of the effect is in line with the increase in the skill premium in pre-1994 Mexico
as documented in Esquivel (2011). Figure 10 summarizes the results for the crisis, preand post-crisis periods for the coefficient of interest: sector of work affects households
differentially only during the crisis period.

3

A New Keynesian Small Open Economy model with household
heterogeneity

The baseline economy is a New Keynesian small open economy with tradable and nontradable goods and incomplete asset markets. The economy faces external shocks in the
form of tradable productivity and foreign interest rate shocks. The model combines the
sectoral structure from the small open economy real business cycles literature such as
Mendoza (2002) and Kehoe & Ruhl (2009), with nominal rigidities as in Burstein et al.
(2007), Gertler et al. (2007), and Schmitt-Grohé & Uribe (2016). The key modifications I
10

Halac & Schmukler (2004) and Fallon & Lucas (2002) examine the distributional effects of sudden stop
financial crises and find that poor low-educated households with less access to financial markets suffered
more during the crises.
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make are in the household side. First, households can only work in one of the two sectors,
so their income is not diversified. Second, a subset of households has limited access to
financial markets, as in Campbell & Mankiw (1989), Galí & Debortoli (2018) and Bilbiie
(2008). These two modifications are meant to capture, in a stylized form, the observations
from the previous section. To highlight how far these modifications can go, I keep the rest
of the model simple. There is no physical capital and no financial frictions other than the
lack of access to financial markets for some households.
Time is discrete and goes on forever. The economy is a small open economy, in which
St denotes the nominal exchange rate in units of local currency (pesos) per unit of foreign
currency (dollars). The only financial asset available is one-period uncontingent debt
denominated in foreign currency, at an exogenous interest rate rt∗ .11 The economy has two
sectors: tradable and non-tradable. Prices are sticky in the non-tradable sector, while the
law of one price holds in the tradable sector.
3.1

Households

The economy is populated by a large number of households that value leisure and consumption. Households are heterogeneous in two dimensions: first, some households have
perfect access to financial markets, while some others have no access to financial markets;
second, households can only work in one of the two sectors of the economy (tradable or
non-tradable). I will refer to households that have perfect access to financial markets as
“Ricardian” or “unconstrained”, while I will refer to households that have no access to
financial markets or other means to move resources across time as “hand-to-mouth” or
“constrained”.
In the benchmark setup there are then four types of households: an unconstrained
household that works in the tradable sector, a constrained household that works in the
tradable sector, an unconstrained household that works in the non-tradable sector, and
a constrained household that works in the non-tradable sector. The representative agent
setup of this economy corresponds to a Lucas household in which all types of households
pool their income and maximize aggregate household welfare. Since some members have
perfect access to financial markets, the household as a whole does too. In subsection 4.2, I
consider other types of Lucas households to assess the effect of each of the two dimensions
of heterogeneity present in the benchmark case.
Let the household type m = (j, f ) be determined by the combination of sector of work
11

This type of debt has been used in the literature to capture the inability of emerging markets to issue
debt at long horizons in domestic currency, due to past default or hyperinflation episodes.
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j ∈ T, N T and access to financial markets f ∈ R, H. Household m values leisure and
consumption according to:
U

m

= E0

∞
X
t=0

β

t



m 1+φ
Ctm 1−σ − 1
j Nt
−κ
1−σ
1+φ


(3)

where Ctm is the consumption of household m in period t, Ntm represents the amount of
time worked by household m at their corresponding sector in period t, β is the subjective
discount factor common to all types of households, σ is the inverse of the intertemporal
elasticity of substitution of consumption, φ is the inverse of the Frisch elasticity of labor,
and κj is a scale parameter on the disutility of labor, common within sector of work.
There are λ households with no access to financial markets, distributed across tradable
and non-tradable sectors according to sj,H , while the remaining 1 − λ households have
perfect access to financial markets and are distributed across sectors according to sj,R .
Each type of household maximizes U m subject to their corresponding budget constraint.
For unconstrained households in sector j this is given by:
Pt Ctj,R + St

j
dj,R
dj,R
St
j j,R
t+1
t
j Πt
=
W
N
+
(1
−
τ
)
+
t
t
1 − λj
sj,R 1 + rtj 1 − λj

(4)

where Pt is the price of final composite consumption, dj,R
is the debt household m = (j, R)
t
j
acquired in t − 1 and repays at t, Wt is the nominal wage in sector j, Πjt are nominal profits
from firms in sector j, τ j represents the distribution of profits across sector j households,
and λj is the share of constrained households in sector j.12
Since small open economy models with incomplete markets are non-stationary (see
Schmitt-Grohé & Uribe 2003), I introduce a debt elastic interest rate, without internalization
of this effect, for each household that has access to financial markets. The interest rate
elasticity is small enough so as to not alter the high frequency dynamics of the model, but
big enough to make the model stationary.


j,R
¯
rtj = rt∗ + ψ exp(dj,R
−
d
)
−
1
t

(5)

where rt∗ is the exogenous interest rate faced by the country, ψ is the interest rate elasticity
to domestic debt, and d¯j,R is steady state debt of household j, R.
12

For example, the total measure of households in the tradable sector is given by sT R + sT H , then
TH
λT = sT Rs +sT H .
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Hand-to-mouth households working in sector j face the budget constraint:
Pt Ctj,H = Wtj Ntj,H +

Ttj,H
sj,H

(6)

where Ttj,H is a transfer received by hand-to-mouth households. In the benchmark case
Ttj,H = τ j Πjt , that is, it represents the share of sector j profits received by constrained
households.
3.2

Tradable sector

There is a single tradable good produced by the economy. Any domestic excess supply or
demand is traded with the rest of the world without affecting the international price of the
tradable good. The law of one price holds:
PtT = St PtT ∗

(7)

where PtT ∗ is the price of tradable goods in foreign currency. Without loss of generality, I
normalize PtT ∗ = 1.
A competitive representative firm produces the tradable good using only labor:
YtT = ztT HtT

 αT

(8)

where ztT can be interpreted as both a productivity shock in tradable goods’ production or
a shock to the terms of trade.
Profits in the tradable sector are given by:
ΠTt = PtT YtT − WtT HtT

(9)

The representative tradable firm behaves competitively, considering the tradable price
and wage as given:
α −1
WtT = αT PtT ATt HtT T
(10)
3.3

Non-Tradable sector

There is a final non-tradable good and a continuum of non-tradable intermediate varieties.
The final non-tradable good is produced by perfectly competitive firms using only the
intermediate non-tradable varieties as inputs with a Dixit-Stigliz aggregator production
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function:
YtN =

1

Z

 µ−1
N
µ

ait

µ
 µ−1

(11)

di

0

in which YtN denotes total production of the final non-tradable good, aN
it is the quantity of
intermediate non-tradable variety i ∈ [0, 1] demanded for final good production, and µ > 1
is the elasticity of substitution across varieties in the production of the final non-tradable
good.
Firms in the final non-tradable sector choose YtN and aN
it to maximize profits:
PtN YtN

Z
−

1

PitN aN
it di

0

taking into account the production function (11) and considering the price PtN as given.
Taking FOC with respect to each variety, I find the demand for each intermediate nontradable good:
 N −µ
Pit
N
N
ait = Yt
(12)
PtN
which is increasing in the level of final non-tradable output and has a price elasticity of −µ
with respect to the relative price of variety i in terms of the final non-tradable good.
Combining the demand functions for intermediate inputs with the Dixit-Stiglitz aggregator for the final non-tradable good results in an expression for the price of the final
non-tradable good in terms of the prices of intermediate non-tradable inputs:
PtN

Z
=

1

1−µ
PitN

1
 1−µ

di

(13)

0

The intermediate non-tradable varieties are produced by monopolistically competitive
firms indexed by i ∈ [0, 1] using only labor as an input. Each firm operates a linear
technology, common to all firms in the non-tradable sector:
yitN = HitN

(14)

Each firm faces demand for their intermediate variety given by (12), taking as given
aggregate final non-tradable output YtN and the final non-tradable price PtN . Firms are
price-takers in the labor market, they receive a proportional labor subsidy τ from the
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government and they pay a lump-sum tax TitΠ .13 Period t profits are given by:
Π
N
N
πitN = PitN aN
it − (1 − τ )Wt Nit − Tit

(15)

Market clearing in each variety’s market requires:
yitN = aN
it

(16)

Rewriting period t profits using the intermediate production function, the demand for
variety i and the market clearing condition:
πitN

=

PitN YtN



PitN
PtN

−µ
− (1 −

τ )WtN YtN



PitN
PtN

−µ

− TitΠ

(17)

With flexible prices intermediate good firms choose their current price PitN to maximize
current profits as expressed in (17). With sticky prices, an intermediate good firm must
take into account that the price chosen today will affect its future profits since it might
not be possible to change the price in the future. I will assume Calvo pricing, that is: with
exogenous probability θ ∈ (0, 1) a firm cannot reset its price in the current period and must
charge the same price as it was charging in the period before, while with probability 1 − θ
it can adjust its price, independently of the number of periods the firm has been unable
to change prices. A firm that is able to adjust its price will choose the current price P̃itN to
maximize the present discounted value of expected profits generated while such price is
in effect:
Et

∞
X

"
Qt,t+s θs



P̃itN

1−µ

N
N
Yt+s
Pt+s

µ

N
N
− (1 − τ )Wt+s
Yt+s

s=0

P̃itN
N
Pt+s

!−µ

#
− TitΠ

(18)

where Qt,t+s is a nominal discount factor between periods t and t + s. Firms take the
discount factor as given when choosing their price.
Taking the FOC with respect to P̃itN and rearranging:

Et

∞
X
s=0

Qt,t+s θ

s

N
Yt+s

P̃itN
N
Pt+s

!−µ 


µ−1 N
N
P̃it − (1 − τ )Wt+s = 0
µ

13

(19)

I assume firms pay for the tax that finances the labor subsidy to keep the incidence of this tax tied
to receiving profits from the NT sector. Traditionally, the tax is levied on households, but since there’s a
representative household it would be equivalent to firms paying for the tax.
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Every firm that gets to reoptimize in period t will choose the same price P̃tN , since there
are no other idiosyncratic shocks in condition (19) and the time elapsed since the last price
change is irrelevant. Calvo pricing and equation (13) imply that:
PtN

h
i
N 1−µ
N 1−µ
= θ Pt−1
+ (1 − θ) P̃t

(20)

I will assume that firms discount profits at the international interest rate, as if they
could directly borrow in foreign currency at rate rt as unconstrained households do. The
nominal discount factor they use is then:

−1
∗
Qt,t+s = Πsj=1 (1 + rt+s−1
)t+s
for s ≥ 1

(21)

where t+s is the devaluation rate between t + s − 1 and t + s. The discount factor is equal
to 1 for s = 0.
Total demand for labor in the non-tradable sector is given by:
1

Z

HtN

HitN di

=

(22)

0

Using the demand for intermediate non-tradable varieties and the non-tradable production function in the previous expression, a relationship between aggregate demand for
labor in the non-tradable sector and final non-tradable good output is obtained:
HtN

=

YtN

Z

1



0

PitN
di
PtN

−µ
(23)

Define st , a measure of price dispersion, as:
Z
st =
0

1



PitN
di
PtN

−µ
(24)

Then, the non-tradable final good production can be written as:
YtN = HtN s−1
t
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(25)

As in the New Keynesian literature, st ≥ 1 and evolves according to:

st = θst−1

N
Pt−1
PtN

−µ

P̃tN
PtN

+ (1 − θ)

!−µ
(26)

Aggregate profit income from the non-tradable sector, after taking taxes into account
(see government subsection), is given by:
N N
N
ΠN
t = Pt Yt − WN Ht

3.4

(27)

Composite consumption good

A competitive firm produces the final composite consumption good combining both
tradable and non-tradable goods. Production of composite consumption takes place
through an increasing, concave, and homogeneous of degree one Armington aggregator
A(CtT , CtN ). In particular, I assume a CES aggregator:
A(CtT , CtN )

h

= ω

1/η

1−1/η
CtT

+ (1 − ω)

1/η

1−1/η
CtN

i

1
1
1− η

(28)

where ω is a weight on the relative importance of tradable goods, and η is the intratemporal
elasticity of substitution between tradable and non-tradable goods.
Profits in this sector are given by:
Pt A(CtT , CtN ) − PtT CtT − PTN CtN

(29)

Profit maximization implies the following conditions:
Pt A1 (CtT , CtN ) = PtT

(30)

Pt A2 (CtT , CtN ) = PtN

(31)

where Aj (CtT , CtN ) is the partial derivative of A(CtT , CtN ) with respect to its jth argument.
Combining these FOC, the allocative relative price of non-tradable goods is obtained:
PtN
A2 (CtT , CtN )
=
PtT
A1 (CtT , CtN )

(32)

The zero-profit condition implies that the unit price of the composite consumption
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good can also be written as:


Pt = ω
3.5

1−η
PtT

+ (1 − ω)

1−η
PtN

1
 1−η

(33)

Government

The government conducts monetary policy through an interest rate rule that will be
specified with the nominal exchange rate regime.
In terms of fiscal policy, the government’s only action is to correct the monopoly
distortion in the market for non-tradable varieties by imposing a subsidy on labor that is
financed through lump-sum taxes on non-tradable firms.
Z

1

TitΠ di = τ HtN

(34)

0

3.6

Market clearing

In the competitive equilibrium, all markets must clear. Labor markets, non-tradable
varieties, non-tradable final good, and composite consumption good’s markets must clear
domestically, while the tradable good market does not.
Labor market for the tradable sector:
HtT =

X

Ntm dm

(35)

Ntm dm

(36)

m∈T

Labor market for the non-tradable sector:
HtN =

X
m∈N

Non-tradable varieties, for all i:
yitN = aN
it

(37)

YtN = CtN

(38)

Final non-tradable market:
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Finally, for the composite consumption good,
Ct =

X

Cm,t dm

(39)

m

By Walras’ law, the market clearing condition for the tradable good is redundant.
This condition defines the current account equation: a relationship between domestic
production and consumption of tradable goods, and the flow of funds from financial
markets’ transactions.


dt+1
T T
T T
− dt
(40)
Pt Ct = Pt Yt + St
1 + rt∗
in which dt is aggregate debt from all unconstrained households.
3.7

Nominal exchange rate regime

In the quantitative analysis I will consider a crisis scenario in which the central bank is
initially following a fixed exchange rate regime, but it abandons it unexpectedly after
the shock takes place and adopts a floating exchange rate. The central bank follows
an augmented Taylor rule where the domestic nominal interest rate reacts to domestic
inflation (in terms of the composite consumption good) and to the depreciation rate:

(1 + it ) = (1 + r̄)

Pt
Pt−1

φπ


φt e exp εSt

(41)

with φπ > 1, φe ≥ 0, r̄ is the steady state real interest rate, and εSt is a monetary policy
shock.
The nominal exchange rate adjusts endogenously to satisfy the uncovered interest
parity condition given by:
X
m∈{T R,N R}

sm
Et
sT R + sN R

(

m
Ct+1
Ctm

−σ

Pt
Pt+1


)
(1
+
i
)
t
(1 + rtj ) −
=0
t+1

(42)

where j is the sector of work of household m.
The coefficient φe in (41) represents the central bank’s degree of “fear of floating”. When
φe = 0 the central bank lets the currency float freely, while when φe → ∞ the central bank
keeps the exchange rate fixed.
The nominal exchange rate regime is a key ingredient of the economy, since it can
alleviate the effects of nominal rigidities in the non-tradable sector. Schmitt-Grohé &
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Uribe (2016) prove, in a representative agent economy, that the exchange rate regime that
stabilizes non-tradable inflation can reproduce the flexible-price allocation, which is Pareto
optimal. This regime corresponds to a floating exchange rate that depreciates when the
relative price of non-tradable goods goes down in the flexible-price allocation.
The monetary policy rule in (41) includes a reaction to the exchange rate depreciation
in order to capture the phenomenon of “fear of floating”. Calvo & Reinhart (2002) coined
this expression in their analysis of monetary policy in emerging markets. They find that
even if countries announce to be following a floating exchange rate regime, they limit the
fluctuations in the nominal exchange rate. Lubik & Schorfheide (2007) examine empirically
whether central banks in advanced economies react to the nominal exchange rate. They
find that Canada and England do, but Australia and New Zeland do not. Best (2013)
estimates a Bayesian NK-SOE model for the case of Mexico and finds that there is evidence
of “fear of floating”, as was suggested by Calvo & Reinhart (2002).
3.8

Exogenous shocks

There are three exogenous shocks that affect the economy: productivity in the tradable
sector, the international interest rate, and monetary policy shocks. Interest rate shocks
capture in a reduced form the fact that business cycles in emerging markets are correlated
with the finance premium they face in international financial markets.
I will assume the tradable productivity shocks and the international interest rate shock
follow independent AR(1) processes:
T
ln(ztT ) = ρzT ln(zt−1
) + εTt




∗
1 + rt−1
1 + rt∗
ln
= ρr ln
+ εrt
1 + r̄
1 + r̄

(43)
(44)

ρzT , ρr ∈ (−1, 1) are first-order auto-correlation parameters, εTt and εrt are independent
white noise shocks, distributed normally with mean zero and standard deviation σzT and
σr∗ respectively, and r̄ is the steady state value of the international interest rate.
The monetary policy shock εSt is a white noise process distributed normal with mean
zero and standard deviation σS .
3.9

Equilibrium

A competitivenequilibrium in the benchmark model with heterogeneity
is given by a set
o
j
j
j
j
j j
m
m m
N
T
∗
of processes: Ct , Ct , Ct , Nt , dt , Wt , Pt , P̃t , Yt , Ht , rt , t , st , zt , rt for j ∈ {T, N } and
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m ∈ {T R, T H, N R, N H} such that households maximize their utility, firms maximize
R T
∗
profits, and all markets clear, given initial conditions s0 , dT0 R , dN
0 , z0 , r0 , the stochastic
processes εTt , εrt and εSt , a monetary policy rule (41) and a subsidy τ .
3.10

Calibration and solution method

The baseline calibration of the model is such that the steady state matches characteristics of
the Mexican economy. The central component is the calibration of household heterogeneity
from available micro-data. Table 4 summarizes all the calibrated parameters of the model.
I calibrate the benchmark model with heterogeneity to have the same steady state, in terms
of aggregate variables, as the model with a representative agent setup. The calibration is
performed at a quarterly frequency.
I solve the model numerically using a perturbation approach. For the response to shocks
in section 4, I compute the impulse-response functions from a first-order approximation,
while for the welfare analysis in section 5 I compute a second-order approximation as in
Schmitt-Grohé & Uribe (2004).
Preferences. I set the subjective discount rate β to 0.9758, to match the quarterly foreign
interest rate faced by Mexico in the period 1994-2001. I set the inverse of the intertemporal
elasticity of substitution, σ, to 2 as in Mendoza (2002), Kehoe & Ruhl (2009) and SchmittGrohé & Uribe (2016). For the intratemporal elasticity of substitution between tradable and
non-tradable goods, η, I use a value of 1/2, which is slightly higher than Ostry & Reinhart
(1992) estimate of 0.316 for Latin America or González-Rozada, Neumeyer, Clemente,
Sasson & Trachter (2004) estimate of 0.40-0.48 for Argentina. I calibrate the weight of
tradable goods in composite consumption ω and the aggregate level of debt d¯ to jointly
match the average ratio of tradable output to GDP (25%, 1990-2001) and the ratio of net
foreign assets to GDP (-36%, 1980-2011, from Lane & Milesi-Ferretti (2007)).
In terms of parameters related to the labor market, there is little agreement on the
literature about the value of φ, the inverse Frisch elasticity of labor supply. Both in closed
and open economy models this parameter can be calibrated between [0.2, 1.5]. I calibrate
φ = 1, as in Mendoza (2002), but perform robustness analysis for different values of this
elasticity. The disutility of labor scale parameter κj for each sector j is set to match the
share of labor in each sector and a total time spent working of 1/3 in the representative
household version of the model.
Household heterogeneity. I calibrate all the household heterogeneity parameters to match
moments in the 1994 ENIGH survey described in section 2. I use the same classification of
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households into tradable and non-tradable sectors as in the previous empirical analysis.
According to this classification, the share of households working in the tradable sector is
given by sT R + sT H = 0.38 and the share working in the non-tradable sector is sN R + sN H =
0.62.
Identifying hand-to-mouth households from micro-data requires a serious analysis of
what does it mean for a household to be “hand-to-mouth”. In the model, these households
have no access to financial markets and no other means of moving resources across time.
In the data, however, it’s highly unlikely for this to be the case, since households can
use informal storage technologies or informal financial markets. This last possibility is
particularly relevant in emerging markets, where financial markets are underdeveloped.
Since in the model financial markets refer to access to international markets, I consider as
hand-to-mouth those households that have no access to “formal” financial markets.
The ENIGH survey includes three sections that I use to identify participation in formal
financial markets: “capital expenditures”, “capital income”, and “income from rents”. The
first two refer to the same categories of financial transactions: savings accounts, loans,
credit cards, foreign currency, jewelry, bequests, real state, mortgages, bonds and stocks,
and patents. While the third section registers income from interest payments from savings,
loans, bonds, and stocks perceived in the quarter of the interview. I then define access to
financial markets by either receiving interest payments from formal bank accounts, bonds
or stocks; making or receiving payments from financial transactions such as deposits or
withdrawals from a bank account; loans to and from third parties; mortgage payments
and new mortgages; sale or purchase of foreign currency, bonds, and stocks; or purchase
or sale of real state.14
Under this definition, 58% of households are considered hand-to-mouth. 56% of
households working in the non-tradable sector are constrained, while 62% of those working
in the tradable sector are. Since the ENIGH survey does not have a balance sheet approach,
I can only measure current access to formal financial markets, but not past access. There is
no register if a household has savings or debt with a financial institution that were acquired
in a quarter other than the current one. Using the 2002 Mexican Family Life Survey, about
20% of Mexican households had some form of savings, 60% of households didn’t know
where they could get a loan, and about 12% of households borrowed money at least once
in the past year. Similarly, the World Bank’s Financial Inclusion survey from 2011 and 2014
indicate that about 30% of Mexican households have an account at a financial institution,
and while 53% of households borrowed money from any source, only 10% of those who
14

In appendix B, I detail the exact survey categories I consider for each case.
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borrowed did so from a financial institution.
Finally, I use the ENIGH data to determine the distribution of profits in each sector. In
Mexico, about 25% of household heads are self-employed, while less than 10% are business
owners with employees. The stock market in Mexico, as in other emerging markets, lacks
depth and has limited access (both for firms and investors).15 Therefore it is more likely
that firms’ profits will be paid out directly, rather than through stocks’ dividends. I then
calibrate τ T and τ N to match the share of self employed and business income by sector.
Supply side. For the tradable sector, I set αT = 0.52, the labor share estimated for the
tradable sector in Mexico by Meza & Urrutia (2011). In the non-tradable sector, I set the
Calvo parameter θ = 0.7, as estimated by Gagnon (2009) from price duration data from
Mexico, and I set the elasticity of substitution within non-tradable varieties, µ, to match a
20% mark-up.
I set the labor subsidy to non-tradable firms τ = 1/µ, in order to induce marginal cost
pricing in steady state and eliminate the monopoly-induced distortion in the market of
each non-tradable variety.
Exogenous processes. For the foreign interest rate process, I use the rate constructed by
Neumeyer & Perri (2005) for the period 1994-2001. The international interest rate is given
by:
(1 + rtU ST BILL )(1 + EM BIt )
1 + rt∗ =
1 + πtU S
where rtU ST BILL is the 90-day U.S. T-bill interest rate, EM BIt is the J.P. Morgan EMBI global
spread for Mexico, and πtU S is a 4-period moving average of U.S. inflation. I construct
productivity in the tradable sector as output per worker in the tradable sector. I estimate
the AR(1) processes specified in (43) and (44) for each of the two shocks as independent
processes.
For the monetary policy rule, I use a value of φπ = 1.5 and for the standard deviation
of the monetary policy shock I use the value identified by Best (2013) for Mexico in the
post-crisis period.
Finally, I calibrate the interest rate elasticity to domestic debt ψ, common to all households, to match the standard deviation of the trade balance to output ratio for the period
1990-2001.

15

Stock market depth index comparison: http://vif.com.mx/indice/anio/2017/
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4

Sudden stop crises with and without heterogeneity

In this section I compare the responses of the representative agent (RA) setup and the
benchmark economy during a crisis episode. I assume that each economy starts in steady
state and it is then hit by a one-time, unanticipated shock to the international interest rate. I
study the response of each economy under the same monetary policy regime: the economy
initially operates under a fixed exchange rate that is unexpectedly abandoned one period
after the shock takes place. Finally, to asses the role of each dimension of heterogeneity, I
repeat the exercise turning off one dimension of heterogeneity at a time.
Before looking at the crisis episode, consider the special case of σ = 1/η.16 For a given
exchange rate regime, inequality has two effects on the equilibrium conditions: first, it
introduces a wedge on the intertemporal allocation of aggregate consumption, and second,
it introduces a wedge on each sector intratemporal labor supply condition.
First, consider the intertemporal Euler equation of unconstrained households in sector
j:
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Since rtj ≈ rt∗ and (30) implies Pt = PtT / Ct C T t
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, this equation can be used
to write an aggregate Euler equation for tradable consumption:
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}

Intertemporal inequality wedge

In the representative household setup, every type of household has the same consumption, so the underbraced term is equal to 1 at every period. Heterogeneity, then, introduces
a wedge on the intertemporal Euler equation, as noted by Galí & Debortoli (2018) and
Werning (2015). This intertemporal inequality wedge operates as an interest rate shock for
the aggregate economy. When the wedge is larger than one, it is as if the economy were
facing an increase in the international interest rate.
Second, consider the intratemporal choice of labor and consumption for housheold m
16

The special case of equal intertemporal and intratemporal elasticity of substitution is a case of interest
since in the representative household economy the tradable sector equilibrium is independent of the exchange
rate regime. In this case, all the differences in welfare come through the dynamics of the NT sector, as shown
by (Uribe & Schmitt-Grohé 2017).
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in sector j:
κj Ntm φ = Wtj Ctm −σ

(47)

Market clearing in the labor market for each type of labor and (30), imply a labor choice
in each market given by:
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Intratemporal inequality wedge in sector j
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}

Heterogeneity introduces an intratemporal wedge on the labor choice arising from
the presence of income effects on individual labor choices. Since households of different
types consume a different share of total consumption, they experience a different relative
income effect. In section 4.2 I examine the role of these differential income effects in driving
aggregate responses. For a given wage and tradable consumption level, intratemporal
inequality over/underweights labor resources in sector j with respect to the measure of
households in that sector sjR + sjH .
Note that equation (46) is independent of the exchange rate regime. However, the
exchange rate regime does affect the determination of consumption distribution through
its effect on the relative price of composite consumption and the value of output and wages
in the non-tradable sector.
4.1

A sudden stop event

Both the benchmark and the RA economy start on steady state with a fixed exchange rate
regime. I consider the sudden stop event as an unexpected increase in the quarterly foreign
interest rate of 200 basis points, similar to the one experienced by the Mexican economy in
the first quarter of 1995. One quarter after the shock, the economy unexpectedly abandons
the fixed exchange rate regime for a floating exchange rate and a domestic Taylor rule. This
is similar to the Mexican experience, except that Mexico abandoned the fixed exchange
rate during the first quarter of 1995, however the central bank kept a restrictive monetary
policy stance well into the second quarter of 1995.
Figure 11 presents the Impulse Response Functions for aggregate variables during
the sudden stop episode for both economies. To gain intuition, it is useful to analyze the
representative household model first (dashed lines). When the shock hits, the domestic
interest rate increases by the same amount as the shock since the economy operates
29

on a fixed nominal exchange rate. In the single representative household setup, the
household has access to financial markets as unconstrained households do. Then, an
increase in the international interest rate makes present consumption less attractive. Given
the specification in (3), the representative household would like to work more in both
sectors.
Tradable output increases since there is an increase in the supply of labor and the sector
does not face an aggregate demand constraint. Any domestic excess supply of tradable
goods can be sold in international markets without affecting its price. Since domestic
consumption of tradable goods falls, there is an improvement on the trade balance to
output ratio. In terms of non-tradable output, the fall in aggregate demand now acts as a
constraint since price rigidities limit the fall on prices and non-tradable output must fall to
clear the market. In turn, wages fall in both sectors (not pictured). Since the non-tradable
sector represents a larger share of the economy, total output and hours decrease following
the fall in non-tradable variables.
When the fixed exchange rate is abandoned, aggregate demand in the non-tradable
sector quickly recovers. Non-tradable goods are now less expensive in real terms, even if
their nominal price did not adjust much. Total output, hours and consumption also quickly
recover. There is an initial deflation due to non-tradable prices falling, but then there is
an peak on inflation due to the exchange rate depreciation. Once this effect vanishes the
domestic interest rate is reduced again.
The IRFs of the benchmark model are given by the solid lines in Figure 11. Compared
to the representative household responses, they display amplification of the impact response of all variables, except for tradable output and the trade balance. Hand-to-mouth
households are not directly affected by the interest rate shock since they do not have access
to financial markets. However, they do respond to general equilibrium changes triggered
by the response of unconstrained households.
The response of consumption and non-tradable output is amplified due to a combination of the two types of heterogeneity introduced. While hand-to-mouth households do
not cut down consumption due to the increase in the interest rate, they do so due to the
fall in real wages. In fact, Figure 12 shows that while hand-to-mouth households in the
non-tradable sector reduce their consumption, hand-to-mouth households in the tradable
sector actually increase their consumption since their real wage is actually increasing.
The lack of income diversification across sectors makes the real income loss larger for
households in the non-tradable sector (both current and in present value terms). In the
representative household setup, household members in the tradable sector smooth out the
30

shock received by non-tradable members by increasing their labor supply in the tradable
sector so the household does not have to borrow as much to keep consumption smooth.
Once the single household is separated, this income sharing is lost.
The response of tradable output is explained by the behavior of households within the
tradable sector. As mentioned before, hand-to-mouth households in the tradable sector
increase their consumption since their current real income is increasing. Due to income
effects in their labor choice, they do not increase their working hours in the tradable sector.
For unconstrained households, on the other hand, the negative wealth effect brought about
by the increase in the international interest rate dominates in the short-run and they cut
down consumption and increase hours.
Since households in the non-tradable sector are richer than households in the tradable
one, the crisis reduces consumption inequality. Over time, this effect is reduced and in the
absence of any more shocks, there is a permanent reduction in consumption inequality.
The inequality wedge presents a positive deviation from steady state at first, meaning that
it is larger than one in levels. This reflects the evolution of inequality over time measured
as consumption of unconstrained households in the tradable sector relative to aggregate
consumption, as presented in Figure 12. While inequality decreased (the ratio cT R /c increased, since tradable households are poorer than the aggregate), its overshooting pattern
makes inequality increasing over time. Through the lens of equation (46), the economy
with heterogeneity displays an amplified response because the dynamics of inequality
operate as an additional interest rate increase at first. After the fixed exchange rate is
abandoned, the economy with heterogeneity recovers faster since inequality dynamics are
akin to a reduction in the interest rate (when the inequality wedge deviation is negative).
Finally, when grouping the responses of households in each sector, there is a differential
effect in favor of households in the tradable sector with respect to households in the nontradable one. Households in the tradable sector increase their consumption, while those
in the non-tradable one decrease it. This differential in favor of tradable households is in
line with the empirical evidence from section 2, but the increase in tradable households’
consumption is counterfactual.
Overall, these simple models match the direction of impact effects observed in the
data, except in terms of the response of tradable output. In the representative household
setup, the increase in tradable output is counterfactual and it has been typically fixed in
the literature by assuming a utility function specification with no income effects and a
concurrent productivity shock in the tradable sector. The model with heterogeneity, on
the other hand, presents a dampened response in terms of tradable output. Both models
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perform poorly in terms of duration of the crisis, the economy quickly recovers as soon
as the fixed exchange rate is abandoned and the devaluation rate is much lower than the
one observed. These two features are related to the simplicity of these models in which
aggregate demand is the only driver and it features no inertia.
Quantitatively, both models are far from the observed fall in consumption and aggregate output presented in Figure 2. This is not unexpected, since both models were
kept simple on purpose to highlight the role of household heterogeneity. Models in the
emerging markets and sudden stops literature that can account for larger declines in consumption and output feature more frictions than the one I present here. Nonetheless, the
benchmark model can account for a fall of aggregate consumption of almost 5%, while the
representative agent model can only account for 3.6% of the 10% fall observed in the data.
Similarly for aggregate output, the benchmark model generates a larger fall in aggregate
output 3.2% versus the 1.7% generated by the representative household setup.
In terms of the welfare cost of the crisis, I compute the short-run cost as the proportion
of steady state consumption each type of household would require to avoid the present
discounted welfare loss during the first six quarters after the shock.17 For each household I
compute:
m
W m − Wss
∆C m = crisis
(49)
m
λm
ss Css
where ∆C m represents the percentage of steady state consumption household of type
P
m
m requires to avoid the crisis, Wcrisis
= 6t=1 β t−1 U (Ctm , Ntm ) is the present discounted
m
value of utility during the crisis, Wss
is the corresponding value in terms of steady state
m
consumption, Cs s is steady state consumption for household m, and λm
ss is the marginal
utility of consumption for household of type m in steady state.
For the economy as a whole, the percentage of steady state consumption households
would require to avoid the crisis is given by:
∆C =

X

sm

m

m
Css
∆C m
Css

(50)

where m ∈ {T R, T H, N R, N H}. The welfare cost for each household is weighted by the
household’s consumption share in order to keep the interpretation of ∆C as percentage of
aggregate steady state consumption.
In Table 5 panel (a), I present the short-run welfare cost for each model. Despite
aggregate consumption falling by a larger amount on the benchmark model, the aggregate
17

This is the time it took output in Mexico to get back on trend during the Tequila crisis, as in Figure 2.
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cost of the crisis is actually lower in the benchmark economy than in the representative
household version. In the benchmark model, the crisis costs society about 9% of steady
state consumption, while it costs 11.5% in the representative agent version. However,
the distribution of welfare costs is very different across households, as shown in panel
(b) of Table 5. Households in the tradable sector actually benefit from the reallocation
effects triggered by the crisis. After the crisis, the economy moves to a new steady state in
which non-tradable goods are relatively less valuable. This reallocation benefits tradable
households that get to consume more on the new steady state, even if in level terms they
are still poorer than households in the non-tradable sector. During the first six quarters of
adjustment, only tradable hand-to-mouth households have realized this benefit, and they
would require an increase in their steady state consumption in order to avoid the crisis.
Table 5 also presents what the welfare costs would have been if exchange rate policy
would have been constant during the crisis, for the case of a fixed exchange rate and a
Taylor rule with a floating exchange rate. In the representative household case, the welfare
cost is similar across all exchange rate regimes, about 11.5%. A flexible exchange rate
reduces the impact on output and consumption, but it does not avoid the consumption
loss during the sudden stop due to the increase in the interest rate. For the benchmark
model, the exchange rate regime does affect welfare costs more significantly. Facing a
crisis with a flexible exchange rate reduces the aggregate welfare cost to 8%, while keeping
the exchange rate fixed increases it to 10%. In terms of the distribution of welfare costs,
the exchange rate regime affects households differently. While a flexible exchange rate is
considered better than a fixed one for both types of hand-to-mouth households, it benefits
tradable unconstrained households while it harms non-tradable unconstrained ones. Nontradable unconstrained households experience the smallest welfare cost under a fixed
exchange rate, since this makes their profit income larger during the crisis and allows them
to work less.
4.2

Mechanisms: access to financial markets, uninsurable sector-specific income, and
household-specific income effects

In this section I explore the role in driving short-run responses of each type of heterogeneity
in the model and the role of household-specific income effects. To asses the importance
of each type of heterogeneity, I turn on each one at a time and repeat the crisis exercise.
To asses the importance of household-specific income effects, I consider a version of the
benchmark model in which labor in each sector is provided by a competitive aggregate
union.
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Access to financial markets. Consider a version of the benchmark model in which there
is only heterogeneity in access to financial markets, but not in terms of sectoral income.
In this case, there are two households that receive income from both sectors. There is
a hand-to-mouth household that pools households working in the tradable and nontradable sector with no access to financial markets, of measure λ = sT H + sN H . There is
also an unconstrained household that pools households in both sectors with access to
financial markets, with measure 1 − λ = sT R + sN R . Both households receive diversified
income, but the diversification is not necessarily the same since it depends on the original
cross-sectional distribution of households.
Each household wants to maximize household utility given that every household
member is provided with the same consumption level and each subtype inside a household
is weighted by its relative share within the household. For example workers in the tradable
sector in the hand-to-mouth household are weighted by sT H /λ.
The budget constraint of the unconstrained household is given by:
Pt CtR +
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The rest of the equilibrium operates as in the benchmark model. I calibrate the version
without uninsurable sector-specific income to have the same steady state as the benchmark
model and the representative household version.
Figure 13 shows the crisis episode for the benchmark model, the representative agent
version, and the model with only heterogeneity in access to financial markets (only MPC,
dotted line). The IRFs closely track the representative agent responses, particularly for
production in the tradable sector. In the non-tradable sector and in consumption there
is some amplification on impact, about 0.5%, but this does not have much impact on
aggregate output. In terms of cross-sectional variables, shown in Figure 14, inequality
slightly goes up on impact, while there is no differential response across households in
the tradable and non-tradable sectors. Including only heterogeneity in access to financial
markets does not explain the differential response observed empirically across households
in each sector.
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Uninsurable sector-specific income. Now consider a version of the model in which
households are now pooled by their sector of work instead. Since in both cases there
is a subset with access to financial markets, each type of household now has access to
them. There is a tradable sector household, of measure ν = sT R + sT H , and a non-tradable
sector household of measure 1 − ν = sN R + sN H . Both households have access to financial
markets, but they do not have their income diversified.
Budget constraints for each household are given by:
Pt CthT
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St dhT
t

Pt CthN + St dhN
t
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As before, the rest of the equilibrium operates as in the benchmark model. I calibrate
the version without heterogeneity in access to financial markets to have the same steady
state as the benchmark model and the representative agent version.
Figure 15 shows the crisis episode for the benchmark model, the representative household version, and the model with only uninsurable sector-specific income (only sector,
dotted line). The IRFs now closely track the ones for the benchmark model, particularly
for longer horizons. The model with only uninsurable sector-specific income displays
less amplification on impact in the non-tradable sector and consumption, and it shows a
stronger response of tradable output than in the benchmark model, but smaller than in
the representative household case. The amplification on impact is slightly larger than in
the model with only access to financial markets heterogeneity, but since the response in
the tradable sector is dampened this has a larger impact on aggregate output. In terms
of cross-sectional variables, displayed on Figure 16, both inequality and the tradable to
non-tradable differential in consumption move in the same direction as in the data.
Household-specific income effects. Finally, I consider the role of household-specific
income effects in driving the differences between the benchmark model and the representative agent version. In this case, I consider there is a union that supplies labor in each
sector, as in Galí & Debortoli (2018), according to the following wage schedule:
Wtj = Mj Pt Ctσ Ntj

φ

where Mj is the wage markup in sector j and every household in sector j supplies labor
equal to Ntj . To guarantee that each household actually wants to supply the amount of
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work determined by the union it must be that for each household m in sector j:
φ

Wtj = Mj Pt Ctσ Ntj ≥ Pt Ctm σ Ntj

φ

The rest of the model is as in the benchmark case. I calibrate this version of the model
to have the same steady state as the benchmark model and the representative household
version.
Figure 17 presents the crisis episode for the benchmark model, the representative household version, and the model with aggregate income effects (aggregate income effect, dotted
line). The responses of non-tradable output and consumption are slightly larger on impact
than in the benchmark model, but as time goes by they evolve as in the representative
household model. This evolution is due to the response in the tradable sector, which is
similar in the two models. The large amplification observed in the non-tradable sector
translates to aggregate output, despite the strong counter-cyclical response in the tradable
sector. In terms of cross-sectional variables, shown in Figure 18, both inequality and the
tradable to non-tradable differential in consumption move in the same direction as in the
benchmark model, but with an amplified response on impact and a dampened effect as
time goes by.
Taking stock, both dimensions of heterogeneity I introduced play a role in driving the
responses of the benchmark model compared to the representative household version.
Uninsurable sector-specific income plays a role quantitatively more important since it
dampens the counter-cyclical response of tradable output and explains the cross-sectional
differences across households. Household-specific income effects drive the response of
tradable output in the benchmark model, but not the dynamics of consumption and
non-tradable output.

5

The welfare costs of fear of floating

In this section I compute the welfare costs of monetary policy that features “fear of
floating”. In the previous section, when the fixed exchange rate was abandoned, the
central bank exhibited no “fear of floating”, i.e. there was no constraint on how much the
nominal exchange rate could fluctuate. However, this is not always the case, particularly
in emerging market economies. Calvo & Reinhart (2002) document that many emerging
market central banks behave in this way. They announce a freely floating exchange rate,
but then they intervene to limit those fluctuations. Deviations from freely floating exchange
rates are more common in countries that have previously experienced a sudden stop event.
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As explained in section 3.7, “fear of floating” shows up on the Taylor rule as the nominal
interest rate sensitivity to changes in the nominal exchange rate:

(1 + it ) = (1 + r̄)

Pt
Pt−1

φπ


φt e exp εSt

(41)

The coefficient φe in (41) represents the central bank’s degree of “fear of floating”. When
φe = 0 the central bank lets the currency float freely, while when φe → ∞ the central bank
keeps the nominal exchange rate fixed.
In the representative household specification, there exists a floating exchange rate
that replicates the flexible-price allocation, which is Pareto optimal in this case.18 This
is achieved by fluctuations in the nominal exchange rate that exactly compensate any
inflation within the non-tradable sector. I will compute the welfare costs of different
degrees of “fear of floating” (alternative values of φe ) with respect to this rule.
Note that in section 3.7, I specified φe ≥ 0 to represent “fear of floating” policies, but
this coefficient could actually be negative and represent what could be denominated “love
of floating”, in which the central bank reacts to a nominal depreciation by making it even
larger. The only limit to the value of φe lies in the conditions for equilibrium determinacy
given that the monetary authority follows a Taylor rule as (41).19 Given the calibrated value
for φπ , I consider some negative values compatible with a locally determinate equilibrium,
but I will still refer as policies with “fear of floating” to the set of policies with φe 6= 0.
I follow Schmitt-Grohé & Uribe (2007) and define the conditional welfare cost of a
Taylor rule with “fear of floating” as the proportional change in the stream of consumption
under the flexible-price policy that makes households indifferent between an economy
with “fear of floating” and one where the exchange rate floats enough to replicate the
flexible-price allocation.20 The conditional welfare cost λm (x0 , σ ) for household m is

18

See Appendix C for the proof.
Galí, López-Salido & Vallés (2004) study the design of interest rate rules in a closed economy New
Keynesian model with hand-to-mouth consumers and find that the existence of a unique equilibrium is no
longer guaranteed by the satisfaction of the Taylor principle. By definition, hand-to-mouth households do
not respond directly to changes in the real interest rate, which makes the Taylor principle less effective. I
leave the analysis of stability of the equilibrium in the benchmark model for future work.
20
See Kim, Kim, Schaumburg & Sims (2003) for a discussion on conditional versus unconditional welfare
costs. Unconditional welfare costs are easier to compute since they do not consider the costs during the
transition back to steady state, however, unconditional welfare costs can produce paradoxical results.
19
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where {Ctm , Ntm }∞
t=0 corresponds to the
n economy
o∞with a floating exchange rate that replim
m
cates the flexible price allocation and Ĉt , N̂t
to the economy with “fear of floating”,
t=0
x0 represent initial conditions, and σ is a volatility scale parameter. A positive value of
λm (x0 , σ ) indicates that household m is better off under the rule with “fear of floating”,
while a negative value indicates the household is better off under the rule that replicates
the flexible-price allocation.
I approximate λm (x0 , σ ) by taking a second-order Taylor expansion around the deterministic steady state (which is common to both models). Appendix D provides the details
of this approximation. To obtain an accurate measure of the welfare cost, it is necessary
to approximate the equilibrium to an order higher than one. Up to first order, lifetime
utility is equal to the lifetime utility in the deterministic steady state. Since the alternative
monetary policies considered all imply the same steady state, a first order approximation
would not pick up any difference across rules. I approximate the welfare functions to
second-order degree by solving a second order approximation of the policy functions.
For the economy as a whole, I compute the cost of the alternative rule as the uniform
percentage change in consumption households would require under the flexible-price
policy for the economy to achieve the same lifetime utility as in the economy that displays
“fear of floating”, when aggregate welfare is utilitarian. The uniform conditional welfare
cost λ(x0 , σ ) satisfies:
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Figure 19 presents the uniform welfare cost (panel a) for the benchmark economy and
for the representative household specification. In terms of the uniform welfare cost, both
economies show a monotonically increasing welfare cost for values of φe ≥ 0. Reducing
exchange rate fluctuations becomes more costly when households have limited access to
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financial markets and do not share sectoral income. For the values plotted, the welfare
cost in the representative household economy is on average -0.04%, while it is -0.28%
in the benchmark economy. These numbers are smaller than those of Uribe & SchmittGrohé (2017) and Schmitt-Grohé & Uribe (2016), but are in line with other studies for
small open economies such as Drenik (2015) and De Paoli (2009). The main driver of
the relatively small welfare costs I find compared to Schmitt-Grohé & Uribe (2016) is the
degree of persistency of shocks. In their model, for example, the interest rate process is
highly persistent with a first-order auto-correlation coefficient of 0.95, while in mine this
coefficient is of 0.76 (which is in line with the estimates of Durdu, Mendoza & Terrones
(2009) for Mexico in a similar time period).21 Panel (b) in Figure 19 presents the uniform
conditional welfare cost for the specifications with only heterogeneity in access to financial
markets and only uninsurable sector-specific income. With respect to the representative
agent specification, uninsurable sector-specific income is more important in explaining the
increase of the welfare cost in the benchmark economy.
The key for understanding the increase in welfare cost lies in the distribution of welfare
costs across different types of households, as presented in Figure 20 for the benchmark
model. In the representative household version, since there is complete income sharing, all
that matters for household welfare is aggregate dynamics. In this case, a floating exchange
rate is better since it is closer to the flexible-price allocation which is Pareto optimal. In
the benchmark model, on the other hand, households care about their specific income
dynamics, which might differ from the aggregate one. Since each type of household
has an endogenous labor supply, the effect of different exchange rate regimes on both
consumption and leisure will determine which alternative they prefer. As pointed out
by Cho, Cooley & Kim (2015) and Lester, Pries & Sims (2014), volatility has two effects
on welfare: the fluctuations effect, related to households preferring smooth paths of
consumption and leisure, and the means effect, related to the possibility of adjusting
endogenous choices in their favor. In the representative agent economy, the fluctuations
effect dominates and floating exchange rates are better than managed ones. In fact, even
some “love of floating” gets the economy closer to the flexible price allocation. In the
benchmark model, on the other hand, the effect that dominates will depend on the effect
that dominates for each household and the weight of each type of household in the
economy (in terms of their measure and their marginal utility).
21

As an experiment, I changed both auto-correlation coefficients in my model to the values used in
Schmitt-Grohé & Uribe (2016), keeping the variance of shocks as is, and found that the cost of the fixed
exchange rate regime increased from -0.07% to -1.56% in the representative agent model, and from -0.46% to
-7.39% in the benchmark model. This highlights the role of persistent shocks in the welfare cost of exchange
rate policy.
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In particular, households in the tradable sector prefer a flexible exchange rate since
it reduces consumption and leisure volatility. Households in the non-tradable sector,
on the other hand, prefer a fixed exchange rate since periods of low consumption are
accompanied by high leisure. In the benchmark case, hand-to-mouth households receive
less profits than unconstrained households, so their consumption loss from volatility is
higher and they slightly prefer a floating exchange rate.
The aggregate welfare cost balances costs and benefits for each type of household. In
the present case, tradable households are poorer and have a larger marginal utility of
consumption, so the aggregate welfare cost follows their position. However, in an economy
in which non-tradable households have more weight on aggregate welfare, an exchange
rate regime with “fear of floating” might be preferred, even if it makes the aggregate
economy more volatile.
Notice that the flexible-price allocation does not necessarily maximize aggregate welfare. On the one hand, it is not clear how to define aggregate welfare, since households
could be given different weights than what utilitarian aggregate welfare would imply.
Some degrees of “fear of floating” could be optimal under different assumptions in relation
to aggregate welfare. On the other hand, even under utilitarian welfare, the flexible price
allocation does not provide consumption smoothing to hand-to-mouth households so it is
not necessarily optimal as it is in the representative household case. I leave both of these
topics (political economy analysis and optimal policy) for future work.
One of the reasons a government might be interested in limiting nominal exchange rate
fluctuations is the degree of exchange rate pass-through to consumer prices. As Cravino
& Levchenko (2017) show for the case of Mexico, exchange rate depreciations tend to be
anti-poor since lower-income households consume more goods that have a higher degree
of exchange rate pass-through. My baseline specification does not feature this channel,
since all households face the same price for composite consumption. In my model, any
difference in the welfare cost of exchange rate policies originates on differences in income
dynamics across households.

6

Conclusion

In this paper I presented the implications of household heterogeneity for the transmission
of aggregate shocks during an emerging market crisis. First, I empirically identified a
dimension of microeconomic heterogeneity that is relevant during this type of episodes.
Not only households have difficulties smoothing income shocks, but they also receive nondiversified income. Given the aggregate asymmetries across tradable and non-tradable
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sectors during sudden stop episodes, this household-level heterogeneity creates very
different income dynamics at the microeconomic level. Based on this observation, I
constructed a two-sector New Keynesian small open economy model with two dimensions
of household heterogeneity: uninsurable sector-specific income and limited financialmarket participation. The interaction of both types of heterogeneity drives aggregate
responses and results in amplification of the effects of the sudden stop in terms of output
and consumption. Under the specified heterogeneity, the effect of the shock is larger under
a fixed nominal exchange rate since this increases the importance of aggregate demand for
aggregate dynamics. Finally, I studied the welfare cost of monetary policy with different
degrees of “fear of floating”, i.e. the monetary authority limits exchange rate fluctuations
even though a floating exchange rate was announced. Limiting exchange rate fluctuations
becomes more costly when households are heterogeneous, but the distributional effects
driving this result show that certain households would prefer fixed exchange rates, even if
it means more volatile aggregate fluctuations.
From an empirical point of view, this paper sheds light on the effects of sudden stop
crises on inequality. The distribution of households across sectors of work is a key factor
to take into account when analyzing inequality since aggregate differences can translate
into very different household-level income dynamics. For the case of Mexico, the crisis
resulted in a decrease in income and consumption inequality since poor households were
more exposed to the sector that was hit less severely. A more comprehensive examination
of household behavior during other sudden stop events would extend the analysis I
performed in this paper. The main challenge arises from availability of micro-data in the
precise time period around the crises. More recent sudden stop episodes might provide a
good starting point now that household level data is more commonly available.
There are a number of directions in which the model could be extended. I kept the
model simple in terms of the two dimensions of heterogeneity I introduced. By reducing
the number of moving parts and complexities in the model, I would capture the main
effects of household heterogeneity. However, both dimensions are worth exploring in
more depth. For example, micro-founding the reason why households do not diversify
their income would provide insight into other policy interventions that could reduce the
aggregate effect of sudden stop episodes. Labor market frictions that limit mobility across
sectors could be addressed, as well as how households choose their sector of work given
high labor mobility costs. In terms of access to financial markets, endogeneizing the share
of hand-to-mouth households, by including occasionally binding borrowing constraints,
would be useful to study how deleveraging takes place during a sudden stop since this
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type of episode consists precisely in a reduction of aggregate borrowing.
The model also included only debt in foreign currency with no default possibilities,
which overlooks the fact that depreciations can deteriorate the balance sheet of households
and firms in the presence of currency mismatch. This deterioration counterbalances the
aggregate demand stimuli provided by nominal exchange rate fluctuations. Balance-sheet
composition and uninsurable sector-specific income are likely to magnify the differences
across households in different sectors. Finally, uninsurable sector-specific income is likely
to play a role in the determination of macro-prudential policy and the prevention of sudden
stops. Diverging income dynamics across households can generate overborrowing that
originates in heterogeneity in financing needs. I plan to address several of these topics in
future work.
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Appendix
A

Empirical analysis: data description, cleaning, and definitions

I perform my empirical analysis in section 2 using household-level data from Mexico’s
National Income and Expenditure Survey (ENIGH) conducted every two years by Mexico’s
National Statistics Institute INEGI. The survey is available and comparable since 1992.
In each survey, an independent sample is drawn and this sample is representative at the
national level, urban area, and rural area.
The survey design for each year is stratified, multistage and clustered. The sampling
unit is given by a household, and all members of the household are interviewed. The data
is provided with probability weights that represent the inverse of the selection probability
for each household. Sample sizes are 10530 households for 1992, 12815 for 1994, 14042 for
1996, and 10952 for 1998.
The survey includes information on household characteristics (number of members,
dwelling characteristics, real state property, etc), individual characteristics of every household member (sex, age, education, position at work, sector of work, etc), and information
on household consumption (disaggregated in 14 groups and over 500 categories), household income (by household member, labor income from each job, and income from other
sources such as businesses, transfers, capital income), as well as information on financial
transactions (credits or debits to savings accounts, loans, credit cards, foreign currency,
jewelry, bequests, real state, mortgages, bonds and stocks, and patents).
Sample selection. In my analysis I consider households that are headed by individuals
aged 25-64, working as employees. About 30% of household heads are primarily either
self-employed or business owners with employees. I exclude them from the sample since
they have more flexible occupations and possibly a different attitude with respect to risk
than employees.
I drop from the sample households in extreme poverty, that is, if they had a total
consumption expenditure smaller than one third of the 1992 poverty line expressed in 1994
pesos. I also drop from the sample households that have extreme values of their earnings
(labor, self-employed, and business income). I drop the top and bottom 1% earners by
municipality.
Construction of outcome variables and controls. I define three levels of education for the
educational attainment variable. The category “primary education or less” refers to a
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household member that has no education, incomplete primary education, or complete
primary education. “Secondary education” refers to a household member that has incomplete secondary education (middle school or high school equivalents) or complete high
school education. It includes vocational education (as alternative to high school). Finally,
“college or more” refers to a household member that has incomplete or complete college
education or a post-graduate degree.
I compute household earnings as the sum of labor income from every household
member from income categories P001 to P015 in 1994 ENIGH, and the equivalent categories
in the surveys from 1992, 1996 and 1998. This includes all types of income related to labor
activities. As an alternative measure of income, I consider labor earnings plus transfers
from all sources as labor earnings plus income from categories P023 to P028 in 1994 ENIGH.
these transfers include income from retirement funds, severance payments, government
subsidies, transfers from households in the country, and transfers from households outside
of Mexico (remittances). I compute net financial income as the sum of income from real
state leasing, interest payments from bonds and stocks, loans to third parties, and savings
accounts (P018 to P022).
I construct several measures of household consumption. In the baseline specification, I
consider total monetary household consumption, which is defined as monetary expenditures in all consumption categories, including non-durable goods (food and beverages,
apparel, cleaning supplies, health care, transportation and communication, education,
recreation), durable goods (vehicles, other durable goods), transfers to other households,
and housing expenditures. For robustness I consider only non-durable consumption, only
durable consumption, only non-durable consumption plus housing, and total consumption without including transfers. Given the detailed data available for consumption there
are many other consumption measures that could be constructed.
I compute per-capita household variables by dividing total household income and
consumption by the number of household members.
The ENIGH survey includes a variable “rama” with each household member’s 4-digit
sector of work, according to the Mexican classification CMAP 1994 (Clasificación Mexicana
de Actividad y Productos, Censos Económicos 1994). This classification can be matched to
NAICS and SITC-4 classifications. I use two alternative for defining the sector of work of
each household member. In the baseline specification, I consider a traditional approach in
which I define any industry in agriculture, mining, or manufacturing as a tradable industry
and the rest of the industries as non-tradable. Alternatively, I use trade data on exports and
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imports by industry from Feenstra et al (2005)22 to identify tradable industries. I consider
as tradable those industries with a combined value of exports and imports of $300 million
US dollars in 1994. Using this classification, 70% of industries that participated in world
trade are considered as tradable.
In the baseline specification, I classify households according to their household head
sector of work. Alternatively, I consider two measures of household sector of work for
robustness. In one of them, I consider the sector of work of the maximum income earner in
the household. In the majority of cases (74%), this member coincides with the household
head. In the second alternative measure, I consider an income weighted household index
that indicates the share of household income that originates in tradable industries.
I repeat the analysis from (2) for alternative definitions of the sector of work variable
(in terms of household level and tradable industries), and for alternative definitions of
household income and consumption. Results are similar to those in Table 1 and are
available upon request.

B

Measuring access to financial markets from survey data

The ENIGH survey includes three sections that I use to identify participation in formal
financial markets: “capital expenditures”, “capital income”, and “income from rents”. The
first two refer to the same categories of financial transactions: savings accounts, loans,
credit cards, foreign currency, jewelry, bequests, real state, mortgages, bonds and stocks,
and patents. While the third section registers income from interest payments from savings,
loans, bonds, and stocks perceived in the quarter of the interview.
I define access to financial markets by either receiving interest payments from formal
bank accounts, bonds or stocks; making or receiving payments from financial transactions
such as deposits or withdrawals from a bank account; loans to and from third parties;
mortgage payments and new mortgages; sale or purchase of bonds, and stocks; or purchase
or sale of real state.
Some of these variables represent more informal savings/borrowing instruments, than
the ones that might be affected by fluctuations in the international interest rate. Taking
this into account, I consider a household participated in formal financial markets if it has
non-zero expenditures in operations in savings accounts, loans, credit cards, real state
investment, mortgages, bonds, stocks, and patents. In all cases I consider both debits
22

Feenstra, R., R. Lipsey, H. Deng, A. Ma, and H. Mo, “World Trade Flows: 1962-2000”, NBER Working
Paper 11040.
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(expenditures) and credits (income). Additionally, I also consider a household participated
in formal financial markets if it has non-zero net financial income. For example, in the
expenditure categories in the previous table, Q005, Q006, Q007, Q012, and Q013 are not
considered as participation in formal financial markets.
Variables in “capital expenditures”
Code

Description

Code

Description

Q001

Saving accounts, new deposits

Q009

Real state (for living)

Q002

Loans to third parties

Q010

Mortgage repayment

Q003

Credit card payment

Q011

Others

Q004

Loan payment to employer or to third parties

Q012

Purchase of capital goods for production

Q005

Purchase of foreign currency, gold, jewelry

Q013

Negative balance in own business

Q006

Life insurance

Q014

Purchase of bonds and stocks

Q007

Bequests

Q015

Purchase of patents

Q008

Real state (investment, not for living)

Under this definition, 58% of households are considered hand-to-mouth. 56% of
households working in the non-tradable sector are constrained, while 62% of those working
in the tradable sector are.

C

Optimal exchange rate in the representative household economy

In this section I prove that the optimal policy in the representative household setup consists
of replicating the flexible-price allocation and it features a floating exchange rate with
complete stabilization of non-tradable inflation.
Claim 1: The flexible-price allocation is Pareto optimal.
Consider the setup with a representative household: there is a single household that pools
income from all type of households and provides consumption insurance for them (they
all get the same amount of consumption). The household chooses Ct , NtN NtT , and dt+1 . In
the flexible-price equilibrium, θ = 0, every firm in the intermediate non-tradable market
sets the same price, since they can adjust it every single period. The measure of price
dispersion st = 1 for all t so there is no inefficiency loss due to price dispersion.
Non-tradable output is given by:
YtN = (1 − ν)NtN
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(53)

Every period firms in the non-tradable sector set their prices so that the final price of
the non-tradable good is given by:
PtN =

µ
(1 − τ )WtN
1−µ

(54)

The rest of the equilibrium conditions are given by:
dt+1
= CtT + dt
1 + rt
−σ
φ
T Ct
= κT NtT
Wt
Pt
−σ
φ
N Ct
Wt
= κN NtN
Pt

ztT (νNtT )αT +

(55)
(56)
(57)


−σ
Ct−σ = β(1 + rt )Et Ct+1

Pt /St
Pt+1 /St+1


(58)

Ct = A(CtT , (1 − ν)NtN )
St
Pt =
T
A1 (Ct , (1 − ν)NtN )
A2 (CtT , (1 − ν)NtN )
PtN
=
St
A1 (CtT , (1 − ν)NtN )

(59)
(60)
(61)

WtT = z T αT (νNtT )αT −1

(62)

The allocation that satisfies these conditions coincides with the solution to the planner’s
problem:
∞
X

1+φ

t

1+φ

Ct 1−σ − 1
NT
NN
− νκT t
− (1 − ν)κN t
1−σ
1+φ
1+φ

!

max
E0
β
{CtT ,NtN ,NtT ,dt+1 }
t=0
dt+1
s.t. ztT (νNtT )αT +
= CtT + dt
1 + rt

Ct = A(CtT , (1 − ν)NtN )
So the flexible-price equilibrium is Pareto optimal when there is a single household in
the economy.
Claim 2: A floating exchange rate that stabilizes non-tradable inflation replicates the flexible-price
equilibrium.
First, it is straightforward to show that for any value of θ, if πtN T = 1, the flexible-price
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allocation is obtained.
Now, to determine whether non-tradable inflation stabilization is attainable using the
nominal exchange rate, consider the definition of πtN T :
πtN T =

pN
t
t
N
pt−1

(63)

where lower case variables are relative prices using tradable goods as numeraire. Then
the exchange rate policy that stabilizes non-tradable inflation can be computed using the
flexible-price allocation as:
pN
t = t−1
(64)
pN
t
Any shock that induces a fall in the relative price of non-tradable goods in the flexibleprice equilibrium must be accompanied by an exchange rate depreciation in the economy
with sticky prices, in order to achieve a similar change in relative prices.

D

Conditional welfare cost

I follow Schmitt-Grohé & Uribe (2007) and define the conditional welfare cost of an
alternative policy b as the proportional change in the stream of consumption under a
reference policy a that makes households indifferent between an economy with policy
b and the modified consumption stream under policy a. This welfare cost is computed
conditional on an initial state of the economy (identical under both policies). See Kim et al.
(2003) for a discussion on conditional versus unconditional welfare costs. Unconditional
welfare costs are easier to compute since they do not consider the costs during the transition
back to steady state, however, they can produce paradoxical results.
Given initial conditions x0 , the conditional welfare cost λm (x0 , σ ) for household m is
defined as:
 


1−σ
(
)
λ
(x
,σ
)


m

0
m
∞
∞
 1 + 100
Ct
−1
m 1−σ
m 1+φ 
m 1+φ
X
X
N
Ĉ
−
1
N̂
t
E0
βt
− κj t
= E0
βt
− κj t


1−σ
1+φ 
1−σ
1+φ

t=0
t=0
n
o∞
m
m
Ĉ
,
N̂
where {Ctm , Ntm }∞
corresponds
to
the
economy
with
policy
a
and
to the
t
t
t=0
t=0
economy with policy b. A positive value of λm (x0 , σ ) indicates that household m is better
off under the alternative policy b, while a negative value indicates the household is better
off under the reference rule a.
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Let vtm,a ≡ vtm,a (x0 , σ ) denote welfare under policy a for household m, given initial
conditions x0 and volatility parameter σ . Similarly, let vtm,b ≡ vtm,b (x0 , σ ) denote welfare
under policy b for household m, given initial conditions x̂0 and volatility parameter σ . For
each policy, welfare can be written recursively as:
vtm,a =

N m 1+φ
Ctm 1−σ − 1
m,a
− κj t
+ βEt vt+1
1−σ
1+φ
1−σ

vtm,b

1+φ

Ĉ m
−1
N̂ m
m,b
= t
− κj t
+ βEt vt+1
1−σ
1+φ

Similarly define the sub-welfare functions for consumption and hours under policy a
as vtm,a,c ≡ vtm,a,c (x0 , σ ) and vtm,a,n ≡ vtm,a,n (x0 , σ ) respectively:
Ctm 1−σ − 1
m,a,c
+ βEt vt+1
1−σ
N m 1+φ
m,a,n
+ βEt vt+1
= κj t
1+φ

vtm,a,c =
vtm,a,n

Given the functional forms assumed, solving for the conditional welfare cost λm (x0 , σ )
results in:
 

1
! 1−σ

m,b
m,a,n
v (x0 , σ ) + v
(x0 , σ ) (1 − σ)(1 − β) + 1
λm (x0 , σ ) = 100 × 
− 1
(1 − σ)(1 − β)v m,a,c (x0 , σ ) + 1

I approximate λm (x0 , σ ) by taking a second-order Taylor expansion around the deterministic steady state x0 = xss and σ = 0:

vσm,b
(x̂ss , 0) + vσm,a,n
(xss , 0) − vσm,a,c
(xss , 0) σ2
 σ
 σ
 σ
× 100
λm (x , σ ) =
v m,a,c (xss , 0)(1 − σ) + (1 − β)−1
2
ss



The welfare cost is a now a function of derivatives of the value functions in each
economy, vσm,b
(x̂ss , 0), vσm,a,n
(xss , 0) and vσm,a,c
(xss , 0). To obtain an accurate measure of the
 σ
 σ
 σ
welfare cost, it is necessary to approximate the equilibrium to an order higher than one.
Up to first order, life-time utility is equal to the life-time utility in the deterministic steady
state. Since the alternative monetary policies considered all imply the same steady state, a
first order approximation would not pick up any difference across rules. I approximate the
welfare functions to second-order degree by solving a second order approximation of the
policy functions.
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Tables and figures
A

Mexico’s 1995 Tequila crisis
Figure 1: Mexico’s 1995 sudden stop
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Notes: This figure presents Mexico’s sudden stop in raw growth rates, as the percent change with respect to
the same quarter of the previous year for GDP, Consumption (private), Tradable GDP, and Non-Tradable
GDP. Data is quarterly national accounts from INEGI. Tradable GDP is real GDP from agriculture, mining,
and manufacturing, while non-tradable GDP is real GDP from the rest of the sectors. All variables are in real
terms. Dashed line on 1995:Q1.
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Figure 2: Mexico’s 1995 sudden stop in deviations from trend
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Notes: This figure presents Mexico’s sudden stop in deviations from trend. The quarterly data was logged and
detrended using a one-sided Hodrick-Prescott filter with smoothing parameter equal to 1600. Data is quarterly national accounts from INEGI. Tradable GDP is real GDP from agriculture, mining, and manufacturing,
while non-tradable GDP is real GDP from the rest of the sectors. Dashed line on 1995:Q1.
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Figure 3: Mexico’s 1995 sudden stop: trade balance and exchange rate
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Notes: This figure presents the evolution of the trade balance to output ratio and both the nominal and real
exchange rate for Mexico’s 1995 crisis. The top panel presents the trade balance to output ratio computed
from quarterly national accounts data from INEGI. The bottom panel presents quarterly nominal and real
exchange rates from Banco de Mexico, the series are averages of monthly data during the quarter. The
nominal exchange rate is in domestic currency (pesos) per U.S. dollar. The real exchange rate is an index
against a basket of currencies, with base year equal to 1990. In both cases an increase represents a depreciation
of the domestic currency. Dashed line on 1995:Q1.
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Figure 4: Mexico’s 1995CPI
sudden
stop: CPI inflation
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Notes: This figure presents Mexico’s quarterly CPI inflation rate. Inflation rate is computed using the national
consumer price index from INEGI, as the change in the CPI index with respect to the same quarter in the
previous year. Dashed line on 1995:Q1.

Figure 5: Mexico’s
1995rate
sudden
stop:
unemployment
Unemployment
by education
- Mexico
10
8
6
Total

4

College or more
Up to High School

2
1992q3

1995q1

1997q3

2000q1

2002q3

date

8
6
4
Total
Primary complete

2

Primary incomplete
No education

0
1992q3

1995q1

1997q3

2000q1

2002q3

date

Notes: This figure presents Mexico’s quarterly unemployment rate for the total population and by education
level. Source: INEGI based on ENEU survey data. Dashed line on 1995:Q1.
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Figure 6: Mexico’s 1995 sudden stop: shocks related to the external sector
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Notes: This figure presents the evolution of productivity in the tradable sector and of domestic and foreign
interest rates for Mexico around the 1995 crisis. The top panel presents the deviations from trend (in
percentage) of tradable productivity. Tradable productivity is computed as value added per worker in the
tradable sector (agriculture, mining and manufacturing) with quarterly data from INEGI. Then productivity
is logged and detrended using the Hodrick-Prescott filter with smoothing parameter equal to 1600. The
bottom panel presents two interest rate series for Mexico. First, the international interest rate from Neumeyer
& Perri (2005) computed as the 90-day U.S. T-bill rate plus the EMBI index for Mexico, adjusted by U.S.
inflation. Second, the domestic interest rate for 90-day CETES (treasury bonds) from Banco de Mexico.
Dashed line on 1995:Q1.
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Figure 7: Sector of work specialization by education level, Mexico 1994
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Notes: This figure presents the specialization structure by education level in Mexico 1994. It shows the
percentage of households in each education group with household heads working in the tradable sector
(agriculture, mining and manufacturing). Own computations based on 1994 ENIGH survey data from INEGI.
Household heads aged 25-64.
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Figure 8: Income diversification in Mexico 1994
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Notes: This figure presents the income diversification structure of households in Mexico in 1994. It shows
the percentage of households that receive income exclusively from the tradable sector (agriculture, mining
and manufacturing), exclusively from the non-tradable sector, or a combination of both. Own computations
based on 1994 ENIGH survey data from INEGI. Households with household heads aged 25-64.
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Figure 9: Income and consumption losses during the Mexican 1995 crisis
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Notes: This figure presents the income and consumption losses during Mexico’s 1995 crisis. It shows the
percentage change in average per capita household income and consumption between 1994 and 1996, for
households grouped according to their household head’s sector of work. The tradable sector includes
agriculture, mining and manufacturing, while the remaining industries are considered non-tradable sector.
Income includes labor and business income, but not income from financial sources, while consumption is
total household consumption, including both durable and non-durable goods. Own computations based on
1994 and 1996 ENIGH survey data from INEGI. Households with household heads aged 25-64.
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Table 1: Effect of employment in the tradable sector during the Mexican crisis
Income

Consumption

1994-96

1994-96

(1)

(2)

Share of households

0.6179∗∗

0.6443∗∗∗

in Tradable sector

(0.2952)

(0.2404)

Primary education

-0.0434

-0.1176

(0.1578)

(0.1246)

-0.0498

-0.0370

(0.1164)

(0.0787)

-0.4554∗

-0.5333∗∗∗

(0.2678)

(0.1984)

Controls

Yes

Yes

Fixed Effects

Yes

Yes

0.2211

0.4358

69

69

Secondary education

Constant

R

2

Observations

Notes: This table shows that groups with a larger share of households receiving income from the tradable sector experienced a smaller
income and consumption loss during the Mexican 1995 crisis. Columns (1) and (2) report regressions of the form:
∆96−94 ln (wit )c = ∆µTit−1 c + ∆βXic + ∆γNit−1 c + ∆96−94 uitc
where the left-hand-side is the change in average log-outcome for a group c of households defined by their educational attainment
level, birth-cohort, and location. The outcome variable is per-capita househod income (1) and per-capita household consumption
(2), deflated using the economy-wide CPI. Time-variable controls are measured in 1994 and are given by: share of female-headed
households in the group, share of household heads working in the informal sector, share of single parent households, share of extended
family households, and the average household members under 12 years old. Fixed effects are included for households in rural areas,
and for age groups “young” (25-35 years old) and “old” (50-64 years old) households. The constant represents the outcome for the base
group given by college-educated male-headed nuclear households, with no children under 12 years old, working in the formal sector,
living in an urban area, aged 35-50, and no one working in the tradable sector. Robust standard errors in parentheses. Observations
are weighted by cell size. *, **, and *** indicate significance at the 0.1, 0.05, and 0.01 levels respectively.
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Table 2: Effect of employment in each tradable sub-sector during the Mexican crisis
Income

Consumption

1994-96

1994-96

(1)

(2)

Share of households

0.7836∗∗

0.6511∗∗∗

in manufacturing

(0.3096)

(0.2135)

0.4343

0.7784∗

(0.4202)

(0.4237)

-2.9171∗∗∗

-1.9026∗∗

in mining

(1.0227)

(0.9159)

Constant

-0.3357

-0.4504∗∗

(0.2765)

(0.2054)

Controls

Yes

Yes

Fixed Effects

Yes

Yes

0.3043

0.4952

69

69

Share of households
in agriculture
Share of households

R

2

Observations

Notes: This table shows that groups with a larger share of households receiving income from manufacturing experienced a smaller
income and consumption loss during the Mexican 1995 crisis, while those with a larger share of households working in mining did
worse. Columns (1) and (2) report regressions of the form:
∆96−94 ln (wit )c = ∆µTit−1 c + ∆βXic + ∆γNit−1 c + ∆96−94 uitc
where the left-hand-side is the change in average log-outcome for a group c of households defined by their educational attainment
level, birth-cohort, and location. The outcome variable is per-capita househod income (1) and per-capita household consumption
(2), deflated using the economy-wide CPI. Time-variable controls are measured in 1994 and are given by: share of female-headed
households in the group, share of household heads working in the informal sector, share of single parent households, share of extended
family households, and the average household members under 12 years old. Fixed effects are included for households in rural areas,
and for age groups “young” (25-35 years old) and “old” (50-64 years old) households. The constant represents the outcome for the base
group given by college-educated male-headed nuclear households, with no children under 12 years old, working in the formal sector,
living in an urban area, aged 35-50, and no one working in the tradable sector. Robust standard errors in parentheses. Observations
are weighted by cell size. *, **, and *** indicate significance at the 0.1, 0.05, and 0.01 levels respectively.
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Table 3: Effect of employment in the tradable sector during the pre- and post-crisis
Income

Consumption

Income

1992-94

Consumption
1996-98

(1)

(2)

(3)

(4)

0.1131

0.1105

-0.0599

-0.0231

(0.1867)

(0.2032)

(0.2697)

(0.2615)

-0.3567∗∗∗

-0.3679∗∗∗

-0.0702

-0.0873

education

(0.1085)

(0.1167)

(0.0732)

(0.0698)

Secondary

-0.2232∗∗∗

-0.2159∗∗∗

-0.1130∗

-0.1239∗∗

education

(0.0703)

(0.0672)

(0.0619)

(0.0581)

Constant

0.1528

0.1093

0.0306

0.0637

(0.1096)

(0.1113)

(0.1138)

(0.1236)

Controls

Yes

Yes

Yes

Yes

Fixed Effects

Yes

Yes

Yes

Yes

0.2899

0.2078

0.3488

0.3621

72

72

63

63

Share of households
in Tradable sector
Primary

R

2

Observations

Notes: This table shows that the share of workers in the tradable sector had no differential effect on income and consumption losses
before and after the Mexican 1995 crisis. Columns (1) to (4) report regressions of the form:
∆t−(t−1) ln (wit )c = ∆µTit−1 c + ∆βXic + ∆γNit−1 c + ∆t−(t−1) uitc
where the left-hand-side is the change in average log-outcome for a group c of households defined by their educational attainment
level, birth-cohort, and location. The outcome variable is per-capita househod income (1 and 3) and per-capita household consumption
(2 and 4), deflated using the economy-wide CPI. Time-variable controls are measured in t−1 and are given by: share of female-headed
households in the group, share of household heads working in the informal sector, share of single parent households, share of extended
family households, and the average household members under 12 years old. Fixed effects are included for households in rural areas,
and for age groups “young” (25-35 years old) and “old” (50-64 years old) households. The constant represents the outcome for the base
group given by college-educated male-headed nuclear households, with no children under 12 years old, working in the formal sector,
living in an urban area, aged 35-50, and no one working in the tradable sector. Robust standard errors in parentheses. Observations
are weighted by cell size. *, **, and *** indicate significance at the 0.1, 0.05, and 0.01 levels respectively.
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Figure 10: Effect of employment in the tradable sector
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Notes: This figure presents the coefficient on the share of households working in the tradable sector for the
crisis, pre- and post-crisis periods. It represents the coefficient on Tit−1 c on a regression of the type:
∆t−(t−1) log (wit )c = ∆µTit−1 c + ∆βXic + ∆γNit−1 c + ∆t−(t−1) uitc
for outcomes per-capita household income and per-capita household consumption. Vertical lines represent
the 95% confidence interval around the estimated coefficient. Details of the estimation results are in Tables 1
and 3.
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B

A New Keynesian small open economy model with household heterogeneity
Table 4: Calibration

Parameter

Value

σ

2

η

1/2

T/NT elasticity of substitution.

ω

0.26

Weight of T goods in CES aggregator, to match y T /y = 0.25

β

0.9758

j

Meaning
Inverse of IES - Mendoza (2002), Schmitt-Grohé & Uribe (2016)

Discount factor - Mexican quarterly r̄ = 2.5% (1994-2001).
Scale parameter. Match time spent working in steady state and by sector. H T + H N =
1/3 and H T /H N = 0.1733

κ

φ

1

Inverse of Frisch elasticity of labor. Literature: [0.2 − 1.5]

d¯

1.20

Steady state level of debt. Match avg NFA/GDP of -36%.

ψ

0.0006

θ

0.7

µ

6

αT

Interest rate elasticity to debt. Match std dev of TB/GDP ratio of 2.89%.
Calvo probability of not changing prices. Gagnon (2009) for Mexico.
Elasticity of substitution of NT varieties. 20% markup.

0.52

Labor share in T sector. Meza & Urrutia (2011) for Mexico.

TR

s

0.14

Unconstrained households in the tradable sector.

sT H

0.23

Hand-to-mouth households in the tradable sector.

sN R

0.28

Unconstrained households in the non-tradable sector.

NH

0.35

Hand-to-mouth households in the non-tradable sector.

τT

0.44

To match distribution of self-employment and business income in tradable sector.

N

0.38

To match distribution of self-employment and business income in non-tradable sector.

ρz T

0.65

First order auto-correlation parameter, tradable productivity shock.

σzT

0.019

Sstandard deviation of productivity shock in T sector.

ρr∗

0.76

First order auto-correlation parameter, international interest rate.

σr∗

0.005

Standard deviation of the international interest rate shock.

φπ

1.5

σS

0.008

s

τ

Inflation coefficient in Taylor rule.
Standard deviation of monetary policy shock, Best (2013).

Notes: This table summarizes the calibration of the model in section 3. It indicates each parameter,
the calibrated value, and a brief description of the parameter, the calibrating target or source.
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Sudden stop crises with and without heterogeneity
Figure 11: Crisis episode: aggregate variables.

Notes: This figure presents the Impulse Response Functions for aggregate variables during a crisis episode
for the benchmark model with heterogeneity and for the representative agent setup. The crisis episode
consists on an unexpected increase of the international interest rate of 200 basis point. When the shock
takes place, the economy operates under a fixed exchange rate. One quarter after the shock, the economy
unexpectedly abandons the fixed exchange rate in favor of a floating regime with a domestic Taylor rule.

67

Figure 12: Crisis episode: cross-sectional variables.

Notes: This figure presents the Impulse Response Functions for cross-sectional variables during a crisis
episode for the benchmark model with heterogeneity and for the representative agent setup. The crisis
episode consists on an unexpected increase of the international interest rate of 200 basis point. When the
shock takes place, the economy operates under a fixed exchange rate. One quarter after the shock, the
economy unexpectedly abandons the fixed exchange rate in favor of a floating regime with a domestic Taylor
rule. It presents the consumption IRF for each type of household: T/N refers to the sector of work of the
household, while R/H refers to access to financial markets or hand-to-mouth. For example, TR refers to
the household that works in the tradable sector and has unconstrained access to financial markets. The
“intertemporal inequality wedge” refers to the term in equation (46), while “consumption T (NT) households”
refers to the IRF of consumption of all types of households in the tradable (non-tradable) sector.

68

Table 5: Short-run Welfare Cost of a Sudden Stop
(a)
Welfare cost ∆C
Model
Benchmark
Representative agent

Crisis episode

Fixed ER

Floating ER

−8.9%

−9.8%

−7.8%

−11.56%

−11.66%

−11.32%

(b)
Welfare cost ∆C
Household

Crisis episode

Fixed ER

Floating ER

T, unconstrained

−2.75%

−9.7%

5.3%

T, hand-to-mouth

57%

45.2%

69.6%

NT, unconstrained

−17%

−5.9%

−27.6%

NT, hand-to-mouth

−26.6%

−31.5%

−21.8%

Notes: This table presents the short-run welfare cost of the sudden stop crisis episode analyzed in section
4.1. ∆C is the percentage of aggregate steady state consumption the economy is willing to give up in order
to avoid the crisis. Panel (a) presents the aggregate costs, while panel (b) presents the distribution of costs
across households. For each type of household, I compute the change in the discounted present value
of utility with respect to steady state lifetime utility, and then use the marginal utility of consumption in
m
Wm
−Wss
steady state to translate it to consumption units: ∆C m = crisis
. To aggregate them, I weight each
m
λm
ss css
TR TR
type of household by their consumption share in steady state: s C /C = 0.1006, sT H C T H /C = 0.1448,
sN R C N R /C = 0.3289, sN H C N H /C = 0.4257 .The benchmark model has heterogeneity in both access to
financial markets and uninsurable sector-specific income, while the representative agent set up considers a
single household pooling all types of workers and resources. In the first column the exchange rate switches
from a fixed exchange rate to a flexible one, while in the second and third ones it is always fixed or always
floating.
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Figure 13: Crisis episode: aggregate variables. Role of access to financial markets.

Notes: This figure reproduces the Impulse Response Functions from Figure 11 and adds the IRFs for the
model with heterogeneity in access to financial markets but not in income sources (only MPC). There are two
types of households, one with access to financial markets and one without, but both have workers in both
sectors of the economy. The crisis episode consists on an unexpected increase of the international interest
rate of 200 basis point. When the shock takes place, the economy operates under a fixed exchange rate. One
quarter after the shock, the economy unexpectedly abandons the fixed exchange rate in favor of a floating
regime with a domestic Taylor rule.
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Figure 14: Crisis episode: cross-sectional variables. Role of access to financial markets.

Notes: This figure reproduces the Impulse Response Functions from Figure 11 and adds the IRFs for the
model with heterogeneity in access to financial markets but not in income sources (only MPC). The crisis
episode consists on an unexpected increase of the international interest rate of 200 basis point. When the
shock takes place, the economy operates under a fixed exchange rate. One quarter after the shock, the
economy unexpectedly abandons the fixed exchange rate in favor of a floating regime with a domestic
Taylor rule. It presents the consumption IRF for each type of household: T/NT refers to the sector of work
of the household, while R/H refers to access to financial markets or hand-to-mouth. For example, TR
refers to the household that works in the tradable sector and has unconstrained access to financial markets.
The “intertemporal inequality wedge” refers to the term in equation (46), while ∆cT − ∆cN refers to the
differential in the IRF of households in the tradable sector (all types) and households in the non-tradable
sector (all types).
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Figure 15: Crisis episode: aggregate variables. Role of uninsurable sector-specific income.

Notes: This figure reproduces the Impulse Response Functions from Figure 11 and adds the IRFs for the
model with uninsurable sector-specific income, but access to financial markets (only sector). There are two
types of households, one with only tradable workers and the other with only non-tradable workers, but both
have access to financial markets. The crisis episode consists on an unexpected increase of the international
interest rate of 200 basis point. When the shock takes place, the economy operates under a fixed exchange
rate. One quarter after the shock, the economy unexpectedly abandons the fixed exchange rate in favor of a
floating regime with a domestic Taylor rule.
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Figure 16: Crisis episode: cross-sectional variables. Uninsurable sector-specific income.

Notes: This figure reproduces the Impulse Response Functions from Figure 11 and adds the IRFs for the
model with uninsurable sector-specific income, but access to financial markets (only sector). There are
two types of households, one with only tradable workers and the other with only non-tradable workers,
but both have access to financial markets. The crisis episode consists on an unexpected increase of the
international interest rate of 200 basis point. When the shock takes place, the economy operates under a
fixed exchange rate. One quarter after the shock, the economy unexpectedly abandons the fixed exchange
rate in favor of a floating regime with a domestic Taylor rule. It presents the consumption IRF for each type
of household: T/NT refers to the sector of work of the household, while R/H refers to access to financial
markets or hand-to-mouth. For example, TR refers to the household that works in the tradable sector and
has unconstrained access to financial markets. The “intertemporal inequality wedge” refers to the term in
equation (46), while ∆cT − ∆cN refers to the differential in the IRF of households in the tradable sector (all
types) and households in the non-tradable sector (all types).
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Figure 17: Crisis episode: aggregate variables. Role of household-specific income effects.

Notes: This figure reproduces the Impulse Response Functions from Figure 11 and adds the IRFs for the model
without household-specific income effects (aggregate income effect). There are four types of households as in
the benchmark model, but labor in each sector is supplied by a union according to an aggregate labor supply
schedule that consider aggregate consumption instead of household-specific one. The crisis episode consists
on an unexpected increase of the international interest rate of 200 basis point. When the shock takes place,
the economy operates under a fixed exchange rate. One quarter after the shock, the economy unexpectedly
abandons the fixed exchange rate in favor of a floating regime with a domestic Taylor rule.
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Figure 18: Crisis episode: cross-sectional variables. Household-specific income effects.

Notes: This figure reproduces the Impulse Response Functions from Figure 11 and adds the IRFs for the model
without household-specific income effects (aggregate income effects). There are four types of households as
in the benchmark model, but labor in each sector is supplied by a union. The crisis episode consists on an
unexpected increase of the international interest rate of 200 basis point. When the shock takes place, the
economy operates under a fixed exchange rate. One quarter after the shock, the economy unexpectedly
abandons the fixed exchange rate in favor of a floating regime with a domestic Taylor rule. It presents the
consumption IRF for each type of household: T/NT refers to the sector of work of the household, while R/H
refers to access to financial markets or hand-to-mouth. For example, TR refers to the household that works in
the tradable sector and has unconstrained access to financial markets. The “intertemporal inequality wedge”
refers to the term in equation (46), while ∆cT − ∆cN refers to the differential in the IRF of households in the
tradable sector (all types) and households in the non-tradable sector (all types).
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The welfare costs of “fear of floating”
Figure 19: Welfare costs of “fear of floating”

Notes: This figure presents the conditional welfare costs from section 5, as the percentage increase/decrease
of the stream of consumption under the ’optimal’ floating exchange rate that would be necessary to achieve
the same lifetime utility as with the corresponding “fear of floating” policy. Panel (a) presents the uniform
cost for the benchmark economy and the representative agent specification. Panel (b) presents the uniform
cost including the decompositions with only one type of heterogeneity active at a time. A positive value
indicates that the economy is better off under the rule with “fear of floating”, while a negative value indicates
it is better off under the rule that replicates the flexible-price allocation.
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Figure 20: Distribution of welfare costs of “fear of floating”

Notes: This figure presents the conditional welfare costs from section 5, as the percentage increase/decrease
of the stream of consumption under the ’optimal’ floating exchange rate that would be necessary to achieve
the same lifetime utility as with the corresponding “fear of floating” policy for each type of household in
the benchmark model. A positive value indicates that household m is better off under the rule with “fear
of floating”, while a negative value indicates the household is better off under the rule that replicates the
flexible-price allocation.
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