Stubborn dollarization:
Love for the Dollar and Fear of the Peso

Giselle Montamat*

November 29, 2020

Click here for the most recent version
ABSTRACT

I model financial dollarization in an emerging market -the denomination of household savings
and corporate debt in US dollars- as a phenomenon which arises endogenously within a country
from the interaction between domestic agents. In the model, the dollar offers households and
entrepreneurs a hedge against exchange rate pass-through into prices and income risk. Households
have a higher risk aversion and/or stronger hedging motives for wanting to save in dollars. As
a result, entrepreneurs issue debt in dollars, cheaper than in local currency, and are exposed to
exchange rate risk, while households save in dollars and are insured against this risk in exchange
for a lower return. Dollarization then emerges within the country from the risk-sharing of domestic
agents, rather than with the developed world. A decrease in the foreign supply of dollars to the
country can reinforce the hedging properties of the dollar and increase domestic dollarization.
The model can rationalize four empirical facts: first, countries that exhibit high dollarization
of domestic savings also exhibit high dollarization of domestic corporate debt; second, higher
dollarization is related to a higher pass-through into prices; third, dollarized economies feature a
negative correlation of real GDP growth and dollar appreciations; fourth, their local currencies offer
a higher risk premium over the dollar. At the household-level, evidence from Uruguay is consistent
with the model’s portfolio predictions that indicate that an agent’s dollar demand increases with
a higher pass-through into prices and with a stronger negative correlation between their income

and dollar appreciations.
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1 Introduction

Since the end of the Bretton Woods system, emerging market economies have struggled with two
questions: whether and how to allow the use of the US dollar as a de facto second currencyf]in a
context in which households persistently turn to this currency for saving; and the extent to which
they should be open to external capital flows. Financial dollarization is generally perceived nega-
tively because it induces a currency mismatch in the portfolio of banks that receive dollar deposits
but hold peso assets, or of firms that issue dollar debt but perceive a peso revenue. A large dollar
appreciation can therefore trigger solvency issues for these agents. Capital controls are commonly
advocated to reduce the volatility of the exchange rate caused by fluctuations in foreign flows of
capital (Gabaix and Maggiori 2015) and to help prevent sudden stops (sharp reversals in capital

inflows) that might induce large dollar appreciations.

In this paper I first explore the reasons behind the dollarization of household portfolios, which
which is the counterpart of corporate dollar debt. In a context in which the US dollar dominates
international trade and finance (Iltzetzki et al 2019), there has been a resurgence of dollar debt
financing by firms and it is domestic households who provide much of this financing. I identify
different hedging motives for saving in dollars based on the behavior of the exchange rate vis-a-vis
prices and income processes: the dollar is a natural hedge against consumption risk due to dollar
currency pricing (Gopinath et al 2020) and it also provides insurance against the dual occurrence
of financial and currency crises that is typical of these economies (Bocola and Lorenzoni 2020).
When they save in dollars, local currency depreciations induce a domestic wealth transfer from
firms to households. I also show how, in equilibrium, dollarization can take place in a country even
when (and especially when) capital controls are introduced. Capital controls affect the incentives
that households have for saving in dollars and, from this perspective, may lessen the problem
of “stubborn dollarization”. On the other hand, when risk-sharing with the rest of the world is

restricted, dollarization within countries emerges as an escape valve for domestic agents that seek

the dollar.

I characterize net dollar positions as closed form expressions in a simple two-period portfolio prob-
lem that accounts for uncovered interest parity (UIP) deviations and hedging reasons that make the
dollar an attractive currency for saving. Building from this portfolio choice, I present a tractable
discrete time general equilibrium model that rationalizes both the dollar positions of households
and firms in emerging market countries, as well as the risk premium of the local currency. The
resulting equilibrium has the following implication: the UIP deviation emerges in favor of a higher

local currency return when the agents’ aggregate hedging motives for saving in dollars exceed the

!De facto dollarization refers to the use of a foreign currency, alongside the domestic currency, as a means of
exchange (for transaction purposes, i.e., as currency substitution) or as a means of saving (i.e., asset subsitution).
My focus is on the latter.



net foreign liability position of the host country in dollars. Two mechanisms explain why firms
insure the households by borrowing the dollars that the households save in. On the one hand, both
agents are exposed to exchange rate risk that dollar savings can hedge against, but the firms have
a higher tolerance for risk (this is the “risk-aversion” channel). On the other hand, households
are more negatively exposed to exchange rate risk than firms (this is the “risk-exposure” channel).
Both channels can result in firms taking the short position in dollars and households the long

position.

The model can microfound several stylized empirical facts observed in the dollarization literature
(Reinhart et al 2014, Rennhack and Nozaki 2006, Ize and Levy-Yeyati 2003). First, there is a very
strong correlation between household dollar savings and corporate dollar debt. Second, countries
that exhibit a higher pass-through of exchange rate depreciations into consumer prices have higher
dollarization. Third, there is a negative correlation between real GDP growth and dollar appreci-
ation in all countries that exhibit dollarization. Fourth, in dollarized economies the local currency
offers higher average returns relative to the dollar, and this deviation from UIP is larger for the

more dollarized countries.

Moreover, I explore the implications on dollarization and UIP deviations from introducing capital
controls that limit the inflows of dollars into the country and I rationalize why these policies can
endogenously lead to increased dollar debt of the corporate sector. When the supply of dollars
from foreign investors decreases, the variance of the exchange rate and UIP is reduced and this
increases the hedging motives that the agents have for wanting to save in dollars. In equilibrium,
this results in larger UIP deviations and increases dollarization within the country. While the net
aggregate dollar position of the country is reduced, the individual dollar positions increase, with

households saving more in dollars and firms taking more dollar debt.

Finally, 1 take the predictions to the data. To this end, I derive a continuous-time version of the
portfolio model to derive an expression for dollar demand as a function of sufficient statistics which
have clearly measurable analogues, such as the extent to which the household’s consumption basket
is priced in dollars. Calibrating this to country-level moments can explain why dollarization is more
prevalent in certain countries, such as Peru or Paraguay, and less in Chile or Mexico. The attrac-
tiveness of the dollar as a safeguard against income shocks emerges as the main driver behind the
cross-sectional macro patterns of dollarization. At the micro-level, I use household-level data from
a Uruguay financial survey and find that the pass-through of exchange rate into prices and into
wages affects the decision to dollarize in the way the model predicts. Notably, these predictions im-

ply levels of risk aversion for these countries that are consistent with the standard macro estimates.



Related Literature This research relates to several strands of the literature. Recently, there
has been a resurgence in studies on financial dollarization from a portfolio perspective. This pa-
per is most closely related to Bocola and Lorenzoni (2020) and Dalgic (2018) who explore the
interactions between domestic savers and borrowers of dollars in a general equilibrium setting that
features dual currency and financial crises. They endogenize this correlation by introducing finan-
cial constraints that generate a balance sheet channel of currency depreciations: capital investors
with net dollar liabilities see their net worth decline and face borrowing limits as a consequence.
The negative correlation between income and exchange rate depreciations incentivizes agents to
save in dollars as an insurance mechanism, and risk neutral borrowers are willing to provide this
insurance in exchange for a cheaper form of debt. A distinctive feature of my paper is the modeling
of dollar borrowers as risk averse entrepreneurs that own firms and have lower risk aversion than
households. The mechanisms that lead to an equilibrium with dollarization and UIP deviations
relate to differences in risk aversion and in the agents’ exposure to risk with regard to consumption
and income (Athanasoulis and Shiller 2001). In line with Gopinath and Stein (2018) who explore
the complementarity between dollar invoicing and financial dollarization, I account for the impact
of dollar pricing on both households’ and firms’ portfolio choices. Other related work that precedes

my paper in studying portfolio construction with respect to currencies is Campbell et al (2003).

Recent papers have addressed the cross-section of liability dollarization in the corporate sector of
emerging markets. Salomao and Varela (2018) endogenize the currency composition of debt for
firms that are not naturally hedged against currency risk and thus are exposed to exchange rate
volatility that feeds into default probabilities via balance sheet effects. More productive firms with
a high return to investment are the ones that borrow more heavily in dollars and they test this pre-
diction using Hungarian data. From an empirical perpective, Gutierrez et al (2020) and Brauning
and Ivashina (2019) show that exporting firms borrow more heavily in dollars than non-exporting
firms but liability dollarization is prevalent in both the tradable and non-tradable sectors. In line
with this observation, I show evidence that exporting firms have larger negative net dollar positions
than non-exporting firms in a set of Latin American countries. My model can speak to the net po-

sition of both types and rationalize an equilibrium in which the corporate sector borrows in dollars.

In close connection to the literature that studies the exposure to currency risk from balance sheet
effects are papers that look at the role of government interventions to protect economies from
depreciation shocks. Gabaix and Maggiori (2015) suggest a theory of exchange rate determination
based on capital flows that alter financiers’ balance sheets and study the effects of FX intervention
and capital controls on exchange rates in this framework. In my model, capital controls affect the
volatility of the exchange rate while still allowing for a dollarized equilibrium within the country
that features UIP deviations, as entrepreneurs are willing to ensure households against negative

currency shocks by taking the negative net dollar position in exchange for a risk premia (a cheaper



dollar). This occurs in a context in which banking regulations that limit the currency exposure
of banks, have firms playing the role of the financiers when international risk-sharing is restricted.
This observation is in line with the finding by Keller (2018) that Peruvian banks who need to
comply with the regulations but are unable to hedge their currency risk with foreign investors end

up increasing their dollar lending to firms.

The rest of the paper is organized as follows. Section 2 documents a set of facts that highlight
drivers of financial dollarization in emerging markets and its heterogeneous pattern across countries.
Section 3 brings them together in a simple two-period model that features heterogeneous agents,
microfounds their dollar demand and discusses the conditions under which dollarization can arise in
general equilibrium. Section 4 builds a continuous-time portfolio model a la Merton to microfound
the net currency position of a household and an entrepreneur in closed-form expressions that are
functions of sufficient statistics that one can take to the data. Section 5 contrasts the predictions
from this model using country-level data for a cross-section of Latin American countries and

household-level data from Uruguay. Finally, Section 6 concludes.



2 Financial dollarization in emerging markets: empirical

facts

There are two ways in which financial dollarization tends to manifest in emerging countries: house-
holds save in dollars and firms borrow in dollars. In many of these economies, households have
access to domestic bank accounts which can be denominated in the US currency. These accounts
offer rates that are much lower than the interest from local currency denominated accounts. Sev-
eral papers have documented the pervasiveness of this form of financial dollarization in countries
where the dollar is regarded as a safe currency that can preserve the real value of savings amidst
episodes of exchange rate depreciation (De Nicolo et al 2003, Reinhart et al 2014). On the other
hand, increasing attention has been paid to the rising shares (and levels) of corporate dollar debt
(Bruno and Shin 2015, McCauley et al 2015). Low nominal lending rates in the US dollar com-
pared to the local currency, particularly since the GFC, has seen many firms take advantage of

this cheaper form of borrowing.

While these facts are not new to this type of economy (the early literature on financial dollariza-
tion dates back to the 1980s), only a couple of recent studies (Gopinath and Stein 2018, Dalgic
2018, Bocola and Lorenzoni 2020) have looked at the interaction that takes place within a country
between dollar savings by households and dollar borrowing by firms. Instead, most of the litera-
ture has focused on the risk-sharing that takes place between a representative agent and foreign
investors, where international markets supply or demand dollars as needed (Maggiori 2017, Du

and Schreger 2017). Yet evidence shows that the following fact is true of emerging economies:

Fact 1 There exists a very strong correlation between domestic supply of dollars by households

and demand of dollars by firms, where banks located within each country act as intermediaries.

Figure [1) summarizes this empirical finding for five countries of Latin America. I gather monthly
aggregate data on dollar deposits and loans from local financial institutions spaning the past two
decades. Within this sample, countries like Chile and Mexico have historically exhibited lower
levels of dollarization, while countries like Peru and Paraguay have had an average dollarization of
more than 50%. Notably, dollarization of domestic deposits and corporate loans correlate strongly,
both on average throughout this period and over time within each country (left panel). The em-
pirical pattern on the cross-section of emerging countries was already recognized at the start of
the century by Ize and Levy Yeyati (2003) and has more recently regained attention in the inter-
national literature (Dalgic 2018 and Bocola and Lorenzoni 2020). The correlation persists when
looking at the levels of dollar deposits and loans as a share of GDP, while ignoring the quantity

of domestic-currency deposits and loans (right panel).



Figure 1: Dollarization of deposits and corporate loans

Dollar deposits from private sector v loans to firms
(~2000-2020)

Dollar deposits from private sector v loans to firms
(~2000-2020)
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Note: Small markers are monthly observations on aggregate deposits and loans by the private sector, obtained from
the consolidated balance sheet of the domestic banking sector reported by the Central Banks of each country. For
deposits, I consider banks’ liabilities with households whenever reported, or with the (resident) private sector other-
wise. For corporate loans, I consider banks’ assets held against the (resident) private sector; the data disaggregates
loans by type rather than borrower, so I aggregate the categories that are typically related to corporate borrowing
and exclude credit for consumption and mortgages. When countries report a quantity in “foreign currency”, I
assume this is mostly the US dollar. The bigger diamond markers are averages for each country over the sample

period.

This observation is reminiscent of the Feldstein-Horioka (1980) puzzle: just as domestic savings
matter for domestic investment, dollar deposits by households seem to fuel the dollar loans that
local banks extend to firms. However, rather than a puzzle, this is a consequence of institutional
regulations that require banks to match their dollar liabilities with dollar assets, coupled with
capital controls that prevent them from transacting dollars in the international markets. Such reg-
ulations were instituted following the financial crises in the 90’s that saw the banking system suffer
from exchange rate exposure due to large currency mismatches in their balance sheet. Banks can-
not rely substantially on the international markets to comply with this regulation, as evidenced by
the fact that, for the median country, 72% of dollar liabilities are sourced from domestic depositﬂ
(see Figure[§/in the Appendix). On the one hand, the use of derivatives to hedge against exchange
rate risk is limited in these countries given that such secondary markets are poorly developed.
For example, Gutierrez et al (2020) find that there is limited hedging of exchange rate exposure
by Peruvian banks. On the other hand, capital controls play a role in limiting the amount of
international risk-sharing that could take place in the context of these regulations, as impaired
banks seek to match households’ dollar deposits by extending cheaper dollar loans to firms within

the country. Keller (2018) provides empirical evidence that capital controls in Peru induce dollar

20ne caveat: some countries do not distinguish between domestic deposits held by residents v non-residents. I
assume that the bulk of dollar deposits in these banks is made by nationals.



lending of banks to firms.

Moreover, capital controls can also play a role in limiting the amount of risk-sharing with foreign
investors that households and firms can undertake themselves, by-passing local banks. Evidence
based on country-level data gathered from the Central Banks and the BIS suggests that the share
of dollar loans taken by firms from local banks is more than 50% of total dollar corporate borrowing
in these economies (see Figure |§| in the Appendix). Likewise, similar data sources indicate that
households’ dollar deposits within their countries predominate over those held at foreign institu-

tions (Figure [10]in the Appendix).

In light of this evidence, I study the conditions under which dollarization of both savings by
households and of corporate debt can arise as a domestic equilibrium within a country. In my
model, firms are modeled as risk-averse entrepreneurs that, like the households, have consumption
preferences and make portfolio currency choices. This is meant to reflect the fact that many
small and medium-sized firms in emerging markets are family-owned entreprises, and it stands
in contrast to the other recent papers in the literature, Bocola and Lorenzoni (2020) and Dalgic
(2018). My starting point is the modeling of a portfolio choice of households and entrepreneurs
that is able to capture two key hedging properties of the dollar in emerging countries: it provides
insurance against pass-through of dollar appreciations into consumer prices, as well as against

negative income shocks. These properties are reflected in the following two facts:

Fact 2 Countries that exhibit a higher pass-through of exchange rate depreciation into consumer

prices have higher average dollarization (Figure .



Figure 2: Pass-through and dollarization

Dollarization and pass-through
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Note: Exchange rate pass-through into prices is computed using monthly CPI data and regressing monthly inflation
against monthly depreciations with 18 lags. Average dollarization is the mean of % dollar deposits over the entire
two-decade period. CPI data is sourced from the Central Banks; series of exchange rates against the dollar are
obtained from the IFS.

Fact 3 Bad times in these dollarized countries are times when the local currency depreciates,

as evidenced by a negative correlation between real GDP growth and dollar appreciation. (Table.

Table 1: Correlation (real) GDP annual growth and %A ER

ARG CHL MEX PER PAR URY
-0.545 -0.421 -0.075 -0.171 -0.59 -0.544

Country
corr(%AY, WAER)

Note: based on IFS data on exchange rates against the US dollar, and real GDP; author’s calculations.

While these empirical observations are not new to the literature, I obtain an expression for the
optimal dollar demand of an agent that is able to incorporate and clearly highlight both hedging
properties. How these differ between households and entrepreneurs is what determines, in com-
bination with their tolerance for risk, that an equilibrium can arise in which households pay an
opportunity cost for saving in the currency that offers the lower return (the dollar) in exchange
for insurance against exchange rate risk, while firms remain exposed to inflation and income risk
in exchange for a cheaper form of debt. Notably, both agents would rather save in local currency
if they only cared about expected returns, given the risk premium that it offers relative to the
dollar. In this sense, a higher average return of the local currency would lead to lower dollariza-

tion. However, in equilibrium, the difference in exposure to exchange rate risk (that the dollar can



insure against) and in risk tolerance between the two types of agents, is what explains the third,

and rather counterintuitive, fact:

Fact 4 Countries that exhibit higher dollarization are also the countries in which the peso offers

a higher risk premium (Figure (3)).

Figure 3: UIP deviations and dollarization

Dollarization and UIP deviations
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Note: Data on interest rates for local currency and foreign currency deposits is from the IFS. Average UIP deviations
are computed using monthly data and averaging monthly deviations over the two-decade period. A positive value
indicates that the mean average return of the dollar (interest plus depreciation of the local currency against the

dollar) is higher than the return of the local currency. Average dollarization is the mean of % dollar deposits.

This observation was recently noted by Bocola and Lorenzoni (2020) and it can only be ratio-
nalized in general equilibrium. In my model, I derive simple conditions that, intuitively, indicate
that the local currency will offer a higher risk premium and dollarization will be higher when 1)
aggregate hedging motives for wanting to save in dollars exceed the foreign supply of dollars; and
2) households feature a stronger preference for dollars compared to entrepreneurs, and a higher

risk aversion.

In the next section, I develop a two-period general equilibrium model in a small open economy
that features the two types of agents, representing households and firms, that interact with one
another in the domestic financial market for dollar bonds. The starting point of this model is
the portfolio choice that captures the driving forces of dollarization implied by the empirical
evidence: UIP deviations, pass-through into prices and income correlations with exchange rate

depreciations. Building from this microfoundation, a general equilibrium model is required to

10



understand 1) what mechanisms are behind the larger average returns of the local currency, with
households taking the positive position in dollars and firms the negative one, and 2) what the
effects are from introducing capital controls that limit the amount of risk-sharing that the agents
can undertake with the rest of the world. In a world of capital controls, dollarization within the

country substitutes for international risk-sharing.

3 Dollarization in general equilibrium: a two-period model

To understand how financial portfolio decisions of the private sector can generate the UIP devi-
ations and the levels of dollarization that we observe in the data, I set up a simple two-period
heterogeneous-agent model in a small open economy. A household and an entrepreneur differ
in their risk preferences and sources of income: the household is more risk averse than the en-
trepreneur and each receives a different endowment of non-tradable and tradable good&ﬂ The
endowment processes feature distinct (productivity) shocks. I search for an equilibrium in which
households lend to entrepreneurs in dollars and the local currency features a risk premium over
the dollar. Because of this higher return offered by the local currency, households are incurring
an opportunity cost from saving in dollars. They are willing to do this in exchange for insurance
against times when the local currency depreciates and they experience a negative income shock as
well as higher consumption prices. I propose two conditions under which entrepreneurs are willing

to provide this insurance:

1. Entrepreneurs have a lower risk aversion than households. Agents that are subject to the
same negative correlation between their income and depreciations of the exchange rate, and
the same pass-through into their consumption prices, would engage in this arrangement if

one type (entrepreneur) is less risk averse than the other (household).

2. Entrepreneurs have less risk exposure to exchange rate depreciations than households. This
can come about if entrepreneurs perceive an income which correlates positively with the dollar
-for instance, from owning a firm that sells tradable goods priced in dollars-, which generates
different needs to hedge dollar risk in their portfolios compared to households. Even if the
agents have identical risk preferences, they can still increase their utility by engaging in this

insurance scheme.

Setup There are two types of representative agents, the household and the entrepreneur, and

two periods.

3Tn this model, an entrepreneur is a type of household that features lower risk aversion and an income process
that correlates either positively with the dollar, or at least not as negatively as the household’s income. This reflects
the reality of many energing markets in which small and medium firms are owned by wealthier households with a
higher tolerance for risk, and the fact that in a world of dollar pricing, many of these perceive a dollar revenue.

11



In period ¢ = 0, the agents, who are born with some level of wealth 1¥} (nominal, in pesos), invest in
dollar and in peso-denominated bonds, where peso bonds are in zero net supply while dollar bonds
exist in positive net supply b} that is provided (exogenously) by foreign investorsﬁ. They invest in
order to maximize utility from consumption in period ¢ = 1. There are three types of consumption
goods: a non-tradable home good is the numeraire, a tradable home good has (stochastic) price
pi! and a tradable foreign good has (stochastic) price €;pf". Units of home non-tradable represent
“pesos” and units of foreign non-tradable are “dollars”. The exchange rate converts dollars into
pesos, so an increase in €; is a depreciation of the local currency. The household receives in period
t = 1 a (stochastic) endowment 37 of domestic goods, while the entrepreneur receives a (stochastic)
endowment y{. Uncertainty at ¢t = 0 comes about from the unknown realization at ¢ = 1 of these

exogenous endowments.

The agents have mean-variance preferenceﬂ so the period t = 0 portfolio problem is:

S max Eo[c’i] — lVaro[cil] (1)
ct(s) Vs,008 2

ci(s) = (Rriau(s) + 0°(Reu(s) = Ri(s))) V]Zf +1i(s) Vs, (2)

where 0% is the share of real wealth from period t = 0 that is allocated to dollar bonds. The general
price level, P, expressed in pesos, is defined as the price of one unit of aggregate consumption
c1 = ¢!+ ¢¢. The real interest rate (i.e., in terms of the consumption basket) for the peso bond
is RLC, = %}qg% and for the dollar bond, R® , = %}E;—;g. Note that in period ¢ = 0, the price
of the bonds ¢¢ and qg is given, while the exchange rate and the price level in period t = 1 are
uncertain. Agent i’s real income, which depends on the share v%J(.) that she receives from the

endowment of good 7, is:

yi(s) = A (S)Ef;)(s”’i’ (s)ur ™ (5) 5

I assume Cobb-Douglas aggregation of consumption where § is the share spent on home non-

tradables and « is the share of tradable expenditure allocated to home goods:

4This assumption can be relaxed, but it is meant to capture the fact that foreign investors generally hold dollar
debt and savings, but are less willing to trade peso-denominated instruments. A positive supply of dollars to the
country reflects the net dollar savings (net foreign asset position) that the private sector of emerging markets holds
in international markets.

5The assumption of mean-variance preferences makes it possible to derive closed-form expressions that are the
discrete time analogous to the continuous-time formulas that are presented in Section 4.
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G (CORCO R ()

Market clearing There are three markets, one for each type of consumption good, that need
to be cleared in period t = 1. In the market for home tradable goods, c{{ ™ represents exports of
the home country and, in the market for foreign tradables, yi" — cf’* are imports. The country’s

trade balance is defined by:
NXy = pl'el"™ —apl (yf — ™) = —abi, (5)
——
ANFA

where b captures foreign holdings of dollar bondsﬁ. There are two financial markets to be cleared
in period 0: the peso-bond market clears within the small open economy while dollar bonds can

be traded in international markets:

(L— MWy (1= )W

=0 6
a5° a5° ®)
6a$,hwh 9$,ewe
$0 + $O = bylK (7>
€0qp €0qp

Unless otherwise stated, I assume that the agents have positive wealth to invest in period ¢ = 0.
Note that, since aggregate wealth (net savings from period ¢t = 0) is equal to the peso value of net
dollar assets from abroad eygib?, this is equivalent to assuming that the foreign supply of dollars
by is positiveﬂ. In other words, a hypothetical trade balance from period ¢t = 0 is positive and thus
the private sector of this country is a net creditor to the rest of the world, so foreign investors
supply dollars for local agents to save in. In period ¢t = 1 a negative trade balance can be financed

with these savings from period t = 0.

6The current account (net exports plus interest on foreign asset position) equals the change in net foreign assets:
a current account surplus is associated to an outflow of capital and a corresponding increase in the country’s

5
net foreign asset position. A more familiar notation using interest rates is: NX; = —¢ (b5 — b}) — —25b%. So:
1Jr'L1 . % 1+21
ANFA

(1 +i$YNX, +i8b; = (b5 — b}). Since b = 0, this simplifies to NX; = —b%. In period 1, a negative trade balance
——
ANFA

is financed with the net savings from period 0.

"While this is not a necessary assumption (in continuous time we require wealth to be positive but not so in
discrete time), I will be working within this framework to illustrate what leads to dollarization and UIP deviations
in favor of the local currency in general equilibrium, and how capital controls that limit the outflow of dollars
(in this model, the net foreign asset position of period ¢ = 0) can induce higher levels of dollarization within the
country.
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Finally, foreign consumption demands are also derived from Cobb-Douglas preferences:

1-0*

i = () (et () (®)

Foreign consumers optimally distribute their net income in period ¢t = 1, expressed in dollars, into

the three available goods, a foreign non-tradable and two tradable ones. This income is given by:

Prcy =y o+ plyt — b (9)

Equilibrium The following definition describes the conditions that an equilibrium must satisfy.

Definition 1 An equilibrium is given by bond pm’ces qLC and qg, consumption prices pif and e,

asset choices 6%, W.I and consumption cNTl, cf“, ¢, where i € {h,e}, such that:

1. Agents mazimize utility through optimal consumption and portfolio choices

2. Markets for bonds and consumption goods clear

Solution The solution to the period t = 0 maximization problem (1] yields the following propo-

sition.

Proposition 1  The optimal real wealth allocated to dollars in period t = 0 by agent i 1s:

Qi,$% — i EO [Rfeal Rreal} WO COUO [Rreal’ Rreal Rfeal} COUO [Rreal R;sieab ’L} (1())
PO 7 VCLTO [R;sieal Rfecal} PO V(I’l”o [Rfeal Rfecal} VaTO [Rfeal Rfecal]

=KyIP =Fprice =K e
The first term in [10] is a linear function of (real) UIP deviations. When the peso offers a risk
premium over the dollar, this term is negative and drives dollarization down. How sensitive an
agent is to higher returns from the local currency depends on her risk aversion and the volatility of
the returns. The second and third terms capture hedging motives for saving in dollars. First, the
dollar is a good hedge against exchange rate depreciations that pass-through into prices since dollar
savings appreciate together with the exchange rate to counteract the inflationary force. Second, it
is also a hedge against bad times of low income whenever these are negatively correlated to the real

returns of the dollar bond. I will refer to Kpyice and k! as the price-level and income hedging

mcome

terms, respectively. When these hedging terms are positive and large, demand for dollars increases.

Superscript ¢ indicates which terms are agent-specific; in particular, I assume that agents share

8 An alternative would be to reformulate the agent’s problem in terms of blLC’i and b?z
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the same consumption preferences so they have an identical price-hedging motiveﬂ

It is useful to verify what the optimal dollar demand 6** simplifies to when the agent only consumes
home non-tradable and when she only consumes foreign tradable, to illustrate how the optimal
allocation into dollar bonds depends on the joint distribution of the price level P;, the exchange
rate €; and the agent’s income yi. From the intratemporal consumption problem of period t = 1,

one obtains standard Marshallian demands:

AN = 5P (11)
, 1 —0)aPc
gt — L= 0)ahc (12)
b1
, 1—-0)(1—a)Pc
Ci,F — ( )( Fa) 161 (13)
€1P1

Given that the agents have the same preferences for home and foreign goods, the price level is:

1-6

(0 () .

) 1—-9¢

Case 1: the agent only consumes home non-tradable. In this case, the price-level hedging term
is zero (because the pass-through is zero) and the income term can be expressed in terms of the
covariance of the exchange rate and real income. When this covariance is negative (bad times of
lower income are times when the exchange rate depreciates), the agent chooses a higher level of

dollar savings.

"iprice = 0 (15)
s Cov(er /€0, 1)
Rincome = —qQo—~, 7 7 ~ (16>
Var(ei/eo)
Case 2: the agent only consumes foreign tradable with a fized price pt'. In this case, the exchange
rate pass-through and the price-level hedging term are one given that the agent consumes a basket
that is priced entirely in dollars and fluctuates one to one with depreciations of the local currency.

The income term still contributes to higher dollarization if the exchange rate and real income are

9This assumption can be relaxed, but it simplifies the derivation of the price level and evidence from the empirical
exercise of Section 4 for the case of Uruguay suggests that indeed the pass-through into prices does not vary much
on average across households of different income quantiles.
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negatively correlated.

Rprice = 1 ( 17)

Rincome = qLC 000(60/617 yl)
O Var(ep/er)

(18)

From the market clearing of dollar bonds, one can readily derive conditions under which the
equilibrium features households saving in dollars, entrepreneurs taking on dollar debt and a risk
premium from saving in pesos. These are summarized in Proposition 2. Without reasons to hedge
there can’t be a scenario of dollarization and UIP deviations within the country like we observe in
this type of economies. Moreover, the presence of these terms leads to dollarization when capital

controls restrict the foreign supply of dollars to the point of financial autarky:.

Proposition 2  The equilibrium dollar demand of agent v satisfies:

We Wof A7 we oy T Kiome Y Reome
0 = e (G - ) = e T (19)
Py PR "+~ Wo ~h+~ Y+ Wo/Py AP+ Wo /Py

Where Wy = Wi + W§ is aggregate wealth, equal to the peso value at t = 0 of the foreign supply

of dollars, egng’{, and v~ is the other agent’s risk aversion coefficient.

The equilibrium (real) UIP deviation satisfies:

Ey [R},, — RS

real — *lreal

Wo  Wo, . (,h e
( P Py HPTZCE (K’mcome + Rincome
] = real real

)) Varg [RS.. — RES)] (20)

From these conditions follow two obervations. First, the higher the pass-through into prices, the
higher Kprice is and the higher the risk premium offered by the peso. In general equilibrium, a
1" that is, if the
Yty

fraction of this agent’s wealth is higher than the degree to which the other agent is risk averse.

higher pass-through will lead an agent to increase her dollar savings if % >

This is because the wealthier the agent, the more she wants to preserve the real value of period
0 wealth from depreciations. Second, the more negative the correlation of an agent’s income and

dollar returns, the larger i ... is and thus the higher the risk premium that the peso bond must

)
income

offer in order to induce the agent to save in local currency. As k increases in magnitude,
agent ¢ increases her dollar savings in proportion to her own risk aversion. Instead, she decreases
her dollar savings in proportion to the other agent’s risk aversion when the other agent’s income

correlation increases.

Risk-sharing and risk-exposure channels These intuitions point towards two key features of

heterogeneity within the country that lead to an equilibrium of domestic dollarization. On the one
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hand, the agents might share the same reasons for wanting to save in dollars, namely to protect
the real value of their savings against pass-through from exchange rate depreciations, and to insure
themselves against bad times of low income. Nonetheless, if entrepreneurs are sufficiently less risk
averse than households, then they are willing to provide that insurance to households in exchange
for dollar borrowing being cheaper. On the other hand, the agents might share the same risk
aversion, in which case for households to save in dollars despite the peso offering higher returns,
they must hold a strong enough hedging reason compared to the entrepreneurs for wanting to save
in dollars. The following propositions summarize these intuitions by describing the conditions that

lead to dollarization within the country.

Proposition 3 In equilibrium, households save in dollars and entrepreneurs borrow in dollars if

the following conditions are satisfied (I assume bf > 0, and W} > 0 for both agents):

e h e h h
Y K’income + 'Limcome) WO Hmcome
1_’%7"7;66_ + Kprice >0 21
Y+ e ( P Wy /Py Wy * Woy/ Py (21)
h h e e e
2 Kincome + Rincome WO Kincome
1-— rice — rice + <0 22
Pt ( " Wo/Po ) W e T W R, (22)

The risk-aversion channel implies that, if the agents are equally exposed to pass-through and income
shocks (same positive Kprice aNd Kincome), the entrepreneur insures the household if A > e (i.e.,

the entrepreneur is sufficiently less risk averse):

( )

Wi W —1 Wz —1 i A1 K
9$_0 0 h’)/ + 0o h’Y price + f}/h i income (23>
B B |+ \Wo A" +1) e Wo/Ry
+ for i:orusehold + for household
\ - for entrepreneur - for entrepreneur )

The risk-exposure channel implies that, if the agents share the same risk aversion, the entrepreneur
insures the household if k%, > kS . (i.e., the household has a stronger hedging motive to save

in dollars based on income exposure to exchange rate risk):

( \
we Wy )1 we o1 1 (K —i
9$_0 7o)z 4 ( 0 _ _) price + = (’imcome - /{zncome) (24>
B P2 \W, 2 2 \Wo/Py ~ Wo/Py)
+ for th;wusehold
\ - for the entrepreneur )

Proposition 4 In equilibrium, the peso offers a risk premium over the dollar if the aggregate

hedging motives for holding dollars exceed the real value of the net supply of dollars from foreign
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vestors:

Wo
h e
Rprice + Kincome + Rincome

Fy

Condition indicates that the hedging motives in favor of saving in dollars need to be large
enough for the local currency to offer a risk premium. That is, for an agent to be willing to save in
the currency that offers a lower return, it must be that this currency is attractive in terms of how
returns correlate to prices and to “bad times” for consumption. In particular, these reasons have to
be, on the aggregate, larger than the real value of dollars that are supplied externally. Conditional
on this being satisfied, conditions and hold when the risk aversion of the entrepreneur is
small enough relative to the household’s, and the household features stronger hedging motives in

favor of dollar saving.

Suppose, for instance, that the agents’ income is uncorrelated with the return of the bonds (i.e.,

)

! come 18 zero for both agents). In equilibrium, UIP fails in favor of the

the income hedging term x
peso as long as the price hedging term is large enough (Kprice > 1). For the household to be saving
in dollars and the entrepreneur to be taking on dollar debt, it must be that the household’s risk
aversion is large enough relative to the entrepreneur’s (top Figure {4)). Specifically, the conditions
that have to be satisfied are the following (note that the right hand terms in these inequalities are

positive when Kpice > 1):

N Wh rice
h’y < 0 ﬁp (26)
Y + ’Ye WO Rprice — 1
’yh VV()e Rprice (27>

> ___price
’}/h + € WO Rprice — 1

Notably, this is a situation that generates dollarization of the type that we observe while both
agents share the same incentive to hold the dollar as a means to safeguard real returns from
inflation. The entrepreneur’s lower risk aversion implies that she responds more to the cheaper
currency and is willing to insure the household against adverse price movements. I call this the

“risk-sharing” channel.

Instead, suppose that the price heging term kpyice is zero. Then for the local currency to offer a

risk premium, we must have:

e Wo

h
income > P
0

"iincome TR (28>

So at least one of the agents must have a negative income covariance with respect to the dollar
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returns, relative to the covariance with the peso returns (which implies a positive Kincome). More-
over, if we want households to feature dollar savings and entrepreneurs to feature dollar debt, the

conditions that have to be satisfied are:

@

YA e Wo

Kﬁlcome > W (Kincome - FO) (29)
h W,

Hiencome < ,y_ (Kﬁlcome - FO) (3())
¢ 0

That is, the income hedging motive of the household has to be sufficiently larger than the en-
trepereneur’s. This will hold if the covariance of her income with the real returns of the dollar is
sufficiently negative. Note that this doesn’t preclude a case in which both have a negative covari-
ance term for income and thus an income hedging motive that increases their demand for dollar
savings (bottom Figure . Moreover, this situation can arise even if the agents share the same

risk aversion. I refer to this as the “risk-exposure channel”.

These observations can explain the empirical patterns summarized in Facts 1 to 4 from Section 2:
countries that exhibit higher dollarization and a higher local currency premium are those in which
the households’ hedging motives and risk aversion are high enough relative to the agents that own
the firms in the economy. The households’ dollar savings are the counterpart of the entrepreneurs’
dollar debt (Fact 1). The risk-sharing channel implies that, when entrepreneurs are sufficiently less
risk averse relative to households, dollarization of deposits increases with pass-through into prices
(Fact 2), and when the households’ income processes are negatively correlated to depreciations
(Fact 3)@ The risk exposure channel implies that dollarization of deposit increases when the
income-hedging motive to save in dollars of the households is higher than that of the agents that
own the firms. Countries that exhibit higher dollarization are countries in which these hedging
motives for very risk-averse households determine that the local currencies offer in equilibrium a

risk premium over the dollar (Fact 4).

10T assume that the correlation of the country’s GDP growth to depreciations of the local currency is reflective
of the households’ risk exposure to these depreciations
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Figure 4: Risk-aversion and risk-exposure channels
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Note: The lines represent the optimal dollar demand of the agents (blue is the household, red the entrepreneur)
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it satisfies —p—- + —p=> = = P‘; 2 > 0. The top figure illustrates the “risk-sharing” channel - the higher risk

aversion of the household means that the slope of optimal dollar demand is smaller. The bottom figures illustrate
the “risk-exposure” channel - the left figure assumes both agents have an income-hedging reason to save in dollars;
the right figure assumes the entrepreneur’s risk-exposure from income has the opposite sign so that exchange rate

depreciations are positively correlated to their income process.

Capital controls and dollarization Capital controls in this model can be seen as a restriction
in the net supply of dollars from abroad, b]. A decrease in this dollar supply affects the levels
of dollarization within the country. An interesting theoretical case is that of financial autarky, in
which the country must keep a balanced trade. The country’s net dollar savings from period 0 are
zero and, assuming that individual wealth is non-negative, this implies that individual net dollar

savings are zero. However, this does not preclude the agents from taking on debt in one currency
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and saving in the other. In this case, the agents take opposite positions in both the dollar and the

peso market.

The equilibrium UIP deviation and net dollar savings from agent ¢ in a context of financial autarky

are:

h e
E, [R$ RLC } _ Kincome T Fincome Varg [R$ RLC ] (31)

real ~ *lreal real ~ *lreal
41
’Yh ~e

W3 F v e i
0$7 . (_’Yh + ")/e ('%i}ilcome + '%income) + "iincome) (32>

Py a eoq§
Notably, there is no price-hedging term. The agent can derive a profit from the fact that the real
returns of the bonds are stochastic, and the extent to which income is negatively correlated to
the relative real returns makes her more or less likely to take this investment. Hoewever, real net

wealth is zero and so preserving its value from depreciations is not a concern here.

In equilibrium, since dollars bonds are in zero net supply, one agent has to save in dollars and
the other must take on dollar debt. We can have a situation in which the household saves in
dollars while the entrepreneur has dollar debt and the peso offers a risk premium, if the following
conditions are satisfied:

h
income +

K oo > 0 (33)

income

K

e

Kheome > 1 Rincome (34)
Importantly, the private sector of a country can feature dollarization of the type that we observe
provided that the income hedging motives of the two agents are distinct enough from one another
(the household’s being stronger) and that at least one of them has a strong income hedging reason

i
income

for saving in dollars (i.e, k is positive). Once again, this does not preclude a case in which

both agents have a reason to save in dollars to insure against negative income movements (i.e,

i
income

K is positive for both agents), but it does require that the household’s motive be stronger,
and even more if the entrepreneur doesn’t have a higher tolerance for risk than the household.
In this scenario, even if the agents cannot engage in financial transactions with foreign investors,

dollarization within a country arises from risk-sharing across domestic heterogeneous agents.

So far the analysis has relied on conditions that concern the hedging motives for dollarizing. These
are functions of the joint distribution of prices and endowments. To understand the effect that
stricter capital controls (a decrease in b}) can have on equilibrium UIP and dollarization, we need

to solve for the equilibrium prices. The following proposition summarizes the results (derivations
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are in the Appendix).

Proposition 5 The equilibrium prices of the home tradable good pi’, the foreign tradable good

pl’, the exchange rate e, and the price of the dollar bond qg are:

NT (1-6)(1—a)

W S
€1 = T . 35
b? + (1-6 §£l—a )y{VT,* ( )
(1-6*)(1—a*) NT,x (1-8)a, NT
G5 Y + —y
pi = — (36)
1
(1-6)(1—a)  NT (1-6*)a* NT,x
Yo tea——%—Yy
epy = : - i 2 - (37)
1
W
$ 0
9 = 7= 38
0 b1€0 ( )
Q§C : 9$,h(p{17 €1, Qg;a «, 57 ’7h7 WOh)WOh + 0$,6(p{[7 €1, qg;7 «, (57 767 W(?)Woe = WO (39>

The equilibrium price of peso bonds, qt©, is charaterized by the market clearing condition of the
bond market and the optimal 8%° of each agent, given by where the mean, variance and covari-

ance terms are derived from the equilibrium €1, pi and p!".

Note that when b7 > 0, there is an inflow of dollars from abroad in period 1 and the country runs a
trade deficit that is financed with net savings from period 0. The exchange rate, the price of foreign
non-tradable (dollars) in terms of home non-tradable (pesos), increases (the peso depreciates) with
a decrease in the net foreign supply of dollars from period 0 and in the endowment of y{VT’* from
period 1, as dollars become more scarce. Together with a depreciation of the local currency, the
price of both tradable goods, expressed in pesos, increases and there is a positive pass-through

into prices from exchange rate depreciationﬂ.

The effect of a decreasing net supply of dollars from abroad on the nominal return of dollar bonds
will depend on two opposing forces: on the one hand, the nominal interest rate of dollar bonds
decreases (price increases) as dollar bonds become more scarce; on the other hand, the local cur-
rency depreciates against the dollar and makes the dollar bond more attractive in terms of its peso
returns. In net, the depreciation of the currency is not enough to compensate for the decrease in
the interest rate and thus the nominal return in pesos of the dollar bond declines. The return of
the peso bond decreases together with the decline in the availability of savings instruments. In net,
nominal UIP deviations will respond to these two opposing forces (lower dollar and peso returns).
Real UIP deviations depend additionally on the degree of pass-through into prices, which further

reinforces the decline in the real returns of the bonds.

UNotice that if pf is set in dollars, then the same equilibrium conditions would hold, but for e;pf.
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Numerical example Figure 5 shows the numerical results from a simple calibration that is
summarized in Table 2l We consider a case in which 20% of an agent’s expenditure is in non-
tradables and 50% of tradable consumption is allocated to home tradable goods. The process of
endowments, local and foreign, for period 1 follows a lognormal distribution with mean normalized
to one and a variance of 0.001. We abstract from any mechanical forces generated by differences
in wealth by assuming that each agent holds half of aggregate wealth from period 0, and that this
equals foreign investors’ wealth. A negative correlation between the productivity shocks of non-
tradable and tradable goods is what generates the different income covariance with dollar returns
for agents endowed with different types of goods. The entrepreneur has a risk aversion of 2, and

we solve for the equilibrium when the household has the same risk aversion of 2 and a higher one
of 6.

Table 2: Calibration

Variables Values

Risk-aversion e {2,6}, ¢ =2

Share of home tradable consumption a=a"=0.5

Share of non-tradable consumption 0=0"=0.2

Initial aggregate wealth Wy=Wj =2

Share of aggregate wealth for agent ¢ zvv_il = % =0.5

Mean endowment of home tradable and non-tradable pN = pft =1

Variance of home tradable and non-tradable endowments o7 = off = 0.001

Correlation of growth of endowment processess Corr(log(y™),log(yf)) = —0.5

Figure [5| shows the effects that a decrease in b} has on (real) UIP deviations and the levels of
dollarization within the country. A lower supply of dollars from abroad strengthens the income
hedging motives that the household has for saving in dollars and that the entrepreneur has for bor-
rowing in dollars. The key to this is the decrease in the variance of the relative returns of the two
bonds (the denominator of the hedging terms in . In equilibrium, this stronger “risk exposure”
channel through income results in an increase in the risk premium of the peso, which motivates a
higher dollar borrowing for the entrepreneur, even if she is exposed to pass-through into prices as
much as the household is. The dotted lines indicate how the results change when the risk aversion
of the household triples. When the supply of dollars from abroad is sufficiently scarce and the
peso offers higher average returns, the deviation of UIP in equilibrium increases with a higher risk
aversion of the household since the agent is less sensitive to lower returns from the dollar (and
viceversa if the dollar offers a risk premium). This results in higher levels of dollarization via the

“risk-aversion” channel.
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Figure 5: Capital controls increase domestic dollarization
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Note: The top-left figure depicts real UIP deviations Ey [R®,, — REC)] in equilibrium as a function of b*, the
foreign supply of dollars. The top-right figure represents the variance of relative returns Varg [Rfeal — REC|]. The
bottom-left shows the equilibrium dollar savings of the household (in blue) and the dollar debt of the entrepreneur
(in red), Gi’$%. The bottom-right figure shows the equilibrium values of the hedging terms, kprice (same for both
agents) and &%, (positive for the household, which indicates that Couvy [RS,,, — RES,,yi] < 0, the relative

returns of the dollar covary negatively with income for this agent).
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Before we take these predictions to the data, in the next section I revisit the portfolio choice
problem of this model. The appeal of mean-variance preferences used so far is that they are
able to capture the trade-off between expected return and risk in a way that is tractable for
a general equilibrium alaysis. However, there are caveats to this specification that motivate a
reformulation of the problem in continuous time. First, it only represents an expected utility
maximization for the special case of quadratic utility, while for more general functions it can be
understood as a second-order approximation. Moreover, it is inherently a single-period problem,
whereas we think of most investment problems as involving longer horizons with periodic portfolio
rebalancing (Brandt 2010). So for the purposes of taking the model predictions on the optimal
level of dollarization to the data, in the following section I present a more general formulation of

the portfolio choice of an agent.

4 Portfolio choice in continuous time

A Merton-style portfolio model is the continuous-time analogue of the simpler agent maximization
problem presented in Section 3. It has the advantage of delivering an expression for the optimal
share of wealth invested in dollars that is analogous to expression [10| but where the hedging terms
are clear functions of risk aversion, pass-through into prices and pass-through into income, all of
which are well known and measurable statistics. As noted in Section 3, these hedging motives
can explain why one might observe significant levels of dollarization even when the local currency
offers a higher return on average. Moreover, this is a more flexible framework that features CRRA
preferences, it allows for both income and dividend payments, and it can be extended to account
for other potential drivers of dollarization such as the presence of inflation-indexed assets. In this
section, I introduce the additional model ingredients of a continuous-time reformulation of the

problem, and describe the intuition behind the closed-form expressions of optimal dollar demand.

Consumption prices Prices are modeled as Ito processes with constant drift and volatility
terms. The exchange rate ¢;, expressed as the amount of pesos equivalent to one dollar, evolves
with drift p§ and volatility of. The correlation coefficients between the Brownian shocks of the

exchange rate and the prices of home and foreign tradables goods are p. iy and p. r, respectively.

d
E—if = pidt + odBe (40)

d H

;—é = pfdt + o dBY (41)
t

d F

% = puf dt + of dBf (42)
t
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Bonds There are two types of bonds available to the agents, one denominated in pesos with
return ¢ and price ¢*¢, and one denominated in dollars with return r¥ and price ¢°. Both bonds

are free of default risk. I denote §& = ¢’¢, as the price of the dollar bond expressed in pesos.

dqfc

—qLC =rkCdt (43)
t
d~$
% — [ + 1] dt + o5dBs (44)
t

Notice that the expected return in pesos of this bond is given by the sum of the return in dollars plus

the expected depreciation of the peso against the dollar, and it inherits the volatility of the exchange

~ Co : : 1 [d@; _ defC) _ s e LC
rate. The risk premium in pesos of the dollar bond is then given by - F} - e Il [

If UIP holds, this is zero and both assets pay the same amount of pesos in expectation.

Productive assets A productive asset is a claim over a tree that produces one type of perishable
home good (tradable or non-tradable). The returns for such an asset follow an Ito process, where

II; are dividends and ¢; is the price of the asset.

tht -+ dqt . |:Ht

+ rf] dt + odB (45)
qt qt

Portfolio problem with labor income The baseline case features an agent that invests in
bonds and receives exogenous labor income. The agent has an infinite life horizon and is born
with financial wealth W, > 0 at time 0. The household’s financial wealth at any time ¢ is given by
the value of his portfolio, with b the amount of dollar-denominated bonds and ¢ the amount of

peso bonds. Wealth is expressed in pesos (units of non-tradable home good):

Wi =0/ + 0, (46)

The budget equation describes the evolution of financial wealth for this agent, where 6% is the share
of wealth invested in the dollar bond and y,W; is labor incomelﬂ; y; follows a an Ito process with
drift pf and volatility o} and features a correlation p., with the Brownian shock of the exchange

rate.

12We require labor income to be proportional to wealth to be able to solve the portfolio problem in closed form.
This proportionality property can be justified by assuming that the agent invests in (non-tradable human) capital,
where this investment is proportional to wealth. That is, agents have access to a technology that converts wealth
into capital and each unit of capital produces y; units of non-tradable good.
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AW, = {md% (1—%%? }MQ+%WMt Predt (47)
Qt

dy,
S dt + oVdBY (48)

Yt

The agent chooses how much to invest in each type of bond and how much to consume in order

to maximize expected discounted CRRA utility:

0o Cl—’y
E /e%J—m} 49
0{0 L—x ( )

The following Lemma describes how the agent’s value function depends on the state variables that

affect her optimal portfolio decision.

Lemma 1 An agent’s value function, under CRRA preferences, adopts the functional form:

¥ (Wt/Pt)1_7
L=y

Where ¢, captures all other relevant state variables, aside from the price level P, and wealth W,

V,=¢, (50)

that influence the agent’s portfolio choice (and note that it also depends on 7).

Proposition 6 describes the optimal net position in dollars, Gf, that results from this portfolio

problem.

Proposition 6 Under the assumption of constant investment opportumtieﬂ the optimal share

of wealth invested in dollar bonds for an agent that perceives exogenous labor income iy, is:

$ € LC P Y
[ A v, 1%
=" 4 Y PBua + 2 yBu (51)
(o) vy
- 7 - ~~ - - ~~ -
Myopic demand Pass-through hedge Income hedge

Where ~y is the coefficient of risk aversion. v; captures aversion to risk to a state variable s and
Bas ae 1S the regression coefficient of innovations in the growth of this state variable on innovations
in the depreciation of the local currency (return innovations of the dollar bond). These parameters

can be expressed as follows:

13Constant rates of return of the bonds (r® and r*“), and constant drift and volatility of: exchange rate depre-
ciations (1€ and ¢¢), inflation (uf and o) and income growth (u¥ and o¥).
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Where Viyw, Vi and Viys are partial derivatives with respect to wealth and state variable s.

Expression [51]is the continuous-time version of The first term in [51]is analogous to the standard
Merton portfolio result, according to which the share of wealth invested in the asset that is risky
in pesos (the dollar bond) is increasing in the dollar risk-premium (return of the dollar relative to
the peso), and decreasing in risk aversion and the volatility of the returns (volatility of exchange
rate depreciations). According to this, the higher the return of the local currency relative to the
dollar, the less dollars an agent wants to hold. If UIP deviations were the only factor that agents
took into account, one should observe them shorting the dollar and taking a long position in pesos

in countries that feature a peso risk-premium.

It is the other two terms in this expression that can push 9;5 to be positive even when the local
currency features a risk premium. They capture a hedging motive: an agent with high (low)
enough risk aversion will increase (decrease) her holding of dollar bonds if dollar returns covary
negatively with the state variables of concern to the investor (i.e., 8, 45 < 0). News that ex-
pected returns will be higher (i.e., positive shocks to depreciations of tLeQSXchange rate) have two
effects (Cochrane 2011): a wealth effect, according to which the agent will increase consumption
since she will be able to afford more in the future; and a substitution effect according to which it
is convenient to consume less now and perceive higher returns tomorrow. The more risk averse the
agent is (v > 1), the less the substitution effect matters, leading to an increase in consumption
today and a decline in marginal utility Viy = «/(C); that is, Viys < 0 and v* < 0. If the agent is not
very risk averse (v < 1), the substitution effect dominates, then consumption declines today and
marginal utility increases; that is, Viys > 0 and v* > 0. If the agent has logarithmic preferences
(v = 1), then the substitution and wealth effects offset each other so that Viys = 0 and v* = 0.

That is, with logarithmic preferences the hedging terms disappear.
Specifically, the second term in [51| captures the role of the dollar as a hedge against movements in
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the price level caused by a currency depreciation. A risky investor will hedge against undesirable
innovations in the price level by taking a longer position in the dollar asset. The extent to which
the agent will use the dollar as a hedge against these price movements depends on how dollarized
her consumption basket is. This depends on her preferences which determine the functional form
of the price level. The diffusion process that describes the evolution of this price level can be found
using [to’s formula. To illustrate, the following Lemma derives the pass-through of the exchange

rate into prices under Cobb-Douglas aggregation of the non-tradable and tradable goods.

Lemma 2 Let there be a single representative agent that aggregates consumption according to:

ce = (") () (ef) 7o) (57)

Moreover, assume that the dollar price of foreign tradable goods is fived (so that pf' = p*'), and
take the price of non-tradables as the numeraire (pN' = 1). Then the pass-through of the exchange

rate into the price level is:

O'P H

o
Bar ae = S PPe= (1-19) Q- PHe +(1=a)l, (58)

P e

where pe p is the correlation between the Brownian shock of the price level and that of the exchange
rate. The pass-through depends on the share of goods in the tradable basket that are directly priced
in dollars (1 — ) and on the sensitivity of the price of the tradable home good, priced in pesos, to

exchange rate movements.

The third term in [51]indicates that the dollar also plays a hedging role with respect to the agent’s
income. Provided ¥ < 0 (i.e, risk aversion is geater than 1), a negative correlation between
income and the exchange rate causes the agent to want to hold on to more dollars. If bad times
of negative shocks to income are periods when the peso depreciates, the agent can hedge against

these shocks by taking a longer position in dollars.

Equation [51] has the advantage over |10 that it is a clear function of statistics that we can measure
in the data. In Section 5, I calibrate this expression to the countries in my sample of Latin
American economies and contrast the predictions on the optimal levels of deposit dollarization
with the observed measures of aggregate dollarization. This exercise takes the observed values at
the country-level to be reflective of the optimal choice of a representative household in the country.
In a follow-up exercise, I look at evidence from household-level data from Uruguay to analyse
whether the constructed measures of pass-through into prices and wages is indeed contributing to

a household’s dollar demand in the direction and magnitude that the model would predict.
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Portfolio problem with dividend income The baseline specification of the portfolio choice in
continuous time can be extended to capture the choice of a type of household that owns a firm (an
entrepreneur). Instead of perceiving labor income, an agent that is able to invest in a productive
asset receives income in the form of dividend payments, %. These follow a process for which the

correlation of the Brownian shock with the exchange rate is pu :
q K

dHt/qt
IT, / qt

The budget equation for this agent features an additional term, 7;, that denotes the share of wealth

= 19t + o qBM (59)

invested in the productive asset.

ILdt + d dg’ dgt®
v, — {n% Ty S qng } W, — Peydt (60)
t qt t

Proposition 7 describes the optimal net position in dollars for this agent.

Proposition 7 Consider an agent that invests a share 7y in a productive asset that offers dividend
payments. Under the assumption of constant investment opportunities, the optimal share of wealth

allocated to dollar bonds is:

$ € LC P /q I
g T p—r vy Vy t
0, = ( 6)2 + —Ptﬁ% de  + — Baryq g — TtPda de (61)
’ e ) )
,y o ’7 P o 'y Qt 1I/q e/ q €
Vv ~~ f
Myopic demand Pass-through hedge Dividend hedge Substitute

Where:

p 1YW 1y by, I

i _ 62

v o v Vw g Y9 @ (62)
O'q

q de — — e 63

6%,% Uep,q (63)

The are two differences between this optimal net position and that described in |51 First, there
is a new term that captures the fact that the productive asset is an imperfect substitute for the
dollar bond; the degree of substitutability depends on the relative volatility and the correlation
of their returns. Second, dividend income substitutes for labor income; whether a risk averse
individual (7 > 1) wants to hold a longer or shorter position in dollars depends on the sign of the
correlation between shocks to dividend income growth and shocks to depreciations of the exchange

/1 is negative, so a positive Ban/q 4 results in

II/q ’ €
an overall negative dividend hedge term that pushes 6% down. This term can explain why, on the

rate. Note that for such a risk averse individual, VtH

aggregate, exporting firms, who perceive dollar revenue and are therefore naturally hedged against

depreciations (i.e., have a more positive beta), hold more dollar debt than non-exporting firms (see
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Figure [11]in the Appendix).

Inflation-indexed assets So far, | have considered only two instruments that are available to
the household: a safe asset priced in dollars and a safe asset priced in pesos. Some countries, how-
ever, have developed inflation-indexed financial instruments designed to hedge against exchange
rate risk to substitute for dollar deposits and debt. Chile introduced this type of financial contracts
in the 1970’s and is one of the most successful cases of CPI-indexation, where nearly 40% deposits

and 55% of loans are in CPI-indexed units.

A second extension to the baseline model is able to rationalize this observation. The investor may
choose a share 6% to invest in dollar assets and a share 6/ to invest in a CPI-indexed asset that
features price gp . The expected return of the inflation-indexed asset is equal to the peso interest
rate plus expected inflation, and it shares the same volatility as that of the general price level:
d
HPLC _ (rpye + pp)dt + opd BY (64)
dp,LC
The optimal dollar share now features a fourth term that accounts for the substitutability between
the two available bonds with hedging properties. Part of this hedging can be done by means
of the CPI-indexed asset, so the long position in dollars will decrease. The extent to which the

inflation-indexed asset is a substitute to the dollar asset depends on the beta of their returns.

$ € LC P Y
A N u oF 65
P = 5 —fap ae  + —fay 4 — 0, Pap ac (65)
g P e ’y y e P e
€
Myopic demand Price level hedge Income hedge Substitute

By solving for the optimal shares as a function of returns and volatility terms, we find the final

closed-form demands for each type of bond, stated in the following proposition.

Proposition 8 The optimal shares of wealth allocated to a dollar bond and an inflation-indezed

bond are:
1 + € + -
0;3 _ ; [T$ H _ rc  TPLC ,U;D TLcﬁQ d] (66)
L —pcp ol Yop P
1 + - + € - ]_
or = _ |:TP,LC Mé? Lo TsTH _ Lo w d] i gl (67)
1—pip Y0P olF P Y

The agent will only use the indexed asset to hedge against price movements, and, to the extent that
the returns of both assets are correlated, she will substitute towards more indexed assets if they

offer a higher risk premium.
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5 Country and household-level empirical analyses

5.1 Predicted dollarization across countries

The closed-form expression [51] for the optimal dollar demand of a household offers a clear predic-
tion that can be taken to the data. At the macro level, the six Latin American countries in my
sample present a rich heterogenous example with differing levels of deposit dollarization. I use the
same monthly data from Figure [I| to obtain measures of observed dollarization, 6%, and calibrate
expression |51 to derive predicted levels of dollarization, 6%. This calibration includes four statistics
that can be measured with the data and two degrees of freedom. Table [3| presents the estimated
relevant statistics for each country. I use the CPI series of each country to derive a measure of
pass-through into prices, B% de and consider real GDP as income for a representative household
in these economies to compute the beta of income growth against depreciations of the local cur-
rency, [y  de. All of these are countries in which real GDP growth declines when their currency
depremates making the dollar attractive as a hedge against negative income movements which is
reflected in the negative value of this beta measure. The series of local and foreign interest rates,
and the exchange rate of the local currencies against the dollar are used to estimate the average
UIP deviations for the sampled period; a negative value indicates that the peso offers a higher

average return relative to the dollar.

Table 3: Country statistics

ARG CHL MEX PER PRY URY

Ulip 7 05 23 -18 -14 -.13
G, 6.12 336 3.06 141 293 3.7

Bapa 16 104 26 14 21
3uy e -36 -36  -28  -55 -49 -5l

Note: UIP is the average return differential of the dollar relative to the peso, based on monthly data for the entire
sample period spaning the last two decades, as in Figure [3| (for Argentina, the sample period begins in 2002m3 so
it excludes the period when the country abandoned the currency peg with the dollar). &, is the standard deviation

of the exchange rate based on IFS data. Bar ap de is the long-run pass-through into CPI prices of exchange rate

y e

depreciations, computed with 18-lags of monthly data as in Figure 6 dy ac 18 the beta of regressing real GDP

annual growth on exchange rate depreciations, based on IFS data.

The two degrees of freedom in this exercise are the risk aversion of the agent and the coefficient
that multiplies the beta of income growth on depreciations, which depends on the sensitivity of the

value function to changes in income[l] For the latter, I rely on micro-level evidence from Uruguay

141t is straightforward to show that expression [51|solves the Bellman equation of the portfolio problem for some
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and calibrate this coefficient to be -1 for all countries. Finally, Table |4 shows the predicted values
of dollarization for each country if we assume that they all share the same +, calibrated to be
that which minimizes the mean squared error of predictions across the sample (row 2). Figure 6]
depicts these observed and predicted values of dollarization. Notably, the v required to obtain the
best possible fit overall (2.3) is consistent with the standard values in the literature. To achieve
a perfect fit, households in the more dollarized economies (Argentina, Peru and Uruguay) would
require a higher risk aversion (as high as 3.1 for Uruguay), while the model implies a lower risk

aversion for the less dollarized countries (Chile and Mexico).

Table 4: Observed and predicted dollarization

ARG CHL MEX PER PRY URY

63 065 019 0.16 078 053 0.95
0% with v =2.308 0.52 048 035 0.75 0.64 0.70
¥ 2.9 1.1 1.2 2.4 1.9 3.1

Note: The first row shows the observed measures of dollarization for each country, averaged over the sample period.
The second row shows the predicted levels according to the model, where I calibrate v to be the same for all

countries; in particular I compute v = argmin Zc(éf — 0%)? = 2.308. The third row shows what v* can achieve a
Y

perfect match of the predicted and observed measures of dollarization.

I can further decompose the predicted dollarization into the three components that the model sug-
gests are behind an agent’s portfolio choice according to expression [51]} Figure [7] shows the result
from this decomposition and gives a sense of which ones matter more for each economy. Argentina
is an example of a country in which important episodes of exchange rate depreciation have implied
that the dollar offers a higher expected average return in pesos. The general equilibrium intuitions
from Section 3 would suggest that in this country the hedging motives that households have for
saving in dollars are not strong enough to justify peso returns that more than compensate for the
large depreciations of the currency. In a country like Peru, on the contrary, the local currency offers
a higher return and the decomposition results suggest that it is the negative correlation between
growth and depreciations that matters more in driving the agents to dollarize their portfolios.
Across all countries, this income-hedging motive is behind more that 80% of predicted dollariza-
tion. The price-hedging term is large enough to counteract the force of UIP deviations that drive
dollarization down for those countries in which the local currency offers a higher mean return, but

the income motive is needed to justify the high levels of dollarization that we observe.

implicit function ¢;. Finding an explicit function to calibrate Vv—tyyt = 1_77 %yt is less straightforward. One possibility

is to find an approximate analytical solution following the methods in Campbell et al (2004) which require one to
compute log linear approximations to the optimal consumption-wealth ratio. An alternative, which I follow here,
is to rely on the micro level evidence to estimate this coefficient.
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Figure 6: Predicted v observed dollarization

Predicted v actual

] URY
[}

Actual theta

T T T T T T

5 6
Predicted theta

Note: 6% is the share of household net deposits in dollars. To compute the observed 6% I use monthly observations
on dollarization of deposits and loans as reported in the consolidated balance sheet of the domestic banking sector
provided by the Central Banks of each country. In the model, this variable represents a net position, so I subtract
dollar loans for consumption and mortgages from the observed aggregate dollar deposits. Finally, I compute the
average monthly value by taking the mean over the sample period for each country. To compute the predicted
6% 1 calibrate expression This expression includes four terms that are estimated with monthly data: average
UIP deviation, volatility of the exchage rate against the dollar, pass-through of depreciations into prices and the
beta of regressing real GDP growth on depreciations. There are two degrees of freedom: the risk aversion of the
country, which pins down the coefficients from the first two terms in that multiply the UIP deviation and the
pass-through into prices; and the coefficient on the beta of income from the third term. I calibrate the risk aversion
to be the same for all countries and equal to the value that minimizes the MSE of predictions (2.3); the coefficient

on the beta of real GDP is taken to be -1 based on empirical micro evidence from Uruguay.
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Figure 7: Contribution of UIP and hedging motives to dollarization
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Note: These plots show how the model prediction on dollarization, é$, is decomposed into the three terms in
expression [51] For details, refer to the note on Figure [6]
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5.2 Predicted dollarization across Uruguay households

Expression [51] predicts that dollarization of portfolios should increase if depreciations of the ex-
change rate pass-through into the price of the household’s consumption basket and if the house-
hold’s income is negative correlated to these depreciations. While the macro data shows that
there exist cross-country patterns of dollarization that are consistent with the drivers of dollar
demand that the model would predict, the evidence relies on country-level estimates of the rele-
vant statistics (pass-through into the general price level and GDP growth). A better test for the
micro-founding elements of dollarization requires household-level data that can account for agents
having differing pass-through into wages and prices. To that end, I use data on a cross-section
of households from Uruguay. Note that we require information on the currency composition of
their financial portfolios, the pass-through into the price of the household’s consumption basket,
and the pass-through into the household’s income. Because there is no one unique dataset that
provides all this information at the household level, I extract and merge information from various

sources, summarized in Table

Table 5: Data sources

Source \ Key information

Household financial survey 2012 Currency composition savings and debt

Household standard survey 2012 Sector of employment

Household expenditure and income survey 2016 | Expenditure by category of goods/services

Central Bank of Uruguay Price series by category of goods/services;
wage index series by sector

International Financial Statistics IMF Exchange rate data

My starting point is a household financial survey that was conducted in Uruguay in 2012 and pro-
vides the crucial information on currency composition of assets and liabilities for a sample of 2553
households (Encuesta Financiera de Hogares del Uruguay - EFHU). The sample of households in
this survey is a subset of those interviewed for the standard annual household survey from 2012
(Encuesta Continua de Hogares - ECH) which contains a variable that indicates the sector of em-
ployment at the ISIC level of the employed individuals in each household. Table[7|in the Appendix
summarizes basic descriptive statistics from this sample. More than 30% of the households report
holding almost 100% of their bank deposits in dollars, another 30% hold no dollar savings and

more than 10% have at least half of their bank assets in dollars.

While there is no available time series of income for each household, the Central Bank of Uruguay
does provide a times series of wage indices by sector. I use this to derive a pass-through of the
exchange rate into wages by sector (see Figure [15]in the Appendix) and impute it to each house-

hold in the financial survey based on their reported sector of employment. All employed people
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in the sample have an ISIC code for their sector of employment, and 73% are employed in sectors
for which a wage index is available to compute a pass-through. At the household level, 74%, or a
total of 1884 units, have at least one employed member for which I can imput a pass-through. If
a household has more than one employed member, I consider an average of the pass-through into

their respective wages.

Finally, the household expenditure and income survey (Encuesta Nacional de Gastos e Ingresos de
los Hogares - ENGIH) from 2016 contains data on expenditures by category of goods and services,
as well as several other variables that are also included in the standard annual household survey
of 2012. T use the time series of prices by category of goods and services that the Central Bank of
Uruguay publishes to estimate the exchange rate pass-through into prices by category (see Figure
in the Appendix), and combine this with the expenditure survey data to derive a pass-through
into the consumption basket of each household. Specifically, I compute the share spent in each of
twelve categories of goods and services and construct the overall pass-through by taking a weighted

average of the pass-through measures for each category:

erpt' = siERPT + ... + 5.\, ERPT

Where sj- is the share of expenditure allocated to category j by household i (see Figure 20| in the
Appendix) and ERPT; is the long-run pass-through for category j. The variables that the expen-
diture and standard surveys share (including income, education and composition of the household)

can then be used to impute a pass-through measure for each household in the financial survey.

Once we account for those units that have at least one member employed and also report some
form of savings, we are left with 1242 observations. Table [6] shows the results from regressing two
measures of dollarization on the estimated pass-through into prices and wages at the household-
level. 6, is constructed based on the share of dollar bank deposits reported by each household,
while 05 considers as well deposits denominated in euros - it should be noted, though, that for all
households the main foreign currency used for savings is the US dollar.

Results suggest that the pass-through into prices has a positive significant impact on dollar savings,
and the coefficient is consistent with a risk aversion of around 2.5°] The pass-through into wages
has a negative impact on dollarization (albeit insignificant), so if wage growth decreases when the
dollar appreciates, the household increases dollar savings. The sign of both coefficients points in
the direction of the drivers that the model highlights are behind the “stubborn” dollarization of
countries like Uruguay: the dollar has two attractive hedging properties for the households, as it
preserves real savings from inflation that is correlated to depreciations of the domestic currency,

and it also offers a higher pay-off (i.e., it appreciates relative to the peso) in “bad” times for income

15Recall that the coefficient that multiplies the pass-through into prices according to expression [51is 7771
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Table 6: Results

0, | 0,

Pass-through Prices 0.70™* 0.67*** | 0.63*** (.59
(.25) (.24) (.25) (.24)

Pass-through Wage  -0.29  -1.11 -0.36  -0.89
(.25) (.47) (.26) (.46)

Demographic Controls N Y N Y
Poverty Controls N Y N Y
R? 01 .03 .01 .03

N 1242 1242 1242 1242

Note: Standard errors in parentheses. *(p < 0.05),** (p < 0.01),*** (p < 0.001). 6, is the share of bank deposits that
households report holding in dollars; 65 includes deposits in euros. These are regressed against a household-specific
measure of pass-through into the price level of the consumption basket, and a measure of pass-through into the
household’s labor income. To obtain the former, I take the household’s expenditure shares into twelve categories of
goods and services as weights to compute a weighted average pass-through into prices. Data on the pass-through
into the price level of each category is based on CPI data from the Central Bank. I compute these weighted averages
for a sample of households surveyed in 2016 for which expenditure data is available. Then I match these measures
of pass-through to the households from the financial survey of 2012 using common variables to both surveys. To
obtain a measure of pass-through into wages, I consider the sector of employment of the members of the household
(through a variable that indicates the ISIC code) and compute a pass-through into wages for each sector based
on wage index data from the Central Bank. Demographic controls in the final regressions include: the share of
women in the household, the number of children under 14 years, the number of adults over 60 years, the number of
unemployed. Poverty controls include variables that indicate whether the household is the recipient of special state

income transfers and food stamps.
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growth.

6 Conclusion

This paper explores the conditions under which dollarization can arise within a country, in a con-
text in which regulations limit the currency exposure of banks and the international flows of capital.
In a portfolio problem that micro-founds the optimal choice of a household that is choosing how
much of her wealth to allocate into a dollar and a peso-denominated bond, three factors emerge
as the main drivers. First, dollar demand decreases when the peso offers a risk premium over the
dollar. Second, if appreciations of the dollar pass-through into prices, an agent will tend to save
more in dollars to preserve the real value of savings. Third, if the dollar tends to appreciate when
real income is lower, this will increase dollarization because the agent will save in the currency

that promises higher returns in bad times.

The dollarization patterns that we observe in emerging markets can be understood as an equilib-
rium of risk transfer between households and firms. In this equilibrium, households are saving in
dollars and providing these dollars to entrepreneurs that hold dollar debt. Because UIP fails in
favor of the peso, the household is incurring a cost from saving in the currency that offers a lower
expected return, but she is willing to do so in exchange for insurance against a negative exposure to
depreciations. In turn, the entrepreneur takes on a cheaper form of debt in exchange for providing
this insurance. This will take place under two possible scenarios: the agents share a reason for
wanting to save in dollars, but entrepreneurs have a higher tolerance for risk; or they have the
same risk aversion, but they are exposed differently to exchange rate movements (in particular,
the household is more negatively exposed than the entrepreneur). In this model, capital controls
that prevent the agents from engaging in this form of insurance with foreign investors increase

dollarization within the country.

The general equilibrium model can then rationalize four empirical facts. First, countries that
exhibit high dollarization of domestic savings also exhibit high dollarization of domestic corpo-
rate debt. Second, higher dollarization is related to a higher pass-through into prices. Third,
countries with high dollarization have a negative correlation of real GDP growth and dollar ap-
preciations. Fourth, countries with higher dollarization are countries in which dollar returns are
lower (i.e., dollar debt is cheaper). This final fact would appear counterintiuitive if we only relied
on the partial equilibrium intuitions from the portfolio problem that indicate that optimal dollar
demand should decrease when the peso offers a higher risk premium over the dollar. Rather, it is

a general equilibrium result that arises from the interaction between households and entrepreneurs.

The macro evidence points towards the income hedging motive as a key driver of dollarization
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of household’s deposits. The predicted levels of dollarization at the country-level are consistent
with the observed levels of dollarization with an implied risk aversion of 2.3. Micro-level data
from Uruguay is also consistent with the model’s predictions on what drives dollarization: the
pass-through into prices has a positive significant impact on dollar savings (and the coefficient
is consistent with a risk aversion around 2.5), while the pass-through into wages has a negative

(although insignificant) impact on dollarization.
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8 Appendix

8.1 Empirical facts

ARG
CHL
MEX
PER
PRY
URY

Figure 8: Dollar liabilities from domestic banks

Domestic banks' liabilities
(Average 2013-2018)
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Deposits at local banks: Central Bank
Loans from foreign banks: BIS LBS

Figure 9: Types of corporate dollar debt

Non-financial firm dollar liabilities
(Average 2013-2018)
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International bonds: BIS DSS
Data on loans from foreign banks available since 2013m12
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Figure 10: Household dollar deposits

Household dollar deposits
(Average 2013-2018)
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Figure 11: Dollar position of non-financial firms

USS$ net position non-financial firms USS$ net position non-financial firms
(Average by country) Average by country)
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USS$ net position = (US$ assets - US$ liabilities)/Net worth USS$ net position = (US$ assets - US$ liabilities)/Net worth

Note: Non-financial firms have a negative net dollar position (purple), and exporting firms (orange) have a larger
negative position than low or non-exporting firms (green). Values are based on author’s calculations using data on
non-financial firms for the period 1990-2002 from Kamil (2004, IDB).

8.2 Equilibrium conditions

The equilibrium prices can be obtained from the following system of equations:

Py 1 Py € Py 1 Wh

h 0 $,h 0 €1 0

= —=—+6% (_ . )) +Z' 68
! (HQ{)LC f1€oqg ]1(](%0 Fy ' (68)
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The (15) variables to solve for are:
c1(s), N (s), cf(s), cf'(s) for e and h
6° for e and h
Pl(S),p{{(S), 61(8)
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From budget constraints, aggregate consumption is:
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Similarly for foreign investors, we could write (expressed in dollars):
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The balance of payments equation is satisfied:
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From the market clearing condition of home non-tradables and the expressions for demand of
non-tradables:
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From the market clearing condition of home tradables and the expressions for demand of tradables:
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Replacing for €;:
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The equilibrium price of foreign tradables is:
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So then the exchange rate in equilibrium is:
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A rearrangement of terms in the equilibrium prices of tradables renders the expressions:
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To derive the price level:
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Replacing the equilibrium expressions for the exchange rate and price of tradables:
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From this expression it is clear that a depreciation of the local currency (an increase in €;) will
pass-through into the price level.
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8.3 Predicted dollarization across Uruguay households

Table 7: Summary statistics

Mean Std Dev
Number of people  3.09 1.65
Younger than 14 0.56 1.00

Primary 91.89 21.99
Secondary 34.69 3991
Higher education  26.34  34.70
Employed 55.28  32.70
Unemployed 2.26 9.09
Inactive 30.06  33.62
Observations 2553

Education and employment stats refer to the share of people in a household that are over 14 yo and: have X level

of education/ are employed / etc.

Figure 12: Distribution of dollar and peso savings
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Figure 13: Exchange rate uruguay peso v US dollar

Depreciation of URY peso against US dollar
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Figure 14: Wage index series
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Table 8: Pass-through into wages

(1) (2) (3)

General Private sector Public sector

A% ER -0.0357** -0.0252* -0.0559*
(0.0138) (0.0112) (0.0253)
LRPT -0.055 -0.061 -0.047
s.e. LRPT .0579469 .0578943 0642417
R-squared .0098264 0071397 .0088826
Observations 292 292 292

Standard errors in parentheses
* p <0.05, ** p<0.01, ** p < 0.001

Table 9: Pass-through into wages

(1) (2) (3) (4)

Manufacturing Construction  Trade  Hotels and restaurants

A% ER -0.0424 -0.0868 -0.0508 -0.0303
(0.0253) (0.118) (0.0342) (0.0368)
LRPT -0.074 0.036 -0.129 -0.111
s.e. LRPT .0471986 .0833999 .067639 .0920961
R-squared 0123133 .0061719 .01129 .0038982
Observations 209 209 209 209

Standard errors in parentheses
* p<0.05, " p<0.01, ™ p<0.001

Table 10: Pass-through into wages

(1) (2) (3) (4) ()

Transp, warehouse, info Financial Real estate, rentals Educ Health
A% ER -0.0213 0.0231 -0.0486 0.0181 0.00631
(0.0278) (0.0391) (0.0338) (0.0341)  (0.0346)
LRPT -0.037 0.020 -0.108 -0.105 -0.087
s.e. LRPT .0448733 .0436874 0874717 0664055 .0670797
R-squared .0033858 .00091 .0046832 0041299 .0004159
Observations 209 209 209 209 209

Standard errors in parentheses
* p<0.05 " p<0.01, ** p <0.001
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Figure 15: Pass-through into wages, by sector (aggregate categories)
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Note: nominal wage index used. Long-run pass-through computed using 18 lags with monthly data.

Figure 16: Sector of employment
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Figure 17: Distribution of pass-through into wages

Distribution of beta of wage v ER depreciation
for all employed
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Figure 18: Distribution of income
Exchange rate pass-through into wages by income
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Table 11: Pass-through into prices

Food Alcohol, tobacco Clothing Rent, utilities

A% ER 0.0122 0.0273 -0.0337 0.00567
(0.0595) (0.0469) (0.0285) (0.0352)
LRPT 0.793 0.579 0.574 0.407
s.e. LRPT 2516263 1894364 .1585597 2121696
R-squared .0154959 .0028487 .000579 .002503
Observations 276 276 276 276

Standard errors in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001

Table 12: Pass-through into prices

Equipment  Health  Transport Communications

A% ER 0.0743* -0.0111 0.126* 0.155**
(0.0329) (0.0184)  (0.0618) (0.0519)
LRPT 0.617 0.472 1.026 1.245
s.e. LRPT 2419193  .0732344  .2153169 2057468
R-squared 0603126 .0020933  .0834793 .0904724
Observations 276 276 276 276

Standard errors in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001

Table 13: Pass-through into prices

Entertainment Education Restaurant, hotels  Others
A% ER 0.164*** 0.00102 -0.00710 0.0191
(0.0272) (0.0359) (0.0169) (0.0117)
LRPT 0.853 -0.278 0.322 0.751
s.e. LRPT 1263819 1149281 .1960285 140705
R-squared 1449082 .0003072 .0059798 .0348816
Observations 276 276 276 276

Standard errors in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001
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Figure 19: Pass-through into prices, by category

Pass-through into prices
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Note: long-run pass-through computed using 18 lags with monthly data.

Figure 20: Share of expenditure, by category

Share of expenditure on each category
by income quantile
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Figure 21: Pass-through into prices, by category - expenditure survey

Exchange rate pass-through by income
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Figure 22: Pass-through into prices, by category - financial survey
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