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My dissertation has four chapters. I use dynamic stochastic general equilibrium (DSGE)
models to study the welfare implications of exchange rate, monetary, and fiscal policies
in de facto dollarized economies. Dollarization is a common phenomenon in emerging
economies. In many of them economic agents hold liabilities in foreign currency while
most income is earned in domestic currency. Thus, a sudden depreciation of the do-
mestic currency may cause significant adverse effects on domestic agents’ wealth and
welfare. That is why governments try to design and implement macroeconomic policies
that help reduce these adverse effects. My work aims at contributing to the design and
implementation of these policies. In the first chapter, I study alternative exchange rate
regimes in a dollarized economy. I develop a DSGE model and pursue Bayesian esti-
mation using data from Singapore. The main conclusion is that the flexible exchange
rate regime is better than the fixed exchange rate. In the second chapter, I work on
an extension of my first chapter by introducing nontradable goods, which allows me
to study a broader set of exchange rate regimes in a dollarized economy. I develop a
DSGE model and pursue Bayesian estimation using data from Peru. The main conclu-
sion is that a policy that pegs the domestic currency price of exports is better than a
flexible exchange rate regime that targets the consumer price index, which in turn is
better than the fixed exchange rate. The third chapter studies the optimal fiscal rule

for a dollarized economy. Using a DSGE model with endogenous dollarization, I obtain

ii



that an optimal fiscal rule should take into account deviations (from their steady state
values) of the level of government debt, government spending, and inflation. The fourth
chapter characterizes the optimal exchange rate policy in a dollarized economy using a
method developed by Devereux and Sutherland (2007, 2008). The method allows me
to use a DSGE model in order to compute the optimal currency composition of the
portfolio of (foreign) liabilities in the long-run equilibrium and its dynamics. The main

finding is that the flexible exchange rate is better than the fixed rate.
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Chapter 1

Introduction

Since the early 1970s, most countries in the world have decided to let their currencies
float. However, most of these countries actually have a managed floating exchange rate
regime, that is, one in which the central bank intervenes in the foreign exchange mar-
ket. As highlighted by Chang (2005) and other authors, the dollarization of liabilities
explains why central banks are concerned with “undesired” fluctuations in the exchange
rate and the potential balance sheet effects. Balance sheet effects refer to the adverse
economic and financial impact on firms and individuals that follows a depreciation of the
domestic currency, and these effects are especially strong in economies where a signif-
icant amount of debt is denominated in foreign currency while most income is earned
in domestic currency. Since a depreciation of the domestic currency could be detri-
mental for highly-dollarized economies, governments evaluate alternative exchange rate
regimes with respect to that of a pure floating regime. Recent adoptions of exchange
rate regimes different from the flexible regime, as in Argentina and Ecuador, confirm
the huge importance that the exchange rate policy has for a government’s economic
and political stability and viability in (de facto) dollarized economies.

Moreover, since emerging economies continuously face adverse external shocks (such
as those to interest rate, oil price, and commodity prices), the shocks’ propagation
mechanisms and the economic conditions under which they occur must be studied with
rigor in order to propose macroeconomic policies that make these economies less exposed
to adverse shocks. This is especially important in today’s world, where financial and
trade linkages have become very strong, as evidenced by the worldwide effects of the
current international economic crisis.

In the four chapters of my dissertation, I pursue research concerned with the design
and implementation of optimal macroeconomic policies in small open economies with an

emphasis on exchange rate, fiscal and monetary policies. Using modern quantitative and



econometric methods and my knowledge of current international macroeconomic theory
and practice I obtain results that should be interesting and useful for macroeconomists
and policy-makers.

In the first chapter of my dissertation, I study the welfare implications of alternative
exchange rate regimes in a small open economy with a high degree of dollarization. In
particular, I develop a DSGE model and pursue Bayesian estimation using data from
Singapore (a country that is highly engaged in international trade and finance and
that has problems with currency substitution). The main conclusion is that the flexible
exchange rate regime is better than the fixed exchange rate regime, in terms of providing
a greater level of welfare than that provided by the latter. This result is consistent with
the conventional wisdom (for instance, Friedman, Mundell, and Poole), which states
that an open economy mainly affected by real shocks should have a flexible exchange
rate.

In the second chapter, I work on an extension of my first chapter by introducing
nontradable goods, which allows me to study the welfare implications of a broader set
of exchange rate regimes in a small open economy with a high degree of dollarization.
In particular, I develop a DSGE model and pursue Bayesian estimation using data
from Peru (a country that has had problems with currency substitution for almost two
decades). The main conclusion is that a flexible exchange rate regime where the nominal
anchor is the domestic currency price of exports is better than a flexible exchange
rate regime where the nominal anchor is the consumer price index, which in turn is
better than the fixed exchange rate regime, where the ranking is based on the level of
welfare associated with each exchange rate policy. This result is consistent with the
contributions made by Frankel (2003 and 2005).

The third chapter studies the optimal fiscal policy rule for a de facto dollarized
economy. Some authors have stated that monetary policy is not as effective in a dol-
larized economy as in an economy where this phenomenon is absent (Cespedes, Chang
and Velasco, 2001). If this is true, how important is to characterize an optimal fiscal
policy rule in a dollarized economy? In this paper I use a DSGE model for a small open
economy with endogenous dollarization to evaluate alternative fiscal policy rules. The
results indicate that an optimal fiscal rule should take into account deviations (from

their corresponding steady state values) of the amount of government debt, government



spending, and inflation in order to maximize the level welfare in the economy.

Finally, the fourth chapter characterizes the optimal exchange rate policy in a de
facto dollarized economy using a state of the art method developed by Devereux and
Sutherland (2007, 2008). The method allows me to use a DSGE model in order to
compute the optimal currency composition of the portfolio of (foreign) liabilities of the
economy in the long-run equilibrium as well as its dynamics. I find that (i) the flexible
exchange rate is better than the fixed exchange rate, (ii) under a flexible exchange rate,
the economy will optimally issue only debt in pesos while accumulate only assets in
dollars, and (iii), under a fixed exchange rate, the economy will optimally issue only
debt in dollars while accumulate only assets in pesos. Some of these findings are in line
with the external borrowing behavior of some Asian economies before the 1997 Asian

crisis.



Chapter 2

Endogenous Dollarization in a Small Open Economy:
Fixed or Flexible Exchange Rate?

2.1 Introduction

To float or not to float? This seems to be one of the key macroeconomic questions
that emerging economies have to answer. Since early 1970s most countries in the world
have decided to let their currencies float. However, most of these countries actually
have a managed floating exchange rate regime, that is, one in which the central bank
will intervene the foreign exchange market in order to affect the domestic price of the
foreign currency. As highlighted by Chang (2005) and other authors, the dollarization
of liabilities explains why central banks are concerned with “undesired” fluctuations on
the exchange rate! and the potential balance sheet effects. Balance sheet effects refer
to the adverse economic and/or financial impact on firms and individuals that follows
a depreciation of the domestic currency in economies in which a significant amount of
debt is denominated in foreign currency while most income is generated in domestic
currency?. Thus, since depreciation of the domestic currency could be particularly
dangerous for highly-dollarized small open economies, governments evaluate alternative
exchange rate regimes to that of a pure floating exchange. Recent adoptions of exchange

rate regimes alternative to the flexible one, like in Argentina and Ecuador® confirm

Tt is well understood and documented that economies become dollarized during episodes of high
inflation. However, disinflations are not necessarily followed by dedollarization. In particular, Bolivia,
Peru, Russia, Ukraine and other countries have remained highly dollarized long after the inflation rate
was brought down to single digits. Peru is a remarkable case: During the last 16 years it has had a
dollarization ratio greater than 50 percent even though during the last 12 years it has had a one-digit
inflation rate.

2 According to Ize and Levy-Yeyati (2003), many emerging economies facing dollarization have tried
to eliminate it by implementing disinflationary policies, but most of them have been unsuccessful. They
state that the main reason for that result is that dollarization levels can remain high if the expected
volatility of the inflation rate is high in relation to the expected volatility of the real exchange rate.

3While Argentina had a currency board between 1991 and 2002, Ecuador and Salvador adopted
official dollarization in 2000 and 2001, respectively.



the huge importance that the exchange rate regime has for governments’ economic
and political stability and viability (and for the economies themselves) in economies
characterized by a high degree of dollarization. This paper contributes to the debate
on optimal exchange rate regime for emerging economies by showing, with the help of
a straightforward dynamic model, that the flexible exchange rate regime is the best
policy, which is a result consistent with the conventional wisdom.

In previous papers, like in Ize and Levy-Yeyati (2003), the effect of dollarization
on the economic performance of countries and other related issues have been studied
using portfolio models and other similar approaches. In addition, some of these studies
have assumed that the degree of dollarization is exogenously given, like in Moron and
Castro (2003). This paper studies this problem using a novel approach: a dynamic
stochastic general equilibrium model with endogenous dollarization. In this study,
under two different alternative exchange rate regimes, I analyze how real exogenous
shocks to a small open economy affect the optimal currency composition of its portfolio
of liabilities, which is determined endogenously by the model, and thus how much the
overall economy is ultimately affected. In order to do so, I develop a model of a small
open economy with an incomplete menu of assets: domestic residents can only borrow
internationally using short-term bonds denominated in domestic or foreign currency.
In addition, the small open economy with an endogenous degree of dollarization is
inhabited by households, firms and a government. Households live infinite periods and
accumulate capital partly financed with the sale of one-period bonds denominated in
both domestic and foreign currency. Uncertainty in my model is given by two shocks
that follow independent exogenous processes: a technology shock to output A; and a
random level (volume) of domestic exports X;*.

Authors have identified characteristics of business cycles in emerging economies that
distinguish them from business cycles in developed economies. A couple of these char-
acteristics are as follows: (1) business cycles are more volatile in emerging economies,
and (2) emerging economies are susceptible to additional sources of volatility, such as

terms of trade fluctuations®. In addition, regarding the common features of emerging

4As explained below, domestic firms are assumed to have some monopolistic power in world markets
and thus face a downward sloping demand curve; therefore, a shock to the level of exports will have an
effect both on the terms of trade and in the quantity of exports.

5The literature on small open economies recognizes the terms of trade shocks as one of the most



economies, in many of them exports are characterized by a high concentration in a small
number of commodities whose world prices are very volatileS. Also, their fiscal revenues
tend to be largely dependent on the prices of the main export commodities, and so the
stance of their public finances is vulnerable to major changes in the world prices of
export goods. Incidentally, in my model, shocks to the level (volume) of exports will
cause (ceteris paribus) a change in the terms of trade of the economy because domestic
firms are assumed to have some monopolistic power in the (foreign) market for their
goods”.

Additionally, the model features convex portfolio adjustment costs for both peso and
dollar bonds in order to induce stationarity of the equilibrium dynamics. This stationar-
ity inducing technique has been used, among others, in recent papers by Neumeyer and
Perri (2001) and Schmitt-Grohe and Uribe (2003). In my model, the cost of increasing
liability holdings by one unit is greater than one because it includes the marginal cost
of adjusting the size of the portfolio®.

In order to compare the fixed and flexible exchange regimes’ outcomes that result
from exogenous shocks, I solve the model for the decentralized economy, that is, I
solve the problems of both households and firms independently. All variables are in per
capita terms (i.e., there is no population growth). Moreover, since a small open economy
is analyzed, the domestic (dollar) interest rate equals the world (dollar) interest rate,
which in turn is assumed to be exogenously given; this assumption greatly simplifies the
analysis. I write a Matlab code in order to compute the impulse response functions, the
moments for the endogenous variables in the model, the conditional welfare, and other

relevant statistical information. My code is based on those provided by Schmitt-Grohe

relevant shocks affecting these economies. See, for instance, Mendoza (1995), Kose (2002), and Broda
(2003). In particular, Mendoza (1995) finds that terms of trade disturbances explain 56 percent of
aggregate output fluctuations in developing countries.

S According to UNCTAD, in 1995, 57 developing countries depended on three commodities for more
than half of their exports.

It is important to notice that during the current world economic crisis, many countries that rely
heavily in international trade have been severely affected by the fall in world trade; in particular
countries such as Hong Kong, Malaysia, Singapore, South Korea, Taiwan and Thailand are expected
to experience a GDP fall of at least 4 percent in 2009 (The Economist, as of 08/15/09), a result partly
explained by falling exports and terms of trade. Developed countries such as Japan and Germany have
also been substantially affected by the current world crisis: current estimates for GDP growth in 2009
for both countries indicate a fall of at least 5.9 percent in this key macroeconomic indicator.

8To be more specific, and as it will become more clear below, in my model households will have to
pay a “fee” in terms of lost output if their transactions in the international financial market lead to
deviations from some long-run (steady state) level.



and Uribe (2003, 2004a, 2004c).

Regarding the exchange rate regimes evaluated in this study, it is important to men-
tion that Frankel (2003) suggests that pegging the export price (PEP) is a monetary
regime that can be applied to countries that specialize in the production of a particular
agricultural or mineral commodity. PEP proposes fixing the price of the single com-
modity in terms of local currency (here, pesos). It has been argued that PEP is not
appropriate for countries where diversification of exports is an issue. For such countries
the modified version, PEPI, developed by Frankel (2005), proposes fixing the price (in
pesos) of a comprehensive index of export prices. According to Frankel (2005), in ei-
ther version of the monetary regime (PEP or PEPI), one advantage is that the domestic
currency depreciates automatically when the world market for the country’s exports de-
teriorates. This depreciation will certainly help the economy reduce the negative effects
of the weak exports market conditions (by stimulating domestic exports).

Furthermore, following the recommendations given by Kim et al. (2003), the ex-
change rate policies in my paper are evaluated in terms of conditional expected welfare
instead of the unconditional one. Thus, the object that exchange rate policy aims to
maximize in my study is the expectation of lifetime utility of the representative house-
hold conditional on a particular initial state of the economy (the non-stochastic steady
state). In contrast, many existing normative evaluations of monetary policy rank poli-
cies based upon unconditional expectations of utility. As Kim et al. (2003) point
out, unconditional welfare measures ignore the welfare effects of transitioning from a
particular initial state to the stochastic steady state induced by the policy under con-
sideration. By using conditional welfare, I highlight the fact that transitional dynamics
matter for policy evaluation.

In the last part of the present study I pursue Bayesian analysis to estimate the
parameters of my DSGE model. Bayesian methods have become a powerful tool to
conduct empirical research. This approach allows a researcher to incorporate prior
information to his evaluation of theoretical models with the use of observed data. Using
the posterior distributions for parameters, a researcher can use his model to perform
policy analysis or forecast the dynamics of macroeconomic variables. My work in this
section is conducted with the help of DYNARE, a computational toolbox for the study
of DSGE models.



Finally, the most important finding in my study is that the flexible exchange rate
regime is the best policy in terms of providing a greater level of (conditional) welfare to
the domestic economy than the one provided by the fixed exchange rate regime. What
explains this key result is that the fixed exchange rate regime creates an additional
costly burden for the economy: First, under this regime, in the market for peso bonds,
only the quantity of peso bonds can be adjusted, not its price (the interest rate in pesos),
and this adjustment is costly (due to the presence of quadratic portfolio adjustment
costs). Secondly, since a fixed exchange rate makes the interest rate on peso bonds
equal to that on dollar bonds, it follows that in practice the domestic economy will be
able to issue only one type of bonds (which pays the interest rate on dollar bonds),
and as it is well known, decreasing the number of assets traded internationally should
reduce welfare (because it increases the degree of market incompleteness), as suggested
by Benigno (2009). Thirdly, since under the fixed regime there is one less relative price
(the interest rate in pesos), the rest of the variables of the model are forced to absorb
the shocks, making the variables more volatile (that is, shocks are magnified), and thus
increasing their associated uncertainty, which will in turn cause a loss of efficiency in the
allocation of resources (both intratemporal and intertemporal); certainly, some of these
variables are consumption and hours worked, which directly affect welfare. Therefore,
as a result, following exogenous shocks to the economy, there will be a significant impact
on consumption, hours worked, investment, the capital stock, output, and welfare.

The paper is structured as follows. The next section outlines the basic model, and
section 3 discusses the calibration of the parameters of the model. Section 4 explains
how the model is solved under each alternative exchange rate regime, discusses the
resulting impulse response functions, and makes a comparison of the dynamics of the
model and welfare effects under the alternative exchange rate regimes. Section 5 uses
Bayesian estimation to evaluate the model for the economy of Singapore”, a country
whose exports of goods and services are greater than its GDP and that faces currency

substitution issues. Finally, section 6 concludes.

9 According to the World Development Indicators, ten countries export goods with a value greater
than 90 percent of GDP. This group of countries includes Singapore, Malaysia, Hong Kong, Luxeamburg,
and UAE. In addition, thirteen countries in the world import goods with a value greater than 90 percent
of GDP. This second group of countries includes Singapore, Malaysia, Hong Kong, Luxeamburg, and
Puerto Rico.



2.2 The Model

Consider a small open economy populated by a large number of identical households,
monopolistically competitive firms and a government. I develop an infinite-horizon

production economy with imperfectly competitive product markets and sticky prices.

2.2.1 The Household’s Problem

Each household has preferences defined over processes of consumption and leisure and

described by the utility function

E {ZﬂtU(Ct, ht)} (2.1)
t=0

where ¢; denotes consumption, h; denotes labor effort, 8 € (0, 1) denotes the subjective
discount factor, and F; denotes the mathematical expectation operator conditional on
information available in period ¢. The single period utility function U is assumed to be
increasing in consumption, decreasing in effort, strictly concave, and twice continuously
differentiable.

Households can hold physical capital, k;. The law of motion of the capital stock k;

is given by

kt+1 = (1 — (5)]% + it — (z)(kt-i—la ]ﬁt) (22)

where § € (0,1) denotes the constant rate of depreciation of the capital stock, i; is
(gross) investment, and ¢(ki+1 — k¢) is a measure of capital adjustment costs.

Capital adjustment costs have many explanations'®. Changing the level of the
capital stock in a firm creates disruption costs during the installation of any new or
replacement capital, and costly learning must be incurred as the structure of produc-
tion may have been changed. Moreover, installing new equipment or structures often
involves delivery lags and time to install or build. The irreversibility of many projects
caused by a lack of secondary markets for capital goods acts as another form of adjust-

ment cost. It is assumed that ¢(0) = ¢'(0) = 0. Small open economy models typically

include capital adjustment costs to avoid excessive investment volatility in response

OFor further details see Hamermesh and Pfann (1996) and Cooper and Haltiwanger (2006).



10

to shocks to the domestic economy. Thus, I introduce capital adjustment costs, as
in Schmitt-Grohe and Uribe (2006), to avoid the excess volatility of investment that
typically arises in small open economy models.

Every period, in order to finance current consumption ¢;, investment i; and foreign
debt repayment, domestic households can issue one-period bonds denominated in both
domestic currency (“peso bonds” Bii1) and foreign currency (“dollar bonds” B ;).
The domestic economy borrows from the world financial market, represented by a con-
tinuum of risk-neutral lenders. A peso-bond is a promise to pay a principal plus an
interest r in pesos after one period. In turn, dollar-bonds are promises to pay a prin-
cipal plus an interest r; in dollars after one period. Peso bonds and dollar bonds are
sold for one peso and one dollar, respectively. The representative household’s optimal
borrowing decisions determine the degree of “dollarization” in the economy, which will
be influenced by its expectations about equilibrium prices and the exchange rate.

The representative household’s period-by-period (dollar) budget constraint is given

by
B . he Rk . (1+m)B .
2L LB bty the g, WEOB s
St St S¢ St (2.3)
+%(B:+1 - B*)?+ %(Bt-&-l — B)?

where the left hand side of the equality represents all the sources of income for the
representative household, while the right hand side represents all the possible uses of
that income. Both sides of the above expression are expressed in dollars. I assume that
all domestic consumption and investment is made in only foreign goods, that the dollar
price of foreign consumption and investment goods is equal to $1, and that this dollar
price does not change. That means that consumption ¢; and (gross) investment 4; in the
expression above represent, at the same time, quantities of goods and the dollar value of
these components of aggregate demand. The nominal wage rate and the rental rate of
capital are represented by w; and Ry, respectively. Since free trade prevails and the law
of one price holds, the peso price of imports is given by the exchange rate s; (expressed
in pesos per dollar); in other words, in my model s; is not only the nominal exchange
rate but also the aggregate level of prices in the domestic economy. This implies that
the real wage rate and the real rental rate of capital in the domestic economy are given

by ’;’—ti and %, respectively.
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I assume that there are portfolio adjustment costs associated with the issuance of
debt, both in pesos and in dollars. In this model, stationarity is induced by assuming
that agents face convex costs of holding liabilities in quantities different from some
long-run level. Portfolio adjustment costs for the issuance of peso and dollar bonds are

given, respectively, by the following expressions

% By~ BY

and
(B - B)?
where B and B* are the steady state values of peso and dollar bonds, respectively.
Clearly, in the steady state portfolio adjustment costs are zero.
I asume that, because of no arbitrage, the expected gross rate of return on peso
bonds (the expected gross interest rate on peso bonds) E {1+ 11} equals the expected

peso gross rate of return on world assets, that is,

B {147} :Et{(1+rt+1) <S’;“)} (2.4)

t

In addition, households are subject to a borrowing constraint that prevents them
from engaging in Ponzi schemes.

Furthermore, I assume a GHH specification for the period utility function mentioned

above following Mendoza (1991)!!; in particular,

where 7 is the coefficient of relative risk aversion, and w is equal to one plus the inverse
of the intertemporal elasticity of substitution in labor supply.
Additionally, I assume a specific functional form for the implicit capital adjustment

costs function mentioned above following Mendoza (1991); in particular,

"'The benchmark utility function (GHH) is a generalized version of quasi-linear utility, first intro-
duced into the real business cycle literature by Greenwood, Hercowitz and Huffman (1988). GHH
preferences have the property that the marginal rate of substitution between consumption and leisure
is independent of the consumption level within the period.
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G(ker1, ki) = = (kg — ke)?

VRS

where ¢ is the capital adjustment cost parameter.

The household chooses the set of processes {ct, ht, ki1, ¢, Bey1, By +1}t°io and some
borrowing limit that prevents it from engaging in Ponzi-type schemes so as to maxi-
mize (2.1) subject to (2.2)-(2.4), taking as given the set of processes for {m, 7, ¢, wy,
Ry, 51152, and the initial conditions kg, By, and B.

Let the multiplier on the flow budget constraint (2.3) be A3!. Then the first-
order conditions of the household’s maximization problem are (2.2) — (2.4) holding

with equality and
h -
)\t = <Ct — t> (25)

A— = \hy ! (2.6)

Ry
St+1

NI+ 6 = k] = 08 [ (2524 (1= 0) + olbe ~ b)) | 2D

At [Slt — h3(Biy1 — B)] = BE; |:)\t+1 (1 —;:H)] (2.8)
At [1 = 92(Bfyy — BY)] = BE: M1 (1 4 7441))] (2.9)

The interpretation of the first order conditions above are as follows: Equation (2.5)
defines the marginal utility of consumption. Equation (2.6) states that in equilibrium
the representative household must be indifferent between enjoying an additional hour
of leisure and enjoying the additional units of consumption that it will afford to buy by
working one more hour. Equation (2.7) states that in equilibrium, the representative
household must be indifferent between consuming an additional unit of good, and in-
vesting that additional unit and then consuming the goods that he could buy with the
revenues from the investment, net of depreciation. Equation (2.8) states that in equilib-

rium, the representative household must be indifferent between issuing and not issuing
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an additional unit of peso bonds; in other words, the marginal utility of consumption
from the goods that it could buy with the money it can borrow by issuing one more
peso bond must equal the discounted value of the marginal utility of consumption lost
from the repayment of the unit of peso bond. Equation (2.9) states that in equilibrium,
the representative household must be indifferent between issuing and not issuing an
additional unit of dollar bonds; in other words, the marginal utility of consumption
from the goods that it could buy with the money it can borrow by issuing one more
dollar bond must equal the discounted value of the marginal utility of consumption lost
from the repayment of the unit of dollar bond, including the interest on that additional

debt.

2.2.2 The Firms’ Problem

Each firm is the monopolistic producer of one variety of final goods, all of which are

sold abroad. The domestic firm’s output is given by

e = AcF (ke he) — do(BF, 1)
where the first element of the right hand side of the above expression corresponds to
the production function of domestic firms, which have access to a constant returns to
scale production technology, and the second term corresponds to the price adjustment
costs funtion.
I follow Rotemberg (1982) and introduce sluggish price adjustment by assuming
that the firm faces a resource cost that is quadratic in the inflation rate of the good it

produces:

Price adjustment cost = % < by — 1>2
The parameter ¢o measures the degree of price stickiness. The higher is ¢o the more
sluggish is the adjustment of nominal prices. If ¢o = 0, then prices are flexible. The
assumption of quadratic adjustment costs implies that firms change their price every
period in the presence of shocks, but will adjust only partially towards the optimal

price the firm would set in the absence of adjustment costs. As with any type of

quadratic adjustment cost, a firm prefers a sequence of small adjustments to very large
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adjustments in a given period.

As pointed out by Rotemberg (1982), Barro (1972), and Mussa (1976), among
others, changing prices is costly for two reasons: First, there is the administrative cost
of changing the price lists, informing dealers, etc. Secondly, there is the implicit cost
that results from the unfavourable reaction of customers to large prices changes. While
the administrative cost is a fixed cost per price change, the second cost can be a different
function of the magnitude of the price change; in particular, customers may well prefer
small and recurrent price changes to occasional large ones. This is what is implicitly
assumed by Rotemberg (1982), when he makes the costs to changing prices a function
of the square of the price change.

The firm hires labor and capital from perfectly competitive domestic factor markets.
Moreover, the foreign demand for the domestic good is of the form X;d(p; ), where X
denotes the level of foreign demand and p;+ denotes the relative (peso) price of the
good in terms of the average (peso) price of domestic exports. The relative price p;;
is defined as s;pf/pi; where s; is the nominal exchange rate, p; is the dollar price of
the good produced by the firm, and p; is the average peso price of domestic exports.
The demand function d(.) is assumed to be decreasing and to satisfy d(1) = 1 and
d' (1) < —1. The restrictions on d(1) and d/(1) are necessary for the existence of a
symmetric equilibrium. The monopolist sets the dollar price of the good it supplies p;
taking the level of aggregate demand X; as given, and is constrained to satisfy demand

at that price; that is,
A (e, he) = ¢2(B, 1) > Xod(pis) (2.10)
(Dollar) Profits are given by

Wi iLt _ Rt];'t

St St

7ty = Py Xed(piyy) — (2.11)

In addition, I assume a Cobb-Douglas specification for the implicit production func-

tion mentioned above following Mendoza (1991)*2; in particular,

2The Cobb-Douglas production function is commonly used in economics partly because of its ana-
lytical tractability. As scholars have noted, by the end of the nineteenth century Wicksell and Pareto
had already used this type of production function in their studies.
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F(ke, hy) = khi ™

Each period, imperfectly competitive firms choose capital kq, labor services h; and
the dollar price of exports py, subject to demand and technological constraints (2.10), so
as to maximize profits (2.11). Since the firm is owned by the representative household,
it is natural to assume that the intertemporal marginal rate of substitution 3 )‘f\—:l can be

used to discount future profits. Let the multiplier on the demand and supply equilibrium

condition (2.10) be ji; 3¢ (’\3:1 > p;; then the firm will maximize the following expression:

}

= ~ A ~% 7. T ~k ok
+E {Z Htﬁt%pt [Xtd(pi,t) — A F (e, he) + ¢2(py 7pt71)] } (2.12)
=0

> )\t+1 ~ wtilt Ry ;v't
L=E t *Xd(pig) — —
: { ;:0 CY [Pt td(pit) 5 o

taking as given the processes for { Ay, X¢, wy, Ry, st, At}
As a result of the profit maximization process, input demands and export prices

must satisfy the following efficiency conditions:

Ry

; = —[upi Apak® TRl (2.13)
t

w ~ =% q Lo 7—o

Ai:—m%&hﬂ—Mm (2.14)

~x Sk Sk Sk 1
0 (302 )+ (50F) e [ (50F) aien (1) ()]
Dt Dt 2 Pi1 2]

- e 2
e () - et + 3 (1) ]
t

Py

. At - Pri1 Dit1
= F; < jig110 () Di1® ( —— — 1 — 2.15
t { t+1 )\t t+1%2 b pt2 ( )

The interpretation of the first order conditions above are as follows: Equations (2.13)

states that in equilibrium there is a wedge between the real rental rate of capital and
the marginal productivity of capital, which is explained by the monopolistic power of
the firms. Equation (2.14) states that in equilibrium there is a wedge between the real

wage rate and the marginal productivity of labor, which is explained, again, by the
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presence of imperfectly competitive firms in the market. Equation (2.15) states that in
equilibrium there is a wedge between marginal revenue and marginal cost as a result of
the presence of price adjustment costs a la Rotemberg (1982).

Let me define the real marginal cost mc; and real marginal revenue mr; as follows:

wt
St
mcy = = =
PfAkY (1 — a)hy @
d <5tpt >
S t
mry = tD¢ + p~*
Pt d' <5tpt )
pt

2.2.3 Equilibrium

I restrict attention to symmetric equilibria where all firms charge the same price for the
good they produce (p; = p;). As a result, I have that p;; = 1 for all t. It then follows
from the fact that all firms face the same wage rate and rental rate of capital, the same
shocks to technology and exports, and the same production technology, that they all

hire the same amount of labor and capital; that is, ﬁt = hy and l;:t = k;. Let

n=d(1)
denote the equilibrium value of the elasticity of demand faced by the individual produc-
ers of goods. Then, in equilibrium, the expression for the marginal revenue mr; above
simplifies to

1
mry =1+ —

Furthermore, the domestic goods market equilibrium condition!? is given by

5D}
Py = s¢py Xed <t>
Dt

where s; is the nominal exchange rate, expressed in number of units of domestic cur-
rency per unit of foreign currency, while X;d(.) is the quantity of domestic exports.

As in Chang and Velasco (2004), I assume that domestic residents do not consume

13The value in pesos of domestic output equals the value in pesos of the quantity demanded of
domestic output.
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home goods, and thus the demand for home output comes from foreigners. This is a
simplifying assumption and should not affect the main results of the paper. Since by

assumption total domestic production g is exported
Stpt
yr = Xed <t>
Y2

Pt = Stp; (2.16)

I obtain the expected result that

which states that the price in pesos of domestic exports p; equals the product of the
nominal exchange rate s; times the dollar price of domestic exports p;.

As I mentioned earlier, due to their monopolistic power, domestic firms set the
dollar price of exports p; in every period. Clearly, an increase in p; can be interpreted
as a positive change to the terms of trade in the economy. That is, ceteris paribus, a
positive change in the price of domestic exports will increase the purchasing power of
domestic agents in terms of foreign goods (imports).

Notice that my model does not make explicit the use of a monetary aggregate in
the economy, although the domestic price level is a key variable in the model. It is
possible to introduce money explicitly to my model, but the conclusions should not
change. My model assumes that the monetary authority just supplies the amount of
money that maintains the exchange rate s; at its pegged value under the fixed exchange
rate regime, and that maintains constant the peso price of domestic exports p; under
the flexible exchange rate regime'.

The stochastic processes for the level of foreign aggregate demand for domestic

goods X; and the technology shock A; are exogenously given by

logXy = tlogXi—1 + exy, where ex;~ N(O, ag() (2.17)
logAy = plogAi—1 + €y, where €qy ~ N(O, 0124) (2.18)

where both ex; and €4 are white noise random variables.

To be more precise, the flexible exchange rate regime in my model implies that the central bank
pursues a price targeting/flexible rate policy, where the target is the peso price of domestic exports.



18

2.3 Calibration

I do calibrate the model for an average small open economy that has a high level of
dollarization. Thus, some parameter values are picked from studies on the Canadian
and Argentinian economies and some values are picked from the related literature, which
will be mentioned below. The time unit is meant to be a year. The basic calibration and
parameterization of the model is taken from Mendoza (1991). Mendoza calibrates the
model to the Canadian economy!®. Moreover, Mendoza argues that Canada is viewed
as a typical small open economy because of the historical absence of capital controls
and the high degree of integration of its financial markets with those of the United
States. The parameter values that I will use in my simulation of the model are given

in Table 2.1 below.

Table 2.1: Calibration
Symbol  Value  Description

@ 0.32 Capital’s share of income
I6] 0.9615  Subjective discount factor
~y 2 Coeflicient of relative risk aversion
6 0.1 Depreciation rate
n -6 Price elasticity of demand for a specific export good variety
(> 0.00074 Parameter of the portfolio adjustment cost function on dollar bonds
3 0.00074 Parameter of the portfolio adjustment cost function on peso bonds
10} 0.028  Parameter of the capital adjustment cost function
o) 0.028  Degree of price stickiness
p 0.42 Degree of autocorrelation for the technology shock
T 0.56 Degree of autocorrelation for the exports shock
w 1.455  One plus the inverse of the intertemporal elasticity of
substitution in labor supply
A 0.0129  Standard deviation of the technology shock error term
ox 0.0129  Standard deviation of the exports shock error term
r 0.04 World’s real interest rate

In addition, following Schmitt-Grohe and Uribe (2003), I assign small values to
the parameters 1o and 3%, which help measure the portfolio adjustment costs that
arise from choosing debt levels in dollars and pesos different from their corresponding
steady state values. Also, I assign a value of 0.9615 to the discount factor (3, since in

the steady state the discount factor equals the inverse of the gross world interest rate.

15The data considered by Mendoza corresponds to annual observations for the period 1946-1985,
expressed in per capita terms of the population older than 14 years, transformed into logarithms and
detrended with a quadratic time trend.

16T have assumed that the values for these parameters are the same since, in principle, there is no
reason to think that the values must be different.
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Regarding the annual world interest rate in dollars r, I assign it a value of 4 percent.
Moreover, I assign the value of 0.8 to both debts, which imply steady state values
for the level of dollarization and the ratio of total debt to output equal to 65 percent
and 1.19, respectively, which are consistent with empirical values for some small open

17 The value of 0.1 assigned to the annual depreciation rate § implies an

economies
average investment ratio of about 19 percent, which is close to the average value of 18.5
percent observed in Argentina between 1997 and 2007. I set the value of the parameter
«, which determines the average capital share of income, at 0.32, a value commonly
used in the related literature. In addition, I set the value of the price elasticity of

demand on a specific good 7 equal to -6; this value implies a steady state value for the

(value-added) markup of 0.20, which is a reasonable value'®.

2.4 Solving the Model

I assume that in period 0 the government chooses the exchange rate regime. The
government is assumed to be endowed with a commitment technology that allows it to
maintain throughout time the policy decision it makes in period 0. As a result, the
announced policy enjoys full credibility on the part of the private sector; in other words,

there is no time inconsistency problem in my model.

2.4.1 Flexible Exchange Rate Regime

In the model with flexible exchange rate regime, first, the government (central bank)
fixes the value of the peso price of domestic exports p; to its long-run (nonstochastic
steady state) level p, following Frankel (2003), and then, after observing the realiza-
tion of the exogenous shocks to technology and the level of exports, households and
firms, taking p; as given, solve their corresponding constrained optimization problems

as explained above. Thus, under the flexible exchange rate regime, I have

Pt =D (2.19)

'"For instance, Argentina’s public debt/GDP ratio averaged 1.13 between 2001 and 2004, its external
debt/GDP ratio averaged 1.14 during the same period, and its dollarization ratio averaged 63.2 per-
cent between 1997 and 2001, according to data reported by Moody’s (Moody’s Statistical Handbook,
November 2006).

'8Basu and Fernald (1997) estimate gross-output markup of about 1.1. They show that their estimates
are consistent with values for the value-added markup of up to 0.25.
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It is important to mention that Frankel (2003) suggests that pegging the export
price (PEP) is a monetary regime that can be applied to countries that are specialized
in the production of a particular agricultural or mineral commodity. PEP proposes
fixing the price of the single commodity in terms of local currency (here, pesos). It has
been objected that PEP is inappropriate for countries where diversification of exports is
an issue. For such countries the modified version, PEPI, developed by Frankel (2005),
proposes fixing the price of a comprehensive index of export prices. According to Frankel
(2005), in either version of the monetary regime (PEP or PEPI), one advantage is that
the currency depreciates automatically when the world market for the country’s exports

deteriorates.

2.4.1.1 The First Order Conditions

I am now ready to define an equilibrium. A competitive equilibrium is a set of plans
for {ct, he, it, ki1, Big1, Biprs A, fie, Df we, Ry, se, 18, re} satisfying (2.2) - (2.4), (2.10)

- (2.11), (2.16) - (2.19), some non-Ponzi game condition, and the following conditions

h -
A\ = (ct - (j) (2.20)

A— = \hy ! (2.21)

Ry

St+1

A1+ (k1 — ko) = BE, {Am < 4 (1= 6) + Glhyrs — k:t+1)>] (2.22)

A th — y(Byay — B)] — BE, [Am (iﬁ“)] (2.23)
At [1 = 92(Bfy1 — BY)] = BE: M1 (1 4 7141))] (2.24)
S =y vk (2.25)
=} Ak (1L — a)h (2.26)

St
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given the fixed value of the peso price of domestic exports p, exogenous processes

iy

{A+, X;} and initial conditions Ao, Xo, ko, Bo, Bg, p*—1.

Incidentally, I compute the level of dollarization for the economy (LD;) and the
ratio of total (foreign) debt to output (RT'D;) for each period in order to make a better
analysis of the impact of the different exogenous shocks to the economy. These two

indicators are defined as follows:

Bty
LD;j=1— —"5% 2.28
t Bm + By (225)
Biq1 *
+ B
RTD; = -1 (2.29)
Pt Yt

2.4.1.2 The Nonstochastic Steady State

In the nonstochastic steady state, the disturbance term in each exogenous process for
the model shocks is equal to its unconditional expected value; that isex = 0andeq =0
, which implies values for the level of domestic exports and the productivity factor of

X =1 and A =1, respectively. In addition,

B=20B
B* = B*

(1—a)(w—1) e

X

S (T ]

B
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2.4.1.3 Effects on the Economy of a Positive Technology Shock

Table 2.2 below summarizes the main impact effects on the economy that result from

a positive technology shock.

Table 2.2: Flexible Exchange Rate: Impact Effects
Shock 'y ¢ i h kg1 Byyn Bfy, s ptow
Ay o - - - - + + + - =

Following a positive technology shock, consumption, hours and investment fall, while
output stays the same. The reason for output not to change is that, in equilibrium, it
is equal to total exports, as can be seen in Equation (2.10) above, and total exports are
exogenous in my model. Even though the technology shock does not affect total output
(and thus the level of exports), it causes a deterioration of the terms of trade and, thus, a
decrease in welfare; that is, following a positive technology shock the domestic economy
will experience “immiserizing growth”®. Moreover, since the positive technology shock

makes the economy more productive but domestic exports stay the same (as they are

9Bhagwati (1958) suggests that under some conditions economic growth could cause a welfare loss
for the economy. In particular, if growth is export biased it may lead to a deterioration of the terms of
trade, which may dominate the gains from growth and thus cause a net welfare loss for the domestic
economy.
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exogenous), less resources (both capital and labor) are required to produce the same
level of output. As less capital is now necessary for production, households reduce
investment immediately. However, since firms cannot reduce immediately the current
level of the stock of capital (which has to be fully used in equilibrium), much less labor
is hired. As workers work less hours, less wage income flows into the households, which
in turn will reduce consumption. Moreover, as firms adjust the stock of capital, they
incur in costly capital adjustment costs, which make the positive technology shock even
more costly for the economy (resulting in a greater loss of welfare). The combined net
effect of the falls in both consumption and hours worked?® explains the fall in the level
of utility of the representive household, and thus the fall in welfare.

Regarding the impact effect on debt and its dynamics, since the economy becomes
poorer (because of the deterioration of the terms of trade, which follows an increase in
the peso price of imports, caused by the impact depreciation of the domestic currency),
it will borrow more money in the foreign market (in order to smooth consumption),
both in pesos and in dollars (the debt-to-GDP ratio increases). However, the economy
will borrow more dollars than pesos as the economy expects the domestic currency to
appreciate in the (near) future (that is, the dollarization ratio increases on impact).
The nominal exchange rate increases on impact because the fall in the dollar price
of exports (caused by the now-more-productive domestic firms, which have to reduce
their dollar prices in order to avoid losing part of their share of the market to its
competitors) has an immediate negative effect on the inflow of dollars to the economy;
thus, as dollars become “scarce” in the domestic economy, the peso price of dollars
(the nominal exchange rate) jumps up on impact. However, domestic agents know that
eventually the exchange rate has to return to its (lower) long-run equilibrium value,
which means that an appreciation of the peso is expected. Moreover, the interest rate
on peso bonds falls on impact as domestic agents expect the peso to appreciate in the
(near) future. In addition, following the impact increase in the peso price of imports
(caused by the impact depreciation of the peso), both the real wage and the real rental
rate of capital fall (which makes domestic households poorer). As time goes by, the

adverse effects of the shock to the economy will decrease (and eventually vanish): the

20The negative effects of the drop in consumption on welfare dominates the positive effects of the
increase in leasure on welfare.
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terms of trade and (dollar) export revenues will recover, the economy will borrow less,
the peso will appreciate, the interest rate on peso bonds will increase, consumption,
hours worked and the capital stock will increase, and the rest of the variables will
eventually reach their long-run equilibrium values. Figure (6.1) in the Appendix shows
the impulse response functions to output, consumption, hours, investment, debt and

other key variables associated with a positive technology shock to the economy.

2.4.1.4 Effects on the Economy of a Positive Shock to Exports

Table 2.3 below summarizes the impact effects on the economy that result from a

positive shock to exports.

Table 2.3: Flexible Exchange Rate: Impact Effects

Shock 'y ¢ @ h kg1 By By, s ptow
X + + + + £+ - - - 4+ +

Following a positive shock to exports, output, consumption, hours and investment
increase on impact. The greater demand for exports allows the economy to expand
immediately in order to satisfy it. Not only will the economy produce more, but it
will also charge a greater dollar price for its exports, and thus (as it will be explained
below) the terms of trade will improve. And as domestic production (and exports)
increases, export revenues go up. Moreover, the greater production will demand the
use of more resources (both capital and labor). As more capital is now required for
production, households increase investment immediately. However, since firms cannot
adjust immediately the current level of the stock of capital (which has to be fully used in
equilibrium), much more labor is hired. As workers work more hours, more wage income
flows into the households, which in turn will increase consumption. The combined net
effect of the increase in both consumption and hours worked?! explains the increase in
the level of utility of the representive household, and thus the increase in welfare.

Regarding the impact effect on debt and its dynamics, since the economy becomes
richer (because of the improvement of the terms of trade, which follows a drop in the

peso price of imports, caused by the impact appreciation of the domestic currency) it

21The positive effects of the increase in consumption on welfare dominates the adverse effects of the
decrease in leasure on welfare.
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will borrow less money in the foreign market (which helps to smooth consumption), both
in pesos and in dollars (the debt-to-GDP ratio falls). However, the economy will borrow
less dollars than pesos as households expect the domestic currency to depreciate in the
(near) future (that is, the dollarization ratio falls on impact). The nominal exchange
rate decreases on impact because the increase in both the level and the dollar price of
exports (caused by the shock) has an immediate positive effect on the inflow of dollars
to the economy; thus, as dollars become “abundant” in the domestic economy, the peso
price of dollars (the nominal exchange rate) jumps down on impact. However, domestic
agents know that eventually the exchange rate has to return to its (higher) long-run
equilibrium value, which means that a depreciation of the peso is expected. Moreover,
the interest rate on peso bonds increases on impact as domestic agents expect the peso to
depreciate in the (near) future. In addition, following the impact fall in the peso price of
imports (caused by the impact appreciation of the peso), both the real wage and the real
rental rate of capital increase (which makes domestic households richer). As time goes
by, the positive effects of the shock to the economy will decrease (and eventually vanish):
the terms of trade and export revenues will drop, the economy will borrow more, the
peso will depreciate, the interest rate on peso bonds will decrease, consumption, hours
worked and the capital stock will decrease, and the rest of the variables will eventually
reach their long-run equilibrium values. Figure (6.2) in the Appendix shows the impulse
response functions to output, consumption, hours, investment, debt and other key

variables associated with a positive shock to exports.

2.4.2 Fixed Exchange Rate Regime

In the model with fixed exchange rate regime, first, the government (central bank) fixes
the value of the exchange rate s; to its long-run (nonstochastic steady state) level s, and
then, after observing the realization of the exogenous shocks to technology and the level
(volume) of exports, households and firms, taking s; as given, solve their corresponding
contrained optimization problems, as explained above. Thus, under the fixed exchange
rate regime, I have

st=s (2.30)
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2.4.2.1 The First Order Conditions

A competitive equilibrium is a set of plans for {¢, hy, it, k41, Bit1, Bf\ 1, Aty e, 07, we,
Ry, pr, ¥, )} satisfying (2.2) - (2.4), (2.10) - (2.11), (2.16) - (2.18), (2.30), some non-
Ponzi game condition, and conditions (2.20) - (2.27) stated in section 2.4.1.1 above,
given the fixed value of the exchange rate s, exogenous processes {A4;, X;} and initial

conditions Ag, Xo, ko, Bo, Bj, p*—1.

2.4.2.2 The Nonstochastic Steady State

In the nonstochastic steady state, the disturbance term in each exogenous process for
the model shocks is equal to its unconditional expected value; that is ex = 0 and
€4 = 0, which implies values for the level of domestic exports and the productivity
factor of X = 1 and A = 1, respectively. In addition, the steady state values for the
rest of endogenous variables in the model are the same as the ones stated in section

4.1.2 above.

2.4.2.3 Effects on the Economy of a Positive Technology Shock

Table 2.4 below summarizes the impact effects on the economy that result from a
positive technology shock.
Table 2.4: Fixed Exchange Rate: Impact Effects

Shock 'y ¢ i h kyr Byyr Biy, p pt w
Ay o - — - — + + - - =

Following a positive technology shock, consumption, hours and investment fall, while
output stays the same. Even though the technology shock does not affect total output
(and thus the level of exports), it will make the dollar price of exports fall and thus cause
a deterioration of the domestic terms of trade and a fall in export revenues. Thus, fol-
lowing a technology shock the domestic economy will experience “immiserizing growth” .
Moreover, since the positive technology shock makes the economy more productive but
domestic exports stay the same, less resources are required to produce the same level of
output. As less capital is now necessary for production, households reduce investment
immediately. However, since firms cannot reduce immediately the current level of the

stock of capital, much less labor is hired. As workers work less hours, less wage income
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flows into the households, which in turn will reduce consumption. Moreover, as firms
adjust the stock of capital, they incur in costly capital adjustment costs, which make
the positive technology shock even more costly for the economy. The combined net
effect of the falls in both consumption and hours worked explains the fall in the level
of utility of the representive household, and thus the fall in welfare.

Regarding the impact effect on debt and its dynamics, since the economy becomes
poorer (because of the deterioration of the terms of trade, which follows a fall in the peso
price of exports, caused by the drop in their dollar price), it will borrow more money
in the foreign market (in order to smooth consumption), both in pesos and in dollars
(the debt-to-GDP ratio increases). Under fixed exchange rate, domestic agents are in
principle indifferent between issuing peso debt and dollar debt (since the government
guarantees the exchange between pesos and dollars at the fixed exchange rate); the only
concern they have about how much debt they should issue in one currency or the other is
the one associated with the quadratic portfolio adjustment costs: Domestic agents have
to increase (or decrease when necessary) the amount of both debts “proportionately” so
that the total quadratic cost does not increase unnecessarily. The fact that an increase
in the dollarization ratio is observed on impact (smaller than the one that occurs under
the flexible exchange rate regime) is the result of the particular specification that I have
assumed for the portfolio adjustment costs (and not the result of households’ decisions
based on what they expect to happen in the future with the exchange rate, which is the
case under the flexible exchange rate regime). In addition, following the deterioration of
export revenues, both the real wage and the real rental rate of capital fall (since there is
less money to compensate the factors of production for their services). As time goes by,
the adverse effects of the shock to the economy will decrease (and eventually vanish):
the terms of trade and profits will recover, the economy will borrow less, consumption,
hours worked and the capital stock will increase, and the rest of the variables will
eventually reach their long-run equilibrium values. Figure (6.3) in the Appendix shows
the impulse response functions to output, consumption, hours, investment, debt and

other key variables associated with a positive technology shock to the economy.
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2.4.2.4 Effects on the Economy of a Positive Shock to Exports

Table 2.5 summarizes the impact effects on the economy that result from a positive

shock to exports.

Table 2.5: Fixed Exchange Rate: Impact Effects
Shock y ¢ @ h kg1 By Bfyyy p ptow
Xy + + + + + - - + + +

Following a positive shock to exports, output, consumption, hours and investment
increase on impact. The greater demand for exports allows the economy to expand
immediately in order to satisfy it. Not only will the economy produce more, but it will
also charge a greater dollar price for its goods, and thus (as it will be explained below)
the terms of trade will improve. As the dollar price for exports and domestic production
increase, export revenues increase and profits go up. Moreover, the greater production
will demand the use of more resources (both capital and labor). As more capital is
now required for production, households increase investment immediately. However,
since firms cannot adjust immediately the current level of the stock of capital, much
more labor is hired. As workers work more hours, more wage income flows into the
households, which in turn will increase consumption. The combined net effect of the
increase in both consumption and hours worked explains the increase in the level of
utility of the representive household, and thus the increase in welfare.

Regarding the impact effect on debt and its dynamics, since the economy becomes
richer it will borrow less money in the foreign market (in order to smooth consumption),
both in pesos and in dollars (the debt-to-GDP ratio falls). As mentioned previously,
under fixed exchange rate, domestic agents are in principle indifferent between issuing
peso debt and dollar debt; the only concern they have about how much debt they
should issue in one currency or the other is the one associated with the quadratic
portfolio adjustment costs. The fact that a fall in the dollarization ratio is observed on
impact (smaller than the one that occurs under the flexible exchange rate regime) is the
result of the particular specification that I have assumed for the portfolio adjustment
costs. In addition, following the increase of export revenues, both the real wage and the
real rental rate of capital increase (since there is more money to compensate the factors

of production for their services). As time goes by, the positive effects of the shock to the
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economy will decrease (and eventually vanish): the terms of trade and profits will drop,
the economy will borrow more, consumption, hours worked and the capital stock will
decrease, and the rest of the variables will eventually reach their long-run equilibrium
values. Figure (6.4) in the Appendix show the impulse response functions to output,
consumption, hours, investment, debt and other key variables associated with a positive

shock to exports.

2.4.3 Comparing Moments under Alternative Exchange Rate Regimes
Table 2.6 below shows the second moments for some variables of interest.

Table 2.6: Comparing Moments

Flexible Fixed
Shock  Variable Oz Patzt—1  Prt,GDPt o Pataxt—1  Prt,GDPt
Ay Yt n.a. n.a. n.a. n.a. n.a. n.a.
Ct 1.6994 0.4460 n.a. 2.1674 0.6413 n.a.
iy 5.5182  -0.1576 n.a. 5.5304  -0.1572 n.a.
hy 1.9882 0.2988 n.a. 1.9880 0.2983 n.a.
ki1 0.6151 0.5584 n.a. 0.6223 0.5668 n.a.
By 7.2425 0.9988 n.a. 14.8554  0.9992 n.a.
B, 13.9724  0.9988 n.a. 28.6650  0.9992 n.a.
St 2.8744 0.3031 n.a. n.a. n.a. n.a.
Pt n.a. n.a. n.a. 2.8741 0.3026 n.a.
X Yt 1.5570 0.5600 1 1.5570 0.5600 1
Ct 2.1092 0.6515 0.8041 2.3961 0.7220 0.7312
iy 7.3139  -0.0717 0.6331 7.3219  -0.0715 0.6340
hy 2.0772 0.4052 0.9839 2.0770 0.4049 0.9837
k41 0.9464 0.6738 0.9864 0.9506 0.6760 0.9845
By 12.9508  0.9992 -0.0368 17.0044  0.9994 -0.0575
Bf 4 24.9848  0.9992 -0.0368 32.8050  0.9994 -0.0575
St 1.5075 0.2466 -0.9358 n.a. n.a. n.a.
Dt n.a. n.a. n.a. 3.0685 0.3612 0.8336

In all cases investment is more volatile than both consumption and output, and
consumption is more volatile than output. The last result is a well-known stylized
fact for small open economies, which has been explained mainly by their inability to
smooth consumption fully, which is in turn due to their limited access to well developed
financial markets (that is why I assume asset market incompleteness in this model).

Furthermore, under both exchange rate regimes, following a shock to exports, con-
sumption, hours and investment are procyclical, while debt in both pesos and dollars
are countercyclical. In addition, both current debt and next-period capital show sig-

nificant positive levels of autocorrelation, which is partly explained by the presence of
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portfolio and capital adjustment costs.

Moreover, consumption, investment, next-period capital, and both debts are more
volatile under a fixed exchange rate regime than under a flexible exchange rate regime,
while hours are almost as volatile under flexible exchange rate as under fixed exchange
rate regime. These results help to explain why the conditional welfare associated with
the flexible exchange rate regime is greater than the one related to the fixed exchange:
The volatility of the economic variables play an important role in the computation of

the conditional welfare, as shown below.

2.4.4 The Welfare Measure
2.4.4.1 Conditional Welfare

In this study, I evaluate the welfare consequences of alternative exchange rate regimes.
I depart from the usual practice of identifying the welfare measure with the uncondi-
tional expectation of lifetime utility because using unconditional expectations of welfare
amounts to not taking into account the transitional dynamics leading to the stochastic
steady state??. The conventional choice of unconditional expectation is usually due to
its merit of computational simplicity. Following Schmitt-Grohe and Uribe (2004b), I
assume that in the initial state all state variables are in their non-stochastic steady
states, and that the exchange rate policies are evaluated by the conditional expecta-
tions of the discounted lifetime utility??. Because the deterministic steady state is the
same across both exchange rate regimes I consider, my choice of computing expected
welfare conditional on the initial state being the nonstochastic steady state ensures that
the economy begins from the same initial point under all possible policies. Therefore,
my strategy will deliver the constrained optimal exchange rate regime associated with

a particular initial state of the economy. An additional advantage in this choice of

22 According to Kim and Levin (2005), using a criterion of which the discount factor is set to unity
is also equivalent to maximizing the unconditional welfare, since no discounting implies that only the
events in the far future matter for welfare evaluations. Although it is inconsistent with private agents’
behavior, the unconditional welfare criterion has been used since it is easy to compare different policy
rules. Under this criterion, the transitional dynamics become irrelevant and the comparison does not
depend on the initial conditions of the economy.

231t is of interest to investigate the robustness of my results with respect to alternative initial con-
ditions. For, in principle, the welfare ranking of the alternative polices will depend upon the assumed
value for (or distribution of) the initial state vector. For further discussion of this issue, see Kim et al.
(2003) and Schmitt-Grohe and Uribe (2004c).
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the initial state is that it can significantly simplify my welfare calculations: all terms
containing state variables vanish in my approximation of expected lifetime utility.

To understand how the conditional expectation is calculated, here I follow the steps
made by Wang (2006), who uses perturbation methods to solve his model. Let V; be

the conditional expectation of lifetime utility at time ¢

Vi = E, {i B (cs, hs)} (2.31)

s—t

To find a second-order approximation of V4, I can define V; as a new control variable
in my model. From equation (2.31), I can obtain that V; follows a law of motion as in
equation (2.32) below

Vi — BEH{Vig1} = Uler, ) (2.32)

I can put equation (2.32) into my system of nonlinear dynamic equations (in 2.4.1.1
or 2.4.2.1, depending on the exchange rate regime) and find a second-order approxi-
mation of the solution to this control variable using my Matlab code, which is based
on the ones developed by Schmitt-Grohe and Uribe’s (2004¢)?*. The code implements
a second-order perturbation method to solve the DSGE model. As it is well known,
standard perturbation methods provide a Taylor expansion of the policy functions that
characterize the equilibrium of the economy in terms of the state variables of the model

and a perturbation parameter.

Vi = 9(Xi,0) = g(X,0) + (X; — X)'g2(X,0) + g5(X, 0)0
1 - - - 1 _
+5 (X0 = X) 920 (X, 0)(X; = X) + 500 (X, 0)0”

+(Xt - X)/gxa (X; O)U (233)

Here X; is the vector of state variables in my model, X is the deterministic steady-
state of the state vector, and o is a parameter scaling the standard deviation of the
exogenous shocks. As stated by Fernandez-Villaverde and Rubio-Ramirez (2005), the
fundamental idea of the perturbation methods is to set the perturbation parameter o
equal to zero (so that the model can be solved analytically) and to exploit the implicit
function theorem in order to solve for the unknown coefficients in the Taylor-series

expansion in a recursive fashion.

24Their Matlab programs for the second-order approximation method are available at Uribe’s website.
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Let V = ¢g(X,0) be the non-stochastic steady state lifetime utility. Then, using

equation (2.32) I obtain

(2.34)

I have supposed that at time ¢, all state variables are in the non-stochastic steady
state, therefore X; = X. This helps me eliminate all terms containing X; — X. Further-
more, from Theorem 1 of Schmitt-Grohe and Uribe (2004c), I know g,(X,0) = 0 and
gz0(X,0) = 0. Now I can obtain a second-order approximation of V; in a very simple

form

1 _
w:v+§%axnw2 (2.35)

Clearly, if the initial state of the economy is the non-stochastic steady state, the

calculation of conditional welfare is greatly simplified.

2.4.4.2 The Conditional Welfare Cost Measure

As the results on conditional welfare will show below, in my model one exchage rate
policy dominates the other. In addition to that result, here I derive an expression that
allows me to quantify the difference on welfare between the two exchange rate regimes.
The algorithm stated below gives the percentage of the consumption of the “composite
good”?% stream associated with the flexible exchange rate that households are willing to
give to be as well off under the flexible exchange rate as under the fixed exchange rate.
Let 0;54 be the contingent plan for the consumption of the composite good associated
with the flexible exchange rate regime and ¢ be the contingent plan for consumption
of the composite good associated with the fixed exchange rate. Then I can define the
welfare cost of the flexible exchange rate regime rather than the fixed exchange rate

regime as the value of A° such that

2By “composite good” I mean the combination of consumption and leisure that directly affects the
level of period utility and thus welfare. In my model the composite good is given by (¢ — %) Even
though it is traditional to measure welfare cost in terms of units of consumption goods, I argue that it
is also valid to measure the welfare cost in terms of the particular combination of consumption goods
and leisure (according to the particular utility function used) since this combination has a direct impact
on the level of utility and thus on welfare in the economy.
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VB =E, {SojﬁtU (1- Ac)c;;‘)} (2.36)
t=0
A

where ¢;* represents the value of the composite good in period t under the flexible
exchange rate.
Remember that in my model, period utility (as a function of the composite good)

under the flexible exchange rate is given by

U(ch) = G —- (2.37)

Now notice that

Al—y 1—
_ —1) (1= A) -1
U((1=A)e) =1 =x) 7 [ & c 2.38
(( )ei') = ( ) < -~ + -~ (2.38)
Then it follows that
1= =1
VE = (1- 2w 4 LA (2.39)

(1=7)(1-5)

Now I use V;* = g (x4, 0) and V;Z = ¢gB (a4, 0) to restate the above expression:

(1—-2)7 -1
(1=7)(1-0)

gB($tv U) = (1 - )‘c)l_ng(xta U) + (2'40)

It follows that

Ae = Az, 0) (2.41)

I want to find a second-order accurate approximation of Equations (2.39) and (2.40)
around (x¢,0) = (7,0). After totally differentiating both expressions, evaluating both
of them at (x¢,0) = (Z,0) and applying a set of results found by Schmitt-Grohe and

Uribe (2003), I obtain that the conditional welfare cost measure is given by

w‘qw

)\c ~ [(C_lhwlfl—'y] (Vofc‘r(‘@o) - Va%(j7 O)) (2'42)

The welfare cost A\.x100 indicates the percentage of the consumption (of the compos-
ite good) stream associated with the flexible exchange rate that households are willing

to give up to be as well off as under the fixed exchange rate regime.
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2.4.4.3 Conditional Welfare Results

Table 2.7 below shows the results regarding the conditional welfare computed under

alternative exchange rate regimes.

Table 2.7: Conditional Welfare

C.W. Value
Flexible Rate -38.3563
Fixed Rate -38.3815

Welfare Cost 0.020%

From this table, it is clear that the conditional welfare associated with the flexible
exchange rate regime is greater than that related to the fixed one. Therefore, the best
exchange rate policy is the flexible one (alternatively, the flexible exchange rate domi-
nates the fixed exchange rate). The result of the welfare cost (0.020%) is (as expected)
consistent with the result from the direct conditional welfare comparison. Since the
welfare cost is strictly positive®, the welfare analysis clearly shows that the flexible
exchange rate is superior to the fixed exchange rate. What explains this key result is
that the fixed exchange rate regime creates an additional costly burden for the econ-
omy: First, under this regime, in the market for peso bonds, only the quantity of peso
bonds can be adjusted, not its price (the interest rate in pesos r), and this adjustment
is costly (due to the presence of quadratic portfolio adjustment costs). Secondly, since
a fixed exchange rate makes the interest rate on peso bonds equal to that on dollar
bonds, it follows that in practice the domestic economy will be able to issue only one
type of bonds (which pays the interest rate on dollar bonds), and as it is well known,
decreasing the number of assets traded internationally should reduce welfare (because
it increases the degree of market incompleteness), as suggested by Benigno (2009)%7.
Thirdly, since under the fixed regime there is one less relative price (the interest rate in

pesos), the rest of the variables of the model are forced to absorb the shocks, making

25Tt is a common result in the literature on welfare cost measurement that the computed values are
small.

2"In addition, one of the fundamental principles of modern portfolio theory states that, in order to
obtain the best possible combination of risk and return on a portfolio of assets, an investor should
add to his portfolio an asset whose return is not perfectly positively correlated to the return of any
asset that composes the portfolio. Now, notice that in my model, under the flexible exchange rate, the
interest rate on peso bonds is not correlated with the interest rate on dollar bonds, which is assumed
to be constant.
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the variables more volatile (that is, shocks are magnified), and thus increasing their
associated uncertainty, which will in turn cause a loss of efficiency in the allocation
of resources (both intratemporal and intertemporal); certainly, some of these variables
are consumption and hours worked, which directly affect welfare. Overall, under the
fixed exchange rate regime, following exogenous shocks to the economy, there will be
a significant impact on consumption, hours, investment, the capital stock, output, and

welfare.

2.4.5 Sensitivity Analysis
2.4.5.1 Alternative Preference Specification

My previous welfare analysis focused in GHH preferences, a preference specification that
implies that the labor supply is unaffected by variations on household wealth. This type
of preferences is commonplace in models of the small open economy. Nevertherless, it
is of interest to investigate the extent to which the results reported above are robust to
the introduction of preferences implying a wealth effect in labor supply. To this end, I

consider a period utility function of the form

[ (1 —h) =] 77 -1

U(Ct,ht)z 1—~

Under these preferences, the marginal rate of substitution between consumption and
leisure is given by

_Uh(Ct,ht) . 1—w Ct

UC(Ct,ht) w 1-— ht

This marginal rate of substitution depends on the level of consumption, whereas
the one implied by GHH preferences does not. I set the parameter w at a value equal
to 0.22 following Schmitt-Grohe and Uribe (2003).

The result regarding the welfare effects under the two alternative regimes is shown
in Table 2.8 below.

Clearly, with this alternative period utility function specification, the flexible ex-

change rate regime is still superior to the fixed regime®®: On one hand, the conditional

28The welfare cost A. under this specification for the utility function is given by . =
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Table 2.8: Conditional Welfare

C.W. Value
Flexible Rate 10.4249
Fixed Rate 10.4175

Welfare Cost 0.023%

welfare under the flexible exchange rate regime is greater than that under fixed exchange

rate regime; and, on the other hand, the welfare cost is strictly positive (0.023%).

2.5 Bayesian estimation using data from Singapore

Bayesian methods have become a powerful tool to conduct empirical research. This
approach allows a researcher to incorporate prior information to his evaluation of the-
oretical models with the use of observed data. Using the posterior distributions for
parameters, a researcher can use his model to perform policy analysis or forecast the
dynamics of macroeconomic variables. In this section I pursue Bayesian analysis to
estimate the parameters of the model under each of the exchange rate regimes using
DYNARE and assuming GHH preferences.

Singapore is an East Asian developed economy that exports and imports goods and
services in an amount greater than its total domestic production, that has had a man-
aged floating exchange rate regime since early 1980’s, and that has faced problems with
currency substitution in the last years. Moreover, the current world economic crisis
has been hitting its economy significantly: current estimates for its 2009 annual rate
of growth indicate an economic contraction as large as 6.0 percent?®. Certainly, the
demand for its export goods from its main trade partners (including the US, Japan,
Malaysia, and Hong Kong) has declined substantially. Regarding the degree of dollar-
ization in Singapore, currency substitution has been a problem for a number of years,
which explains in part why there was a debate in the country in the late 1990’s about

adopting official dollarization.

G 1;)? T (V;?, — Vf,)";. In this opportunity, the welfare cost is measured in terms of units
wlc¥ (1— —w

of consumption goods and not in terms of the “composite good”. The particular specification for the
utility function allows me to derive the relevant formula and compute the welfare cost in a more classic
style.

2%Figure reported in “The Economist” magazine, September 2009
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2.5.1 The Data

The annual data on consumption, GDP, GDP deflator and population for Singapore (for
the period 1960-2008) was obtained from the International Financial Statistics (IFS)
website. The data on nominal consumption and nominal GDP was deflated using the
GDP deflator, divided by the size of the population (in order to express the magnitudes
in per capita terms since this is a representative-agent model), and detrended using the
Hodrick and Prescott (1980, 1997) filter (the HP-filter hereafter)3°. Incidentally, since
I work with annual data, I used a smoothing parameter equal to 6.25 to apply the HP
filter, which is the value proposed by Ravn and Uhlig (2002)3!. Finally, the resulting
GDP and consumption series were normalized such that the GDP series has a mean
equal to one, and the mean of consumption series keeps its relative importance with

respect to that of GDP (as the real per capita series for these two variables indicate).

2.5.2 Prior densities

The choice of my prior densities is based on the previously discussed calibration and also
draws on the related literature. Both innovations’s standard deviations have inverted-
gamma distributions with mean equal to 0.02 and standard deviation equal to 1. The
persistence parameters in the two AR(1) processes for the shocks are beta-distributed
with mean equal to 0.5 and standard deviation equal to 0.15. The prior on the parameter
«, which measures the capital’s share of income, follows a normal distribution with mean
equal to 0.32 and standard deviation equal to 0.1. The values for the size of the debt
in both currencies in the steady state are beta distributed; the mean of the peso-debt
is equal to 0.14 and that of the dollar-debt is equal to 0.076. The standard deviation
of the peso debt is equal to 0.05, and that of the dollar debt is equal to 0.02. Both
the capital adjustment cost and the price adjustment cost parameters follow a beta
distribution with a mean equal to 0.028 and a standard deviation equal to 0.01. Both
portfolio adjustment costs parameters follow a beta distribution with a mean equal to
0.00074 and a standard deviation equal to 0.0001. The CRRA parameter is normally

distributed with mean equal to 2 and standard deviation equal to 0.5. The parameter

30The HP-filter was actually applied to the natural logarithms of the series.

3'In contrast, a value of 100 for yearly data has been commonly used in the business cycle literature.
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associated with the intertemporal elasticity of substitution in labor supply is normally
distributed with mean equal to 1.455 and standard deviation equal to 0.5. The rate
of depreciation has a beta distribution with mean equal to 0.1 and standard deviation
equal to 0.03. The price elasticity of demand for a specific export good variety has a

normal distribution with mean equal to -6 and standard deviation equal to 1.

2.5.3 Analysis of posterior estimates

Posterior densities result from 20,000 replications. As can be seen in Figures (6.5)
- (6.6) in the Appendix, the posterior densities obtained from applying the Bayesian
estimation using the model that assumes a flexible exchange rate regime are very similar
to those obtained from applying the estimation using the model that assumes a fixed
exchange rate regime. The analysis of the posterior estimates will be based on the
results from the model that assumes a fixed exchange rate regime and concentrate in
those results that deserve some especial attention.

The main results are summarized in Table (2.9) below. The persistence parameter
of the technology process has a posterior mean equal to 0.44 and that related to the
shock to exports has a posterior mean equal to 0.33, that is, the technology shock is
more persistent than the shock to exports. These results are consistent with the results
obtained from the forecast error variance decomposition (shown below): Even though
the evolution of exports and the terms of trade in small open economies is key to
explain their macroeconomic dynamics, the technology shock is still the main driving
force of business cycles regarding both magnitude and persistence. With respect to
the size of the debt in both domestic and foreign currency, their posterior means are
consistent with a degree of dollarization of 50 percent, which is a reasonable value if one
considers the share of foreign currency deposits in total deposits in Singapore’s banking

33

system32. With regards to the size of the total foreign debt (measured in dollars)33, its

(implied) posterior mean of 0.15 is consistent with an external debt to GDP ratio of 14.0

32 According to the Monetary Authority of Singapore (its central bank), at the end of 2005 total de-
posits of non-bank customers in the domestic banking unit (which are largely S$-denominated deposits)
were greater than $220 billion. In addition, foreign currency deposits in Singapore’s banking system
were about $270 billion.

33Total foreign debt is the sum of the dollar debt and the peso debt. The peso debt was converted
into dollars using the steady state value of the exchange rate).
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percent, which is a reasonable value for Singapore®*. The capital’s share of income has a
posterior mean of 0.39, which is significantly higher than those in developed economies.
Still, this estimated value is reasonable for Singapore: According to the document “The
Income Approach to Gross Domestic Product”, elaborated by the Ministry of Trade and
Industry of Singapore, in 1997 the shares of profits, remuneration and indirect taxes in
Singapore’s GDP were 47.5, 42.7 and 10.3, respectively, while these shares in the USA
were 34.5, 58.2 and 7.3, respectively. If one considers the “share of profits in GDP”
as a proxy for the capital’s share of income, then one could see the estimated value
of 0.39 as being relatively consistent with what the government of Singapore’s official
statistics show. Regarding, the innovations’s standard deviations, the estimates indicate
a reasonable level of volatility in both technology and exports’ shocks (close to 0.01 in
both cases), and that the volatility of the technology shock is slightly smaller than
that of the exports shock. Incidentally, even though Singapore is a dynamic economy,
it has experienced economic contractions with regularity: It experienced recessions in
1985-1986, 2001, 2003 and 2009, and its GDP barely increased in 1998. Regarding the
depreciation rate, its posterior mean is about 0.06, which is smaller than the standard
value of 0.1 used in the literature; however, this value of 0.06 is consistent with the
posterior mean of the capital’s share of income (0.39) previously discussed, in the sense
that in a (developed) country where capital plays a key role in the generation of output
and income, a relatively low rate of depreciation contributes to the stock of capital’s
accumulation and maintenance. Regarding the estimated posterior means for the rest of
parameters that have been estimated, the results indicate that the priors are plausible.

Therefore, the analysis of the posterior estimates allows me to conclude that the
Bayesian estimation of the model, which uses data from Singapore, shows that the
values of the fundamental parameters of the model used in the first part of this study

(the analysis of a calibrated model) are plausible, which makes those results sound.

34 According to the CIA World Factbook, this ratio is currently 14.1 percent of GDP. In addition,
according to the OECD, between 1998 and 2002 this ratio fluctuated between 14 and 23 percent of
GDP. However, it is important to mention that the Asian Development Bank reports figures according
to which the ratio of external debt to GDP is significantly higher.
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Table 2.9: Estimation Results

FIXED E.R. FLEXIBLE E.R.

para- | prior post. confidence post. confidence prior prior
meter | mean mean interval mean interval dist. o

« 0.32 0.3924  0.3336 0.466 0.3918 0.327 0.4576 norm 0.1
B 0.14 0.1376  0.0587  0.2071 0.1413  0.0652  0.2268 beta 0.05
B 0.076  0.0755  0.0445 0.1079 0.0744 0.043 0.1027 beta 0.02
1) 0.028  0.0281 0.0123  0.0416 0.0276  0.0121 0.0427 beta 0.01
b2 0.028 0.0279  0.0126 0.045 0.0272  0.0113  0.0419 beta 0.01
p 0.5 0.437 0.2421 0.6367 0.4239  0.2282  0.6295 beta 0.15
T 0.5 0.3281 0.1708  0.4759 0.3344 0.183 0.4809 beta 0.15
2 0.001  0.0007  0.0006  0.0009 0.0007  0.0006  0.0009 beta  0.0001
3 0.001  0.0007  0.0006  0.0009 0.0007  0.0006  0.0009 beta  0.0001
~ 2 2.0193 1.2681 2.7767 2.0163 1.3034  2.7992 norm 0.5
w 1.455  1.5869  0.9931 2.0222 1.5946 1.0331 2.1359 norm 0.5
1 0.1 0.0587  0.0274  0.0834 0.0591 0.0284  0.0868 beta 0.03
n -6 -5.2547 -6.9446 -3.6378 -5.2321 -6.8631 -3.2849 norm 1
oA 0.02 0.0098  0.0081 0.0115 0.0098 0.008 0.0116 invg 1
ox 0.02 0.01 0.0084  0.0115 0.01 0.0082  0.0115 invg 1

2.5.4 Optimal Exchange Rate Policy for Singapore using Bayesian

estimates

Here I present and briefly discuss the results from the comparison of the welfare im-
plications of the two alternatives exchange rate regimes for Singapore. To compute
the welfare measures I used as values for the fundamental parameters of the model
the posterior estimates for their means, which are shown in Table (2.9) in the previous

section®®.

Table 2.10: Conditional Welfare

C.W. Value
Flexible Rate -41.2735
Fixed Rate -41.3533

Welfare Cost 0.059%

It can be seen from the results shown in Table (2.10) above that the flexible ex-
change rate policy is the best monetary regime for Singapore, a country heavily en-
gaged in international trade and that faces some problems with currency substitution.
It follows that it is recommended for Singapore to have a flexible exchange rate regime.

Incidentally, since 1981 Singapore has had a managed floating system, and presently

3%In particular, T used the posterior means that result from the Bayesian estimation of the model
under the fixed exchange rate regime, which are very similar to those obtained from the estimation
of the model under the flexible exchange rate regime. The reader should remember that the previous
Bayesian estimation was conducted with the model that assumes GHH preferences.



41

the Monetary Authority of Singapore (the central bank) manages the Singapore dollar

against a basket of currencies of its main trading partners and competitors.

2.5.5 Forecast Error Variance Decomposition

The results obtained from this part of the analysis (see Table (2.11) below) show that in
my model the shock to exports explains all the volatility of output and the level of ex-
ports, which is what one should expect to happen in an economy that is heavily engaged
in international trade, such as Singapore, which actually exports goods and services for
an amount greater than its total domestic production. Regarding the technology shock,
more than 58 percent of the volatility of consumption, hours worked and profits is ex-
plained by this shock, and more than 69 percent of the volatility of investment and the
stock of capital is also explained by this shock. Overall, the technology shock is the
main driving force in this small open economy, but the shock to exports plays also an

important role in determining the dynamics of its macroeconomic variables.

Table 2.11: Variance Decomposition (%)

Variables | FIXED E.R. FLEXIBLE E.R.
TA gx gA gx
A 100 0 100 0
Bt 61.95 38.05 59.81 40.19
B;, 61.95 38.05 59.81 40.19
Ct 61.3 38.7 59.82 40.18
Ry 58.73  41.27 23.51 76.49
ht 59.49 40.51 59.31 40.69
i 71.39 28.61 69.31 30.69
ke 74.84 25.16 72.27 27.73
At 62.05 37.95 59.9 40.1
Lt 75.25  24.75 75.46 24.54
Pt 79.86 20.14 n.a. n.a.
o 79.86 20.14 79.68 20.32
Tt 58.93 41.07 58.72 41.28
R? n.a. n.a. 73.71 26.29
St n.a. n.a. 79.68 20.32
Vi 62.05 37.95 59.9 40.1
Wy 59.49 40.51 91.01 8.99
Xt 0 100 0 100
Yt 0 100 0 100

2.6 Conclusions

In this paper I use a novel approach to study the welfare implications of alternative
exchange rate regimes in a small open economy with a high degree of dollarization: a

dynamic stochastic general equilibrium model with endogenous dollarization. In my
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model infinitely-lived households finance consumption, investment and debt repayment
by issuance of short-term bonds denominated in both domestic (pesos) and foreign
currency (dollars). Thus, the optimal currency composition of households’ portfolios of
liabilities is adjusted every period in response to the economy’s performance. In turn,
imperfectly competitive domestic firms set the dollar price of exports every period
taking into account current technology and demand conditions. The economy can
be affected by two shocks that follow independent stochastic processes, a technology
shock and a (level of) exports shock. Finally, the government chooses the exchange rate
regime (fixed or flexible), and then defends the nominal anchor (the pegged value of the
exchange rate or the peso price of domestic exports, depending on the chosen regime).
The most important finding in my study is that the flexible exchange rate regime is the
best policy in terms of providing a greater level of (conditional) welfare to the domestic
economy than that provided by the fixed exchange rate regime. What explains this
key result is that the fixed exchange rate regime creates an additional costly burden
for the economy: First, under this regime, in the market for peso bonds, only the
quantity of peso bonds can be adjusted, not its price (the interest rate in pesos r7'), and
this adjustment is costly (due to the presence of quadratic portfolio adjustment costs).
Secondly, since a fixed exchange rate makes the interest rate on peso bonds equal to that
on dollar bonds, it follows that in practice the domestic economy will be able to issue
only one type of bonds (which pays the interest rate on dollar bonds), and as it is well
known, decreasing the number of assets traded internationally should reduce welfare
(because it increases the degree of market incompleteness), as suggested by Benigno
(2009). Thirdly, since under the fixed regime there is one less relative price (the interest
rate in pesos), the rest of the variables of the model are forced to absorb the shocks,
making the variables more volatile (that is, shocks are magnified), and thus increasing
their associated uncertainty, which will in turn cause a loss of efficiency in the allocation
of resources (both intratemporal and intertemporal); certainly, some of these variables
are consumption and hours worked, which directly affect welfare. Overall, under the
fixed exchange rate regime, following exogenous shocks to the economy, there will be
a significant impact on consumption, hours, investment, the capital stock, output, and

welfare.

The main result in my paper is consistent with the conventional wisdom, which
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states that for economies mainly affected by real shocks, it is recommended to have a
flexible exchange rate regime. Another important result is that the model replicates
some stylized facts for emerging economies. In particular, regarding volatility, con-
sumption is more volatile than output, investment is more volatile than consumption,
and capital is less volatile than output; regarding comovements, consumption, invest-
ment, hours, and capital are all procyclical. Moreover, another important finding is
that the main result of my model is consistent with the contributions made by Frankel
(2003, 2005): for an emerging economy that is actively engaged in international trade,
pegging the peso price of domestic exports PEP is a desirable exchange rate regime
(in my model, the flexible exchange rate regime assumes that the nominal anchor is
the peso price of domestic exports). Furthermore, the results of my model are robust,
since a change in the utility function (from one that implies that the labor supply is
unaffected by variations on household wealth to one that implies a wealth effect in labor
supply) does not affect the ranking of the exchange rate regimes: the flexible exchange
is the best policy. Finally, the Bayesian estimation of the model (which uses data from
Singapore) shows that (i) the values of the fundamental parameters of the model used
in the first part of this study (the analysis of a calibrated model) are plausible, which
makes those results sound, and (ii) a fixed exchange rate regime is not recommended

for Singapore (which actually has had a a managed floating system since 1981).
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Chapter 3

Endogenous Dollarization and Optimal Exchange Rate
Policy: The Role of Non-tradable Goods

3.1 Introduction

The current international economic and financial crisis has had a number of adverse
effects on all countries around the world. Some of them have been a significant outflow
of capital, a depreciation of the domestic currency, a fall of exports, and a contraction
of the economy. In particular, countries such as Argentina, Brazil and Mexico have
experienced a significant depreciation of their respective currencies since the outset of
the present world crisis.

And given the still high level of uncertainty (especially regarding the pace of the
economic recovery in the short and medium term) in the world economy and its par-
ticular implications on the volatility of the exchange rate, emerging economies have to
address a key question: To float or not to float? Following the abandonment of the
Bretton Woods accord, most countries in the world have decided to let their currencies
float. However, most of these countries actually have a managed floating exchange
rate regime, that is, one in which the central bank will intervene the foreign exchange
market in order to affect the domestic price of the foreign currency. As highlighted
by Chang (2005) and other authors, the dollarization of liabilities explains why central
banks are concerned with “undesired” fluctuations on the exchange rate! and the po-
tential balance sheet effects. Balance sheet effects refer to the adverse economic and/or
financial impact on firms and individuals that follows a depreciation of the domestic

currency in economies in which a significant amount of debt is denominated in foreign

1t is well understood and documented that economies become dollarized during episodes of high in-
flation. However, disinflations are not necessarily followed by dedollarization. In particular, Argentina,
Bolivia, Peru, Russia, Ukraine and other countries have remained highly dollarized long after the in-
flation rate was brought down to single digits. Peru is a remarkable case: During the last 16 years it
has had a dollarization ration greater than 45 percent even though during the last 12 years it has had
a one-digit inflation rate.
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currency while most income is generated in domestic currency?. Thus, since depre-
ciation of the domestic currency could be particularly dangerous for highly-dollarized
small open economies, governments evaluate alternative exchange rate regimes to that
of a pure floating exchange. Recent adoptions of exchange rate regimes alternative to
the flexible one, like in Argentina and Ecuador® confirm the huge importance that the
exchange rate regime has for governments’ economic and political stability and viabil-
ity (and for the economies themselves) in economies characterized by a high degree of
dollarization. This paper contributes to the debate on optimal exchange rate regime
for emergent economies by showing, with the help of a straightforward dynamic model,
that the flexible exchange rate regime that pegs the domestic-currency price of exports
is the best policy, which is a result consistent with the conventional wisdom.

In previous papers, like in Ize and Levy-Yeyati (2003), the effect of dollarization
on the economic performance of countries and other related issues have been studied
using portfolio models and other similar approaches. In addition, some of these studies
have assumed that the degree of dollarization is exogenously given, like in Moron and
Castro (2003). This paper studies this problem using an alternative approach: The
stochastic dynamic general equilibrium model. In this study, under three different
alternative exchange rate regimes, I analyze how real exogenous shocks to a small open
economy affect the optimal currency composition of its portfolio of liabilities, which
is determined endogenously by the model, and thus how much the overall economy is
ultimately affected. In order to do so, I build a model of a small open economy with
an incomplete menu of assets: domestic residents can only borrow internationally using
short-term bonds denominated in domestic currency (here pesos) or foreign currency
(here dollars). In addition, the small open economy with an endogenous degree of
dollarization is inhabited by households, firms and a government. Households live
infinite periods and accumulate capital partly financed with the sale of one-period
bonds denominated in both domestic currency (here pesos) and foreign currency (here

dollars). Uncertainty in my model is given by two shocks that follow independent

2 According to Ize and Levy-Yeyati (2003), many emergent economies facing dollarization have tried
to eliminate it by implementing disinflationary policies, but most of them have been unsuccessful. They
state that the main reason for that result is that dollarization levels can remain high if the expected
volatility of the inflation rate is high in relation to the expected volatility of the real exchange rate.

3While Argentina had a currency board between 1991 to 2002, Ecuador and Salvador adopted official
dollarization in 2000 and 2001, respectively.
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exogenous processes: A technology shock to output A; and a random level (volume) of
domestic exports X;2.

Authors have identified characteristics of business cycles in emerging economies
that distinguish them from business cycles in industrialized economies. A couple of
these characteristics are as follows: (1) business cycles are more volatile in emerging
economies, and (2) emerging economies are susceptible to additional sources of volatil-

°. In many emerging economies, exports are

ity, such as terms of trade fluctuations
characterized by a high concentration in a small number of commodities whose world
prices are very volatileS. Also, their fiscal revenues tend to be largely dependent on the
prices of the main export commodities, and so the stance of their public finances is vul-
nerable to major changes in the world prices of export goods. In my model, shocks to
the level (volume) of exports will cause (ceteris paribus) a change in the terms of trade
of the economy because domestic export firms are assumed to have some monopolistic
power in the (foreign) market for their goods.

Additionally, the model features convex portfolio adjustment costs for both peso and
dollar bonds in order to induce stationarity of the equilibrium dynamics. This station-
arity inducing technique has been used, among others, in recent papers by Neumeyer
and Perri (2001) and Schmitt-Grohe and Uribe (2003). In this model, the cost of in-
creasing asset holdings by one unit is greater than one because it includes the marginal
cost of adjusting the size of the portfolio”.

In order to compare the three exchange regimes’ outcomes that result from ex-
ogenous shocks, I solve the model for the decentralized economy, that is, I solve the

problems of both households and firms independently. All variables are in per capita

1 As explained below, domestic firms are assumed to have some monopolistic power in world markets
and thus face a downward sloping demand curve; therefore, a shock to the level of exports will have an
effect on the terms of trade.

5The literature on small open economies recognizes the terms of trade shocks as one of the most
relevant shocks affecting these economies. See, for instance, Mendoza (1995), Kose (2002), and Broda
(2003). Mendoza (1995) finds that terms of trade disturbances explain 56 percent of aggregate output
fluctuations in developing countries.

5 According to UNCTAD, in 1995, 57 developing countries depended on three commodities for more
than half of their exports.

"To be more specific, and as will become more clear below, in my model households will have to pay
a “fee” in terms of lost output if their transactions in the international asset market lead to deviations
from some long-run (steady state) level.
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terms (i.e., there is no population growth). Moreover, since a small open economy is an-
alyzed, the domestic (dollar) interest rate equals the world (dollar) interest rate, which
in turn is assumed to be exogenously given. This assumption greatly simplifies the
analysis. I write a Matlab code in order to compute the impulse response functions, the
moments for the endogenous variables in the model, the conditional welfare, and other
relevant statistical information. The code is based on those provided by Schmitt-Grohe
and Uribe (2003, 2004a, 2004c).

It is important to mention that Frankel (2003) suggests that pegging the export
price (PEP) is a monetary regime that can be applied to countries that are specialized
in the production of a particular agricultural or mineral commodity. PEP proposes
fixing the price of the single commodity in terms of local currency (here, pesos). It has
been objected that PEP is inappropriate for countries where diversification of exports is
an issue. For such countries the modified version, PEPI, developed by Frankel (2005),
proposes fixing the price of a comprehensive index of export prices. According to
Frankel (2005), in either version of the monetary regime (PEP or PEPI), one advantage
is that the domestic currency depreciates automatically when the world market for the
country’s exports deteriorates. This depreciation will certainly help the economy reduce
the negative effects of the weak exports market conditions.

In the model that is developed in this paper, a nontraded sector produces differen-
tiated goods that will be part of the consumption basket of the representative agent
of the economy (the other part of the basket is composed of differentiated imported
goods). A number of studies introduce nontradable goods into a model in order to
measure the contribution of the relative price of nontradable to tradable goods to the
volatility of the real exchange rate, which is a key determinant of the level of com-
petitiveness of an economy (see for instance Burstein, Eichembaun and Rebelo, 2005).
The introduction of nontradables into this model will allow me to compare the fixed
exchange rate regime and the monetary regime suggested by Frankel (2003 and 2005)
to the traditional flexible exchange rate regime, in which the nominal anchor is the
consumer price index.

Furthermore, following the recommendations given by Kim et al. (2003), the ex-
change rate policies in my paper are evaluated in terms of conditional expected welfare

instead of the unconditional one. Thus, the object that exchange rate policy aims to
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maximize in my study is the expectation of lifetime utility of the representative house-
hold conditional on a particular initial state of the economy. In contrast, many existing
normative evaluations of monetary policy rank policies based upon unconditional ex-
pectations of utility. As Kim et al. (2003) point out, unconditional welfare measures
ignore the welfare effects of transitioning from a particular initial state to the stochastic
steady state induced by the policy under consideration. By using conditional welfare,
I highlight the fact that transitional dynamics matter for policy evaluation.

In the last part of the present study I pursue Bayesian analysis using data from Peru
to estimate the parameters of my DSGE model. As previously mentioned, Peru has
experienced a very high level of dollarization for more than 16 years; the persistency
of this problem makes Peru a very good candidate to pursue an empirical analisys
of optimal exchange rate policies with my model. Incidentally, Bayesian methods have
become a powerful tool to conduct empirical research. This approach allows a researcher
to incorporate prior information to his evaluation of theoretical models with the use of
observed data. Using the posterior distributions for parameters, a researcher can use his
model to perform policy analysis or forecast the dynamics of macroeconomic variables.
My work in this section is conducted with the help of DYNARE, a computational
toolbox for the study of DSGE models.

Finally, the most important finding in my study is that pegging the peso price of
exports is the best policy in terms of providing a greater level of (conditional) welfare
to the domestic economy than the ones provided by the fixed exchange rate regime and
the flexible exchange rate regime that has the CPI as nominal anchor. One of the key
reasons behind this result is that the fixed exchange rate regime creates an additional
costly burden to the economy: under this regime, in the market for peso bonds, only
the quantity of peso bonds can be adjusted, not its price (the interest rate in pesos),
and this adjustment is costly. As a result, following exogenous shocks to the economy,
there will be a significant impact on investment, the capital stock, output, and welfare.
Regarding the reasons behind the result that pegging the peso price of exports is a
better regime than CPI targeting, the main reason is that an exogenous adverse shock
to the price of imports creates an upward pressure on the CPI, which is neutralized
by a contractionary monetary policy (under CPI targeting), which in turn affects the

level of welfare. This policy response is absent under pegging the peso price of exports,
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the policy recommended by Frankel (2003, 2005). It is also worth mentioning that the
Bayesian analysis of my model allows me to conclude that the best monetary regime for
Peru is pegging the peso price of exports, since this regime delivers the greatest level
of welfare.

The paper is structured as follows. The next section outlines the basic model, and
section 3 discusses the calibration of the parameters of the model. Section 4 explains
how the model is solved under each alternative exchange rate regime, discusses the
resulting impulse response functions, and makes a comparison of the dynamics of the
model and welfare effects under the alternative exchange rate regimes. Section 5 uses
Bayesian estimation to evaluate the model for the Peruvian economy, a country that
has had a degree of dollarization above 45 percent for more than 16 years. Finally,

section 6 concludes.

3.2 The Model

Consider a small open economy populated by a large number of identical households,
monopolistically competitive firms and a government. There are two sectors of pro-
duction in the domestic economy: The non-tradable sector and the exports sector. In
addition, there are imports firms with monopolistic power. I develop an infinite-horizon

production economy with imperfectly competitive product markets and sticky prices.

3.2.1 The Household’s Problem

Each household has preferences defined over processes of consumption and leisure and

described by the utility function

Et {ZﬁtU(Ct,ht)} (31)
t=0

where ¢; denotes a composite consumption index to be defined below, h; denotes labor
effort, 8 € (0,1) denotes the subjective discount factor, and E; denotes the mathemat-
ical expectation operator conditional on information available in period ¢. The single
period utility function U is assumed to be increasing in consumption, decreasing in
effort, strictly concave, and twice continuously differentiable.

The composite consumption index ¢; is a CES function of consumption of non-traded
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goods cy; and imported goods cps:

1 61 1 0=1|6-1
— ) 0 rl 0
a = |avey, +(L—a)icyr,

where a € (0,1) denotes the share of non-tradable goods in the consumption basket,
and 6 > 0 is the elasticity of substitution between non-tradables and imported goods.
Note that the consumer price index (CPI) p; associated with the consumption basket
¢ is given by®
1
Dt = ap}v_’f +(1- a)p}w_f = (3.2)
where py ;s and py¢ represent the prices of non-tradable goods and imported goods,
respectively.
The demands for ¢y and cpr¢ by domestic households (derived by maximizing the

level of the consumption composite index subject to a given level of total expenditure)

are therefore given by

bt

—0
cNe=a (pN’t> et (3.3)

ene = (1-a) (th> -’ ct (3.4)

Dt

Moreover, the consumption index for non-tradable and imported goods is given by
A

1 Ap—1 Tzl
CNt = (/ cnt (i) An di) (3.5)
0

1 Am—1 T
ears = ( / enia(i) 2 dz‘) (3.6)
0

where ¢y ¢(i) and cpr+(7) denote the consumption of each individual differentiated non-

tradable and imported good, respectively, and A, > 1 and \,, > 1 represent the
elasticities of substitution among varieties of the non-traded and imported goods, re-
spectively.

Besides, each firm 7 in the monopolistically competitive market for non-traded and
imported goods will face individual demand functions for the goods they produce?,

which are given by

enali) = (T’N())A ex (37)

PNt

8This is the resulting cost-minimizing price of a unit of the consumption composite good.

9These demand functions result from households’ maximization of the level of consumption subject
to a given level of expenditure.



o1

ea(i) = <th(Z)> o Mt (3.8)

Pmt

where py (i) and par¢(i) denote the price of each individual differentiated non-tradable
and imported good, respectively.

Moreover, the prices of non-tradable and imported goods are given by an aggregator
of the individual prices that each of the firms ¢ will be able to charge according to its

monopolistic power in its respective market:

1 =
PNt = ( /0 pN,t(z')l—Mdz) (3.9)

1
1 1—-Am
PMt = (/ pM,t(i)l_)‘mdi) (3.10)
0

For simplicity, I will assume that the two previous elasticities of substitution are
equal to some value Ap, that is, A, = Ay = Ap.
Continuing with the analysis of the household’s problem, each household can hold

physical capital, k;, whose law of motion is given by

where ¢ € (0,1) denotes the constant rate of depreciation of the capital stock, i; is
(gross) investment, and ¢(k;+1 — ki) is a measure of capital adjustment costs.

Capital adjustment costs have many explanations. Changing the level of capital
services at a business generates disruption costs during installation of any new or re-
placement capital and costly learning must be incurred as the structure of production
may have been changed. Moreover, installing new equipment or structures often in-
volves delivery lags and time to install or build. The irreversibility of many projects
caused by a lack of secondary markets for capital goods acts as another form of adjust-
ment cost. It is assumed that ¢(0) = ¢'(0) = 0. Small open economy models typically
include capital adjustment costs to avoid excessive investment volatility in response
to shocks to the domestic economy. Thus, I introduce capital adjustment costs, as
in Schmitt-Grohe and Uribe (2006), to avoid the excess volatility of investment that
typically arises in small open economy models.

Every period, in order to finance current consumption ¢;, investment ¢; and foreign

debt repayment, domestic households can issue one-period bonds denominated in both
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domestic currency (“peso bonds” Byi1) and foreign currency (“dollar bonds” B ;).
The domestic economy borrows from the world financial market, represented by a con-
tinuum of risk-neutral lenders. A peso-bond is a promise to pay a principal plus an
interest 77 in pesos after one period!®. In turn, dollar-bonds are promises to pay a prin-
cipal plus an interest r; in dollars after one period. Peso bonds and dollar bonds are
sold for one peso and one dollar, respectively. The representative household’s optimal
borrowing decisions determine the degree of “dollarization” in the economy, which will
be influenced by his expectations about equilibrium prices and the exchange rate.

The representative household’s period-by-period (dollar) budget constraint is given

by
B wih Rk RVB,
t+1+Bt+1+7Tt+ tt+ o pt(ct-Ht)-F +RtBt
St St St St (312)
Yoy Y2 (B, - BY)? &%(Bm B)*
t

where the left hand side of the equality represents all the sources of income for the
representative household, while the right hand side represents all the possible uses of
that income. Both sides of the above expression are expressed in dollars. I assume that
the composite consumption good can be used for either consumption ¢; or investment
i¢; thus, they have the same price. The nominal wage rate and the rental rate of capital
are represented by wy and Ry, respectively. In addition, s; is the nominal exchange rate.

I assume that there are portfolio adjustment costs associated with the issuance of
debt, both in pesos and in dollars. In this model, stationarity is induced by assuming
that agents face convex costs of holding assets in quantities different from some long-run
level. Portfolio adjustment costs for the issuance of peso and dollar bonds are given,

respectively, by the following expressions

3

B B)?
2( 41— B)

and

¥
C(BL, - B

where B and B* are the steady state values of peso and dollar bonds, respectively.

Clearly, in the steady state portfolio adjustment costs are zero.

10The present model makes use of gross interest rates on both pesos and dollar bonds (RY and R},
respectively. Notice that Rf =147} and Rf =1+ 7.
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In addition, notice that total (dollar) profits m; equals the profits generated in each

of the three sectors of the economy, that is:
T = TNt + T + Txt (3.13)

where 7y ¢, Tar, and 7x ¢ represent the (dollar) profits generated by non-traded, im-
ports, and exports firms, respectively.

I asume that, because of no arbitrage, the expected gross rate of return on peso
bonds (the expected gross interest rate on peso bonds) E;{Ry |} equals the expected

peso gross rate of return on world assets, that is,

* St+1
B (R} = F {R ( ) } (3.14)
In addition, households are subject to a borrowing constraint that prevents them
from engaging in Ponzi schemes.

Furthermore, I assume a GHH specification for the period utility function mentioned

above following Mendoza (1991)!!; in particular,

where ~y is the coefficient of relative risk aversion, and w is one plus the inverse of the
intertemporal elasticity of substitution in labor supply.

Additionally, T assume a specific functional form for the implicit capital adjustment
costs function mentioned above following Mendoza (1991); in particular,

P(ke1, ke) = = (kepr — ke)?

N |-

where ¢ is the capital adjustment cost parameter.

The household chooses the set of processes {ct, ht, kg1, ¢, Bey1, By +1}§io and some
borrowing limit that prevents it from engaging in Ponzi-type schemes so as to maxi-
mize (3.1) subject to (3.11), (3.12) and (3.14), taking as given the set of processes for

{7, R Ry, wy, Ry, s¢}5°, and the initial conditions ko, By, and Bg.

"The benchmark utility function (GHH) is a generalized version of quasi-linear utility, first intro-
duced into the real business cycle literature by Greenwood, Hercowitz and Huffman (1988). GHH
preferences have the property that the marginal rate of substitution between consumption and leisure
is independent of the consumption level within the period.
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Let the multiplier on the flow budget constraint (3.12) be A\;3's;/p;. Then the first-
order conditions of the household’s maximization problem are (3.11), (3.12) and (3.14)

holding with equality and
%u -
At = - — 15
t <Ct w ) (3.15)

A— = \he ! (3.16)

Ry
DPt+1

A [1+ ¢(kesr — ke)] = BE, {Am < (1= 6) + ¢kyypo — kt+1)>] (3.17)

1 Rl
[ = - )] = 9 e (22 15
Dt Pt+1
St * * x  St41
N2 valBiy - 5] = 0B [ i 22 (3.19)
Dt Pt+1

The interpretation of the first order conditions above are as follows: Equation (3.15)
defines the marginal utility of consumption. Equation (3.16) states that in equilibrium
the representative household must be indifferent between enjoying an additional hour
of leisure and enjoying the additional units of consumption that it will afford to buy
by working one more hour. Equation (3.17) states that in equilibrium, the represen-
tative household must be indifferent between consuming an additional unit of good,
and investing that additional unit and then consuming the goods that he could buy
with the revenues from the investment, net of depreciation. Equation (3.18) states
that in equilibrium, the representative household must be indifferent between issuing
and not issuing an additional unit of peso bonds; in other words, the marginal utility
of consumption from the goods that it could buy with the money it can borrow by
issuing one more peso bond must equal the discounted value of the marginal utility of
consumption lost from the repayment of the unit of peso bond. Equation (3.19) states
that in equilibrium, the representative household must be indifferent between issuing
and not issuing an additional unit of dollar bonds; in other words, the marginal utility
of consumption from the goods that it could buy with the money it can borrow by

issuing one more dollar bond must equal the discounted value of the marginal utility of
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consumption lost from the repayment of the unit of dollar bond, including the interest

on that additional debt.
3.2.2 The Firms’ Problems

3.2.2.1 The Non-tradable Sector Firms’ Problems

Each domestic non-tradable firm is the monopolistic producer of one variety of non-

tradable goods. The non-tradable firm’s output is given by

Nt = AF(kng, he) — 2PNt DNt—1)

I follow Rotemberg (1982) and introduce sluggish price adjustment by assuming
that the firm faces a resource cost that is quadratic in the inflation rate of the good it

produces:

= 2
Price adjustment cost = 92 (NPN,t B 1)
2 \pNt-

The parameter ¢o measures the degree of price stickiness. The higher is ¢o the more
sluggish is the adjustment of nominal prices. If ¢o = 0, then prices are flexible. The
assumption of quadratic adjustment costs implies that firms change their price every
period in the presence of shocks, but will adjust only partially towards the optimal
price the firm would set in the absence of adjustment costs. As with any type of
quadratic adjustment cost, a firm prefers a sequence of small adjustments to very large
adjustments in a given period.

As pointed out by Rotemberg (1982), Barro (1972), and Mussa (1976), among
others, changing prices is costly for two reasons: First, there is the administrative cost
of changing the price lists, informing dealers, etc. Secondly, there is the implicit cost
that results from the unfavourable reaction of customers to large prices changes. While
the administrative cost is a fixed cost per price change, the second cost can be a different
function of the magnitude of the price change. In particular, customers may well prefer
small and recurrent price changes to occasional large ones. This is what is assumed
implicitly by Rotemberg (1982), when he makes the costs to changing prices a function

of the square of the price change.
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The monopolist sets the peso price of the good it supplies py,; taking the level of
aggregate demand for non-traded goods as given, and is constrained to satisfy demand

at that price; that is,

~ ~ D )
AF(kng, hng) — 02PN, PNi—1) = <]€§Z) Cny (3.20)

(Dollar) Profits for a non-traded good producing firm are given by

(3.21)

TNt =

- - —\ > ~
PNt [ PNt P wthN,t RtkN,t
LIV CN,t _ _

St St

St PNt
In addition, I assume a Cobb-Douglass specification for the implicit production

function mentioned above following Mendoza (1991); in particular,

F(kng hng) = kjo\‘f,thzlv_,ta

Since the firm is owned by the representative household, it is natural to assume that
the intertemporal marginal rate of substitution can be used to discount future profits.

Let me define the stochastic discount 'y factor as follows:

>\t+1 St+1Dt

I'iiq =
“ AtStPi+1
with T'p=1.

DNt .
St )

Let the multiplier on the demand and supply equilibrium condition (3.20) be fiy It

}

~ 7)\D ~ )
(1131;72) CN,t - AtF(kN,ta hN,t) + ¢2(ﬁN7t)ﬁN,tl)] } (322)

then the firm will maximize the following expression:

L=E {i r, [pgt <pNt> o Cvi — whe Rth’t
t t

=0 DN St
= P
- Nt
+E; {E L't 5
t
t=0

taking as given the processes for {As, Cn ¢, we, Re, PN t, St, Dee Fioo-
As a result of the profit maximization process, input demands and non-tradable’s

prices must satisfy the following efficiency conditions:

Ry = —fin PN Aok h ) (3.23)
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wp = =N DN AR (1 — @)y (3.24)

- Y ~ ~ —Ap—1
1 b b 1
St DNt St PNt DNt

< > Ont — AcF(kn g, hvg) + d2 (DNt DN 4—1)

~ —Ap—1

1

i PN [ <pNt> ( ) Nﬁ@( Py _1> ( >]}
St PNt pNt 1 PNt—1

N DN, DN,t+1 PN,
— B, {Mw,mrm Ay ( ittl 1> ( 2’*“)} (3.25)
St+1 DNt PN+

3.2.2.2 The Import Sector Firms’ Problems

The domestic monopolist importer sets the peso price of the imported good it supplies
pum, taking the level of aggregate demand for imports as given, and is constrained to
satisfy demand at that price; that is,

. 2 [ DMt 2 DMt —Ap
UMt — = | = -1 > | —= CM7t (3.26)

Pt

where ypr; is the total quantity of imported goods, which is in general different from
the quantity demanded because of the presence of price adjustment costs.

(Dollar) Profits for an import firm are given by

ﬁMt ﬁMt ~Ap ¢2 ﬁMt 2
e (22 ) (29) 02 (220 e
St PMt PMt—1

where ﬁ*M’t is the dollar price of imports, which for simplicity is assumed to be deter-

mined in world markets (that is, exogenously given) and equal to $1.
The firm will choose the optimal (peso) price par; in order to maximize the following

expression:

DMt Pare\ P 2 [ DMt 2
{th [< ﬁ*M’t) (PM?) Cart _ﬁw’t? (ﬁMt;l a 1> ] } 325

taking as given the processes for {Chr+, A, St, Dar e, P }520-
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Thus, the optimal price setting equation is given by

1 (Dmy —Ap DMt DMt Aol
— | == Chryp — — Dy | AD Ot
St \PM,t St Pt Pmt

N DMt 1

Mt PMt—1 PMt—1

. DM, t+1 DM, t+1
=-FL {Ft+1p7\4¢+1¢2 ( e 1) <~2 a >} (3.29)
DMt vat

3.2.2.3 The Export Sector Firms’ Problems

Each export firm is the monopolistic producer of one variety of export goods. The

domestic exports firm’s output is given by

. 2
x = Ak h ) — . (fX’t - 1)

where the first element of the right hand side of the above expression corresponds to
the production function of exports firms, which have access to a constant returns to
scale production technology. The firm hires labor h x,¢+ and capital k x,¢ from a perfectly
competitive market.

Moreover, the foreign demand for domestic exports is of the form X;d(p; ), where
X denotes the level of foreign demand and p;; denotes the relative (peso) price of the
export good in terms of the average (peso) price of domestic exports. The relative
price p;; is defined as stﬁ}yt /px .+, where s; is the nominal exchange rate, ﬁ},t is the
dollar price of the good produced by the firm, and px, is the average peso price of
domestic exports. The demand function d(.) is assumed to be decreasing and to satisfy
d(1) = 1 and d'(1) < —1. The restrictions on d(1) and d’(1) are necessary for the
existence of a symmetric equilibrium. The monopolist exporter sets the dollar price of
the good it supplies p , taking the level of aggregate demand for exports as given, and

is constrained to satisfy demand at that price; that is,

. 2

Yo T1— p

Atk%th}x,ta - % (15})“1 - 1) > Xid(pit) (3.30)
7t7

(Dollar) Profits for an export firm are given by

wthX,t _ Rth,t

Tx = Px, Xed(pir) — (3.31)

St St
Each period, imperfectly competitive firms choose capital l;:X’t, labor services h Xt

and the dollar price of exports 133(,1“ subject to demand and technological constraints (3.30),
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so as to maximize profits (3.31). Let the multiplier on the demand and supply equilib-

rium condition (3.30) be & X,trtﬁ},ﬁ then the firm will maximize the following expres-

sion:
> wih Rikx, ]
[—E Tolss Xod(p ) — DXt fukixe
t{tz:; t |Px (Pz,t) 5 s
o0 ¢ ﬁ* 2_
~ ~x 7 71— 2 X,
FE QS il | Xed(pid) = Ak B+ (13* t —1> (3.32)
t=0 X,t—1

taking as given the processes for {A;, Xy, wy, Ry, 5¢, D¢, x 1, M }i20-
As a result of the profit maximization process, input demands and export prices

must satisfy the following efficiency conditions:

R . T
?t = —fix P Ak by (3.33)
t

w ~ ~k 7.0 7—a
;: = —fixPx Atk (1 — a)hy (3.34)

S¢S $tP% \ ]
bxt bxt /]
StDx ¢ . Pxy 1
X d' ( ) +D0x,.:02 | = -1 o
bx.t Dx i1 Pxi-1)

~% ~% 2

~ 5tP Yo T1— p

X Xid ( pXXJ) — Atk%ihﬁ(’ta + @ (,,*X’t — 1>
it

N i Px, Px,
= Ei < fix i+1lt1Px 14192 % -1 % (3.35)
Px ¢ Px+

The interpretation of the first order conditions above are as follows: Equations (3.33)

+ix e

states that in equilibrium there is a wedge between the real rental rate of capital and
the marginal productivity of capital, which is explained by the monopolistic power of
the firms. Equation (3.34) states that in equilibrium there is a wedge between the real
wage rate and the marginal productivity of labor, which is explained, again, by the
presence of imperfectly competitive firms in the market. Equation (3.35) states that in
equilibrium there is a wedge between marginal revenue and marginal cost, as a result
of the presence of price adjustment costs a la Rotemberg (1982).

Let me define the real marginal cost mc; and real marginal revenue mr; as follows
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we
me; = 5t
T opn AR (1— )by
Px Atk x ¢ Xt
5tP 4
o StPx ¢
StPx t d( DXt )
mry =

pPx,t

Xt (%)
3.2.3 Equilibrium

I restrict attention to symmetric equilibria where all firms in the same sector charge
the same price for the good they supply.

In the non-tradable, imports and exports sectors, because of symmetric equilibria,
DNt = PNt, PMt = PM,t, and ﬁ*X7t = p}i, respectively. Moreover, in the exports
sector, p;; = 1 for all t. It then follows from the fact that all firms in the same sector
of production face the same wage rate and rental rate of capital, the same shocks
to technology and exports, and the same production technology, that they hire the
same amount of labor and capital; that is, in the non-tradable sector, h Nt = hn and

IEN’t = kn4, and in the exports sector, BX¢ = hx, and %X,t = kx ;. In addition, let
n=d(1)
denote the equilibrium value of the elasticity of demand faced by the individual exports

firm. Then, in equilibrium, the expression for the real marginal revenue mr; above

simplifies to

mry =1+ —
Furthermore, in the market for export goods the equilibrium condition!? is given by

Stpy
PXtYxt = Stpg(',tXtd (p ! >
t

where s; is the nominal exchange rate, expressed in number of units of domestic cur-
rency per unit of foreign currency, while X;d(.) is the quantity of domestic exports.
In addition, in equilibrium, the production of export goods must equal the (foreign)

demand for export goods.

yx,t = Xid (Stpt>
b

12The value in pesos of export goods produced equals the value in pesos of the quantity demanded
of export goods.
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After combining the two previous expressions, I obtain the expected result that

DXt = StDx ¢ (3.36)

which states that the price in pesos of domestic exports p; equals the product of the
nominal exchange rate s; times the dollar price of domestic exports pj.

As previously mentiones, due to their monopolistic power, domestic exports firms
choose the dollar price of exports p;. Clearly, an increase in p; can be interpreted as a
positive change to the terms of trade in the economy. That is, ceteris paribus, a positive
change in the price of domestic exports will increase the purchasing power of domestic
agents in terms of foreign goods (imports).

Notice that my model does not make explicit the use of a monetary aggregate in
the economy, although the domestic price level is a key variable in the model. It is
possible to introduce money explicitly to my model, but the conclusions should not
change. My model assumes that the monetary authority just supplies the amount of
money that maintains the exchange rate s; at its pegged value under the fixed exchange
rate regime, that maintains constant the peso price of domestic exports px; under
the flexible exchange rate regime that targets this price, and that keeps constant the
consumer price index p; under the exchange rate regime that targets this price.

Furthermore, in equilibrium, input markets must clear:

k‘t = kNﬂg + kX,t (337)

ht =hnt+hxt (3.38)

The stochastic processes for the level of foreign demand for domestic exports X

and the technology shock A; are exogenously given by

logXy = 1logXi—1 +exy, where ex;~ N(0,0%) (3.39)

logAy = plogAi—1 + €4y, where e4,~ N(O, %) (3.40)

where both ey and €4, are white noise random variables.
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3.3 Calibration

In this section, I do calibrate the model for the Peru, a country that has experienced a
very high level of (de facto) dollarization for more than 16 years. In this exercise, some
of the values for the calibrated parameters are taken from studies on the Canadian and
Argentinian economies, and some are taken from studies in the related literature. In
particular, several values for the parameters of the model have been taken from Mendoza
(1991), who calibrates the model to the Canadian economy!'3. Mendoza argues that
Canada is viewed as a typical small open economy because of the historical absence of
capital controls and the high degree of integration of its financial markets with those of
the United States. The parameter values that I will use in my simulation of the model
are given in Table 3.1 below.

Table 3.1: Calibration
Symbol  Value Description

a 0.5 Share of non-tradable goods in the consumption basket
« 0.32 Capital’s share of income
15 0.9615 Subjective discount factor
y 2 Coefficient of relative risk aversion
é 0.1 Depreciation rate
n -6 Price elasticity of demand for a specific export good variety
AD 6 Elasticity of substitution among varieties of both non-traded
and imported goods
2 0.00074 Parameter of the portfolio adjustment cost function on dollar bonds
s 0.00074 Parameter of the portfolio adjustment cost function on peso bonds
10} 0.028 Parameter of the capital adjustment cost function
P2 0.028 Degree of price stickiness
p 0.42 Degree of autocorrelation for the technology shock
T 0.56 Degree of autocorrelation for the exports shock
w 1.455 One plus the inverse of the intertemporal elasticity of
substitution in labor supply
oA 0.0129 Standard deviation of the technology shock error term
ox 0.0129 Standard deviation of the exports shock error term
r 0.04 World’s real interest rate
0 2 Elasticity of substitution between non-tradables and imported goods

In addition, following Schmitt-Grohe and Uribe (2003), I assign small values to the
parameters vy and 13'4, which help measure the portfolio adjustment costs that arise
from choosing debt levels in dollars and pesos different from their corresponding steady

state values. Also, I assign a value of 0.9615 to the discount factor [, since in the steady

13The data considered by Mendoza corresponds to annual observations for the period 1946-1985,
expressed in per capita terms of the population older than 14 years, transformed into logarithms and
detrended with a quadratic time trend.

141 have assumed that the values for these parameters are the same since, in principle, there is no
reason to think that the values must be different.
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state the discount factor equals the inverse of the gross world interest rate. Regarding
the world interest rate in dollars r, I assign it a value of 4 percent. Moreover, I assign
the values of 0.07 and 0.14 to the dollar debt and peso debt, respectively, which imply
steady state values for the level of dollarization and the ratio of total debt to output
equal to 50 percent and 0.25, respectively, which are consistent with the current values
for Peru. The value of 0.1 assigned to the annual depreciation rate  implies an average
investment ratio of about 19 percent, which is close to the average value observed in
Peru of about 20 percent!®. I set the parameter o, which determines the average capital
share of income, at 0.32, a value commonly used in the related literature. In addition, I
set the value of the price elasticity of demand on a specific good 7 equal to -6. This value
implies a steady state value for the (value-added) markup of 0.20, which is a reasonable

valuel®.

In addition, I assume a value of 2 for the elasticity of substitution between
non-tradable and imported goods, and a value of 0.5 for the share of non-tradable goods

in the consumption basket.

3.4 Solving the Model

I assume that in period 0 the government chooses the exchange rate regime. The
government is assumed to be endowed with a commitment technology that allows it to
maintain throughout time the policy decision it makes in period 0. As a result, the
announced policy enjoys full credibility on the part of the private sector; in other words,

there is no time inconsistency problem in my model.

3.4.1 Flexible Exchange Rate Regime with the peso price of exports

as nominal anchor

In the model with flexible exchange rate and the peso price of exports as nominal anchor,
first, the government (central bank) fixes the value of the peso price of domestic exports
px ¢+ to its long-run (nonstochastic steady state) level px, following Frankel (2003), and
then, after observing the realization of the exogenous shocks to technology and the

level of exports, households and firms, taking px; as given, solve their corresponding

15The average investment-output ratio for the period 1950-2008 is 20.9 percent, according to the IFS.

'Basu and Fernald (1997) estimate gross-output markup of about 0.1. They show that their estimates
are consistent wih values for the added-value markup of up to 0.25.
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contrained optimization problems, as explained above. Thus, under the exchange rate

regime that pegs the peso price of exports, I have
pX,t =DPx (341)

It is important to mention that Frankel (2003) suggests that pegging the export
price (PEP) is a monetary regime that can be applied to countries that are specialized
in the production of a particular agricultural or mineral commodity. PEP proposes
fixing the price of the single commodity in terms of local currency (here, pesos). It has
been objected that PEP is inappropriate for countries where diversification of exports is
an issue. For such countries the modified version, PEPI, developed by Frankel (2005),
proposes fixing the price of a comprehensive index of export prices. According to Frankel
(2005), in either version of the monetary regime (PEP or PEPI), one advantage is that
the currency depreciates automatically when the world market for the country’s exports

deteriorates.

3.4.1.1 The First Order Conditions

I am now ready to define an equilibrium. A competitive equilibrium is a set of plans for
{evenesenns heshixe, hngsies ke, kxon Eng, Biets Biipy, Aty Xty Nt P g5 PN PM 1
wy, Ry, s, RY, Rf} satisfying (3.2) — (3.4), (3.11) — (3.21), (3.23) — (3.27), (3.29) — (3.31),
(3.33) — (3.41), and some non-Ponzi game condition, given the fixed value of the
peso price of domestic exports px, exogenous processes { Ay, X;} and initial conditions
Ao, Xo, ko, Bo, By, Px,_1:PM,~1, D*¥N,~1-

Incidentally, I compute the level of dollarization for the economy (LD;) and the
ratio of total debt to output (RTDy) for each period in order to make a better analysis
of the impact of the different exogenous shocks to the economy. These two indicators

are defined as follows

LDy =1— —t (3.42)

(3.43)
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3.4.1.2 The Nonstochastic Steady State

In the nonstochastic steady state, the disturbance term in each exogenous process for
the model shocks is equal to its unconditional expected value; that is e4 = 0 and
ex = 0, which implies values for the level of domestic exports and the productivity
factor of X = 1 and A = 1, respectively. Due to the high non-linearity of the model,
one part of the model has to be solved numerically. A numerical solution is found for the
nonstochastic steady-state values of kxn, hy, pn, cn, hx, and p%. Then, an analytical

solution is found for the long-run equilibrium values of the following variables:

ey = AR Ry

h = hy + hx;
k=kn+kx;
w=h*"tp
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3.4.1.3 Effects on the Economy of a Positive Technology Shock

Table 3.2 below summarizes the impact effects on the economy that result from a

positive technology shock.

Table 3.2: Flexible E.R. (px): Impact Effects
ShOCk Yyx YN (& CN CM 7 h hX hN kt+1 kX k)N Bt+1 B:—H S
Ay o + + + - + + - + + - 4+ + +  +

A positive technology shock has an immediate adverse effect on the dollar price of
exports and thus on export firms’ revenues and profits: since the level of exports is
exogenous in my model, the increase in productivity makes the imperfectly competitive
export firms reduce their (dollar) prices significantly as they try to avoid the loss of
part of their share of the market in favor of their competitors; then the fall of dollar
price of exports affects export firms’ revenues and profits, and thus household’s income
from dividends. Moreover, since the positive technology shock makes the overall econ-

omy more productive, less resources (both capital and labor) in the exports sector are
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required to produce the same level of exports. On the other hand, in the nontraded
sector the positive technology shock allows firms to expand production and reduce their
price. Thus, nontradables firms will hire more capital and labor in order to increase
production. The demand for nontradables increases because of their lower price while
the demand for imports drops as they become relatively more expensive (the peso price
of imports increases as the peso depreciates on impact). Initially both consumption and
investment increase in response to the shock, but after the second year consumption
(as well as investment) falls below its long run equilibrium value and thus has a clear
adverse effect on welfare.

While the demand for capital in the exports sector drops, it increases in the non-
tradable sector. The net effect (on impact) on the demand for capital is positive, which
explains the initial increase in total investment. Overall, the adverse effects of the
technology shock on the economy dominates and, as a result, households will borrow
more from world financial markets (an increase in real terms in both debt in pesos and
dollars is observed) in order to smooth consumption and reduce the adverse effects of
the shock on welfare. However, this increase in total foreign debt will imply greater
interest payments and thus more resources will have to be sacrificed (distracted from in-
vestment and consumption) by domestic agents to repay their debt, which also explains
the resulting welfare loss from the shock.

Moreover, the peso depreciates on impact because of the lower amount of dollars
that flow into the economy following the technology shock: since the lower dollar price
of exports affects the dollar revenues of export firms, the dollar becomes “scarce” in the
domestic economy, which pushes up its price (the nominal exchange rate). In addition,
in line with the uncovered interest parity condition, the interest rate on peso bonds fall
on impact since domestic agents expect now an appreciation of the peso, which once
materialized will return the price of the dollar to is long-run equilibrium value. Also,
since an appreciation of the peso is expected, domestic agents will issue more dollar
debt, which increases the degree of dollarization in the economy.

Furthermore, as firms adjust capital they incur in costly capital adjustment costs,
which make the positive technology shock even more costly for the economy. Figures
(6.7) - (6.8) in the Appendix show the impact effects on consumption, hours, investment,

debt and other key endogenous variables of the model that follow a positive technology
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shock to the economy.

3.4.1.4 Effects on the Economy of a Positive Shock to the Value of Exports

Table 3.3 below summarizes the impact effects on the economy that result from a

positive shock to exports.

Table 3.3: Flexible E.R. (px): Impact Effects
ShOCk yx YN (& CN CM 7 h hx hN kt+1 kX kN Bt+1 B:+1 S
X, ¥ - + - + - + + - - + = = = =

A positive shock to exports has an immediate positive effect on both the dollar
price and the quantity of exports, and thus on the export firms’ revenues and profits:
a greater demand for exports allows all monopolistically competitive export firms to
charge a higher dollar price for their goods and produce more, which increases export
firms’ profits immediately, and thus household’s income from dividends. Moreover, since
the positive shock to exports makes exports firms expand production, more resources
(both capital and labor) in this sector will be hired to produce more. Richer households
increase their demand for final consumption goods, which in turn generates a greater
demand for nontradables and imported goods. But while the price of nontradables
increases, the price of imports decreases (due to the appreciation of the peso), which
causes a shift in demand from nontradable goods to imports. As a result, the initial net
effect on the production of nontradables is negative, which makes nontradables firms
hire less capital and labor. On the other hand, the demand for imports increases as
they become relatively cheaper. Overall, both consumption and hours worked increase
and the net effect on welfare is positive (that is, the positive consumption effect on
welfare dominates the negative leisure effect).

While the demand for capital in the exports sector increases, it falls in the nontrad-
able sector. The initial net effect on the demand for capital is negative, which explains
the initial drop in total investment. Overall, the positive effects of the shock to exports
on the economy dominate and, as a result, households will borrow less from world fi-
nancial markets (a drop in real terms in both debt in pesos and dollars is observed)
in order to smooth consumption and other positive effects on the economy. Notice

that the decrease in total foreign debt will imply lower interest payments and thus less
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resources will have to be sacrificed (distracted from investment and consumption) by
domestic agents to repay their debt, which also explains the welfare gain.

Moreover, the peso appreciates on impact because of the greater amount of dollars
that flow into the economy following the shock to exports. Since the greater level of
exports increases the dollar revenues of export firms, the dollar becomes “abundant”
in the domestic economy, which pushes down its price (the nominal exchange rate). In
addition, in line with the uncovered interest parity condition, the interest rate on peso
bonds jumps up on impact since domestic agents expect now a depreciation of the peso,
which once materialized will return the price of the dollar to is long-run equilibrium
value. Also, since a depreciation of the peso is expected, domestic agents will issue
more peso debt, which reduces the degree of dollarization in the economy.

Even though initially investment drops, after two periods it increases with respect
to its long run level: the economy decides to take advantage of the greater demand for
exports by increasing its stock of capital. Figures (6.9) - (6.10) in the Appendix show
the impact effects on consumption, hours, investment, debt and other key endogenous

variables of the model that follow a positive exports shock to the economy.

3.4.2 Flexible Exchange Rate Regime with the CPI as nominal anchor

In the model with flexible exchange rate regime that has the CPI as nominal anchor,
first, the government (central bank) fixes the value of the consumer price index p; to
its long-run (nonstochastic steady state) level p, and then, after observing the realiza-
tion of the exogenous shocks to technology and the level of exports, households and
firms, taking p; as given, solve their corresponding contrained optimization problems,
as explained above. Thus, under the flexible exchange rate regime that has the CPI as

nominal anchor, I have

Pt =D (3.44)

3.4.2.1 The First Order Conditions

A competitive equilibrium is a set of plans for {ct, cn ¢, care, he, hxt, hng, it ki1, kx e,
kN,tv Bt-i—l) B£k+17 )‘t7 MX ity Nty pi;(,tupN,t)pM,ty Wy, Rt7 St, Rfv R?} satisfying (32) - (34)7
(3.11) — (3.21), (3.23) — (3.27), (3.29) — (3.31), (3.33) — (3.40), (3.52), and some non-

Ponzi game condition, given the fixed value of the consumer price index p, exogenous
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processes { A, X} and initial conditions Ao, Xo, ko, Bo, Bj, P _1:PM,—1, PXN,—1-

3.4.2.2 The Nonstochastic Steady State

In the nonstochastic steady state, the disturbance term in each exogenous process for
the model shocks is equal to its unconditional expected value; thatise4 = 0andex = 0,
which implies values for the level of domestic exports and the productivity factor of
X =1 and A = 1, respectively. In addition, the steady state values for the rest of
endogenous variables in the model are the same as the ones stated in section 3.4.1.2

above.

3.4.2.3 Effects on the Economy of a Positive Technology Shock

Table 3.4 below summarizes the impact effects on the economy that result from a

positive technology shock.

Table 3.4: Flexible E.R. (CPI): Impact Effects
ShOCk yx YN C CN CM 7 h hx hN kt+1 k‘x kN Bt+1 Bt*-',-l S
Ay 0o + + + - + + - + + - + + + +

A positive technology shock has an immediate adverse effect on both the peso and
dollar price of exports and on the terms of trade: since the level of exports is exogenous
in my model, the increase in productivity makes the imperfectly competitive export
firms reduce their dollar prices significantly as they try to avoid the loss of part of
their share of the market in favor of their competitors (and even though there is a
nominal depreciation of the domestic currency on impact, the net effect on the peso
price of exports is negative). The fall of the dollar price of exports affects export firms’
revenues and profits, and thus household’s income from dividends. Moreover, since the
positive technology shock makes the overall economy more productive, less resources
(both capital and labor) in the exports sector are required to produce the same level
of exports. On the other hand, in the nontraded sector the positive technology shock
allows firms to expand production and reduce their price. Thus, nontradables firms
will hire more capital and labor in order to increase production. The demand for
nontradables increases because of their lower price while the demand for imports drops

as they become relatively more expensive (the peso price of imports increases as the



71

peso depreciates on impact). Initially both consumption and investment increase in
response to the shock, but after the second year consumption (as well as investment)
falls below its long run equilibrium value and thus has a clear adverse effect on welfare.

While the demand for capital in the exports sector drops, it increases in the non-
tradable sector. The net effect (on impact) on the demand for capital is positive, which
explains the initial increase in total investment. Overall, the adverse effects of the
technology shock on the economy dominates and, as a result, households will borrow
more from world financial markets (an increase in real terms in both debt in pesos and
dollars is observed) in order to smooth consumption and reduce the adverse effects of
the shock on welfare. However, this increase in total foreign debt will imply greater
interest payments and thus more resources will have to be sacrificed (distracted from in-
vestment and consumption) by domestic agents to repay their debt, which also explains
the resulting welfare loss from the shock.

Moreover, the peso depreciates on impact because of the lower amount of dollars
that flow into the economy following the technology shock: since the lower dollar price
of exports affects the dollar revenues of export firms, the dollar becomes “scarce” in the
domestic economy, which pushes up its price (the nominal exchange rate). In addition,
in line with the uncovered interest parity condition, the interest rate on peso bonds fall
on impact since domestic agents expect now an appreciation of the peso, which once
materialized will return the price of the dollar to is long-run equilibrium value. Also,
since an appreciation of the peso is expected, domestic agents will issue more dollar
debt, which increases the degree of dollarization in the economy.

Furthermore, as firms adjust capital they incur in costly capital adjustment costs,
which make the positive technology shock even more costly for the economy. Figures
(6.11) - (6.12) in the Appendix show the impact effects on consumption, hours, in-
vestment, debt and other key endogenous variables of the model that follow a positive

technology shock to the economy.

3.4.2.4 Effects on the Economy of a Positive Shock to the Value of Exports

Table 3.5 below summarizes the impact effects on the economy that result from a
positive shock to exports.

A positive shock to exports has an immediate positive effect on both the peso
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Table 3.5: Flexible E.R. (CPI): Impact Effects
Shock yx yn ¢ CN Cum 7 h hx hn kiy1 kx kv  Bina Bt*+1 S
X; ¥ - + - + - + + - - + = = ==

and dollar price of exports and the amount of exports, and thus on the export firms’
profits: a greater demand for exports allows all monopolistically competitive export
firms to charge a higher dollar price for their goods and produce more, which increases
export firms’ profits immediately, and thus household’s income from dividends (and
even though there is a nominal appreciation of the domestic currency, the net effect
on the peso price of exports is positive). Moreover, since the positive shock to exports
makes exports firms expand production, more resources (both capital and labor) in this
sector will be hired to produce more. Richer households increase their demand for final
consumption goods, which in turn generates a greater demand for nontradables and
imported goods. But while the price of nontradables increases, the price of imports
decreases (due to the appreciation of the peso), which causes a shift in demand from
nontradable goods to imports. As a result, the initial net effect on the production of
nontradables is negative, which makes nontradables firms hire less capital and labor.
On the other hand, the demand for imports increases as they become relatively cheaper.
Overall, both consumption and hours worked increase and the net effect on welfare is
positive (that is, the positive consumption effect on welfare dominates the negative
leisure effect).

While the demand for capital in the exports sector increases, it falls in the nontrad-
able sector. The initial net effect on the demand for capital is negative, which explains
the initial drop in total investment. Overall, the positive effects of the shock to exports
on the economy dominate and, as a result, households will borrow less from world fi-
nancial markets (a drop in real terms in both debt in pesos and dollars is observed)
in order to smooth consumption and other positive effects on the economy. Notice
that the decrease in total foreign debt will imply lower interest payments and thus less
resources will have to be sacrificed (distracted from investment and consumption) by
domestic agents to repay their debt, which also explains the welfare gain.

Moreover, the peso appreciates on impact because of the greater amount of dollars

that flow into the economy following the shock to exports. Since the greater level of
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exports increases the dollar revenues of export firms, the dollar becomes “abundant”
in the domestic economy, which pushes down its price (the nominal exchange rate). In
addition, in line with the uncovered interest parity condition, the interest rate on peso
bonds jumps up on impact since domestic agents expect now a depreciation of the peso,
which once materialized will return the price of the dollar to is long-run equilibrium
value. Also, since a depreciation of the peso is expected, domestic agents will issue
more peso debt, which reduces the degree of dollarization in the economy.

Even though initially investment drops, after two periods it increases with respect
to its long run level: the economy decides to take advantage of the greater demand for
exports by increasing its stock of capital. Figures (6.13) - (6.14) in the Appendix show
the impact effects on consumption, hours, investment, debt and other key endogenous

variables of the model that follow a positive exports shock to the economy.

3.4.3 Fixed Exchange Rate Regime

In the model with fixed exchange rate regime, first, the government (central bank) fixes
the value of the exchange rate s; to its long-run (nonstochastic steady state) level s, and
then, after observing the realization of the exogenous shocks to technology and the level
(volume) of exports, households and firms, taking s; as given, solve their corresponding
contrained optimization problems, as explained above. Thus, under the fixed exchange
rate regime, I have

St =S (3.45)

3.4.3.1 The First Order Conditions

A competitive equilibrium is a set of plans for {ct, cn ¢, care, he, hxt, hng, it ki1, kx e,
kN, Biy1, B 1, Aty X 65 Nt p},t,pN,t,pM,uwt, Ry, st, Rfv Ry} satisfying (3.2) — (3.4),
(3.11) — (3.21), (3.23) — (3.27), (3.29) — (3.31), (3.33) — (3.40), (3.53), and some non-
Ponzi game condition, given the fixed value of the nominal exchange rate s, exogenous

processes {A;, X;} and initial conditions Ay, Xo, ko, Bo, By, P _1: PM,—1, P*N,—1-

3.4.3.2 The Nonstochastic Steady State

In the nonstochastic steady state, the disturbance term in each exogenous process for

the model shocks is equal to its unconditional expected value; thatise4 = 0andex = 0,
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which implies values for the level of domestic exports and the productivity factor of
X =1 and A = 1, respectively. In addition, the steady state values for the rest of
endogenous variables in the model are the same as the ones stated in section 3.4.1.2

above.

3.4.3.3 Effects on the Economy of a Positive Technology Shock

Table 3.6 below summarizes the impact effects on the economy that result from a
positive technology shock.
Table 3.6: Fixed Exchange Rate: Impact Effects

ShOCk yx YN (& CN CM (2 h hX hN kt+1 kX k)N Bt+1 B:+1 P
A 0 + + + - + + - 4+ + - + + 4+ -

A positive technology shock has an immediate adverse effect on both the peso and
dollar price of exports and on the terms of trade: since the level of exports is exogenous
in my model, the increase in productivity makes the imperfectly competitive export
firms reduce their dollar prices significantly as they try to avoid the loss of part of
their share of the market in favor of their competitors (and the peso price of exports
falls as the dollar price drops since the exchange rate is fixed). The fall of the dollar
price of exports affects export firms’ revenues and profits, and thus household’s income
from dividends. Moreover, since the positive technology shock makes the overall econ-
omy more productive, less resources (both capital and labor) in the exports sector are
required to produce the same level of exports. On the other hand, in the nontraded
sector the positive technology shock allows firms to expand production and reduce their
price. Thus, nontradables firms will hire more capital and labor in order to increase
production. The demand for nontradables increases because of their lower price while
the demand for imports drops as they become relatively more expensive. The com-
bined effect of the shock on these two prices makes the CPI fall, which increases the
demand for the final good. Thus, initially both consumption and investment increase
in response to the shock, but after the second year consumption (as well as investment)
falls below its long run equilibrium value and thus has a clear adverse effect on welfare.

While the demand for capital in the exports sector drops, it increases in the non-

tradable sector. The net effect (on impact) on the demand for capital is positive, which



75

explains the initial increase in total investment. Overall, the adverse effects of the
technology shock on the economy dominates and, as a result, households will borrow
more from world financial markets (an increase in real terms in both debt in pesos and
dollars is observed) in order to smooth consumption and reduce the adverse effects of
the shock on welfare. However, this increase in total foreign debt will imply greater
interest payments and thus more resources will have to be sacrificed (distracted from in-
vestment and consumption) by domestic agents to repay their debt, which also explains
the resulting welfare loss from the shock.

Furthermore, as firms adjust capital they incur in costly capital adjustment costs,
which make the positive technology shock even more costly for the economy. Figures
(6.15) - (6.16) in the Appendix show the impact effects on consumption, hours, in-
vestment, debt and other key endogenous variables of the model that follow a positive

technology shock to the economy.

3.4.3.4 Effects on the Economy of a Positive Shock to the Value of Exports

Table 3.7 summarizes the impact effects on the economy that result from a positive

shock to exports.

Table 3.7: Fixed Exchange Rate: Impact Effects
ShOCk Yx YN C CN CM 7 h hx hN kt+1 kX kN Bt+1 B:+1 P
X, + - + - + - + + - - + - - -+

A positive shock to exports has an immediate positive effect on both the peso and
dollar price of exports and the amount of exports, and thus on the export firms’ profits:
a greater demand for exports allows all monopolistically competitive export firms to
charge a higher dollar price for their goods and produce more, which increases export
firms’ profits immediately, and thus household’s income from dividends (and the peso
price of exports increases as the dollar price goes up since the exchange rate is fixed).
Moreover, since the positive shock to exports makes exports firms expand production,
more resources (both capital and labor) in this sector will be hired to produce more.
Richer households increase their demand for final consumption goods, which in turn
generates a greater demand for nontradables and imported goods. But while the price

of nontradables increases, the price of imports stays the same, which causes a shift
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in demand from nontradable goods to imports. As a result, the initial net effect on
the production of nontradables is negative, which makes nontradables firms hire less
capital and labor. On the other hand, the demand for imports increases as they become
relatively cheaper. Overall, both consumption and hours worked increase and the net
effect on welfare is positive (that is, the positive consumption effect on welfare dominates
the negative leisure effect).

While the demand for capital in the exports sector increases, it falls in the nontrad-
able sector. The initial net effect on the demand for capital is negative, which explains
the initial drop in total investment. Overall, the positive effects of the shock to exports
on the economy dominate and, as a result, households will borrow less from world fi-
nancial markets (a drop in real terms in both debt in pesos and dollars is observed)
in order to smooth consumption and other positive effects on the economy. Notice
that the decrease in total foreign debt will imply lower interest payments and thus less
resources will have to be sacrificed (distracted from investment and consumption) by
domestic agents to repay their debt, which also explains the welfare gain.

Even though initially investment drops, after two periods it increases with respect
to its long run level: the economy decides to take advantage of the greater demand for
exports by increasing its stock of capital. Figures (6.17) - (6.18) in the Appendix show
the impact effects on consumption, hours, investment, debt and other key endogenous

variables of the model that follow a positive exports shock to the economy.

3.4.4 Comparing Moments under Alternative Exchange Rate Regimes

Tables 3.8 and 3.9 below shows the second moments for some variables of interest. Re-
garding volatility, under all regimes consumption is more volatile than total domestic
output (a common result in small open economy models), capital is less volatile than
consumption, and hours worked are less volatile than total output. Regarding comove-
ments, under all regimes consumption, hours worked, and capital are procyclical. It
is also worth noticing that among all exchange rate regimes, pegging the peso price
of exports delivers the lowest volatility for consumption, peso debt, dollar debt, and
welfare. These results are consistent with those from the welfare comparison to be
discussed below.

In all cases investment is more volatile than both consumption and output, and



Table 3.8: Comparing Moments

Variables FIXED E.R. FLEXIBLE E.R.(CPI)
W o c(t,=1)  c(Xt.yt) W o c(t,—1)  c(Xt.yt)
At 1.000 0.020 0.357 0.693 1.000 0.020 0.360 0.685
Biy1 0.830 0.318 0.991 -0.415 0.757 0.327 0.992 -0.428
B;‘+1 0.830 0.318 0.991 -0.415 0.759 0.315 0.992 -0.428
real — B:+1 0.551 0.213 0.989 -0.403 0.503 0.211 0.990 -0.416
real — Byyq 0.551 0.213 0.989 -0.403 0.523 0.226 0.992 -0.428
real — Debt 1.101 0.426 0.989 -0.403 1.026 0.437 0.991 -0.422
ct 1.806 0.061 0.727 0.723 1.814 0.062 0.729 0.723
CM,t 1.935 0.050 0.772 0.709 1.949 0.051 0.776 0.720
CN,t 0.693 0.048 0.521 0.543 0.691 0.049 0.526 0.538
¢ — 1y — ratio 80.549 1.996 0.680 0.319 80.766 2.011 0.693 0.329
Debt — y — ratio 49.121 19.343 0.989 -0.439 45.661 19.884 0.991 -0.457
Dollarization — ratio 50.001 0.000 0.991 0.415 48.983 0.338 0.839 0.642
Ry 0.351 0.008 0.614 0.375 0.338 0.007 0.352 0.614
I;—tt 0.233 0.004 0.337 0.616 0.234 0.005 0.352 0.614
ht 1.059 0.010 0.478 1.000 1.061 0.010 0.488 1.000
hn.t 0.434 0.022 0.496 0.512 0.433 0.022 0.503 0.512
hx ¢ 0.626 0.019 0.441 -0.043 0.628 0.019 0.466 -0.051
it 0.638 0.032 0.125 0.570 0.639 0.033 0.135 0.582
i —y — ratio 28.483 1.233 0.066 0.281 28.444 1.247 0.082 0.304
k¢ 3.312 0.052 0.786 0.609 3.302 0.053 0.785 0.598
kNt 1.356 0.075 0.668 0.380 1.349 0.076 0.674 0.375
kx. ¢ 1.956 0.055 0.136 -0.215 1.954 0.055 0.153 -0.233
At 0.970 0.009 0.733 -0.620 0.969 0.010 0.737 -0.623
KNt -0.839 0.000 -0.078 0.332 -0.839 0.000 -0.054 0.356
BX,t -0.834 0.000 -0.079 0.332 -0.834 0.000 -0.054 0.356
Pt 1.508 0.015 0.640 -0.303 n.a. n.a. n.a. n.a.
Dy 2.001 0.054 0.639 -0.303 2.009 0.056 0.645 -0.293
PM, ¢t 1.192 0.000 0.774 0.709 1.143 0.012 0.646 0.293
PNt 1.990 0.054 0.640 -0.303 1.914 0.033 0.646 -0.293
T 0.926 0.017 0.723 0.825 0.930 0.018 0.736 0.822
TM,t 0.372 0.010 0.772 0.709 0.374 0.010 0.779 0.720
real — mwpy ¢ 0.247 0.007 0.619 0.764 0.248 0.007 0.624 0.775
TNt 0.222 0.010 0.490 0.646 0.222 0.010 0.496 0.647
real — TN ¢ 0.147 0.008 0.497 0.600 0.147 0.008 0.504 0.599
real — m¢ 0.614 0.012 0.572 0.931 0.616 0.012 0.578 0.934
TX t 0.332 0.013 0.487 0.069 0.334 0.013 0.513 0.061
real — wx ¢ 0.220 0.007 0.426 0.192 0.221 0.007 0.457 0.180
PX,t 2.001 0.054 0.639 -0.303 1.926 0.033 0.646 -0.293
:J\)fIYtt 1.678 0.046 0.639 -0.303 1.686 0.047 0.646 -0.293
RP n.a. n.a. n.a. n.a. 1.040  0.004 0.665 -0.228
St n.a. n.a. n.a. n.a. 0.959 0.010 0.645 0.293
Vi 3.988 0.647 0.995 0.469 4.076 0.664 0.996 0.484
wi 1.570 0.016 0.648 0.363 1.508 0.010 0.488 1.000
% 1.041 0.007 0.478 1.000 1.042 0.007 0.488 1.000
Xt 1.000 0.020 0.275 0.548 1.001 0.019 0.304 0.537
X — y — ratio 59.202 1.887 0.477 -0.347 59.310 1.909 0.491 -0.350
y — in — dollars 3.381 0.056 0.553 0.814 3.390 0.057 0.579 0.806
YM,t 1.935 0.050 0.772 0.709 1.949 0.051 0.776 0.720
YNt 0.693 0.048 0.521 0.543 0.691 0.049 0.526 0.538
Yt 2.242 0.037 0.477 1.000 2.246 0.037 0.486 1.000
YX t 1.000 0.020 0.275 0.548 1.001 0.019 0.304 0.537




Table 3.9: Comparing Moments

Variables FLEXIBLE E.R. (px)
© o ct=1)  c(Xt,ye)
A; 1.000 0.021 0.349 0.711
Byi1 0.922 0.286 0.986 -0.392
By, 0.910 0.260 0.986 -0.392
real — B}, 0.600 0.173 0.983 -0.376
real — Byi1 0.678 0.207 0.990 -0.417
real — Debt 1.278 0.381 0.988 -0.399
ct 1.795 0.059 0.704 0.713
et 1.956 0.046 0.723 0.716
et 0.672 0.049 0.519 0.538
¢ —y — ratio 80.279 1.940 0.668 0.280
Debt — y — ratio 57.158  17.364 0.987 -0.441
Dollarization — ratio 46.915 0.826 0.787 0.622
Ryt 0.323 0.008 0.136 0.747
%ﬂ 0.238 0.005 0.335 0.624
ht 1.061 0.011 0.458 1.000
Rt 0.426 0.022 0.495 0.505
hx.t 0.634 0.019 0.460 -0.039
it 0.638 0.033 0.115 0.575
i —y — ratio 28.516 1.268 0.069 0.296
ke 3.216 0.052 0.774 0.582
kNt 1.293 0.075 0.669 0.363
kx.t 1.924 0.055 0.134 -0.238
At 0.971 0.010 0.714 -0.601
BN, -0.839 0.000 -0.408 0.256
Xt -0.834 0.000 -0.071 0.361
Pt 1.359 0.024 0.632 0.331
P} 2.035 0.058 0.630 -0.332
Pt 1.067 0.030 0.631 0.332
PNt 1.812 0.000 -0.067 -0.362
T 0.931 0.017 0.682 0.823
MLt 0.375 0.009 0.732 0.716
real — mar t 0.247 0.007 0.569 0.771
TNt 0.219 0.010 0.486 0.636
real — wN ¢ 0.144 0.008 0.498 0.592
real — ¢ 0.614 0.012 0.533 0.938
Xt 0.337 0.013 0.502 0.059
real — Tx ¢ 0.222 0.007 0.448 0.190
PX.t n.a. n.a. n.a. n.a.
PX,t 1.707 0.049 0.631 -0.332

PM,t

RP 1.040 0.011 0.662 -0.249
st 0.895 0.025 0.630 0.332
Vi 3.555 0.576 0.992 0.469
wy 1.414 0.030 0.581 0.600
%ﬁ 1.041 0.007 0.458 1.000
Xy 0.999 0.020 0.297 0.594
X —y — ratio 59.940 1.939 0.485 -0.344
y — in — dollars 3.392 0.056 0.530 0.800
YM.t 1.956 0.046 0.723 0.716
YNt 0.672 0.049 0.519 0.538
yt 2.236 0.038 0.456 1.000
yx .t 0.999 0.020 0.297 0.594

78
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consumption is more volatile than output. The last result is a well-known stylized
fact for small open economies, which has been explained mainly by their inability to
smooth consumption fully, which is in turn due to their limited access to well developed

financial markets (that is why I assume asset market incompleteness in this model).

3.4.5 The Welfare Measure
3.4.5.1 Conditional Welfare

In this study, I evaluate the welfare consequences of three alternative exchange rate
regimes. I depart from the usual practice of identifying the welfare measure with the
unconditional expectation of lifetime utility because using unconditional expectations
of welfare amounts to not taking into account the transitional dynamics leading to the
stochastic steady state'”. The conventional choice of unconditional expectation is usu-
ally due to its merit of computational simplicity. Following Schmitt-Grohe and Uribe
(2004b), I assume that in the initial state, all state variables are in their non-stochastic
steady states, and the exchange rate policies are evaluated by the conditional expecta-
tions of the discounted lifetime utility'®. Because the deterministic steady state is the
same across all the exchange rate regimes I consider, my choice of computing expected
welfare conditional on the initial state being the nonstochastic steady state ensures that
the economy begins from the same initial point under all possible policies. Therefore,
my strategy will deliver the constrained optimal exchange rate regime associated with
a particular initial state of the economy. An additional advantage in this choice of
the initial state is that it can significantly simplify my welfare calculations: all terms
containing state variables vanish in my approximation of expected lifetime utility.

To understand how the conditional expectation is calculated, here I follow the steps

made by Wang (2006). Let V; be the conditional expectation of lifetime utility at time

17 According to Kim and Levin (2005), using a criterion of which the discount factor is set to unity
is also equivalent to maximizing the unconditional welfare, since no discounting implies that only the
events in the far future matters for welfare evaluations. Though inconsistent with the private agents’
behavior, the unconditional welfare criterion has been used since it is easy to compare different policy
rules. Under this criterion, the transitional dynamics becomes irrelevant and the comparison does not
depend on initial conditions of the economy.

181t is of interest to investigate the robustness of my results with respect to alternative initial con-
ditions. For, in principle, the welfare ranking of the alternative polices will depend upon the assumed
value for (or distribution of) the initial state vector. For further discussion of this issue, see Kim et al.
(2003) and Schmitt-Grohe and Uribe (2004c).
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Vi = E, {i B U (cs, hs)} (3.46)

s—t

To find a second-order approximation of V;, I can define V; as a new control variable
in my model. From equation (3.46), I can obtain that V; follows a law of motion as in
equation (3.47)

Vi = BEAVis1} = Uler, ) (3.47)

I can put equation (3.47) into my system (in 4.1.1 or 4.2.1, depending on the ex-
change rate regime) and find a second-order approximation of the solution to this control
variable through Schmitt-Grohe and Uribe’s (2004c) algorithm®.

Vi = 9(X,0) ~ g(X,0) + (Xi — X)'92(X,0) + g5 (X, 0)0
5 (X0 = X ealX,0)(X — X) 4 Lo (X, 0)0”
+(Xt — X)'g20 (X, 0)0 (3.48)
Here X, is the vector of state variables in my model, X is the deterministic steady-state
of the state vector, and o is a parameter scaling the standard deviation of the exogenous
shocks.
Let V = g(X,0) be the non-stochastic steady state lifetime utility. Then, using

equation (3.47) I obtain

(3.49)

I have supposed that at time ¢, all state variables are in the non-stochastic steady
state, therefore X; = X. This helps me eliminate all terms containing X; — X. Further-
more, from Theorem 1 of Schmitt-Grohe and Uribe (2004c), I know g,(X,0) = 0 and
gzo(X,0) = 0. Now I can obtain a second-order approximation of V; in a very simple
form

1
V=V + 5g(m(X,o)UQ (3.50)

Clearly, if the initial state of the economy is the non-stochastic steady state, the

calculation of conditional welfare is greatly simplified.

19The Matlab programs for the second-order approximation method are available at Uribe’s website.
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3.4.5.2 The Conditional Welfare Cost Measure

As the results on conditional welfare will show below, in my model one exchage rate
policy dominates the other two. To understand how that result is obtained, here I
derive an expression that allows me to quantify the difference on welfare between any
two exchange rate regimes. Thus, for instance, the algorithm stated below gives the
percentage of the consumption of the “composite good”?? stream associated with the
flexible exchange rate that households are willing to give to be as well off under the
flexible exchange rate as under the fixed exchange rate. Let ¢f' be the contingent plan
for the consumption of the composite good associated with the flexible exchange rate
regime and ¢ be the contingent plan for consumption of the composite good associated
with the fixed exchange rate. Then I can define the welfare cost of the flexible exchange

rate regime rather than the fixed exchange rate regime as the value of A, such that

Ve =FE {i AU ((1 - Ac)c{‘)} (3.51)
t=0
A

where c;* represents the value of the composite good in period t under the flexible
exchange rate.
Remember that in my model, period utility (as a function of the composite good)

under the flexible exchange rate is given by

c
U(cf) = —— - (3.52)
Now notice that
Al— 1—
~ —1) (A=)t -1
1= A)eh) = (1= M) [ & c :
U((T=X)e) =(1—A) < T + T (3.53)
Then it follows that
(1—-A)7—1

VE =1 -2)VA+ (3.54)

(1 =71 -5)

29By “composite good” I mean the combination of consumption and leisure that directly affects the
level of period utility and thus welfare. In my model the composite good is given by (¢ — %) Even
though it is traditional to measure welfare cost in terms of units of consumption goods, I argue that it
is also valid to measure the welfare cost in terms of the particular combination of consumption goods
and leisure (according to the particular utility function used) since this combination has a direct impact
on the level of utility and thus on welfare in the economy.
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Now I use V;* = g (z4,0) and V;Z = ¢gP (24, 0) to restate the above expression:

(1—-2)7 -1
(1=7)(1-0)

95 (x1,0) = (1= \) g (xr,0) + (3.55)

It follows that

Ao = Az, 0) (3.56)

I want to find a second-order accurate approximation of Equations (3.54) and (3.55)
around (x¢,0) = (z,0). After totally differentiating both expressions, evaluating both
of them at (x4,0) = (Z,0) and applying a set of results found by Schmitt-Grohe and

Uribe (2003), I obtain that the conditional welfare cost measure is given by

. ll—ﬁ
e

w

(Vs (2,0) = V.5 (z,0)) (3.57)

I\D‘Qw

The welfare cost A.x100 indicates the percentage of the consumption (of the compos-
ite good) stream associated with the flexible exchange rate that households are willing
to give up to be as well off as under the fixed exchange rate regime.

3.4.5.3 Conditional Welfare Results

Table 3.10 below shows the results regarding the conditional welfare computed under

alternative exchange rate regimes.

Table 3.10: Conditional Welfare

C.W. Value
Flexible Rate (px) 3.7886
Flexible Rate (CPI) 3.7509
Fixed Rate 3.7480

Welfare Cost (px vs. CPI) 0.093%
Welfare Cost (px vs. fixed) 0.100%

From this table, it is clear that the conditional welfare associated with the flexible
exchange rate regime with the peso price of exports as nominal anchor is greater than
those related to the flexible rate regime with CPI targeting and the fixed exchange
rate regime. Therefore, the best exchange rate policy is the one that pegs the peso

price of exports (alternatively, pegging the peso price of exports dominates the other
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two monetary regimes). The results from the welfare cost analysis are (as expected)
consistent with the results from the conditional welfare comparison. Since the welfare
costs are strictly positive they clearly show that the flexible exchange rate with the peso
price of exports as nominal anchor is superior to the other two exchange rate regimes.

The result that the fixed exchange rate regime is the worst policy (among the three)
reflects its creation of an additional costly burden to the economy: First, under this
regime, in the market for peso bonds, only the quantity of peso bonds can be adjusted,
not its price (the interest rate in pesos rf), and this adjustment is costly (due to the
presence of quadratic portfolio adjustment costs). Secondly, since a fixed exchange rate
makes the interest rate on peso bonds equal to that on dollar bonds, it follows that
in practice the domestic economy will be able to issue only one type of bonds (which
pays the interest rate on dollar bonds), and as it is well known, decreasing the number
of assets traded internationally should reduce welfare (because it increases the degree

of market incompleteness), as suggested by Benigno (2009)2!.

Thirdly, since under
the fixed regime there is one less relative price (the interest rate in pesos), the rest
of the variables of the model are forced to absorb the shocks, making the variables
more volatile (that is, shocks are magnified), and thus increasing their associated un-
certainty, which will in turn cause a loss of efficiency in the allocation of resources (both
intratemporal and intertemporal); certainly, some of these variables are consumption
and hours worked, which directly affect welfare. Overall, under the fixed exchange rate
regime, following exogenous shocks to the economy, there will be a significant impact
on consumption, hours, investment, the capital stock, output, and welfare.

The result that pegging the peso price of exports (PEP) is a better monetary regime
than targeting the CPI is mainly explained by two factors: First, PEP delivers adjust-
ments in the nominal exchange rate that allow the economy to absorb more effectively

the exogenous shocks to the economy, with a resulting better smoothing of consumption

and thus a greater level of welfare. For example, under PEP and following a positive

2In addition, one of the fundamental principles of modern portfolio theory states that, in order to
obtain the best possible combination of risk and return on a portfolio of assets, an investor should
add to his portfolio an asset whose return is not perfectly positively correlated to the return of any
asset that composes the portfolio. Now, notice that in my model, under the flexible exchange rate, the
interest rate on peso bonds is not correlated with the interest rate on dollar bonds, which is assumed
to be constant.
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shock to exports, the government (central bank) keeps constant the peso price of ex-
ports and allows an impact appreciation of the peso that is greater than that under
targeting the CPI. The appreciation makes imports much cheaper and thus causes a
greater increase in their demand. Moreover, the price of final goods drops and thus
both consumption and investment increase more than under the CPI-targeting regime;
and even though hours work increase more, the positive net effect on welfare is greater
under PEP than under CPI targeting. Second, following a depreciation of the domestic
currency, an increase in the price of imports will (in general) create a pressure on the
CPI to go up, to which the central banck will react by implementing a contractionary
monetary policy (which in my model takes the form of an increase in the interest rate
on peso bonds), which will affect welfare. In contrast, under PEP, the central bank will

not react to such a pressure on the CPI.

3.5 Bayesian estimation using data from Peru

Bayesian methods have become a powerful tool to conduct empirical research. This
approach allows a researcher to incorporate prior information to his evaluation of the-
oretical models with the use of observed data. Using the posterior distributions for
parameters, a researcher can use his model to perform policy analysis or forecast the
dynamics of macroeconomic variables. In this section I pursue Bayesian analysis to
estimate the parameters of the model under each of the exchange rate regimes using
DYNARE and assuming GHH preferences.

Peru is a South American developing economy that has grown at an average rate
of 6.8 percent during the last seven years, that has had a managed floating exchange
rate regime since early 1990’s, and that has had a degree of dollarization of at least 50
percent in the last 16 years. Moreover, the current world economic crisis has slowed
down its pace of growth: current estimates for its 2009 annual rate of growth indicate
an expansion of about 1.3 percent??. Certainly, the demand for its export goods from
its main trade partners (including the US and Europe) has declined. Regarding the
degree of dollarization in Peru, dollarization has been an important problem following

the hyperinflation process it experienced in late 1980s.

22Figure reported in “The Economist” magazine, September 2009.
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3.5.1 The Data

The annual data on consumption, GDP, GDP deflator and population for Peru (for
the period 1950-2008) was obtained from the International Financial Statistics (IFS)
website. The data on nominal consumption and nominal GDP was deflated using the
GDP deflator, divided by the size of the population (in order to express the magnitudes
in per capita terms since this is a representative-agent model), and detrended using
the Hodrick and Prescott (1980, 1997) filter (the HP-filter hereafter)?3. Incidentally,
since I work with annual data, I used a smoothing parameter equal to 6.25 to apply
the HP filter, which is the value proposed by Ravn and Uhlig (2002)%4. Finally, the
resulting GDP and consumption series were normalized in such a way the mean of the
consumption series keeps its relative importance with respect to that of GDP (as the

real per capita series for these two variables indicate).

3.5.2 Prior densities

The choice of my prior densities is mostly based on the previously discussed calibration
and also draws on the related literature. A few values have been chosen so that I
can explore a wider range of possibilities regarding the values of parameters. Both
innovations’s standard deviations have inverted-gamma distributions with mean equal
to 0.06 and standard deviation equal to 1. The persistence parameters in the two AR(1)
processes for the shocks are beta-distributed with mean equal to 0.5 and standard
deviation equal to 0.15. The prior on the parameter «, which measures the capital’s
share of income, follows a normal distribution with mean equal to 0.32 and standard
deviation equal to 0.16. The values for the size of the debt in both currencies in
the steady state are beta distributed; the mean of the peso-debt is equal to 0.8 and
that of the dollar-debt is equal to 0.8. The standard deviation of the peso debt is
equal to 0.1, and that of the dollar debt is equal to 0.1. Both the capital adjustment
cost and the price adjustment cost parameters follow a beta distribution with a mean
equal to 0.028 and a standard deviation equal to 0.01. Both portfolio adjustment costs

parameters follow a beta distribution with a mean equal to 0.00037 and a standard

23The HP-filter was actually applied to the natural logarithms of the series.

24In contrast, a value of 100 for yearly data has been commonly used in the business cycle literature.
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deviation equal to 0.0002. The CRRA parameter is normally distributed with mean
equal to 2 and standard deviation equal to 0.5. The parameter associated with the
intertemporal elasticity of substitution in labor supply is normally distributed with
mean equal to 1.455 and standard deviation equal to 0.5. The rate of depreciation has
a beta distribution with mean equal to 0.1 and standard deviation equal to 0.05. The
price elasticity of demand for a specific good variety has a normal distribution with
mean equal to -6 and standard deviation equal to 1. In a similar way, the elasticity
of substitution among varieties of both non-traded and imported goods is normally
distributed with a mean equal to 6 and a standard deviation equal to 1. The parameter
associated with the elasticity of substitution between non-tradables and imported goods
has a normal distribution with mean equal to 2 and standard deviation equal to 0.5. And
the share of non-tradable goods in the consumption basket follows a normal distribution

with mean equal to 0.5 and standard deviation equal to 0.15.

3.5.3 Analysis of posterior estimates

Posterior densities result from 20,000 replications. As can be seen in Figures (6.19) -
(6.20) in the Appendix, the posterior densities obtained from applying the Bayesian
estimation using the model that assumes a flexible exchange rate regime with CPI
targeting are very similar to those obtained from applying the estimation using the
model that assumes a flexible exchange rate regime with pegging the peso price of
exports and the model with fixed exchange rate regime. The analysis of the posterior
estimates will be based on the results from the model that assumes a fixed exchange
rate regime and concentrate in those results that deserve some especial attention.

The main results are summarized in Tables (3.11) and (3.12) below. The persistence
parameter of the technology process has a posterior mean equal to 0.39 and that related
to the shock to exports has a posterior mean equal to 0.33, that is, the technology shock
is more persistent than the shock to exports. These results are consistent with the
results obtained from the forecast error variance decomposition (shown below): Even
though the evolution of exports and the terms of trade in small open economies is key
to explain their macroeconomic dynamics, the technology shock is still the main driving
force of business cycles regarding both magnitud and persistence. With respect to the

size of the debt in both domestic and foreign currency, their posterior means are close to
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the priors, suggesting that these values are reasonable. The capital’s share of income has
a posterior mean of 0.42, which is higher than those in developed economies, but closer
to values in the range of 0.5-0.7 that have been used in studies on the Peruvian economy
by authors such as Castillo et al (2006) and Carranza et al (2005). With respect to
the share of non-tradable goods in the consumption basket, its posterior mean of 0.55
is not very different from the value of 0.4 that has been used by Castillo et al (2006).
The parameter associated with the elasticity of substitution between non-tradables and
imported goods has a posterior mean of 2.39, which is within the range of estimated
values (1.2-3.0) obtained by Castillo et al (2006). Regarding the depreciation rate, its
posterior mean is about 0.08, which is smaller than the standard value of 0.1 used in the
literature. The CRRA parameter has a posterior mean of 0.28, which is low, implying
low risk aversion. Regarding the estimated posterior means for the rest of parameters
that have been estimated, the results indicate that their priors are plausible.
Therefore, the analysis of the posterior estimates allows me to conclude that the
Bayesian estimation of the model, which uses data from Peru, shows that most of the
values of the fundamental parameters of the model used in the first part of this study

(the analysis of a calibrated model) are plausible, which makes those results important.

Table 3.11: Estimation Results

FIXED E.R. FLEXIBLE E.R. (CPI)
parameters prior post. conf.interv. post. conf.interv.
mean mean mean
« 0.32 0.4201  0.3636  0.4761 0.4202  0.3638  0.4754
B 0.8 0.7994  0.6467  0.9576 0.8026  0.6539  0.9593
B* 0.8 0.7994  0.6453  0.9602 0.7981  0.6455  0.9568
1) 0.028 0.0398 0.011  0.0671 0.0397  0.0109  0.0667
o2 0.028 0.0279  0.0065  0.0486 0.0275  0.0063  0.0477
p 0.5 0.3943  0.1798  0.6059 0.3968  0.1855  0.6085
T 0.5 0.3391 0.132  0.5359 0.3396  0.1373  0.5377
P2 0.0007 0.0004  0.0001  0.0007 0.0004  0.0001  0.0007
3 0.0007 0.0004 0.0001  0.0006 0.0004 0.0001  0.0007
¥ 2 0.2753  0.0886  0.4659 0.2826  0.1036  0.4594
w 1.455 1.7957  1.1105  2.4667 1.789  1.1076  2.4512
§ 0.1 0.1983  0.1258  0.2704 0.2008  0.1292  0.2716
n -6 -6.0099 -7.6884 -4.3627 -6.0665 -7.5918 -4.4845
a 0.5 0.5461  0.4677  0.6266 0.5458  0.4651  0.6259
0 2 2.3942  1.8421 2.9334 2.3456  1.7601  2.9011
AD 6 6.1932 4.7112  7.6684 6.1707  4.5798  7.6979
oA 0.06 0.0254  0.0119  0.0388 0.0253  0.0127 0.038
ox 0.06 0.0198  0.0145 0.025 0.0197 0.0146  0.0244
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Table 3.12: Estimation Results
FLEXIBLE E.R. (px)

parameters prior post. conf.interv. prior prior
mean mean distr. o

« 0.32 0.42 0.3622  0.4768 norm 0.16
B 0.8 0.8072  0.6618  0.9632 beta 0.1
B 0.8 0.8009  0.6489  0.9591 beta 0.1
1) 0.028 0.0394  0.0106  0.0662 beta 0.014
o2 0.028 0.0273 0.006  0.0475 beta 0.014
p 0.5 0.3991 0.1831 0.6112 beta 0.2
T 0.5 0.342 0.138  0.5438 beta 0.2
P2 0.0007 0.0004  0.0001 0.0007 beta  0.0002
s 0.0007 0.0004  0.0001 0.0007 beta  0.0002
¥ 2 0.3024  0.0998  0.5008 norm 0.5
w 1.455 1.7848 1.0828 2.454 norm 0.5
1 0.1 0.2064  0.1302  0.2838 beta 0.05
n -6 -6.0412 -7.5761 -4.4499 norm 1
a 0.5 0.5515  0.4632  0.6474 beta 0.15
0 2 2.3891 1.7769  2.9874 norm 0.5
AD 6 6.186 4.5841 7.7901 norm 1
oA 0.06 0.0264  0.0126  0.0404 invg 1
ox 0.06 0.0196  0.0145  0.0245 invg 1

3.5.4 Forecast Error Variance Decomposition

The results obtained from this part of the analysis (see Table (3.13) below) show that
in my model the shock to exports explains all the volatility of output and the level
of exports. Regarding the technology shock, more than 50 percent of the volatility
of consumption, hours worked and profits is explained by this shock, and more than
70 percent of the volatility of investment and the stock of capital is also explained by
this shock. Overall, the technology shock is the main driving force in this small open
economy, but the shock to exports plays also an important role in determining the

dynamics of its macroeconomic variables.

3.6 Conclusions

In this paper I use a dynamic stochastic general equilibrium model with endogenous dol-
larization to study the welfare implications of three alternative exchange rate regimes.
In my model infinitely-lived households finance consumption, investment and debt re-
payment by issuance of short-term bonds denominated in both domestic (pesos) and
foreign currency (dollars). Thus, the optimal currency composition of households’ port-
folios of liabilities is adjusted every period in response to the economy’s performance.

In turn, imperfectly competitive domestic firms set the dollar price of exports every



Table 3.13: Forecast Error Variance Decomposition

Variables FIXED E.R. FLEXIBLE E.R. (CPI) FLEXIBLE E.R. (px)

TA X gA X gA oX

Ay 100 0 100 0 100 0

Byi1 64.87  35.13 64.05 35.95 62.55 37.45

Bii, 64.87  35.13 64.05 35.95 62.55 37.45

real — B}y, 65.03  34.97 64.24 35.76 62.81 37.19

real — By 65.03  34.97 64.05 35.95 62.2 37.8

real — Debt 65.03  34.97 64.14 35.86 62.45 37.55

ct 80.88  19.12 81.26 18.74 82.64 17.36

cM,t 70.53  29.47 70.36 29.64 69.87 30.13

CN Lt 88.78  11.22 88.9 11.1 89.73 10.27

¢ —y — ratio 56.98  43.02 56.66 43.34 56.61 43.39

Debt — y — ratio 64.4 35.6 63.49 36.51 61.76 38.24

Dollarization — ratio 64.87 35.13 70.48 29.52 71.54 28.46

R¢ 57.31 42.69 66.73 33.27 96.4 3.6

1;{—: 66.58  33.42 66.73 33.27 67.04 32.96

ht 61.1 38.9 60.83 39.17 59.26 40.74

hy,t 83.47  16.53 83.63 16.37 84.82 15.18

hx .t 44.66  55.34 44.84 55.16 46.99 53.01

it 91.81 8.19 91.8 8.2 92.55 7.45

i —y — ratio 75.01  24.99 74.97 25.03 75.98 24.02

ke 85.82  14.18 86.2 13.8 87.95 12.05

kNt 75.32  24.68 75.51 24.49 77.02 22.98

kx,t 67.72  32.28 67.9 32.1 69.79 30.21

At 76.5 23.5 76.7 23.3 77.83 22.17
BNt 77.64  22.36 77.79 22.21

.t 77.63  22.37 77.79 22.21 79.22 20.78

Pt 84.12 15.88 85.31 14.69

p; 84.11  15.89 84.26 15.74 85.29 14.71

Pt 84.26 15.74 85.3 14.7

PNt 84.12  15.88 84.26 15.74 79.25 20.75

T 56.97  43.03 55.85 44.15 51.86 48.14

M, 70.53  29.47 70.26 29.74 69.54 30.46

real — mar 4 7778 22.22 78.03 21.97 78.75 21.25

TNt 88.03  11.97 88.29 11.71 89.56 10.44

real — TN ¢ 88.67  11.33 88.88 11.12 89.92 10.08

real — my 76.4 23.6 76.46 23.54 75.51 24.49

Xt 40.86  59.14 41.13 58.87 43.33 56.67

real — Tx ¢ 26.21  73.79 26.42 73.58 28.54 71.46
PX .t 84.11  15.89 84.26 15.74

PX,t 84.11  15.89 84.26 15.74 85.3 14.7

PM,t

Rf 75.78 24.22 77.41 22.59

st 84.25 15.75 85.29 14.71

Vi 64.13  35.87 63.23 36.77 61.5 38.5

wy 40.32  59.68 60.83 39.17 97.73 2.27

;’—: 61.1 38.9 60.83 39.17 59.26 40.74

Xt 0 100 0 100 0 100

X — y — ratio 71.05  28.95 71.21 28.79 72.91 27.09

y — in — dollars 30.67  69.33 29.31 70.69 25.19 74.81

YM,t 70.53 29.47 70.36 29.64 69.87 30.13

YNt 88.78  11.22 88.9 11.1 89.73 10.27

Yt 61.05 38.95 60.71 39.29 58.77 41.23

yx.t 0 100 0 100 0 100
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period taking into account current technology and demand conditions. The economy
can be affected by two shocks that follow independent stochastic processes, a technol-
ogy shock and a (level of ) exports shock. Finally, the government chooses the exchange
rate regime (fixed or flexible with CPI targeting or flexible with pegging the peso price
of exports), and then defends the nominal anchor (the pegged value of the exchange
rate, the CPI, or the peso price of domestic exports, depending on the chosen regime).
The most important finding in my study is that the flexible exchange rate regime dom-
inates the other two regimes, while pegging the peso price of exports dominates the
fixed exchange rate regime. This result is based upon the comparison of welfare levels
associated with each monetary regime. This key result can be explained as follows: On
one hand, the fixed exchange rate regime creates an additional costly burden to the
economy, because under this regime (i) in the market for peso bonds only the quantity
of peso bonds can be adjusted, not its price, and this adjustment is costly; (ii) the
interest rate on peso bonds and dollar bonds is the same, which means that in practice
the domestic economy can issue only one type of bonds, which pays the interest rate
on dollars; and the implied increase in the degree of market incompleteness will affect
welfare, as Benigno (2009) has suggested; and (iii) since there is one less relative price
in the economy (the interest rate on peso bonds), the remaning variables of the model
will have to absorb the shocks, which will make them more volatile and increase the
uncertainty in the model; two of these variables are consumption and hours worked,
which directly affect welfare. On the other hand, targeting the CPI implies that the
central bank will pursue a contractionary monetary policy whenever a depreciation of
the exchange rate creates a presure on the CPI (via an increase in the peso price of im-
ports); such a contractionary policy is absent under pegging the peso price of exports.
In addition, pegging the peso price of exports is a regime that delivers a depreciation of
the domestic currency whenever the economy experiences an adverse shock to exports,
and this depreciation will create incentives for domestic firms to produce and export
more goods.

The main result in my paper is consistent with the conventional wisdom, which
states that for economies mainly affected by real shocks, it is recommended to have a

flexible exchange rate regime. Another important result is that the model replicates
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some stylized facts for emergent economies. In particular, regarding volatility, con-
sumption is more volatile than output, capital is less volatile than consumption, and
hours worked is less volatile than output; regarding comovements, consumption, hours,
and capital are all procyclical. Moreover, another important finding is that my model is
consistent with the contributions made by Frankel (2003, 2005): for an emergent econ-
omy that exports mainly primary goods, pegging the peso price of domestic exports
PEP is a desirable exchange rate regime.

Finally, the Bayesian analysis of my model lets me conclude that pegging the peso
price of exports is the best monetary regime for Peru, an economy that has experienced a
high degree of dollarization for more than 16 years and that has had a floating exchange

rate regime for more than 20 years.
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Chapter 4

Optimal Fiscal Policy Rule in a Small Open Economy

with Endogenous Dollarization

4.1 Introduction

Some authors have stated that monetary policy is not as effective in a (de facto) dol-
larized economy as in an economy where this phenomenom is absent. For instance,
Cespedes, Chang and Velasco (2001) state that monetary policy in a dollarized econ-
omy becomes ineffective in offsetting real shocks. As they explain, in an open economy
an interest-rate cut operates mainly by allowing the domestic currency to devalue in or-
der to make domestic goods cheaper abroad. But if debts are dollarized, then a nominal
devaluation might increase substantially the costs of the debt, generating bankruptcies
in both companies and banks and potentially causing output to fall. Thus, the effec-
tiveness of the central bank to fight inflation and contribute to the stabilization of the
economy is reduced. Therefore, some authors have proposed that the fiscal authority
should play a more active role in the control of inflation and the stabilization of the
economy. In this paper I evaluate alternative fiscal policy rules in a highly dollarized
small open economy in order to identify the optimal fiscal policy rule, defined as the
one that maximizes the expected life-time utility of the representative agent.
Monetary policy has substantially changed during the last three decades following
theoretical and empirical debates around policy optimality. One of the outcomes from
the debate is that interest rate decisions of central banks have in general become more
explicit and systematic. Regarding fiscal policy, fiscal rules have received much less
attention by scholars and policymakers; however, in recent years the design and evalu-
ation of fiscal rules have become an important topic of policy discussion; for instance,
Taylor (2000) focus on the role of automatic stabilizers in the design of fiscal policy. In
this paper, I analyze the link between public debt and government spending and fiscal

instruments (in particular, government tax revenues).
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A number of papers deal with the fiscal policy’s ability to stabilize the economy
using simple rules (see for instance Gali and Perotti, 2003, Taylor, 2000, and Fatas and
Mihov, 2001). Other papers use fiscal policy rules to test for the link between prices
and public debt, as induced by the fiscal theory of the price level (FTPL), and for the
sustainability of fiscal policy in general (for instance Bohn, 1998, finds out that US fiscal
surpluses have responded positively to debt, and argues that this result is evidence that
the US fiscal policy has been sustainable).

In my model, the government is assumed to be benevolent (that is, it seeks to bring
about the equilibrium that maximizes the expected lifetime utility of the representative
agent) and to have access to a commitment technology that allows it to honor its
promises. The policy instruments that the government uses are assumed to be lump-
sum taxes and the short-term nominal interest rate. Moreover, public debt is assumed
to be nominal and non-state contingent. Since I am also interested in characterizing
optimal policies that can be easily implemented, I only evaluate simple monetary and
fiscal rules. These simple rules are defined over a small set of readily available macro
indicators and are designed to ensure local uniqueness of the rational expectations
equilibrium.

But why is it especially interesting to study alternative fiscal policy rules in a model
of a highly dollarized economy? As highlighted by Chang (2005) and other authors, the
dollarization of liabilities explains why central banks are concerned with “undesired”
fluctuations on the exchange rate! and the potential balance sheet effects. Balance sheet
effects refer to the adverse economic and/or financial impact on firms and individuals
that follows a depreciation of the domestic currency in economies in which a significant
amount of debt is denominated in foreign currency while the income is generated in
domestic currency?. Thus, since depreciation of the domestic currency could be par-
ticularly dangerous for highly-dollarized small open economies, governments evaluate

alternative fiscal policy rules in order to preserve the solvency of the fiscal sector. A

Tt is well understood and documented that economies become dollarized during episodes of high
inflation. However, disinflations are not necessarily followed by dedollarization. In particular, Ar-
gentina, Bolivia, Peru, Russia, Ukraine and other countries have remained highly dollarized long after
the inflation rate was brought down to single digits.

2 According to Ize and Levy-Yeyati (2003), many emergent economies facing dollarization have tried
to eliminate it by implementing disinflationary policies, but most of them have been unsuccessful. They
state that the main reason for that result is that dollarization levels can remain high if the expected
volatility of the inflation rate is high in relation to the expected volatility of the real exchange rate
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fiscal sector with no significant deficits creates the confidence that economic agents need
to continue with their normal economic activities. In contrast, it is well known that pe-
riods of substantial fiscal deficits are associated with high inflation and continuous and
dramatic devaluations/depreciations of the domestic currency. Peru in the late 1980s
and Argentina during the 1980s are examples of countries that experienced profound
crisis characterized by large fiscal deficits, high inflation rates, and constant dramatics
devaluations of the domestic currency®. Only after deep macroeconomic reforms (which
certainly included the fiscal sector), these economies could start recovering and, then,
continue growing. This type of crisis is exactly what the fiscal authority wants to avoid.
These examples explain the huge importance that fiscal policy rules have for govern-
ments’ economic and political stability and viability (and the economies themselves) in
economies characterized by a high degree of dollarization.

In this paper I use a stochastic dynamic general equilibrium model to determine
the fiscal rule that maximizes the welfare of a small open economy with a high level
of dollarization. In this regard, I build a model of a small open economy with an
incomplete menu of assets: domestic residents can only borrow internationally using
short-term bonds denominated in domestic or foreign currency, and the government
can only borrow using foreig-currency denominated short-term bonds. In addition,
the small open economy with an endogenous degree of dollarization is inhabited by
households, firms and a government. Households live infinite periods and accumulate
capital partly financed with the sale of bonds. Uncertainty in my model is given by four
shocks that follow independent exogenous processes: a technology shock to output, a
random level of domestic exports, a government spending shock, and a transfer shock.

In addition, the model features convex portfolio adjustment costs for both peso and
dollar bonds, in order to induce stationarity of the equilibrium dynamics. This station-
arity inducing technique has been used, among others, in recent papers by Neumeyer
and Perri (2001), and Schmitt-Grohe and Uribe (2002). In this model, the cost of in-
creasing asset holdings by one unit is greater than one because it includes the marginal
cost of adjusting the size of the portfolio.

In order to compare alternative fiscal policies, I solve the model for the decentralized

3In 2007, both Argentina and Peru were economies with a degree of dollarization of around 60-70%.
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economy, that is, I solve the problems of both households and firms independently. All
variables are in per capita terms (that is, there is no population growth). Moreover,
perfect integration to international capital markets and arbitrage guarantee that in
equilibrium the expected next-period (dollar) domestic interest rate in pesos equals
the expected next-period (dollar) world interest rate, which in turn is assumed to be
exogenously given. I use a Matlab code in order to compute the impulse response
functions, the moments for the endogenous variables in the model, the conditional
welfare, and other relevant statistical information. The code is based on those provided
by Schmitt-Grohe and Uribe (2003, 2004a, 2004c).

Furthermore, following the recommendations given by Kim et al. (2003), the fiscal
policy rules in my paper are evaluated in terms of conditional expected welfare instead of
the unconditional one. Thus, the object that fiscal policy aims to maximize in my study
is the expectation of lifetime utility of the representative household conditional on a
particular initial state of the economy. In contrast, many existing normative evaluations
of monetary policy rank policies based upon unconditional expectations of utility. As
Kim et al. (2003) point out, unconditional welfare measures ignore the welfare effects
of transitioning from a particular initial state to the stochastic steady state induced by
the policy under consideration. By using conditional welfare, I highlight the fact that
transitional dynamics matter for policy evaluation.

Finally, the results suggest that an optimal fiscal policy rule for the economy mod-
eled in this paper should take into account deviations (from their corresponding steady
states) of the amount of government debt, government spending, and inflation.

The paper is structured as follows. The next section outlines the basic model, and
section 4.3 discusses the calibration of the parameters of the model. Section 4.4 explains

how the model is solved. Finally, section 4.5 concludes.

4.2 The Model

Consider a small open economy populated by a large number of identical households,
monopolistically competitive firms and a government. I develop a simple infinite-horizon

production economy with imperfectly competitive product markets and sticky prices.
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4.2.1 The Household’s Problem

Each household has preferences defined over processes of consumption and leisure and

described by the utility function

Eo {Z ﬁtU(Ct,ht)} (4.1)
t=0

where ¢; denotes consumption, h; denotes labor effort, 8 € (0, 1) denotes the subjective
discount factor, and Ey denotes the mathematical expectation operator conditional on
information available in period 0. The single period utility function U is assumed to be
increasing in consumption, decreasing in effort, strictly concave, and twice continuously
differentiable.

Households can hold physical capital, k;. The law of motion of the capital stock k;

is given by

kt+1 = (1 - 6)kt + it - ¢(kt+1, k?t) (42)

where § € (0,1) denotes the constant rate of depreciation of the capital stock, i; is
(gross) investment, and ¢(kit1, ki) is a measure of capital adjustment costs.

Capital adjustment costs have many explanations. Changing the level of capital
services at a business generates disruption costs during installation of any new or re-
placement capital and costly learning must be incurred as the structure of production
may have been changed. Moreover, installing new equipment or structures often in-
volves delivery lags and time to install or build. The irreversibility of many projects
caused by a lack of secondary markets for capital goods acts as another form of adjust-
ment cost. It is assumed that ¢(0) = ¢/(0) = 0. Small open economy models typically
include capital adjustment costs to avoid excessive investment volatility in response
to shocks to the domestic economy. I introduce capital adjustment costs to avoid the
excess volatility of investment that typically arises in small open economy models (see
Schmitt-Grohe, 1998)%.

Every period, in order to finance current consumption ¢;, investment ¢; and foreign

debt repayment, domestic households can issue one-period bonds denominated in both

4See also Schmitt-Grohe and Uribe’s “Optimal Simple and Implementable Monetary and Fiscal
Rules,” July 2006.
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domestic currency (“peso bonds” Byi1) and foreign currency (“dollar bonds” B ;).
The domestic economy borrows from the world financial market, represented by a con-
tinuum of risk-neutral lenders. A peso-bond is a promise to pay a principal plus an
interest r!’ in pesos after one period. In turn, dollar-bonds are promises to pay a prin-
cipal plus an interest r; in dollars after one period. Peso bonds and dollar bonds are
sold for one peso and one dollar, respectively. The representative household’s optimal
borrowing decisions, together with the amount of dollar debt issued by the government,
determine the degree of “dollarization” in the economy, which will be influenced by its
expectations about equilibrium prices and the exchange rate.

Households must pay taxes on labor income, capital income, and profits, in addition
to lump sum taxes. I denote Tth, Ttk and 7/, respectively, the labor income tax rate,
the capital income tax rate and the profit tax rate in period ¢; the current period lump
sum tax is denoted by TL;. In addition, households receive a lump-sum transfer from
the government in an amount in pesos TR; per period.

The representative household’s period-by-period (dollar) budget constraint is given

by
B h Rk, TR
BB 4 (=) m+ (1 — )2 - kTR 2
St St St St
_ B . . i} TL
= +ig+ (1+ rf)s—; +(1+r)B + %(Bm - B )%+ %(Bm - B)?+ .Ttt (4.3)

where the left hand side of the equality represents all the sources of income for the
representative household, while the right hand side represents all the possible uses of
that income. Both sides of the above expression are expressed in dollars. I assume that
all domestic consumption and investment is made in only foreign goods, and that the
dollar price of foreign consumption and investment goods is equal to $1, and that this
dollar price does not change. That means that consumption ¢; and (gross) investment i,
in the expression above represent, at the same time, quantities of goods and the dollar
value of these components of aggregate demand. The nominal wage rate and rental
rate of capital are represented by w; and Ry, respectively. Since free trade prevails
and the law of one price holds, the peso price of imports is given by the exchange
rate s; (expressed in pesos per dollar); in other words, s; in my model is not only the
nominal exchange rate, but also the aggregate level of prices in the domestic economy.

This implies that the real wage rate and the real rental rate of capital in the domestic
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economy are given by f—; and %, respectively.
I assume that there are portfolio adjustment costs associated with the issuance of
debt, both in pesos and in dollars. Portfolio adjustment costs for the issuance of peso

and dollar bonds are given, respectively, by the following expressions,

Y (B - BY

and

%( *+1 _ B*)2

where B and B* are the steady state values of peso and dollar bonds, respectively.
Clearly, in the steady state portfolio adjustment costs are zero.
I asume that, because of no arbitrage, the expected gross rate of return on peso

bonds (the expected gross interest rate on peso bonds) E {1+ 11} equals the expected

peso gross rate of return on world assets, that is,

St+1
Et{1+’l“f+1}:Et{(]_+Tt+1) <;)} (44)
t
In addition, households are subject to a borrowing constraint that prevents them
from engaging in Ponzi schemes.
Furthermore, 1 assume a specific functional form for the period utility function
mentioned above following Mendoza (1991)%; in particular,

1—y
hw
Ct — ﬁ) —1

U(ct,ht):< T

where ~y is the coefficient of relative risk aversion, and w is one plus the inverse of the
intertemporal elasticity of substitution in labor supply.
In addition, I assume a specific functional form for the implicit capital adjustment

cost function mentioned above following Mendoza (1991); in particular,

®The benchmark utility function (GHH) is a generalized version of quasi-linear utility, first intro-
duced into the real business cycle literature by Greenwood, Hercowitz and Huffman (1988). GHH
preferences have the property that the marginal rate of substitution between consumption and leisure
is independent of the consumption level within the period.
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G(ker1, ki) = = (kg — ke)?

VRS

where ¢ is the capital adjustment cost parameter.

The household chooses the set of processes {ct, ht, ki1, 4t, Bey1, Biy 1152 and some
borrowing limit that prevents it from engaging in Ponzi-type schemes so as to maxi-
mize (4.1) subject to (4.2)—(4.4), taking as given the set of processes for {s;, ¥, r¢, wy, Ry,
T, T, Tth, Ttk, TL, TR:}7°, and the initial conditions ko, By and B.

Let the multiplier on the flow budget constraint (4.3) be \;3'. Then the first-
order conditions of the household’s maximization problem are (4.2) — (4.4) holding

with equality and
h -
>\t = <Ct — t) (45)

- —=n"" (4.6)

At[1+ (ki1 — ki) = BEy [/\t+1 ((1 - Ttkﬂ)% +(1=6) + ¢ker2 — kt+1))}

St4+1
(4.7)
1 L+
[t o] o o () 0 s
A [1=a(Biy — BY)] = BEy N1 (1 +7441)] = 0 (4.9)

The interpretation of the first order conditions above are as follows: Equation (4.5)
defines the marginal utility of consumption. Equation (4.6) states that in equilibrium
the representative household must be indifferent between enjoying an additional hour
of leisure and enjoying the additional units of consumption that it will afford to buy by
working one more hour. Equation (4.7) states that in equilibrium, the representative
household must be indifferent between consuming an additional unit of good, and in-
vesting that additional unit and then consuming the goods that he could buy with the
revenues from the investment, net of depreciation. Equation (4.8) states that in equilib-

rium, the representative household must be indifferent between issuing and not issuing
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an additional unit of peso bonds; in other words, the marginal utility of consumption
from the goods that it could buy with the money it can borrow by issuing one more
peso bond must equal the discounted value of the marginal utility of consumption lost
from the repayment of the unit of peso bond. Equation (4.9) states that in equilibrium,
the representative household must be indifferent between issuing and not issuing an
additional unit of dollar bonds; in other words, the marginal utility of consumption
from the goods that it could buy with the money it can borrow by issuing one more
dollar bond must equal the discounted value of the marginal utility of consumption lost
from the repayment of the unit of dollar bond, including the interest on that additional

debt.

4.2.2 The Firms’ Problem

Each firm is the monopolistic producer of one variety of final goodsS. The domestic

firm’s output is given by

e = AcF (ke he) — b2 (Y, 1)

where the first element of the right hand side of the above expression corresponds to
the production function of domestic firms, which have access to a constant returns to
scale production technology. Imperfectly competitive domestic firms produce a single
good that is sold abroad.

I follow Rotemberg (1982) and introduce sluggish price adjustment by assuming
that the firm faces a resource cost that is quadratic in the inflation rate of the good
it produces. Each firm is assumed to be the monopolistic supplier of a differentiated

traded good.

~x 2
Price adjustment cost = % ( bt _ 1)

The parameter ¢o measures the degree of price stickiness. The higher is ¢o the more

sluggish is the adjustment of nominal prices. If ¢o = 0, then prices are flexible.

5The assumption of imperfect competition is consistent with the assumption that firms optimally
choose prices subject to nominal frictions, as well as with the idea that output is demand-determined
over some range in which firms can meet demand at non-negative profits.
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The firm hires labor and capital from a perfectly competitive market. The foreign
demand for the domestic good is of the form X;d(p;), where X; denotes the level of
foreign demand and p; denotes the relative price of the good in terms of the average
price of domestic exports. The relative price p; is defined as s;p; /ps; where s; is the
nominal exchange rate, p; is the dollar price of the good produced by the firm, and p;
is the average peso price of domestic exports. The demand function d(.) is assumed
to be decreasing and to satisfy d(1) = 1 and d’(1) < —1. The restrictions on d(1) and
d'(1) are necessary for the existence of a symmetric equilibrium. The monopolist sets
the dollar price of the good pj it supplies taking the level of aggregate demand as given,

and is constrained to satisfy demand at that price, that is,

ALF (e, he) — b5}, p—1) > Xed () (4.10)

(Dollar) Profits are given by

Wi ibt _ Rtiﬂt

o= i Xed(pe) = = = =

(4.11)

In addition, I assume a specific functional form for the implicit function mentioned

above following Mendoza (1991); in particular,

F(kg, hy) = khy

Each period, imperfectly competitive firms choose capital k¢, labor services h; and
the dollar price of exports p; ', subject to demand and technological constraints (4.10),
so as to maximize profits (4.11). Since the firm is owned by the representative household,

it is natural to assume that the intertemporal marginal rate of substitution 3 /\3\4;1 can be

used to discount future profits. Let the multiplier on the demand and supply equilibrium

condition (4.10) be p/3 (Aﬁ\:l ) p;; then the firm will maximize the following expression:

" As explined by Corsetti (2007), for a firm located in a country with noisy monetary policy, pricing
its exports in foreign currency (that is, choosing local currency pricing LCP) is quite attractive: it
ensures that revenues from exports in domestic currency will tend to rise in parallel with nominal
marginal costs, with stabilizing effects on the markup. This may help explain why exporters from
emerging markets with relatively unstable domestic monetary policies prefer to price their exports to
advanced countries in the importers’ currency. The same argument, however, suggests that LCP is not
necessarily optimal for exporters producing in countries where monetary policy systematically stabilizes
marginal costs; Goldberg and Tille (2005) provide empirical evidence on this point.
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> )\t+l ~ A wtilt Rt];?t
L=EJ> 8 T Xed(pr) — -
t {t_o B A [Pt t (pt) % 5 }
> A ~% ~ . 1 ~k o~k
+E; { E Mtﬂtii—:lpt [Xtd(pt) — A¢F(kt, he) + ¢2(pt7pt—1)} } (4.12)
t=0

taking as given the processes for { Ay, X¢, wy, Ry, St, A}
As a result of the profit maximization process, input demands and export prices

must satisfy the following efficiency conditions:

R ~ ok 7a—171—a

S—tt = —up; Arakd T} (4.13)
w ~ =% f T 7—o
8—: = —up; Atk (1 — a)h (4.14)

~ ~x o o 1
xela(E) + () |+ () v (3 -1) (5]
Dt Dt bt D1 Pi_q
~x o ~x 2
Xid <8tpt) — AkShITY 4 2 <}:t - 1)
Dt 2 \Pi

. At - Pri1 Dit1
= Fy < jig110 <> Dia1 P ( —— — 1 — 4.15
t { t+1 )\t t+192 b pt2 ( )

The interpretation of the first order conditions above are as follows: Equations (4.13)

+iu

states that in equilibrium there is a wedge between the real rental rate of capital and
the marginal productivity of capital, which is explained by the monopolistic power of
the firms. Equation (4.14) states that in equilibrium there is a wedge between the real
wage rate and the marginal productivity of labor, which is explained, again, by the
presence of imperfectly competitive firms in the market. Equation (4.15) states that in
equilibrium there is a wedge between marginal revenue and marginal cost, as a result
of the monopolistic power of firms.

Let me define the marginal cost mc; and marginal revenue mr; as follows

wi

St

P Ak (1 — a)he

_ d <%)
s *
mry = tDP¢ i Dt

Pe g (ﬁ)
Pt

mcg
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4.2.3 The Government

In large-scale macroeconomic forecasting models, including those used by leading in-
ternational institutions, the modelling of the fiscal sector involves some type of fiscal
closure rule. Its inclusion is used to generate solvency for the fiscal sector, guaranteeing
that the intertemporal budget constraint of the government is satisfied and generating
model closure. That is, the possibility of an unstable or explosive path for the govern-
ment debt ratio is ruled out, and as a result agents in the model are willing to hold
public debt.

In the absence of a monetary authority monetising shocks to debt, which is the
case in most industrialised countries, a fiscal authority can be thought of as reacting
to innovations affecting debt through the adjustment of budgetary items in order to
guarantee debt sustainability. Indeed, some empirical evidence supports this notion
(see, for instance, Bohn, 1998 and Kilpatrick, 2001).

The use of fiscal closure rules for model economies approximates the actual reac-
tion to shocks by a fiscal authority. Nevertheless, some empirical evidence supports
the notion of capturing actual government behaviour via a rule. For example, Bohn
(1998) has provided evidence that governments take corrective measures in response to
disturbances to avert an unstable or explosive path for debt. Specifically, based on the
analysis of time series data for the United States, he finds evidence that the govern-
ment has historically reacted to increases in the debt-to-GDP ratio by either reducing
its primary deficit or improving its primary surplus.

Seigniorage revenues are assumed to be nil for simplicity. Moreover, the monetary
authority is assumed to be “active” (in the sense of Leeper, 1991) since it sets its
instrument (the interest rate on peso bonds) independently of tax collection and debt
issuance. Currently, there is no agreement on the appropriate fiscal policy instrument,
which therefore will be model-specific. Moreover, there may be the lack of a sound
theoretical or empirical criterion for this selection, although this may be of limited
concern if taxes are lump sum (i.e. changes in tax rates have no real effects) and
depends on the focus of the model at hand. Any attempt to model distortionary
elements of taxation, however, could be complicated by the behaviour induced by such

a rule. Were a modeller to introduce such elements, the choice of revenue item reacting
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to budgetary variability would no longer have neutral effects, and as such could have
important consequences for aspects of agents behaviour. Accordingly, modellers have
generally opted to model tax revenues accruing from the rule as lump-sum.

P

Monetary policy is conducted by means of an interest rate in pesos 7, reaction

function®, whose general form is

1+7r

log (%) = ¢rlog (Sst) + ¢ylog (’Zt) + ¢rlog (1 + rf) (4.16)
where y and r denote the steady state values of output and the peso interest rate?,
respectively.

In this paper, I assume that the monetary authority chooses some arbitrary mon-
etary policy rule, and then the fiscal authority chooses the fiscal policy rule according
to a procedure to be explained below!?.

In addition, remember that, because of arbitrage, the following condition between

the domestic peso interest rate and the dollar interest rate on domestic dollar bonds

must hold every period

St+1
Eo{l + Tf_H} = FEy {(1 + ’f’t+1)7?t— }

otherwise, risk-neutral foreign investors will either buy only domestic assets that promise
to pay the peso interest rate, or only domestic dollar bonds, which promise to pay a
dollar interest rate.

Regarding the fiscal authority, each period the government spends ¢; pesos in the
consumption of imported goods. I assume that the variable g; is exogenous and that it

follows an autoregressive process of the form

8Monetary policy rules are often expressed such that the choice variable for the central bank, usually
a short-term nominal interest rate, is determined by a number of economic variables. However, a well-
known problem with such rules is that certain specifications of the rule can lead to indeterminacy, that
is, an economy for which many different outcomes are possible given the same fundamental economic
situation. A good monetary policy should avoid such non-uniqueness. One solution that works well in
many models is to make the interest rate rule be “active,” in the sense that the nominal interest rate
responds more than one-for-one to movements in the inflation rate.

9Notice that, in the steady state, all domestic interest rates (both in pesos and in dollars) are equal
to the constant world (dollar) interest rate .

107t is important to mention that nominal rigidities, in the form of sticky prices, lead to real effects
of monetary policy. In particular, in a model with sticky prices, monetary policy affects real activity
because output is demand-determined and firms are not allowed to readjust their price completely in
any given period.
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log (gt> = pglog (gt_l> +¢/, where ¢ ~ N(O’Ug) (4.17)
g g

where €/ is a white noise random variable. The parameter g represents the nonstochastic
steady state level of government absorption. A second source of government expendi-
tures is transfer payments to households in the amount T'R; in pesos. Like government

consumption, transfers are assumed to be exogenous and to follow the law of motion

TR TR 1
log <TR> = prrlog ( TR + e where €~ N(0,0%5) (4.18)
where etTR is a white noise random variable. The parameter TR represents the non-

stochastic steady state level of government transfers.
The government levies labor, capital and profit income taxes, in addition to a lump

sum tax. Thus, total tax revenues (in pesos) T'T; are then given by

TT; = Tthtk‘t + Tthwtht + Ttﬂ—StT['t + TL; (419)

Every period, the fiscal authority covers deficits by issuing one period nominally
risk-free bonds Bt+1, which promise to pay the principal of the debt plus an interest!!.
Government bonds are sold in international markets to only foreign investors at a dollar
price of $1 and, for simplicity, are assumed to pay the world interest rate on dollars
r¢'2. The period-by-period budget constraint of the government!® (in dollars) is given
by

~ Ty g TRy -

Biy1+—==+—+ (1 +1m)B; (4.20)
St St St

Fiscal policy is conducted by means of a tax reaction function, by which the fiscal

authority adjusts the level of taxes in order to (i) preserve the solvency on the fiscal

"For simplicity, I assume that the government suffers from “original sin.” Authors like Eichengreen
and Haussman (1999) have studied the problems associated with the inability of countries to issue long
term debt domestically or borrow abroad in terms of the domestic currency.

12That is, from the perspective of foreign investors, the debt in dollars issued by the government is
a perfect substitute of the debt in dollars issued by domestic private households.

13Like in the recent literature, I will abstract from monetary frictions and consider the limit of a
“cashless economy” (see Woodford 2003). As a result, in my model, seigniorage is not a source of
revenues for the government.
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sector'*, and/or (ii) smooth the fluctuations in the economy'®. An example of a tax

reaction function that I will evaluate in my model is given by

o (55) - vuim (% o (§) wwam ()

where TL and B denote the steady state levels of lump-sum taxes and government
(dollar) debt, respectively.

I assume that at time 0 the benevolent government has been operating for an infinite
number of periods. In choosing optimal policy, the government is assumed to honor
commitments made in the past. This form of policy commitment has been referred to

as “optimal from the timeless perspective” (Woodford, 2003).

4.2.4 Equilibrium

I restrict attention to symmetric equilibria where all firms charge the same price for
the good they produce (pf = pf). As a result, I have that p, = 1 for all t. It then
follows from the fact that all firms face the same wage rate and rental rate of capital,
the same technology shock, and the same production technology, that they all hire the

same amount of labor and capital; that is, hy = hy and k; = k;. Let

n=d(1)
denote the equilibrium value of the elasticity of demand faced by the individual produc-

ers of goods. Then, in equilibrium, the expression for the marginal revenue mr; above

simplifies to

1
m’l"t:l—f—*

Furthermore, the domestic goods market equilibrium condition'® is given by

5D}
Py = stpy Xed <t>
Dt

Here, I consider the possibility that the government tries to preserve solvency either directly (by
adjusting taxes so that the government debt is stabilized), or indirectly (by adjusting taxes so that
increases in government spending do not materialize in a much greater government debt).

151 this case, taxes play the role of automatic stabilizers.

18That is, the value in pesos of domestic output equals the value in pesos of the quantity demanded
of domestic output.
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where s; is the nominal exchange rate, expressed in number of units of domestic cur-
rency per unit of foreign currency, while X;d(.) is the quantity of domestic exports.
As in Chang and Velasco (2004), I assume that domestic residents do not consume
home goods, and thus the demand for home output comes from foreigners'”. Since by

assumption total domestic production y; is exported
Stpy
yr = Xud <t>
Pt

pL = Sipy (4.22)

I obtain the expected result that

which states that the price in pesos of domestic exports p; equals the product of the
nominal exchange rate s; times the dollar price of domestic exports pj.

Due to their monopolistic power, domestic firms choose the dollar price of exports
p;. Clearly, an increase in p; can be interpreted as a positive change to the terms of
trade in the economy. That is, a positive change to the exports price will increase the
domestic purchasing power of domestic agents in terms of foreign goods (imports).

Notice that my model does not make explicit the use of a monetary aggregate
in this economy, although the domestic price is a key variable in the model. It is
possible to introduce money explicitly to my model, but the conclusions should not
change. My model assumes that the monetary authority just supplies the amount of
money consistent with the value of the interest rate that it wants the economy to face,
according to the prevailing monetary policy rule (4.16).

The stochastic processes for the level of aggregate demand X; and the technology

shock A; are exogenously given by

logX; = TlogXs_1 + &, where & ~ N(0,0%) (4.23)

logA; = plogAy_1 + ¢,  where ¢ ~ N(0,0%) (4.24)

where both & and ¢; are white noise random variables.

17 According to the World Development Indicators, ten countries export goods with a value greater
than 90% of GDP. This group of countries includes Singapore, Malaysia, Hong Kong, Luxeamburg, and
UAE. In addition, thirteen countries in the world import goods with a value greater than 90% of GDP.
This second group of countries includes Singapore, Malaysia, Hong Kong, Luxeamburg, and Puerto
Rico
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4.3 Calibration

The model is calibrated for an average small open economy with a high degree of dollar-
ization; thus, some parameters are picked from studies on the Mexican and Canadian
economies, and some parameters are calibrated using data from Argentina. The basic
calibration and parameterization of the model is taken from Mendoza (1991). Men-
doza calibrates the model to the Canadian economy'®. Mendoza argues that Canada
is viewed as a typical small open economy because of the historical absence of capital
controls and the high degree of integration of its financial markets with those of the
United States. I also use some calibrated parameters from Schmitt-Grohe and Uribe
(2003 and 2005).

The parameter values that I will use in my simulation of the model are given in

Table 4.1 below.

Table 4.1: Calibration

Symbol  Value Description

« 0.32 Capital’s share of income
¥ 2 Coeflicient of relative risk aversion
) 0.1 Depreciation rate
n -6 Price elasticity of demand for a specific export
good variety
Yo 0.00074 Parameter of the portfolio adjustment cost function on dollar bonds
3 0.00074 Parameter of the portfolio adjustment cost function on peso bonds
10) 0.028 Parameter of the capital adjustment cost function
P2 0.028 Degree of price stickiness
p 0.8556  Serial correlation of the log of the technology shock
T 0.8556  Serial correlation of the log of the exports shock
PR 0.78 Serial correlation of the log of the transfers shock
Py 0.87 Serial correlation of the log of the government spending shock
w 1.455 One plus the inverse of the intertemporal elasticity of
substitution in labor supply
oA 0.0064  Standard deviation of the technology shock error term
ox 0.0064  Standard deviation of the exports shock error term
OTR 0.022 Standard deviation of the transfers shock error term
o4 0.016 Standard deviation of the government spending shock error term
r 0.04 World’s real interest rate

Following Mendoza (1991), T assign a value of 1.455 to the parameter w, which is key

to compute the value of the elasticity of labor suply 1/(1 — w); in addition, I assign a

18The data considered by Mendoza corresponds to annual observations for the period 1946-1985,
expressed in per capita terms of the population older than 14 years, transformed into logarithms and
detrended with a quadratic time trend.
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value of 2 to the coefficient of relative risk aversion ~, and a value of 0.028 to the capital
adjustment cost parameter ¢. Since I do not have an estimation of the price adjustment
costs parameter ¢o, I make its value small and equal to the value of ¢'°. Furthermore,
following Schmitt-Grohe and Uribe (2003), I assign small values to the parameters 1,
and 13?°, which measure the costs associated with issuing debt in dollars and pesos
in amounts different from their respective steady state values. Regarding the world

interest rate in dollars 7, I assign it a value of 4 percent?!

. I calibrate the steady state
values for the private peso bonds B, private dollar bonds B*, and public dollar bonds B
so that they are consistent with a level of dollarization and ratios of government debt to
output and total (private and government) debt to output equal to 70 percent, 0.2, and
0.8, respectively, which are consistent with empirical values for small open economies??.
The value of 0.1 assigned to the annual depreciation rate § implies an average investment
ratio of about 19 percent, which is close to the average value observed in Argentina of
about 17 percent. I set the parameter o, which determines the average capital share
of income, at 0.32, a value commonly used in the related literature. In addition, I
set the value of the price elasticity of demand on a specific good 7 equal to -6. This
value implies a steady state value for the markup of 0.20, which is a reasonable value?.
The calibration of the rest of the parameter values were taken from Schmitt-Grohe and
Uribe (2005).

Following Schmitt-Grohe and Uribe (2005), I assign the value of 0.8556 to the pa-
rameter p, which measures the serial correlation of the technology shock. In addition,
I assign the value of 0.87 to the parameter p,, which measures the serial correlation of
government spending. I also assign the value of 0.78 to the parameter p;z, which mea-
sures the serial correlation of government transfers. Since in my model domestic output

equals the quantity of domestic exports, I assume that the value of the parameter 7,

which measures the serial correlation of exports is the same as that of domestic output,

19 According to the menu cost literature, a small value will be enough to get significative effects.

297 have assumed that the values for these parameters are the same since, in principle, there is no
reason to think that the values must be different.

2'Which in turn, implies a value of about 0.96 for the discount factor 3.

22The expressions for the level of dollarization and the ratio of total debt to output are given by
Equations (4.36) and (4.37), respectively

ZBasu and Fernald (1997) estimate gross-output markup of about 0.1. They show that their estimates
are consistent wih values for the added-value markup of up to 0.25.
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that is 0.8556. Regarding the values of the parameters associated to the volatility of
the shocks, I assign a value of 0.0064 to both o4 and ox, the standard deviations of
the technology shock and the exports shocks?*. In addition, I assign a value of 0.016
to the parameter o4, which measures the standard deviation of government spending,
and a value of 0.022 to the parameter oz, which measures the standard deviation of
government transfers.

Additional and implied parameter values that I will use in my simulation of the

model are given in Table 4.2 below.

Table 4.2: Additional and Implied Parameter Values
Symbol Value Description

B/(p*y) 0.2 Ratio of government debt to output
(B*+ B)/(B*+ B+ B/s) 0.7 Ratio of dollar debt to total debt
(1+r)(B*+ B+ B/s)/(p*y) 0.8 Ratio of total debt to output

4.4 Solving the Model

4.4.1 Evaluating Fiscal Rules that combat Inflation, and that smooth

Output Fluctuations

In this section, I consider two alternative sets of fiscal policy rules?®. In particular, I first
evaluate the importance of incorporating in the fiscal policy rule a component that tries
to smooth the fluctuations in inflation; then I evaluate the importance of incorporating
in the fiscal policy rule a component that tries to smooth output fluctuations.

The simple monetary policy rule that I consider in this section is given by,

24 A explained above, domestic output and exports are the same in my model.

25 As stated by the Federal Reserve Bank of San Francisco, active use of countercyclical fiscal policy
in Japan and the United States, and the formation of a monetary union in Europe have provided an
motivation for research on fiscal policy and its relationship with monetary policy. For instance, Gali
and Monacelli (2004) argue that national fiscal policy in a monetary union should take over some of
the short-run stabilization duties normally performed by monetary policy. They found out that when
prices are sticky, members of a monetary union will have a motive for fiscal stabilization, which emerges
because monetary policy, which would normally be used to stabilize the economy in response to shocks,
can instead be used only to address disturbances with limited power. To stabilize an economy, fiscal
policy should “lean against the wind,” with policy expansionary when output and inflation are below
their equilibrium levels and contractionary when they are above their equilibrium levels. It is often
argued that the loss of monetary policy flexibility due to the merger of currencies increases the potential
role of fiscal policy as a stabilisation tool and increases the need for fiscal policy cooperation within
Europe.
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p
log (Tﬁ) e (%) (4.25)

where s denotes the steady-state value of the nominal exchange rate.

4.4.1.1 A Simple Taylor Rule and a Fiscal Rule that takes into account

inflation

Here I assume a the simple Taylor rule in Equation (4.25) and a fiscal rule that tries to (i)
preserve the solvency of the fiscal authority, and (ii) control the inflationary pressures
in the economy. I assume that, first, the government (central bank) announces the
monetary and fiscal policy rules that they will maintain, and then after observing the
realization of the exogenous shocks to technology, to the volume of exports, to transfers,
and to government spending, households and firms solve their corresponding contrained
optimization problems, as explained above. I define as optimal fiscal policy rule the
one that maximizes the life-time utility of the representative agent.

In addition, the fiscal policy rule that I consider in this section is given by,

log (%) = 1pglog <BBt> + tglog <Zt> + ¢rlog (%) (4.26)

Notice that in this section I am ignoring ouptut in the fiscal policy rule. Instead, I
consider the exchange rate (the price level in the domestic economy). And also notice
that, for simplicity, I asumme that taxes to wages, rent and profits equal zero; that is,

lump sum taxes are the only type of taxes in the economy.

4.4.1.2 A Simple Taylor Rule and a Fiscal Rule that takes into account

output

In a second analysis I assume the simple Taylor rule stated in Equation (4.25), and a
Fiscal rule that tries to (i) preserve the solvency of the fiscal authority, and (ii) smooth
the fluctuations of output in the economy. Notice that in this section I am considering
output in the fiscal policy rule as suggested by Equation (4.21).

Thus, the fiscal policy rule that I consider in this section is given by,

o (57) vuen (5 ) oo (5) v () o
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Again, for simplicity I asumme that taxes to wages, rent and profits equal zero; that

is, lump sum taxes are the only taxes in the economy.

4.4.2 The First Order Conditions

I am now ready to define an equilibrium. A competitive equilibrium is a set of plans
for {ct, by, i, kiy1, Big1s Bipys Avs i, DF we, Ry, Sty Dey 74,74 TLy, By} satisfying (4.2) —
(4.4), (4.10) — (4.11), (4.16), (4.19) — (4.22), some non-Ponzi game condition, and the

following conditions
he -
A\ = <ct - f) (4.28)
w

(1—7)—=hn" (4.29)

A [T+ o(key1 — k)]

R (4.30)
= pEo [)‘t-&-l <(1 - Tfﬂ)i + (1= 0) + (k2 — kt+1)>]
Jr
1
Mlar = ba(Bua = B)] - 650 v (5 )| =0 (131)
St4+1
At [1—42(Bfyy — BY)] = BEo [M41(1 +7441)] = 0 (4.32)
R 11«
?Z = —upfAyak? Al (4.33)
Zitt =t Ak (1 — a)h~ (4.34)
1 ¥ 1
Xin Kl—l— ) - (_,Ut)] + pup; o2 < ]ft - 1) < " )
n D1 Pt
1 " Pin1 Pin
_E - - e s = 4.
0 {Mt+1 (1 +7”t+1) D192 < o ) (PZ‘Q 0 (4.35)

given exogenous processes {A¢, Xt, g+, TR} and initial conditions Ag, Xo, ko, Bo, Bg,

p*—1, TROJ 90, BO'
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Incidentally, I compute the level of dollarization for the economy (LD;) and the
ratio of total debt to output (RT'D;) for each period in order to make a better analysis
of the impact of the different exogenous shocks to the economy. These two indicators
are defined as follows

(1+Tf)Bt

LDy =1— —— st ~ (4.36)
AFrBe 4 (1 4 ) (BF + By)

St

(1+r7) Bt * D

— =4+ (14+nr)(B+B

v, - 0B+ By .
Pyt

4.4.3 The Nonstochastic Steady State

In the nonstochastic steady state, the disturbance term in each exogenous process for the
model shocks is equal to its unconditional expected value; that is £ =0, e =0, €9 = 0,
and € = 0 , which implies values for the level of domestic exports, productivity
factor, government spending, and transfers of X =1, A =1, g = 0.05, and TR = 0.02,

respectively. In addition,

B=B
B* = B*
B=58B
pP=0D
171
) X(17azd(w71> ot
p = e a
(- )5 [
—pap* X
b=
T (1-9)
1
h=[p*(—p)(1 —a)X]>
p
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b
rP=r



114

1 =0k

4.4.4 Conditional Welfare

In this study, I evaluate the welfare consequences of alternative fiscal policy rules.
I depart from the usual practice of identifying the welfare measure with the uncondi-
tional expectation of lifetime utility because using unconditional expectations of welfare
amounts to not taking into account the transitional dynamics leading to the stochastic
steady state?0. The conventional choice of unconditional expectation is usually due to
its merit of computational simplicity. Following Schmitt-Grohe and Uribe (2004b), I
assume that in the initial state, all state variables are in their non-stochastic steady
states, and the fiscal policies are evaluated by the conditional expectations of the dis-
counted lifetime utility?”. Because the deterministic steady state is the same across all
fiscal policies I consider, my choice of computing expected welfare conditional on the
initial state being the nonstochastic steady state ensures that the economy begins from
the same initial point under all possible policies. Therefore, my strategy will deliver

the constrained optimal fiscal policy associated with a particular initial state of the

26 According to Kim and Levin (2005), using a criterion of which the discount factor is set to unity
is also equivalent to maximizing the unconditional welfare, since no discounting implies that only the
events in the far future matters for welfare evaluations. Though inconsistent with the private agents’
behavior, the unconditional welfare criterion has been used since it is easy to compare different policy
rules. Under this criterion, the transitional dynamics becomes irrelevant and the comparison does not
depend on initial conditions of the economy.

2TIt is of interest to investigate the robustness of my results with respect to alternative initial con-
ditions. For, in principle, the welfare ranking of the alternative polices will depend upon the assumed
value for (or distribution of) the initial state vector. For further discussion of this issue, see Kim et al.
(2003) and Schmitt-Grohe and Uribe (2004c).
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economy. An additional advantage in this choice of the initial state is that it can sig-
nificantly simplify my welfare calculations: all terms containing state variables vanish
in my approximation of expected lifetime utility.
Futhermore, the conditional expectation of lifetime utility at time ¢ (V;) is given by
the following expression:
1

V;S =V+ 5900(X7 0)02 (438)

where V is the steady state value of welfare, o is a parameter scaling the standard devi-
ation of the exogenous shocks, g, is the second-order derivative of the policy function
for welfare with respecto to the scalar o, and X is a vector containing the deterministic
steady-state of the state varibles in the model. Details about the derivation of the

expression above can be found in Wang (2006) and Palacios-Salguero (2009).

4.4.5 Simulation of the Economy and Welfare Effects

I solve the model using a second order approximation to the policy functions. I assume
that the value of the parameter in the simple monetary policy rule in (4.25), ¢, is equal
to 1.5, which is a common value for this parameter in the monetary policy literature?®;
that is, our monetary policy rule conforms to the Taylor principle (that the central
bank should raise its interest rate instrument more than one-to-one with increases in
inflation). Moreover, according to the terminology introduced by Leeper (1991), the
monetary policy considered here is “active” (¢, >1)2.

4.4.5.1 Simulation of the Economy and Welfare Effects when the Fiscal

Rule takes into account inflation

Here, I solve the model using different combinations of the parameter values in the fiscal

policy function: %z, 14, and 9. In particular, I let each of these three parameters

take values between 0 and 3°C.

28 According to Woodford (2003), in Taylor’s discussions of the rule, he highlights the importance
of responding to inflation above its target rate (I assume that the target inflation rate is zero, for
simplicity) by raising the nominal interest-rate operating target by more than the amount by which
inflation exceeds its target.

290n the other hand, a “passive” monetary policy implies ¢, <1

39To be more specific, due to the long time that it would take for the program to solve the model for
every possible combination of the parameters in the (closed) interval [0, 3], I just let each parameter
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The results from the simulations tell us that the optimal fiscal policy in the dollarized
economy that I model should take into account deviations (with respect to their corre-
sponding steady-state values) of the amount of government debt, government spending
and inflation in order to maximize the welfare of the representative agent. In particular,
the values for the parameters 1z, 14, and 1), that maximize the life-time utility of the
representative agent are 3.0, 3.0 and 2.8, respectively. Table 4.3 below summarizes the
main result of the simulation (notice that the value of welfare has been rounded to four

decimals).

Table 4.3: Optimal Fiscal Rule with Inflation
Yy g r Conditional Welfare
3.0 3.0 28 -101.2620

In the Appendix, Figures I.1, 1.2 and 1.3 show the levels of welfare associated with
different combinations of the values for the parameters in the fiscal rule that takes into
account inflation. In particular, in Figure 1.1, I keep constant the value of parameter
Y at its “optimal” level of 3.0, and then show the different levels of welfare that result
from combining this fixed value with all the possible values for parameters 14 and ..
In a similar fashion, I keep constant the value of v, at its optimal level of 3.0 in Figure

1.2, and then keep constant the value of v, at its optimal level of 2.8 in Figure 1.3.

4.4.5.2 Simulation of the Economy and Welfare Effects when the Fiscal

Rule takes into account output

Here, I solve the model using different combinations of the parameter values in the fiscal
policy function: 13, ¥y, and 1),. In particular, I let each of these three parameters take
values between 0 and 33!,

The results from the simulations tell us that the optimal fiscal policy in the dollar-
ized economy that I model should take into account deviations (with respect to their
corresponding steady-state values) of the amount of government debt and government

spending in order to maximize the welfare of the representative agent. In particular,

take the values 0, 0.1, 0.2, 0.3, ..., 2.9, and 3.

31To be more specific, due to the long time that it would take for the program to solve the model for
every possible combination of the parameters in the (closed) interval [0,3], I let each parameter take
the values 0, 0.1, 0.2, 0.3, ..., 2.9, and 3.
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the values for the parameters ¢ 3, ¥y and 1, that maximize the life-time utility of the
representative agent are 3.0, 3.0 and 0.0, respectively. Table 4.4 below summarizes the
main result of the simulation (notice that the value of welfare has been rounded to four

decimals).

Table 4.4: Optimal Fiscal Rule with Output
vy g 1y Conditional Welfare
3.0 3.0 0.0 -101.2620

In the Appendix, Figures I1.1, I1.2 and I1.3 show the levels of welfare associated with
different combinations of the values for the parameters in the fiscal rule that takes into
account output. In particular, in Figure II.1, I keep constant the value of parameter
Y at its “optimal” level of 3.0, and then show the different levels of welfare that result
from combining this fixed value with all the possible values for parameters v, and ,.
In a similar fashion, I keep constant the value of v, at its optimal level of 3.0 in Figure

I1.2, and then keep constant the value of v, at its optimal level of 0 in Figure I1.3.

4.4.5.3 Main Result from the Two Previous Simulations of the Economy

Apparently, from a quick comparison of the results shown in Tables 4.3 and 4.4 above,
it is unclear whether the optimal fiscal policy rule should include the inflation rate or
not: Both Tables show a value of welfare equal to -101.2620; but remember, both values
have been rounded to four decimals. However, if I take into account more decimals for
the values of welfare, I obtain the correct result from the comparison: The inflation
rate must be included in the fiscal rule. Therefore, I can conclude that the inflation

rate must be considered in the optimal fiscal rule.

4.5 Conclusions

Some authors have stated that monetary policy is not as effective in a dollarized econ-
omy as in an economy where this phenomenom is absent. If this is true, how important
is to characterize an optimal fiscal policy rule in a dollarized economy? Should this
rule also contribute to the stabilization of prices and output? In this paper I use a
dynamic stochastic general equilibrium model for a small open economy with endoge-

nous dollarization to evaluate alternative fiscal policy rules. Optimal fiscal policy is
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given by a constrained plan in which the fiscal authority maximizes the agent’s wel-
fare subject to the competitive economy relations and the assumed monetary and fiscal
policy rules. In my model infinitely-lived households finance consumption, investment
and debt repayment by issuance of short-term bonds denominated in both domestic
(pesos) and foreign currency (dollars). In turn, imperfectly competitive domestic firms
set the dollar price of exports every period taking into account current technology and
demand conditions. In addition, the optimal currency composition of households’ port-
folios of liabilities is adjusted every period in response to the economy’s performance.
The economy can be affected by four shocks that follow independent stochastic pro-
cesses: a technology shock, a (volume of) exports shock, a government spending shock
and a transfer shock. Finally, the government chooses the monetary policy and fiscal
rules. The results suggest that an optimal fiscal policy rule should take into account
deviations (from their corresponding steady state values) of the amount of government
debt, government spending, and inflation in order to maximize the welfare of the rep-
resentative agent in a dollarized economy that is continuously affected by exogenous

shocks.
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Chapter 5

Portfolio Choice, Dollarization, and Exchange Rates

5.1 Introduction

The world is currently experiencing the most important economic and financial crisis
after the Great Depression, and every country in the world has been affected in many
aspects. Some of the consequences of the current international crisis have been a sig-
nificant capital outflow, a depreciation of the domestic currency, the fall in exports,
and a contraction in production. In particular, countries such as Argentina, Brazil, and
Mexico have experienced a substantial depreciation of their currencies since the onset
of the crisis. Moreover, in early 2009 the IMF projected that net private capital inflows
to emerging markets would be negative in $175 billion, an amount that is substantially
different from the $610 and $122 billion that these markets received in 2007 and 2008,
respectively!. In this paper I use a recently developed method created by Devereux and
Sutherland (2007, 2008) to evaluate alternative exchange rates and characterize the op-
timal currency composition of foreign assets and liabilities in a small open economy
that is highly dollarized.

To float or not to float? This seems to be one of the key macroeconomic ques-
tions that every emerging economy has to answer. Since early 1970s most countries
in the world have decided to let their currencies float. However, most of these coun-
tries actually have a managed floating exchange rate regime, that is, one in which the
central bank will intervene the foreign exchange market in order to affect the domestic
price of the foreign currency. As highlighted by Chang (2005) and other authors, the

dollarization of liabilities explains why central banks are concerned with “undesired”

! Also, according to a World Bank report prepared for the G-20 meeting in September 2009, private
capital flows to low-income countries are expected to drop to $13 billion in 2009 from $21.4 billion in
the last year.
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fluctuations on the exchange rate? and the potential balance sheet effects. Balance sheet
effects refer to the adverse economic and/or financial impact on firms and individuals
that follows a depreciation of the domestic currency in economies in which a significant
amount of debt is denominated in foreign currency while most income is generated in
domestic currency®. Thus, since depreciation of the domestic currency could be par-
ticularly dangerous for highly-dollarized small open economies, governments evaluate
alternative exchange rate regimes to that of a pure floating exchange. Recent adop-
tions of exchange rate regimes alternative to the flexible one, like in Argentina and
Ecuador? confirm the huge importance that the exchange rate regime has for govern-
ments’ economic and political stability and viability (and for the economies themselves)
in economies characterized by a high degree of dollarization. This paper contributes to
the debate on optimal exchange rate regime for emergent economies by showing, with
the help of a straightforward dynamic model, that the flexible exchange rate regime is
the best policy, which is a result consistent with the conventional wisdom.

In previous papers, like in Ize and Levy-Yeyati (2003), the effect of dollarization
on the economic performance of countries and other related issues have been studied
using portfolio models and other similar approaches. In addition, some of these studies
have assumed that the degree of dollarization is exogenously given, like in Moron and
Castro (2003). This paper studies this problem using an alternative approach: The
stochastic dynamic general equilibrium model. In this study, under two different al-
ternative exchange rate regimes, I analyze how real exogenous shocks to a small open
economy affect the optimal currency composition of its portfolio of liabilities, which
is determined endogenously by the model, and thus how much the overall economy is

ultimately affected. In order to do so, I build a model of a small open economy with

2It is well understood and documented that economies become dollarized during episodes of high in-
flation. However, disinflations are not necessarily followed by dedollarization. In particular, Argentina,
Bolivia, Peru, Russia, Ukraine and other countries have remained highly dollarized long after the infla-
tion rate was brought down to single digits. Peru is a remarkable case: During the last 16 years it has
had a dollarization ratio greater than 50% even though during the last 12 years it has had a one-digit
inflation rate.

3 According to Ize and Levy-Yeyati (2003), many emergent economies facing dollarization have tried
to eliminate it by implementing disinflationary policies, but most of them have been unsuccessful. They
state that the main reason for that result is that dollarization levels can remain high if the expected
volatility of the inflation rate is high in relation to the expected volatility of the real exchange rate.

“While Argentina had a currency board between 1991 to 2002, Ecuador and Salvador adopted official
dollarization in 2000 and 2001, respectively.
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an incomplete menu of assets: domestic residents can only borrow internationally using
short-term bonds denominated in domestic or foreign currency. In addition, the small
open economy with an endogenous degree of dollarization is inhabited by households,
firms and a government. Households live infinite periods and accumulate capital partly
financed with the sale of one-period bonds denominated in both domestic and foreign
currency. Uncertainty in my model is given by four shocks that follow independent
exogenous processes: A technology shock to output A;, a random level (volume) of
domestic exports X;°, a shock to the gross nominal interest rate on dollar bonds R},
and a shock to the dollar price of imports p}".

Authors have identified characteristics of business cycles in emerging economies
that distinguish them from business cycles in industrialized economies. A couple of
these characteristics are as follows: (1) business cycles are more volatile in emerging
economies, and (2) emerging economies are susceptible to additional sources of volatil-

ity, such as terms of trade fluctuations®

. In many emerging economies, exports are
characterized by a high concentration in a small number of commodities whose world
prices are very volatile”. Also, their fiscal revenues tend to be largely dependent on
the prices of the main export commodities, and so the stance of their public finances is
vulnerable to major changes in the world prices of export goods. In my model, shocks
to the level (volume) of exports will cause (ceteris paribus) a change in the terms of
trade of the economy because domestic firms are assumed to have some monopolistic
power in the (foreign) market for their goods.

Additionally, the model features convex portfolio adjustment costs for both peso and
dollar bonds in order to induce stationarity of the equilibrium dynamics. This station-
arity inducing technique has been used, among others, in recent papers by Neumeyer

and Perri (2001) and Schmitt-Grohe and Uribe (2003). In this model, the cost of in-

creasing asset holdings by one unit is greater than one because it includes the marginal

5 As explained below, domestic firms are assumed to have some monopolistic power in world markets
and thus face a downward sloping demand curve; therefore, a shock to the level of exports will have an
effect on the terms of trade.

5The literature on small open economies recognizes the terms of trade shocks as one of the most
relevant shocks affecting these economies. See, for instance, Mendoza (1995), Kose (2002), and Broda
(2003). Mendoza (1995) finds that terms of trade disturbances explain 56 percent of aggregate output
fluctuations in developing countries.

" According to UNCTAD, in 1995, 57 developing countries depended on three commodities for more
than half of their exports.
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cost of adjusting the size of the portfolio®.

In order to compare the fixed and flexible exchange regimes’ outcomes that result
from exogenous shocks, I solve the model for the decentralized economy, that is, I solve
the problems of both households and firms independently. All variables are in per capita
terms (i.e., there is no population growth). Moreover, since a small open economy is
analyzed, the domestic (dollar) interest rate equals the world (dollar) interest rate,
which in turn is assumed to be exogenously given. This assumption greatly simplifies
the analysis. I write a Matlab code in order to compute the impulse response functions,
the expected path for some variables in the model, the conditional welfare, and other
relevant statistical information. The code is based on those provided by Sutherland
and Devereux (2007 and 2008).

As highlighted by Sutherland and Devereux (2008), recent data show that there
are large cross-country gross asset and liability positions. Lane and Milessi-Ferretti
(2001, 2006) show that these gross portfolio holdings have grown rapidly, particular
in the last decade. Gross asset and liability positions can have important effects on
macroeconomic dynamics; for instance, a sudden depreciation of the domestic currency
can give rise to capital losses in gross liability positions, which can have very large
effects on the value of net foreign assets. The method developed by Sutherland and
Devereux (2006, 2008) allows me to compute both the non-stochastic steady state and
the time-varying equilibrium gross portfolio positions in my model; thus, my model
features fully endogenous dollarization.

It is important to mention that Frankel (2003) suggests that pegging the export
price (PEP) is a monetary regime that can be applied to countries that are specialized
in the production of a particular agricultural or mineral commodity. PEP proposes
fixing the price of the single commodity in terms of local currency (here, pesos). It has
been objected that PEP is inappropriate for countries where diversification of exports is
an issue. For such countries the modified version, PEPI, developed by Frankel (2005),
proposes fixing the price of a comprehensive index of export prices. According to

Frankel (2005), in either version of the monetary regime (PEP or PEPI), one advantage

8To be more specific, and as will become more clear below, in my model households will have to pay
a “fee” in terms of lost output if their transactions in the international asset market lead to deviations
from some long-run (steady state) level.
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is that the domestic currency depreciates automatically when the world market for the
country’s exports deteriorates. This depreciation will certainly help the economy reduce
the negative effects of the weak exports market conditions.

Furthermore, following the recommendations given by Kim et al. (2003), the ex-
change rate policies in my paper are evaluated in terms of conditional expected welfare
instead of the unconditional one. Thus, the object that exchange rate policy aims to
maximize in my study is the expectation of lifetime utility of the representative house-
hold conditional on a particular initial state of the economy. In contrast, many existing
normative evaluations of monetary policy rank policies based upon unconditional ex-
pectations of utility. As Kim et al. (2003) point out, unconditional welfare measures
ignore the welfare effects of transitioning from a particular initial state to the stochastic
steady state induced by the policy under consideration. By using conditional welfare,
I highlight the fact that transitional dynamics matter for policy evaluation.

Finally, the most important finding in my study is that the flexible exchange rate
regime is the best policy in terms of providing a greater level of (conditional) welfare to
the domestic economy than the one provided by the fixed exchange rate regime. What
explains this key result is that the fixed exchange rate regime creates an additional
costly burden: under this regime, in the market for peso bonds, only the quantity
of peso bonds can be adjusted, not its price (the interest rate in pesos), and this
adjustment is costly. As a result, following exogenous shocks to the economy, there
will be a significant impact on investment, the capital stock, output, and welfare. In
addition, since the gross nominal interest rate on peso bonds become fixed under the
fixed exchange rate regime, that means that there will be one less variable in the
model (to be more precise, one less relative price) that will help absorb the exogenous
shokes; as a result, the remaining variables will have to work “harder” to stabilize the
economy. Some of these variables are real variables that directly affect the level of
welfare (consumption and hours worked) and their response to the exogenous shocks
also explain the main result of the paper.

The paper is structured as follows. The next section outlines the model, and sec-
tion 5.3 discusses how the steady state portfolio for the model is solved. Section 5.4
explains how the first-order time variation in the portfolio is solved under each alterna-

tive exchange rate regime, and section 5.5 discusses the calibration of the model and the
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welfare measure. Section 5.6 shows the impulse response functions, elaborates on the
expected paths of the main variables of the model, including the conditional welfare
measure, and makes a comparison of the dynamics of the model and welfare effects

under the alternative exchange rate regimes. Finally, section 5.7 concludes.

5.2 The Model

Consider a small open economy populated by a large number of identical households,
monopolistically competitive firms and a government. I develop an infinite-horizon

production economy with imperfectly competitive product markets and sticky prices.

5.2.1 The Household’s Problem

Each household has preferences defined over processes of consumption and leisure and

described by the utility function

E, {ZﬂtU(ct,ht)} (5.1)
t=0

where ¢; denotes consumption, h; denotes labor effort (or hours worked), 5 € (0,1)
denotes the subjective discount factor, and E; denotes the mathematical expectation
operator conditional on information available in period t. The single period utility
function U is assumed to be increasing in consumption, decreasing in effort, strictly
concave, and twice continuously differentiable.

Households can hold physical capital, k;. The law of motion of the capital stock k;

is given by

kit1 = (1 — 5)]% + 1 — ¢(kt+1, kt) (5.2)

where § € (0,1) denotes the constant rate of depreciation of the capital stock, i; is

(gross) investment, and ¢(ksy1 — k¢) ? is a measure of capital adjustment costs.
Capital adjustment costs have many explanations. Changing the level of capital

services at a business generates disruption costs during installation of any new or re-

placement capital and costly learning must be incurred as the structure of production

9Notice that I have implicitly made a monotonic transformation of the function d(kt+1, ke), which
has two arguments, into the function ¢(ki+1 — ki), which has just one argument
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may have been changed. Moreover, installing new equipment or structures often in-
volves delivery lags and time to install or build. The irreversibility of many projects
caused by a lack of secondary markets for capital goods acts as another form of adjust-
ment cost. It is assumed that ¢(0) = ¢'(0) = 0. Small open economy models typically
include capital adjustment costs to avoid excessive investment volatility in response
to shocks to the domestic economy. Thus, I introduce capital adjustment costs, as
in Schmitt-Grohe and Uribe (2006), to avoid the excess volatility of investment that
typically arises in small open economy models.

Every period, in order to finance current consumption ¢;, investment ¢; and foreign
debt repayment, domestic households can issue one-period bonds denominated in both
domestic currency (“peso bonds” Biy1) and foreign currency (“dollar bonds” Bj +1)10.
The domestic economy borrows from the world financial market, represented by a con-
tinuum of risk-neutral lenders. A peso-bond is a promise to pay a principal plus an
interest in pesos after one period, and the gross (nominal) interest rate on peso bonds
is given by RP!L. In turn, dollar-bonds are promises to pay a principal plus an interest
in dollars after one period, and the gross (nominal) interest rate on dollar bonds is
given by Rj. Peso bonds and dollar bonds are sold for one peso and one dollar, re-
spectively. The representative household’s optimal borrowing decisions determine the
degree of “dollarization” in the economy, which will be influenced by his expectations

about equilibrium prices and the exchange rate!?.

The representative household’s period-by-period (dollar) budget constraint is given

by
B wihe  Rik . RB N
SUL 4 By e — 4+ 2 = gy o+ piiy + L 4 R B+
St St St St

(5.3)

- 2
Yo | Biy1 X B =,
Py T PP (5 TE

where the left hand side of the equality represents all the sources of income for the
representative household, while the right hand side represents all the possible uses of

that income. Notice that both sides of the above expression are expressed in dollars. I

"Notice that if the value of bond holdings (in dollars/pesos) is negative at some moment of time, it
means that domestic household are holding bonds (in dollars/pesos) issued by foreigners as assets.

1 Notice that R? is the gross nominal interest rate on peso bonds set at the end of period ¢ — 1. The
same applies to the gross nominal interest rate on dollar bonds, R;.

12For instance, if domestic households are expecting a depreciation of the peso, they will issue more
debt in pesos and less debt in dollars.
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assume that all domestic consumption and investment is made in only foreign goods,
that the dollar price of foreign consumption and investment goods, py*, follows an
autoregressive process of order one which will be characterized later and that its steady
state value is equal to one dollar (that is, p™ = 1). The nominal wage rate and the
rental rate of capital are represented by w; and R, respectively and are expressed in
pesos. Since free trade prevails and there are no transportation costs nor tariffs, the law
of one price holds; therefore, the peso price of imports p;"* (which is also the aggregate
level of prices in this economy) is given by the product of the (nominal) exchange rate s,
(expressed in pesos per dollar) and the dollar price of imports p}*. Thus, the real wage
rate and the real rental rate of capital in the domestic economy are given by w;/p,"*
and R;/p;"?, respectively. Moreover, dollar profits are represented by .

I assume that there are portfolio adjustment costs associated with the issuance of
debt, both in pesos and in dollars. In this model, stationarity is induced by assuming
that agents face convex costs of holding assets in quantities different from some long-run
level. Portfolio adjustment costs for the issuance of peso and dollar bonds is given by

the following expression:

- 2
Yo | Biy1 X B .
5 tBn- (7 +8

St

where B and B* are the steady state values of peso and dollar bonds, respectively, and
5 is the steady state value of the nominal exchange rate. Clearly, in the steady state
portfolio adjustment costs are zero.

In order to restate the budget constraint in a more convenient way for my analysis
of the model, I proceed to state the two expressions that establish the link between

gross real interest rates and gross nominal interest rates:

'I"t = —mp (54)

— (5.5)

Ty =

where 77 and r} represent the gross real interest rates on peso and dollar bonds, re-

spectively, and p;"* = sipts.

13For simplicity, I have assumed that the percentual change in the dollar price of the imported good
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Moreover, the net debt of the household at the end of period ¢, W;, is defined as
follows!4:
B
Wy = 244 B, (5.6)

St
I follow Devereaux and Sutherland (2007 and 2008) and take advantage of the three

previous definitions to transform Equation (5.3) as follows

wehy  Rik . o Bt pl’ . ¢
Wi+ mp + —— + — t:PgnctﬂLP;nZtJr(Tffrt)itpm#JthWt*lme
St St St—1 P P4 (5.7)
2 Z 2
+p;n% (Wt — W)

where W is the steady state value of net debt.
An additional definition that is worth introducing in my model is that of the (real)

“excess return” on peso bonds 7, ¢, which is given by

— 2P *
7“1-775 =Ty — T

Then, the budget constraint can be re-written in the following way:

wehy Rk . By p" . i
Wy +m + —— 4 2 :p;nct'i‘p;nzt'i‘rz,tit%+TtWt—1%
St St St—1Pi_1 Pi—1 (5.8)
P2 —N2
+p)' 5 (Wi = W)

Furthermore, I asume that, because of no arbitrage, the expected gross rate of return
on peso bonds (the expected gross interest rate on peso bonds) Ei{RY 41 equals the

expected peso gross rate of return on world assets, that is,

E {Rl,,} = By {R;*+1 (8”1)} (5.9)

s
In addition, households are subject to a borrowing constraint that prevents them
from engaging in Ponzi schemes.
Furthermore, I assume that the period utility function mentioned above has a GHH-

preferences form following the current standard literature in small open economies,

by the domestic economy is equal to the percentual change of dollar price of the the representative
basket of goods that foreigners consume. It is straightforward to introduce the evolution of the dollar
price of the representative basket of goods using an autoregressive process of order one for this variable.

" Notice that in my model the net debt W; is actually the net foreign debt of the domestic economy
since both B:y1 and B, represent domestic foreing debt, which in the calibration stage is assumed
to be equivalent to 20 percent of the total dollar value of the domestic output in the steady state

(W = (0.2)p™%).
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including Mendoza (1991)'°; in particular,

(=)
Ct—? -1
U(Ct,ht): 1_7

where v is the coefficient of relative risk aversion, and w is one plus the inverse of the
intertemporal elasticity of substitution in labor supply.
Additionally, I assume a specific functional form for the implicit capital adjustment

costs function mentioned above following Mendoza (1991); in particular,

Slhesr, k) = ki — by

where ¢ is the capital adjustment cost parameter.

The household chooses the set of processes {ct, ht, ki1, 4t, Bey1, Biy 1152 and some
borrowing limit that prevents it from engaging in Ponzi-type schemes so as to maxi-
mize (5.1) subject to (5.2)—(5.4), taking as given the set of processes for {m, 77, ¢, wy, Ry,
st, Py 12 and the initial conditions ko, By, and Bg.

Let the multiplier on the flow budget constraint (5.3) be A\;3"/p/*. Then the first-
order conditions of the household’s maximization problem are (5.2), (5.4) — (5.6) and

(5.8) — (5.9) holding with equality and

M = <ct - f) B (5.10)

Ao <p;n) = Ah! (5.11)
(Bes)
t+1
1 - 1
At | = — (W — W)] = BE; |:)\t+1r;§k+1 <m>] (5.13)
b 2

5The benchmark utility function (GHH) is a generalized version of quasi-linear utility, first intro-
duced into the real business cycle literature by Greenwood, Hercowitz and Huffman (1988). GHH
preferences have the property that the marginal rate of substitution between consumption and leisure
is independent of the consumption level within the period.
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Ey [)\t+17“m,t+1< ! )] (5.14)

Sty

The interpretation of the first order conditions above are as follows: Equation (5.10)
defines the marginal utility of consumption. Equation (5.11) states that in equilibrium
the representative household must be indifferent between enjoying an additional hour
of leisure and enjoying the additional units of consumption that he will afford to buy
by working one more hour. Equation (5.12) states that in equilibrium, the represen-
tative household must be indifferent between consuming an additional unit of good,
and investing that additional unit and then consuming the goods that he could buy
with the revenues from the investment, net of depreciation. Equation (5.13) states that
in equilibrium, the representative household must be indifferent between issuing and
not issuing an additional unit of dollar bonds; in other words, the marginal utility of
consumption from the goods that it could buy with the money it can borrow by issuing
one more dollar bond must equal the discounted value of the marginal utility of con-
sumption lost from the repayment of that unit of dollar bond. Equation (5.14) is the
portfolio equation of the model (and also the Euler equation for bond holdings). This
equation states that, in equilibrium, the representative household must be indifferent
between issuing an additional unit of peso bonds and an additional unit of dollar bonds;
in other words, the expected excess return on peso and dollar bonds must be equal in

equilibrium.

5.2.2 The Firms’ Problem

Fach firm is the monopolistic producer of one variety of final goods. The domestic

firm’s output is given by

Y = AeF (kt, he) — d2(D7, Di—1)
where the first element of the right hand side of the above expression corresponds to
the production function of domestic firms, which have access to a constant returns to
scale production technology. Imperfectly competitive domestic firms produce a single
good that is sold abroad.

I follow Rotemberg (1982) and introduce sluggish price adjustment by assuming
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that the firm faces a resource cost that is quadratic in the inflation rate of the good it

produces:

b2 ( Pi 2
Price adjustment cost = > <t — 1>

The parameter ¢o measures the degree of price stickiness. The higher is ¢o the more
sluggish is the adjustment of nominal prices. If ¢o = 0, then prices are flexible. The
assumption of quadratic adjustment costs implies that firms change their price every
period in the presence of shocks, but will adjust only partially towards the optimal
price the firm would set in the absence of adjustment costs. As with any type of
quadratic adjustment cost, a firm prefers a sequence of small adjustments to very large
adjustments in a given period.

As pointed out by Rotemberg (1982), Barro (1972), and Mussa (1976), among
others, changing prices is costly for two reasons: First, there is the administrative cost
of changing the price lists, informing dealers, etc. Secondly, there is the implicit cost
that results from the unfavourable reaction of customers to large prices changes. While
the administrative cost is a fixed cost per price change, the second cost can be a different
function of the magnitude of the price change. In particular, customers may well prefer
small and recurrent price changes to occasional large ones. This is what is assumed
implicitly by Rotemberg (1982), when he makes the costs to changing prices a function
of the square of the price change.

The firm hires labor and capital from a perfectly competitive market. Moreover,
the foreign demand for the domestic good is of the form X;d(p;), where X; denotes the
level of foreign demand and p; denotes the relative (peso) price of the good in terms of
the average (peso) price of domestic exports. The relative price p; is defined as s:p; /py;
where s; is the nominal exchange rate, p; is the dollar price of the good produced by the
firm, and p; is the average peso price of domestic exports. The demand function d(.)
is assumed to be decreasing and to satisfy d(1) = 1 and d’(1) < —1. The restrictions
on d(1) and d'(1) are necessary for the existence of a symmetric equilibrium. The
monopolist sets the dollar price of the good it supplies p; taking the level of aggregate

demand as given, and is constrained to satisfy demand at that price; that is,
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AF (K, he) — ¢2(55, B5_1) > Xud(py) (5.15)

(Dollar) Profits are given by

Wi iLt . Rt I;:t

7y = Py Xed(Pr) — S S
t t

(5.16)

In addition, I assume a specific functional form for the implicit production function

mentioned above following Mendoza (1991); in particular,

F(ke, hy) = kthi =@

Each period, imperfectly competitive firms choose capital ky, labor services h; and
the dollar price of exports py, subject to demand and technological constraints (5.15), so
as to maximize profits (5.16). Since the firm is owned by the representative household,
it is natural to assume that the intertemporal marginal rate of substitution 3 )‘f\% can be

used to discount future profits. Let the multiplier on the demand and supply equilibrium

condition (5.15) be ji¢ 3¢ (’\g\—tl> pf; then the firm will maximize the following expression:

}

= ~ A ~s% 9 7. T ~k ok
+E, {Zutﬂ”jjpt | Xed(pe) = AcF (e, he) + 6257, i) } (5.17)
t=0

= )\t+1 ~ o wtiLt Rtiﬂt
L=E<{) $Xed(Pr) — -
t{tzoﬂ N [pt td(pr) 5 ”

taking as given the processes for { Ay, X¢, wy, Ry, 5t, A}
As a result of the profit maximization process, input demands and export prices
must satisfy the following efficiency conditions:
Ry

= — it Arak® LRI (5.18)
t

w P B X 7—o
sz = —upr Ak (1 — a)h; (5.19)
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~x ~ok ~k * 1
i a () v (5 [ e (52 ) 0 (1) ()
Pt Pt Dt Dy P
S¢D; <;5 Dy 2
X,d <tpt) Akhi— 4 22 < Pr 1)
Pt 2 \piq
A . D Dy
= FE; {Mtﬂﬁ( t+1>pt+1¢2 (tH - 1> ( f:;)} (5.20)
At pt Py

The interpretation of the first order conditions above are as follows: Equation (5.18)

+ /g

states that in equilibrium there is a wedge between the rental rate of capital and the
marginal productivity of capital (both expressed in dollars), which is explained by the
monopolistic power of the firms!'®. Equation (5.19) states that in equilibrium there is
a wedge between the wage rate and the marginal productivity of labor (both expressed
in dollars), which is explained, again, by the presence of imperfectly competitive firms
in the market. Equation (5.20) states that in equilibrium there is a wedge between
marginal revenue and marginal cost (both expressed in dollars), as a result of the
presence of price adjustment costs a la Rotemberg (1982).

Let me define the marginal cost mc; and marginal revenue mr; as follows

mey = St _
Ak (1 — a)h, @
1(3)
mry = Stht + pt~
bt d' (Stpt )
bt

5.2.3 Equilibrium

I restrict attention to symmetric equilibria where all firms charge the same price for the
good they produce (pf = pf). As a result, I have that p; = 1 for all t. It then follows
from the fact that all firms face the same wage rate and rental rate of capital, the same
shocks to technology and exports, and the same production technology, that they all

hire the same amount of labor and capital; that is, ﬁt = h; and l;t = k;. Let

n=d(1)

1611 contrast, under perfect competition, marginal productivity equals the factor price for each factor
of production.
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denote the equilibrium value of the elasticity of demand faced by the individual produc-
ers of goods. Then, in equilibrium, the expression for the marginal revenue mr; above
simplifies to

1
mry =1+ —

Furthermore, the domestic goods market equilibrium condition!” is given by
Py = sepy Xed <stp;f>
bt

where s; is the nominal exchange rate, expressed in number of units of domestic cur-
rency per unit of foreign currency, while X;d(.) is the quantity of domestic exports.
As in Chang and Velasco (2004), I assume that domestic residents do not consume
home goods, and thus the demand for home output comes from foreigners. This is a
simplifying assumption and should not affect the main results of the paper. Since by

assumption total domestic production y; is exported
Stp;
yr = Xud <t>
Py

pL = sipy (5.21)

I obtain the expected result that

which states that the price in pesos of domestic exports p; equals the product of the
nominal exchange rate s; times the dollar price of domestic exports pj.

Due to their monopolistic power, domestic firms choose the dollar price of exports
p;. Clearly, an increase in p; can be interpreted as a positive change to the terms of
trade in the economy. That is, ceteris paribus, a positive change in the price of domestic
exports will increase the purchasing power of domestic agents in terms of foreign goods
(imports).

Notice that my model does not make explicit the use of a monetary aggregate in
the economy, although the domestic price level is a key variable in the model. It is
possible to introduce money explicitly to my model, but the conclusions should not
change. My model assumes that the monetary authority just supplies the amount of

money that maintains the exchange rate s; at its pegged value under the fixed exchange

"The value in pesos of domestic output equals the value in pesos of the quantity demanded of
domestic output.
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rate regime, and that maintains constant the peso price of domestic exports p; under
the flexible exchange rate regime!®.
The stochastic processes for the level of aggregate demand Xy, the technology shock

Ay, the shock to the nominal gross interest rate on dollar bonds R;, and the shock to

the dollar price of imports p;* are exogenously given by

logX; = 1logXi—1 +€ext, where ex;~ N(0, 0_%{) (5.22)

logA; = plogAi—1 +€ar, where e4,~ N(O, 0124) (5.23)
R} R

log (Rt> — rlog <él> +eps, where egy ~ N(0,0%) (5.24)
pi P

log (_ﬁn> = Oplog < tm1> +ept, where e, ~ N(O, O'g) (5.25)
p b

where ex ¢, €4t, €Rrt, and €, are white noise random variables, and R* and p™ are the
steady state values of the gross nominal interest rate on dollar bonds and the dollar

price of imports, respectively.

5.3 Steady-State Portfolios

This section follows the steps necessary to solve for the steady state portfolio B.

The first-order approximation of the budget constraint is given by

h D D R Rk -
—WWt — Ty — wfwt wf <w_ _> ¢ — — R+
5 5 5 5 5
k - B B
<—R —(1- 5)k> ke + F=7) —F=¢; + (c+ k— (1= &)k +7W) p* (5.26)
5 5 5

teci 4 kkpyy + W — FWp | + FWWi_1 = 0+ O(€?)
where a bar over a variable denotes its steady state value.

The following definition will allow me to simplify further Equation (5.26):

18T be more precise, the flexible exchange rate regime in my model implies that the central bank
pursues a price targeting/flexible rate policy, where the target is the peso price of domestic exports.
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A~ _ P Ak
Tt =Ty — T

Using this definition, Equation (5.26) becomes

wh wh » wh Rk . Rk -
—WWt—T('ﬂ't—iwt—iht (s S>St_8 t

+ (—Rk —(1- 5)1?;) kit + Bigy + (6 4+ k— (1= 8k +7W) p + ey (5.27)
S

+l_€kt+1 + ’FI/T/’IQZF — FWp;n_l + fWWtfl =0+ 0(62)

where

B=r

ol | T3

Following Devereux and Sutherland (2007 and 2008), I will exploit the fact that up
to first order accuracy, the realized excess asset return 7, ; is a zero mean i.i.d. random
variable. Thus, I initially treat the realized excess return on the portfolio (Bﬁ”) as an
exogenous independent mean zero i.i.d. random variable denoted &;. Then, the home

country budget constraint can be re-written as follows:

—WWt—Wﬁt—wfhwt w_ilt+<w_h R_k> §t—%Rt
S S s $
RE: _ T rT\ am | = 5.28
(- R Rt R - (= O+ W) e (5:29)

tkkii1 + TWEF — FWp + TWWi_1 = 0+ O(€?)
The first-order linearization of the rest of the non-portfolio equations of the model

are as follows!?:

M+ (A + BAR)P — MWWy — BAFE A1) — BAFE 4] = 04+ O(?)  (5.29)

izzy + (i + f(r — AR*R' ™) + (id + B — agp}_, — GARR' = A,

— AR ah ™k — GAKCR' (1 — a)hy — BBSE[HY, ] = 0+ O(€?)

(5.30)

19Some of these linearized equations correspond to the linearization of the definitions of some dummy
variables that were introduced to the model in order to apply the method developed by Devereux and
Sutherland (2007 and 2008); in particular, the dummy variables are pdf:, pmas, ke2:, \P, sP, WP,
pdfes, and IsP. Some of these dummy variables are explicitly defined below.
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g — AR Ay — Ak®ah' ™%k, — AR (1 — a)hy = 0 + O(€) (5.31)
wh h - oh Tk Rk -~ Rk
wiy—plapy— *lmt+wt+wht+< “’7 - :) St — Rt — ke = 040(c?) (5.32)
gRt @ t-f—,u,pdAO[kia Tpl= aMt+deAaka 1pl= aAd_’_'updAaka Tp1- aA
5 5 (5.33)
+apt Ack® (o — )Rk + gptAck® 'R (1 — a)hy = 0 + O(e?)
Apy1 = pAs + Eﬁrl (5.34)
Tir1 = TX + 6%‘-4-1 (535)
Trp1 = O17f + el (5.36)
P = Oopi” + iy (5.37)
QA _EA —=dr1 A0, —0n —=diq 17.007 —a ~d
< Wt §5t+MP (1 —a)AE*R™ " + ap®(1 — o) AK“h ™}
+apt(1 — @) AR~ A; + ap?(1 — a) AR ah ™k (5.38)
—ap?(1 — @) Ak“ah™%hy = 0+ O(¢?)
R\ 1! A
- (c - w) e + <c —~ w) YRy — M = 0+ O(2) (5.39)
(WL - X%)At AN w — 1)y — X%wt + X%gt + X%ﬁt —0+0(2)  (5.40)

o]

M\ 4+ (A + ANBok) k1 — Adkky — A3 <§ +1-— 5> Eyhy1] — A3= Et[RtH]
(5.41)

NS Bilsi] + MG B i) — ABRE kel = 0+ O(e)
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Ut = & (5.42)

P = 8¢+ P} (5.43)

FE 1] = FE[P 1] = 04 O(e) (5.44)
pdf; = pf (5.45)

pma, = py;" (5.46)

ke, = fopin (5.47)

RY =+ 8+ " — -1 — Dy (5.48)

Ry =7 +p)" — iy (5.49)

Sty = 8 (5.50)

UTFuf, — <a — T) B céy + <a - ?:) B hehy + L15, = 0+ O(€?) (5.51)
WELF; — BE[WELF111] = (1 - B)uf, (5.52)
Fog =11 — 71 (5.53)

AP =\ — 81—, (5.54)
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P =5 4P — 5 — P, (5.55)

WP =w, (5.56)
pdfe; = Eyfpt ] (5.57)
Is, = AP — 3P (5.58)

In order to have as many dynamic equations as variables in the model so that I
can solve it, one more relationship is required?’. I obtain the additional equation as
follows. First, I introduce two dummy variables (A" ; and s ) to the model in order

to simplify my calculations; they are defined in the following way:

1
A=
t+1 t+1
sipy”
m
D — St+1P¢41
t+1 —
stpy”

With the help of these two dummy variables and the relationships between the
nominal and real interest rates, I can restate the first order condition for bond holdings,

Equation (5.14), and the uncovered interest parity condition, Equation (5.9), as follows:

Ey AP Ta41] (5.59)

Ei{ri1sth} = B {Tfﬂ)\tﬂ} (5.60)

Second, I take a second order approximation of the “simplified” first order condition

for bond holdings, Equation (5.59):

. “ 1 1
A N D D ax Ap2 A%
Et rerl — Tt+1 + )\t+17'?+1 — >\t+lrt+1 + §T€+1 — 5’[}_%_1 =0 + 0(62) (561)

20The variable that is absent in the solution of the first-order system is By, which will be “reintro-
duced” later in the model when I solve the second-order system.
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Third, I take a second order approximation of the “simplified” uncovered interest

parity condition, Equation (5.60):

1 1
~ A% ~D A ~D A% ~p2 Ak
E; |:Tf+1 — i+ 8Tl — ST §Tf+1 - 27}31] =0+ 0(¢) (5.62)

Fourth, I subtract Equation (5.62) from Equation (5.61), from which I obtain

E, [(xgl — §t0+1> (#,, — ﬁ;l)} — 04 0(2) (5.63)

As it will become clear later, Equation (5.63) above is key to solve for the equilibrium
value of B, the first big step towards solving my model?!.
The equations of the model can now be collected together in the form of a matrix

equation system, where the vectors s, ¢ and z are defined as follows??:

~

S; = |: ]%t Wt—l ﬁg—l mt—l Rf S/Elt_l
¢ = [ & he N Fr G fu e Re & pr 77 7 Fuy pdfy ke2, uf, WELF,
. . — ~D
NP D WP pdfe, s,
w=[ A X B ]
5 sp =% S D s ~D .
where sa;_1, ke2;, WP, pdf,, pdfe,, 3P AP, and ls, are dummy variables that are
used to make the model a first order system and to facilitate the computation of a key
component of the solution for the dynamics of the portfolio of assets, v,; and 1;}',5 and
WELF ¢ are the percentual deviations of the period utility and the life-time utility with
respect to their corresponding steady states. I add these two last variables to the model
in order to compute the welfare measure, as explained in detail in a later section.
Moreover, as it will be explained later with more detail, under flexible exchange rate

regime the peso price of domestic exports is fixed; therefore, under this regime p; is

dropped from the overall system including the vectors above. On the other hand, under

2!'Notice that Equation (5.63) is not part of the first-order system that I proceed to build up below.

22Notice that even though I have listed both §, and p; as “jumping” variables in the model, only
one of them is relevant under a particular exchange rate regime. To be more precise, under the flexible
exchange rate I drop p: from the model since under this regime the peso price of domestic exports is
assumed to be fixed, and under the fixed exchange rate I drop §; and Sa:—1 from the model since under
this regime the nominal exchange rate is assumed to be fixed.
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fixed exchange rate regime the nominal exchange rate is fixed; it follows that under this
regime §; and Sa;_1 are dropped from the overall system including the vectors above.
Then, the entire first-order approximation of the non-portfolio equations of the

model can be summarized in a matrix equation of the form

S S
Al T A | |+ Aset Be (5.64)

Eilci41] ct

Ty = N.’I,'t_l + &

where s is a vector of predetermined variables, ¢ is a vector of jump variables, x is a
vector of exogenos forcing processes and ¢ is a vector of i.i.d. shocks and B is column
vector with unity in the row corresponding to the equation for the evolution of net debt
(5.28) and zero in all other rows.

The state space solution to Equation (5.64) can be derived using any standard

solution method for linear rational expectations models, and can be written as follows:

str1 = Flay 4+ Fasy + F3& + O(e?) (5.65)
a = Piay + Pasy + Ps& + O(€2)
This form of the solution shows explicitly, via the F3 and Ps matrices, how the
first order accurate behaviour of all the model’s variables depend on exogenous i.i.d.
innovations to net debt.

By extracting the appropriate rows from Equation (5.65) it is possible to write the

following expression for the first order accurate realized excess returns 7 ;41:

Fopp1 = Ri&1 + Rogir + O(€7) (5.66)

where matrices R; and Ra are formed from the appropriate rows of Equation (5.65).
Equation (5.66) shows how first order accurate realized excess returns depend on the
exogenous i.i.d. shocks €;11, and the excess return on the portfolio &1.

Now remember that &1 is determined by the endogenous excess portfolio returns

via the relationship

41 = B'igii (5.67)
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where the vector of portfolio allocations B is to be determined. Equations (5.66) and
(5.67) can be solved together to yield expressions for 7, +4; and &4 in terms of the

exogenous innovations as follows

ev1 = Her (5.68)
Foii1 = Rerrr + O(€2) (5.69)
where
- BR - -
=2 R=RH+R,
1—-B'R;

Equation (5.69), which shows how realized excess returns 7, ;11 depend on the ex-
ogenous i.i.d. innovations of the model €,41, provides one of the relationships necessary
to evaluate the left-hand side of Equation (5.63). The other required relationship is the
link between (j\tDH — 8P) and the vector of exogenous innovations e;41. This relation-
ship can be derived in a similar way to equation (5.69). First, extract the appropriate

row of Equation (5.65) to yield the following

Tt

(M1 = 37) = D1&y1 + Dogria + D3 + O(€?) (5.70)

St+1
where matrices D1, D2 and D3 are formed from the appropriate rows of equation (5.69).

After substituting for &1, I obtain

Tt

(A2, —5P) = Dey1 + Dy +0(é?) (5.71)

St+1

where

D = DH + Dy (5.72)

Using equations (5.63), (5.69), and (5.71) allows me to derive the following expres-

sion

E, [(xgl — 8P)rpi1| = RED = 0+ O(3) (5.73)

where X is the covariance matrix of
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The equilibrium value of B is the one that satisfies the following equation

RED' =0 (5.74)

To solve for B, first substitute for R and D in equation (5.74) and expand to yield

RIHSH'D} + RyXH'D, + RyHYDY 4+ RyX D)y = 0+ O(€%) (5.75)

Substituting for H and H’, multiplying by (1—B’R;)?, and then solving for B yields

B = [RyX D4R} — D1 RoY' Ry HRLYDS] + O(e) (5.76)

And the solution for B is given by B = Bfs.

5.3.1 Comparing the Steady State Value of the Portfolio of Assets

under Alternative Exchange Rate Regimes

Under flexible exchange rate B=3.34 (since B=3.4737) and thus B*=-3.12%3. This
means that under this regime, the domestic economy optimally issues debt only in
pesos while it accumulates assets only in dollars. Since domestic households generate
income in pesos (both wages and the rental rate of capital are paid in pesos), they will
issue debt in pesos so that they can hedge themselves against the exchange rate risk
(and certainly be able to buy more consumption and investment goods). In addition,
domestic households accumulate assets in dollars (by purchasing them in the world
financial markets) in order help them smooth consumption in case there is negative
shock to the economy and to diversify risks because of the presence of the exchange
rate risk and the potential balance sheet effects.

Under fixed exchange rate B=-2.08 (since B=-2.1624) and thus B*=2.29. This
means that under this this regime, the domestic economy optimally issues debt only in
dollars while it accumulates assets only in pesos. Remember that under this regime the
government is assumed to guarantee the exchange of one dollar for a fixed amount of
pesos, that is, the nominal exchange rate is fixed (s; = 5). In addition, I assume that

s = 1 for simplicity. Therefore, under this regime domestic households will issue debt

23The results discussed in this section are based on the calibration of the model, which is explained
later in detail.



143

only in dollars since there is no exchange rate risk at all for them. Moreover, domestic
households accumulate assets in pesos (by purchasing them in the world financial mar-
kets) that will help them eventually buy the dollars to repay their dolar debt and buy

the consumption and investment goods they may want??.

5.4 First-Order Time Variation in Portfolios

The objective in this section is to solve for the behavior of B;. To do so first I have to
compute a third-order approximation of both the “simplified” uncovered interest parity
condition, Equation (5.60), and the “simplified” first order condition for bond holdings,

Equation (5.59). The two resulting expressions are as follows:

N s 1 1 1.
~D N D ~p D % Ap2 A2 D2 ~p
E; [Tt+1 — T F AT — AT T+ 57}+1 - §Tt+1 + 5/\t+17't+1

1 1 1 1 1 (5'77)
N ~ N ~p2 N Ak ~p3 A~k
— AP+ AP — S AL A+ oy — 2|+ O(eh) =0
2 2 2 6 6
Bl D 2p D Lo 1o  l.ppy
t[Ti1 = Ter1 T St1Ti41 — StiaTer1 + o741 T 5Ttk + 55117141
1 1 1 1 1 (5'78)
D2 4 D p2 D 4 p3 .
— =8 + 81T — —SP L+ Ty — A3 | +0() =0
2 2 2 6 6
After substracting Equation (5.78) from Equation (5.77), I obtain
D ~D D ok 1 /<po D Ap o
Ey <)‘t+1 - 5t+1) (Tt+1 - 7"t+1) + 5 ()\t+1 - 52t+1) (7}+1 - Tt—f—l)
(5.79)

L sp N)) p2 ) 4

T3 <>‘t+1 - St—l-l) <Tf+1 - T;tk—l-l) =0+ 0(e")

The expression above is key to solve for the dynamics of the equilibrium portfolio
(By).

Next, I take a second-order approximation of the budget constraint and the result

is the following:

24Gince in principle ex-post the real return on dollar assets may be different to the real return on peso
assets, households may want to accumulate assets in pesos, even though they have the commitment of
the government that they can buy and sell as many dollars as they want at the fixed exchange rate.
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To make easier my calculations, I define By as follows:

By, = i—B,

w\b:]\

Following Sutherland and Devereux (2007 and 2008), I postulate that B; has the

following functional form:

By = Yoze1 = [yalklzea)” (5.81)

where z;41 = [x¢ s¢11]. The next big step is to solve for the vector of coefficients in
this expression (7).

As in the previous section, initially assume that the realized excess return on the
time varying part of the portfolio, Btrx,t, is an exogenous independent mean-zero i.i.d.
random variable denoted &. The second order approximation of the budget constraint

in period ¢ can therefore be written in the form
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where the value of B is given by Equation (5.76).
Assume that the entire second-order approximation of the non-portfolio equations

of the model can be summarized in a matrix system of the form

~ S ~ ~
Ay v Ay | | 4 Agm + AuAy + BE + O(e%) (5.83)
Ey [Ct+1] Ct

2t = Nxi_1 + & (5.84)
Tt

Ay = vech sp | lxe st il (5.85)
Ct

where B is column vector with unity in the row corresponding to the equation for the

evolution of net debt (5.82) and zero in all other rows. This is the second order analogue
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of Equation (5.64), which was used in the derivation of the solution for the steady-state
portfolio. However, note that in this case the coefficient matrices on the first order
terms differ from Equation (5.64) because Equation (5.83) incorporates the effects of
the steady state portfolio. This is indicated by the tildes over the matrices ([11, A,
Az, and Ay).

The state-space solution to this set of equations can be derived using any second-
order solution method such as that by Lombardo and Sutherland (2005). In order to
simplify further the next steps in the derivation of the solution for the dynamics of B,
lTsD

I introduce one more dummy variable (Is ), which is defined as follows:

Now, by extracting the appropriate rows and columns from the state-space solution

~D
it is possible to write the following expressions for the second-order behavior of s and

A~

Ty

i5” = Do) + [Du)(€] + [Dallel! + [Dsli ([71F + [2*]F) + [Dalygle)ley
(5.86)
+Dsllel 1271 + [Delis /T 7Y + O()
o = [Ro] + [Rall€] + [Ralilel + [Roli (1271 + [=')F) + [Ralig eVl
(5.87)

HRsJwile] [71" + [Rolig[27)' [T + O(¢?)

where time subscripts have been omitted to simplify the notation and z/ and z* are
the first and second-oder parts of the solution for z. These expressions show how the
second-order behavior of l/:SD and 7, depend on the excess returns on the time-varying
element of portfolios (represented by &) and the state variables and exogenous i.i.d.
innovations.

As mentioned earlier, up to first order accuracy, the expected excess return is zero,
and up to second-order accuracy, it is a constant with a value given by Equation (5.79)
below. This implies that [R3]x[2/]* = 0 and that the terms [R3]x[2*]* and [Re];[2/][2/]?

are constants. Now, after taking expectations on Equation (5.87), I obtain

[Ro] = Elra] - [Rs]ul2*)" = [Ralis[2]7 — [Relis ') [7) (5.88)
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which combined with Equation (5.87) results in the following expression:

Py = Blra] —[Rali;[Z]7 + [Ru)€] +[Relile] +[Ralis[e] [l +[Rslwile]' [T +O(€%) (5.89)

In this analysis, £ is endogenous and given by

5 =Qary = ['Yx]k[zf]k'ﬁm (5.90)

Since £ is a second-order term, 7, can be replaced by the first-order parts of Equa-

tion (5.89); therefore

€ = [alulz]*s = [Rolilalle]' 171" (5.91)

After combining this expression with Equations (5.86) and (5.89), I obtain that

5" = [Do] + [Dalilel + [Dalic (1271% + (") + [Dalslel [ + ([Dsli
o A 3 A A (5.92)
+HD1)[Ra]i[yalile] [=7]° + [Deli [ '[=7F + O(e?)
P = Blrg] — [Ralij[2]7 + [Rolile]’ + [Ralile) [e)
(5.93)

+ (IRl + [ [Bali il ) (671 + O(€)
The two expressions above provide two components necessary to evaluate the left
hand side of Equation (5.79). The following expressions for the first order behavior
of AP , 8P, 7P and #* are necessary to obtain a simpler expression for Equation (5.79)

above:

AP = [CTife] + [CTIl='T" (5.94)
8P = [CFLilel’ + [CETul]* (5.95)
i = [RyJile] + [Ry]i[=]* (5.96)

7 = (R3] + (R (597)
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Notice that [R}], = [R3]r. The coefficient matrices for these expressions can be
formed by extracting the appropriate elements from the first order parts of the solution
to the system (5.83). After replacing Equations (5.92), (5.93), (5.94), (5.95), (5.96),

and (5.97) in Equation (5.79) and deleting terms of order higher than three, I obtain

[Dalule? 1 Blra] + Dol Ry (519 + (=714 Dl Rl 517
+[Dali[Roli[S17 + [Dail=/1* [Ra][Roline [£]V
DRSS + LD PHRIPIEY — DL FIRRS (5.98)
HRHCHLICH W FIZIY — (RO 1G5
DR LR SN = 04 0()
where I used the fact that [Do] is a second-order term and the assumption that all third
moments of ¢ are equal to zero. Notice that since Solutions (5.86) and (5.87) are based

on an approximation where the steady state portfolio is given by Equation (5.76), it

follows that

[Da]i[Ra);[%]7 = 0 (5.99)

which I also used to obtain Equation (5.98), which in turn implies that the following
expression must be satisfied for all k

(D3] Elrz] + [Doli[Rs]x; [Z]7 + [Ds]i;[Reli[£]7 + [Dali[ Roli[%]7

s . L. 1 - . .

H[Doli[Ri][Ro]iva[E]Y + [D1][Ro]i 72 [S]7 + §[D3]k[R%]?[E]”

1. ) T 3 - (5.100)
—§[D3]k[R§]?[E]” + [Roli[ G375 [C5T1[2]Y
~[Roli[C3ICT1[E]7 + [Dali[ RaJi R3]k[E]Y = 0+ O(e?)

In order to obtain an expression for E|r,] that will allow me to simplify further

Equation (5.100), I add up Equations (5.61) and (5.62) and then rearrange the sum so

that I can obtain the following expression:

B[] = —%E (WP +8P)ry 4 (172 = 1) | + O(e?) (5.101)

Using Equations (5.94), (5.95), (5.96), and (5.97) it is possible to write Equa-
tion (5.101) as follows:
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Blfa] =~ [RZIS]Y + S IRRIS]Y — I m R,
. o (5.102)
—SICEHS RS+ O()

After replacing this expression for E[r,] into Equation (5.100), taking advantage of
the fact that [C4!] — [CF] = [Ds] and [C4] — [C4] = [Ds], applying Equation (5.99),

and solving for v,, I obtain the following solution in matrix form:

1=~ [RSRD)| [RanDl + DonR] + 0(e) (5.103)

which holds for all k.

5.5 Calibration

I do calibrate the model for an average small open economy that has a high level of
dollarization. Some values for the parameters of the model are obtained from studies
on the Argentinian, Canadian, and Mexican economies, and some values are obtained
from the related literature. The basic calibration and parameterization of the model is
taken from Mendoza (1991). Mendoza calibrates the model to the Canadian economy?5.
Mendoza argues that Canada is viewed as a typical small open economy because of the
historical absence of capital controls and the high degree of integration of its financial
markets with those of the United States. The parameter values that I will use in my
simulation of the model are given in Table 5.1 below.

In addition, following Schmitt-Grohe and Uribe (2003), I assign a small value to
the parameter 19, which helps measure the portfolio adjustment costs that arise from
choosing a debt level different from its steady state value. Also, I assign a value of
0.9615 to the discount factor 3, since in the steady state the discount factor equals the
inverse of the gross world interest rate on dollar assets (R*), to which I assign a value
of 1.04. The value of 0.1 assigned to the annual depreciation rate § implies an average
investment ratio of about 19 percent, which is close to the average value observed in

Argentina of about 17 percent. I set the parameter «, which determines the average

25The data considered by Mendoza corresponds to annual observations for the period 1946-1985,
expressed in per capita terms of the population older than 14 years, transformed into logarithms and
detrended with a quadratic time trend.
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Table 5.1: Calibration

Symbol  Value Description

o 0.32 Capital’s share of income

I} 0.9615  Subjective discount factor

v 2 Coefficient of relative risk aversion

) 0.1 Depreciation rate

n -6 Price elasticity of demand for a specific export good variety

o 0.00074 Parameter of the portfolio adjustment cost function

10) 0.028 Parameter of the capital adjustment cost function

P2 0.028 Degree of price stickiness

p 0.42 Degree of autocorrelation for the technology shock

T 0.56 Degree of autocorrelation for the exports shock

01 0.42 Degree of autocorrelation for the interest rate on dollar bonds

05 0.42 Degree of autocorrelation for the dollar price of imports

w 1.455 One plus the inverse of the intertemporal elasticity of
substitution in labor supply

oA 0.0129  Standard deviation of the technology shock error term

ox 0.0129 Standard deviation of the exports shock error term

OR 0.0129 Standard deviation of the interest rate on dollar bonds shock error term

Op 0.0129  Standard deviation of the dollar price of imports shock error term

T 1.04 World’s gross real interest rate

capital share of income, at 0.32, a value commonly used in the related literature. In
addition, I set the value of the price elasticity of demand on a specific good 1 equal
to -6. This value implies a steady state value for the (value-added) markup of 0.20,
which is a reasonable value?®. Furthermore, I assume that the net debt in the long run

equilibrium is equal to 20 percent of the dollar value of domestic output.

5.5.1 The Welfare Measure

Let Vi be the conditional expectation of lifetime utility at time ¢

V,=E, {i B (cs, hs)} (5.104)

s—t

To find a second-order approximation of V;, I can define V; as a new control variable
in my model. From Equation (5.104), I can obtain that V; follows a law of motion as
in equation (5.105)

Vi = BEA{ Vit } = Uler, ) (5.105)

26Basu and Fernald (1997) estimate gross-output markup of about 0.1. They show that their estimates
are consistent wih values for the added-value markup of up to 0.25.
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5.5.1.1 Using the Expected Path to Evaluate Welfare

As Sutherland (2002) has pointed out, the expected path of variables is all that is
required to evaluate welfare.
Following Devereux and Sutherland (2007), the solution to the second-order approx-

imation of the non-portfolio equations of the model can be written as follows:

i1 = Fia; + Fos; + F3& + F4Vy 4 Fyvech(Z) + O(€%) (5.106)
¢t = Piay + Posy 4 P& + PyVi + Psvech(X) 4+ O(€?) (5.107)
where
Y = Eylers16)41] (5.108)
Tt
Vi = vech [z s¢] (5.109)
St

This state-space representation allows me to calculate a second-order accurate solu-
tion for the conditional expectation (at all horizons) of the variables of the model by sim-
ply applying the conditional expectation operator through all the equations in (5.106)
to (5.109). In addition, as Sutherland (2005) explains, when one seeks to measure the
effects of some policy (here a particular exchange rate regime) on future welfare, it is
convenient to choose initial conditions that are “neutral”. That is why I will choose
RO:W_lzﬁflzm_lzﬁgzﬁb_l:O as initial conditions to compute the expected path

of variables.

5.6 Impulse Response Functions and Expected Paths of Variables un-

der Alternative Exchange Rate Regimes

We assume that in period 0 the government chooses the exchange rate regime. The
government is assumed to be endowed with a commitment technology that allows it to
maintain throughout time the policy decision it makes in period 0. As a result, the
announced policy enjoys full credibility on the part of the private sector; in other words,

there is no time inconsistency problem in my model.



152

5.6.1 Flexible Exchange Rate Regime

In the model with flexible exchange rate regime, first, the government (central bank)
fixes the value of the peso price of domestic exports p; to its long-run (nonstochastic
steady state) level p, following Frankel (2003), and then, after observing the realization
of the exogenous shocks to technology, the nominal interest rate on dollar bonds and
the level (volume) of exports, households and firms, taking p; as given, solve their
corresponding contrained optimization problems, as explained above. Thus, under the

flexible exchange rate regime, I have

bt =Dp (5.110)

It is important to mention that Frankel (2003) suggests that pegging the export
price (PEP) is a monetary regime that can be applied to countries that are specialized
in the production of a particular agricultural or mineral commodity. PEP proposes
fixing the price of the single commodity in terms of local currency (here, pesos). It has
been objected that PEP is inappropriate for countries where diversification of exports is
an issue. For such countries the modified version, PEPI, developed by Frankel (2005),
proposes fixing the price of a comprehensive index of export prices. According to Frankel
(2005), in either version of the monetary regime (PEP or PEPI), one advantage is that
the currency depreciates automatically when the world market for the country’s exports

deteriorates.

5.6.1.1 The Nonstochastic Steady State

In the nonstochastic steady state, the disturbance term in each exogenous process for
the model shocks is equal to its unconditional expected value, that is, e =0, ex = 0,
er = 0, and ¢, = 0 , which implies values for the level of domestic exports, the
productivity factor, the gross nominal interest rate on dollar bonds and the dollar price

of imports of X =1, A=1, R* =1/, and p™ = 1 respectively. In addition?,

vl
I
—

2"The model has been built up such that the nonstochastic steady state for the non-portfolio variables
is the same under both exchange rate regimes.
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Figure 5.1: Flexible Rate: Technology Shock

5.6.1.2 The Impulse Response Function

All the graphs for the impulse response functions below show the impact on the domestic
economy of a one time positive shock equivalent to one standard deviation of a particular

innovation.

5.6.1.3 Technology Shock

The model delivers “impoverishing growth”, that is, a positive technology shock will
make the economy poorer. As argued by Bhagwati (1958), a small economy that exports
a good in which it has some market power may be adversely affected by a technology
shock by means of a drop of its terms of trade. As can be seen in Figure (5.1) below, the
positive technology shock reduces consumption, hours worked, and next-period capital.
Consistent with the drop in output and consumption, welfare is adversely affected®®. In
my model, “impoverishing growth” arises because the demand for exports is exogenously
given; therefore, a technology innovation will make the dollar price of exports drop and,

thus, less revenues and income will flow into the economy.

28Notice that an “increase” on a variable whose steady state value is negative implies that this
variables becomes more negative. This is the case of both the period utility and welfare in this economy.
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Figure 5.2: Flexible Rate: Exports Shock

5.6.1.4 Shock to Exports

Following a positive shock to exports, all output, consumption, hours worked and next-
period capital increase. The greater foreign demand for domestic goods allows output
to expand and increases the dollar price of domestic exports. As a result, more rev-
enues and income will flow into the domestic economy, which means that welfare will

increase??.

5.6.1.5 Shock to the Interest Rate on Dollar Bonds

Since the domestic economy is a net debtor in world financial markets, a positive shock
to the gross nominal interest rate on dollar bonds will make the domestic debt more
costly. As a result, the domestic economy will reduce its net debt, as well as consump-
tion and the stock of capital. In addition, given the fact that capital will drop, hours
worked will increase in order to keep constant the level of domestic output, which is

driven by the foreign demand in this model.

2°Notice that an “drop” (a negative percentual change) on a variable whose steady state value is
negative implies that this variables becomes less negative (that is, it increases!). This is the case of
both the period utility and welfare in this economy



156

Interest Rate shock - Output Interest Rate shock - Consumptian Interest Rate shock - Hours

Output
Consumption
o

o 5 10 15 il ] 5 10 15 20 T 5 10 15 o0
time time time

Interest Rate shock - Capital (1+1) Interest Rate shack - Uilty Interest Rate shock - Welfare

Capital (141)
Utility
=
Welf
&

o 5 10 15 il o 5 10 15 0 o 5 10 16 Eil
time time time

Figure 5.3: Flexible Rate: Interest Rate Shock

5.6.1.6 Shock to the Price of Imports

Following a positive shock to the dollar price of imports, consumption and the stock
of capital will fall. In addition, given the fact that capital will drop, hours worked will
increase in order to keep constant the level of domestic output, which is driven by the

foreign demand in this model.

5.6.1.7 The Expected Path of Some Variables of the Model

Table (5.2) below shows the evolution of the expected path of some variables of the
model for 20 periods. While the expected value of welfare stabiilizes around -0.1803,
the net debt does around -42.0584. Moreover, consumption and hours worked stabilize

around 0.0484 and -0.0012, respectively.

5.6.2 Fixed Exchange Rate Regime

In the model with fixed exchange rate regime, first, the government (central bank) fixes
the value of the exchange rate s; to its long-run (nonstochastic steady state) level s,
and then, after observing the realization of the exogenous shocks to technology, the

nominal interest rate on dollar bonds and the level (volume) of exports, households and
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Table 5.2: Expected Path of Variables

t  Eolé]  Eolhd] FEol§] FEolkis1] Eo[WELF:]  Eo[Wi]
1 0.0007 0 0 -0.0013 -0.022  -0.0079
2 0.0015 0.0006 0 -0.0012 -0.0228  -0.268
3 0.0017 0.0006 0 -0.001 -0.0235  -0.5553
4 0.0018 0.0005 0  -0.0008 -0.0243  -0.8525
5  0.002 0.0004 0  -0.0008 -0.0251 -1.1537
6 0.0022 0.0004 0  -0.0008 -0.0259  -1.4559
7 0.0024 0.0004 0  -0.0008 -0.0266 -1.7576
8  0.0027 0.0004 0  -0.0007 -0.0274  -2.058
9 0.0029 0.0004 0  -0.0007 -0.0281 -2.3568
10 0.0031 0.0004 0  -0.0007 -0.0289 -2.6535
11 0.0033 0.0004 0  -0.0007 -0.0296 -2.9482
12 0.0035 0.0004 0  -0.0007 -0.0304  -3.2407
13 0.0038 0.0004 0  -0.0007 -0.0311 -3.5311
14 0.004 0.0004 0  -0.0006 -0.0318 -3.8193
15 0.0042 0.0003 0  -0.0006 -0.0325  -4.1052
16 0.0044 0.0003 0  -0.0006 -0.0333  -4.389
17 0.0046 0.0003 0  -0.0006 -0.034 -4.6707
18 0.0048 0.0003 0  -0.0006 -0.0347  -4.9501
19 0.005 0.0003 0  -0.0006 -0.0354 -5.2275
20 0.0053 0.0003 0  -0.0005 -0.0361  -5.5027
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Figure 5.5: Fixed Rate: Technology Shock

firms, taking s; as given, solve their corresponding contrained optimization problems,

as explained above. Thus, under the fixed exchange rate regime, I have

st=s (5.111)

5.6.2.1 The Impulse Response Function
5.6.2.2 Technology Shock

As mentioned previously, the model delivers “impoverishing growth”, that is, a positive
technology shock will make the economy poorer. As can be seen in Figure (5.5) below,
the positive technology shock reduces consumption, hours worked, and next-period
capital. Consistent with the drop in output and consumption, welfare is adversely
affected®?. In my model, “impoverishing growth” arises because the demand for exports
is exogenously given; therefore, a technology innovation will make the dollar price of

exports drop and, thus, less revenues and income will flow into the economy.

3%Notice that an “increase” on a variable whose steady state value is negative implies that this
variables becomes more negative. This is the case of both the period utility and welfare in this economy.
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5.6.2.3 Shock to Exports

Following a positive shock to exports, all output, consumption, hours worked and next-
period capital increase. The greater foreign demand for domestic goods allows output
to expand and increases the dollar price of domestic exports. As a result, more rev-
enues and income will flow into the domestic economy, which means that welfare will

increase’!.

5.6.2.4 Shock to the Interest Rate on Dollar Bonds

Since the domestic economy is a net debtor in world financial markets, a positive shock
to the gross nominal interest rate on dollar bonds will make the domestic debt more
costly. As a result, the domestic economy will reduce its net debt, as well as consump-
tion and the stock of capital. In addition, given the fact that capital will drop, hours
worked will increase in order to keep constant the level of domestic output, which is

driven by the foreign demand in this model.

31Notice that an “drop” on a variable whose steady state value is negative implies that this variables
becomes less negative (that is, it increases!). This is the case of both the period utility and welfare in
this economy



160

Interest Rate shock - Output Interest Rate shock - Consumptian Interest Rate shock - Hours

Output
Consumption
o

o 5 10 15 il ] 5 10 15 20 T 5 10 15 o0
time time time

Interest Rate shock - Capital (1+1) Interest Rate shack - Uilty Interest Rate shock - Welfare

Capital (1+1)
&
Utility

i 5 10 15 il ] 5 10 15 20 o 5 10 15 a0
time time time

Figure 5.7: Fixed Rate: Interest Rate Shock

5.6.2.5 Price of Imports Shock

Following a positive shock to the dollar price of imports, consumption and the stock
of capital will fall. In addition, given the fact that capital will drop, hours worked will
increase in order to keep constant the level of domestic output, which is driven by the

foreign demand in this model.

5.6.2.6 The Expected Path of Some Variables under Fixed Exchange Rate

Table (5.3) below shows the evolution of the expected path of some variables of the
model for 20 periods. While the expected value of welfare stabiilizes around -0.0321,
the net debt does around -8.4305. Moreover, consumption and hours worked stabilize

around 0.0085 and -0.0006, respectively.

5.6.3 Comparing Some Results Under Alternative Exchange Rate

Regimes

In this part of the analysis, first I proceed to highlight some of the main quantitative
results of the model; then, I state the main findings from the comparison of these

results.
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Table 5.3: Expected Path of Some Variables

t  Eoléd)  Eolhd] Folg] Eolkis1] Eo[WELF,  Eo[Wi]
1 0.0014 0 0 0.0001 -0.0081 0.007
2 0.0016 0 0 0.0005 -0.0082 -0.0537
3 0.0016 -0.0002 0 0.0007 -0.0083 -0.1223
4 0.0015 -0.0003 0 0.0008 -0.0085 -0.1878
5 0.0015 -0.0003 0 0.0008 -0.0086 -0.2511
6 0.0016 -0.0004 0 0.0009 -0.0087 -0.3132
7 0.0016 -0.0004 0 0.0009 -0.0088 -0.3747
8 0.0016 -0.0004 0 0.0009 -0.009 -0.4357
9 0.0017 -0.0004 0 0.0009 -0.0091  -0.4963
10  0.0017 -0.0004 0 0.0009 -0.0092 -0.5565
11  0.0017 -0.0004 0 0.0009 -0.0093 -0.6162
12 0.0018 -0.0004 0 0.0009 -0.0095 -0.6755
13 0.0018 -0.0004 0 0.0009 -0.0096 -0.7344
14 0.0018 -0.0004 0 0.0009 -0.0097 -0.7928
15 0.0019 -0.0004 0 0.0009 -0.0098  -0.8508
16 0.0019 -0.0004 0 0.0009 -0.0099 -0.9084
17 0.0019 -0.0004 0 0.0009 -0.01 -0.9655
18 0.002 -0.0004 0 0.0009 -0.0102 -1.0221
19 0.002 -0.0004 0 0.0009 -0.0103 -1.0784
20 0.002 -0.0004 0 0.0009 -0.0104 -1.1342
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5.6.3.1 Flexible Exchange Rate Regime

Under flexible exchange rate regime, B = 3.34, B* = —3.12, Eo[mFt] = —0.1803,

and

vz = [1.5695 —1.3338 — 1.6267 — 0.1606 1.8789 — 0.1345 — 0.1500 0.0811 ( )
5.112

—1.3909 2.0828]

Thus, the solution for By is given by

B, = 1.5695A, — 1.3338X; — 1.6267R} — 0.1606p" + 1.8789k, — 0.1345W;_,
(5.113)

—0.1500p2 | + 0.0811p™ | — 1.3909R? + 2.08285; 1
5.6.3.2 Dynamics of Bonds and Net Debt Under Flexible Exchange Rate

I can compute the dynamics of peso bonds B, by taking advantage of Equation (5.113)

and applying the following formula:

B35 =
By ="=B (5.114)

In addition, I can compute the dynamics of dollars bonds using the following for-

mula??:

A B . B
o Wi— =B+ =3
By = W 1 W (5.115)
w

As can be seen in Figure (5.9) below, following a positive shock to technology,
net debt increases. This occurs because the country issues more debt (in net terms)
as it becomes poorer (as the model delivers immiserizing growth). In addition, while
more debt in pesos is issued®?, less assets in dollars are accumulated (since they are
used to smooth consumption). Furthermore, following a positive exports shock, net
debt decreases. This happens because the country issues less debt (in net terms) as it

becomes richer. In addition, while less debt in pesos is issued, more assets in dollars are

32The formula was derived by log-linearizing the definition of net wealth, Equation (5.6).

33Remember that under flexible exchange rate, domestic households optimally issue debt in pesos

while accumulate assets in dollars.
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Figure 5.9: Flexible Rate: Dynamics of Bt, B;“ and Wt

accumulated (the increase in dollar revenues due to the positive exports shock allows
the country to accumulate more dollars).
5.6.3.3 Fixed Exchange Rate Regime

Under fixed exchange rate regime, B = —2.08, B* = 2.29, EO[I/V/E-th] = —0.0321, and

vz = [—0.2013 0.2375 3.4658 2.4203 —0.0134 —0.2902 —0.0067 0.0659 —0.6357] (5.116)

Thus, the solution for B, is given by

B, = —0.2013A; 4 0.2375X; + 3.4658 R + 2.4203p" — 0.0134k,
(5.117)

—0.2902W;_1 — 0.0067p_; + 0.0659p" | — 0.6357RY
5.6.3.4 Dynamics of Bonds and Net Debt Under Fixed Exchange Rate

As can be seen in Figure (5.10) below, following a positive shock to technology, net
debt increases. This occurs because the country issues more debt (in net terms) as it

becomes poorer (as the model delivers immiserizing growth). In addition, while more
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debt in dollars is issued3* (since they will be needed to smooth consumption), more
assets in pesos are accumulated. Furthermore, following a positive exports shock, net
debt decreases. This happens because the country issues less debt (in net terms) as it
becomes richer. In addition, while less debt in dollars is issued (the increase in dollar

revenues makes borrowing less needed to smooth consumption), less assets in pesos are

accumulated.

5.6.3.5 Main Results

One of the key findings in this study is that the conditional expected value of welfare
is greater under flexible exchange rate than under fixed exchange rate. In particular,
under the flexible rate regime EO[VV/E_EF ] = —0.1803, while under the fixed rate regime
Eo[mF ] = —0.0321. Since the value of welfare (the expected life-time utility of the
representative agent) is negative in the steady state, these figures imply that under the
flexible rate regime the value of welfare is expected to be greater than that under the
fixed exchange rate. This finding is consistent with the result that, under the flexible

exchange rate, consumption is expected to be greater and hours worked is expected to

3%Remember that under flexible exchange rate, domestic households optimally issue debt in dollars

while accumulate assets in pesos.
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be lower than their values under the fixed exchange rate. In addition, the burden of
the (net) debt under flexible exchange rate is expected to be lower than that under
the fixed exchange rate. In particular, under flexible exchange rate Ey[é;] = 0.0484 and

Eo[hs] —0.0012, while under the fixed exchange rate Ey[¢;] = 0.0085 and E[hs] —0.0006.

Moreover, under the flexible exchange rate, Eo[W;] = —42.0584, while under fixed
exchange rate Eo[W;] = —8.4305. Since the value of consumption, hours worked and

net debt are positive in the steady state, these figures imply that under the flexibe
rate regime the value of consumption is expected to be greater and the values of hours
worked and net debt are expected to be lower than those under the fixed exchange rate.
Furthermore, under flexible exchange rate, the domestic economy issues only debt in
pesos and acummulates assets in dollars. In contrast, under fixed exchange rate, the

domestic economy issues only debt in dollars and accumulates assets in pesos.

5.7 Conclusions

The current world economic crisis has already had a number of effects on all economies.
One of them is the significant depreciation of the domestic currency in a number of
emerging economies including Argentina, Brazil, and Mexico. As a result the degree of
dollarization in many emerging economies has been increasing since domestic agents try
to avoid a loss of purchasing power by holding hard (foreign) currency. Since potencial
balance sheet effects increase as dollarization deepens it is worth studying alternatives
exchange rate regimes in dollarized economies using state of the art approaches. One of
them is the approach developed by Devereux and Sutherland (2007 and 2008). These
authors use their method to study the composition of portfolio of assets in a two-country
world. Here, I used this method to study optimal exchange rate in a small open economy
where the degree of dollarization is fully endogenous. The main findings are as follows:
(i) under flexible exchange rate, the small economy will optimally issue only debt in
pesos while accumulate substantial foreign reserves, (ii) under fixed exchange rate, the
country will issue only debt in dollars while accumulating assets in pesos, and (iii) the
flexible exchange rate is the best policy, in particular, the conditional expected value
of welfare under flexible exchange rate is greater than that under fixed exchange rate.

These findings are consistent with the assumptions that the country’s residents consume
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only foreign goods and that the economy is affected by shocks to productivity, exports,

the interest rate on dollar bonds, and the dollar price of imports.
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Figure 6.20: Posterior Densities - Fixed E.R.
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Table 6.1: Autocorrelation of Simulated Variables

Variables FIXED E.R. FLEXIBLE E.R. (CPI)
1 2 3 1 2 3
Ay 0.3569 0.1258 0.0564 0.3596 0.1103 0.0458
Bt 0.9914 0.9753 0.9565 0.9922 0.9773 0.9603
Bz+1 0.9914 0.9753 0.9565 0.9922 0.9773 0.9603
real — B:+1 0.9893 0.9717 0.9521 0.99 0.9736 0.9558
real — Byyq 0.9893 0.9717 0.9521 0.9922 0.9773 0.9603
real — Debt 0.9893 0.9717 0.9521 0.9912 0.9756 0.9583
ct 0.727 0.5456 0.436 0.7291 0.5402 0.4356
cM,t 0.7723 0.6914 0.6632 0.7757 0.6892 0.6636
CN,t 0.5206 0.2752 0.1521 0.5256 0.2626 0.144
¢ — vy — ratio 0.6796 0.4849 0.3653 0.6926 0.4853 0.3641
Debt — y — ratio 0.9894 0.9723 0.9528 0.9912 0.9757 0.9583
Dollarization — ratio 0.9914 0.9753 0.9565 0.8391 0.7226 0.6536
Ry 0.6141 0.369 0.2223 0.3521 0.1048 0.0309
% 0.3371 0.1079 0.0415 0.3521 0.1048 0.0309
ht 0.4784 0.293 0.2317 0.4877 0.3015 0.2393
hN,t 0.4962 0.2573 0.1438 0.5029 0.2445 0.1348
hx ¢ 0.4414 0.2154 0.1133 0.4664 0.2189 0.1125
it 0.125 -0.0816 -0.0818 0.1345 -0.1055 -0.102
i —y — ratio 0.066 -0.1309 -0.1177 0.0821 -0.1517 -0.135
k¢ 0.7859 0.5491 0.3762 0.7849 0.5412 0.3728
kNt 0.6675 0.4146 0.2488 0.6741 0.4077 0.2441
kx,t 0.1356 -0.0614 -0.0651 0.153 -0.0781 -0.0793
At 0.7327 0.5484 0.433 0.7366 0.5431 0.4316
KNt -0.0775 -0.0675 -0.032 -0.0541 -0.0894 -0.0524
BX,t -0.0787 -0.0673 -0.0318 -0.0543 -0.0894 -0.0524
Dt 0.6396 0.4 0.2549 n.a. n.a. n.a.
Py 0.6388 0.3995 0.2546 0.6454 0.3932 0.2526
PM,t 0.7737 0.6926 0.6644 0.6455 0.3933 0.2527
PNt 0.6396 0.4 0.2549 0.6455 0.3933 0.2527
Tt 0.7232 0.6234 0.5858 0.7363 0.6345 0.5946
TN, ¢ 0.7723 0.6914 0.6632 0.7785 0.6925 0.6667
real — Tar ¢ 0.6187 0.4873 0.4475 0.6238 0.481 0.4451
TNt 0.4895 0.2666 0.1686 0.4963 0.2538 0.1599
real — TN ¢ 0.4967 0.2622 0.1524 0.5035 0.2496 0.1438
real — ¢ 0.5721 0.4191 0.3696 0.5783 0.419 0.3722
TX b 0.4869 0.2646 0.158 0.5132 0.2722 0.1604
real — wx ¢ 0.4255 0.2098 0.1192 0.4573 0.2228 0.1238
PX,t 0.6388 0.3995 0.2546 0.6459 0.3936 0.2528
%’; 0.6388 0.3995 0.2546 0.6458 0.3935 0.2528
Rf n.a. n.a. n.a. 0.6645 0.4022 0.2447
St n.a. n.a. n.a. 0.6446 0.3926 0.2522
Vi 0.9946 0.9821 0.9658 0.9956 0.9844 0.9697
wi 0.6481 0.4781 0.3835 0.4877 0.3015 0.2393
Z—: 0.4784 0.293 0.2317 0.4877 0.3015 0.2393
Xt 0.2747 0.077 0.0267 0.3042 0.0962 0.0343
X —y — ratio 0.4774 0.2397 0.127 0.4909 0.2318 0.1203
y — in — dollars 0.5527 0.41 0.3615 0.5792 0.4339 0.3771
YM,t 0.7723 0.6914 0.6632 0.7757 0.6892 0.6636
YNt 0.5206 0.2752 0.1521 0.5256 0.2626 0.144
Yt 0.4766 0.2915 0.2306 0.486 0.3001 0.2383
YX,t 0.2747 0.077 0.0267 0.3042 0.0962 0.0343
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Table 6.2: Autocorrelation of Simulated Variables

Variables FIXED E.R.
1 2 3
At 0.3491 0.1202 0.0453
Biyq 0.9864 0.9702 0.9521
B,Z‘Jrl 0.9864 0.9702 0.9521
real — B:Jrl 0.983 0.9646 0.9452
real — By 0.9901 0.9765 0.96
real — Debt 0.9875 0.9721 0.9546
ct 0.7044 0.5135 0.3996
CM,t 0.7226 0.6349 0.6084
CN.,t 0.5193 0.2738 0.1542
c —y — ratio 0.6679 0.4551 0.3343
Debt — y — ratio 0.9869 0.9715 0.954

Dollarization — ratio 0.7865 0.6423 0.5552

Ry 0.136  -0.0712 -0.083
5—: 0.3346  0.1035  0.0232
hy 0.4576  0.2664  0.1896

ht 0.4945  0.2547  0.1474

hx . 0.4598  0.2243  0.1314

it 0.1154  -0.0826  -0.0694

i —y — ratio 0.0691 -0.1216 -0.0856
k¢ 0.7735  0.5258  0.3456
kNt 0.6693  0.4094  0.2451

kx ¢ 0.1337  -0.0603  -0.0406

At 0.7143 0.518  0.3996
BNt -0.4084  -0.0288  0.0339
Xt -0.0709  -0.0743  -0.0122

Pt 0.6317  0.3821 0.2352

P} 0.6297  0.3807  0.2344
Pt 0.6306  0.3813  0.2347
PNt -0.0667  -0.0749  -0.0129

L 0.6821  0.5676  0.5197
MLt 0.7315  0.6445  0.6174
real — mar ¢ 0.569  0.4318  0.3966
TNt 0.4864  0.2591 0.1626
real — N 0.498  0.2608  0.1531
real — my 0.5325 0.374  0.3175
Xt 0.5024  0.2678  0.1671
real —mx ¢ 0.4482  0.2189  0.1339
PX,t n.a. n.a. n.a.
ﬁj;i 0.6306  0.3813  0.2347

RY 0.6623 0.4024 0.2413

st 0.6297  0.3807  0.2344

Vi 0.9918  0.9805  0.9658

we 0.5812  0.3261 0.1803

e 0.4576  0.2664  0.1896

Xt 0.297  0.0845  0.0327

X — y — ratio 0.4851  0.2435  0.1392
y — in — dollars 0.53  0.3673  0.3068
Yt 0.7226  0.6349  0.6084
YNt 0.5193  0.2738  0.1542

Yt 0.4564  0.2655  0.1889

YX,t 0.297 0.0845 0.0327




Table 6.3: Results from Posterior Maximization

FIXED E.R. FLEXIBLE E.R. (CPI)
parameters prior post. conf.interv. post. conf.interv.
mean mean mean
o 0.32 0.4115 0.0305 13.4821 0.4108 0.0301 13.644
B 0.8 0.8467 0.0997 8.4885 0.8485 0.0988 8.5873
B* 0.8 0.8467 0.0997 8.4896 0.8467 0.0998 8.487
¢ 0.028 0.0309 0.0166 1.8592 0.031 0.0167 1.8581
P2 0.028 0.0211 0.0123 1.7094 0.0209 0.0122 1.709
P 0.5 0.3565 0.1259 2.8314 0.3566 0.1259 2.8311
T 0.5 0.3012 0.1256 2.3987 0.301 0.1255 2.3979
Pa 0 0.0003 0.0001 2.2745 0.0003 0.0001 2.2697
Y3 0 0.0003 0.0001 2.2745 0.0003 0.0001 2.26
y 2 0.2091 0.0774 2.7018 0.2141 0.0799 2.6802
w 1.455 1.6979 0.4447 3.818 1.6939 0.4459 3.799
5 0.1 0.1927 0.0457 4.222 0.1934 0.0453 4.2734
n -6 -6.0249 0.9807 6.1434 -6.0187 0.9813 6.1337
a 0.5 0.5454 0.0584 9.3453 0.5445 0.0584 9.322
0 2 2.3601 0.3925 6.0124 2.3561 0.3909 6.0274
AD 6 6.204 0.9439 6.5728 6.2105 0.9434 6.5829
TA 0.06 0.019 0.0052 3.6143 0.0191 0.0053 3.5798
ox 0.06 0.0187 0.003 6.1372 0.0187 0.003 6.1535
Table 6.4: Results from Posterior Maximization
FLEXIBLE E.R. (px)

parameters prior post. conf.interv. prior prior

mean mean distr. o

« 0.32 0.4096 0.0304 13.4733 norm 0.16

B 0.8 0.8519 0.097 8.7829 beta 0.1

B* 0.8 0.8467 0.0998 8.4877 beta 0.1

¢ 0.028 0.0309 0.0167 1.8511 beta 0.014

b2 0.028 0.0207 0.0121 1.7074 beta 0.014

P 0.5 0.3549 0.1261 2.8146 beta 0.2

T 0.5 0.3025 0.1255 2.4095 beta 0.2

Po 0 0.0003 0.0001 2.2718 beta 0.0002

P3 0 0.0003 0.0001 2.2367 beta 0.0002

¥ 2 0.227 0.0872 2.6042 norm 0.5

w 1.455 1.6803 0.4507 3.7281 norm 0.5

5 0.1 0.1982 0.0456 4.3482 beta 0.05

n -6 -6.0363 0.9816 6.1497 norm 1

a 0.5 0.546 0.0593 9.2143 beta 0.15

0 2 2.3683 0.3865 6.1276 norm 0.5

AD [§ 6.2128 0.9422 6.5938 norm 1

oA 0.06 0.0196 0.0057 3.4322 invg 1

ox 0.06 0.0185 0.003 6.2415 invg 1
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6.3 Appendix III
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6.4 Appendix IV

6.4.1 The Full Second-Order Linearized Model

*WWt — T — w?_hﬁ)t - w?ilt + (w? + Rk) 8¢ — %Rt + (*% -(1- 5)[2) ];ft Jrfgff
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