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Abstract

This thesis includes two essays which attempt to investigate what type of exchange
rate regime is more desirable in welfare terms when there are balance sheet constraints
in emerging market countries (EMCs). This is accomplished through a rigorous
welfare-based comparison of fixed and flexible exchange rate regimes in the context of
different dynamic stochastic general equilibrium small open economy models which
incorporate some characteristics designed for the emerging market environment:
balance sheet effects, foreign currency debt, and vulnerabilities to external shocks.
More specifically, this thesis investigates whether and how (i) the level of foreign
currency debt and (ii) the degree of exchange rate volatility affect balance sheets and
welfare under different exchange rate regimes.

Chapter 2 investigates the effects of debt levels on balance sheets and welfare.
This chapter evaluates the welfare properties of exchange rate regimes by employing
the model of Devereux et al. (2006). In contrast to the ‘Fear of Floating’ view
highlighted by Calvo and Reinhart (2002), our results show that the float
welfare-dominates the peg for a broad range of debt levels. In addition, as the level of
foreign currency debt rises, the welfare difference between the two regimes becomes
wider — the float becomes more desirable. Moreover, the results hold irrespective of
the degree of exchange rate pass-through.

In Chapter 3, we extend the model of the previous chapter to investigate how the
degree of exchange rate volatility affects the choice of exchange rate regime. The
main feature of the extended model is to introduce an exogenous shock to the UIP
(uncovered interest parity) condition under flexible exchange rates, which allows the
model to generate more realistic exchange rate volatility.  Using the extended model,
we compare the peg with several types of floats in terms of welfare. The main
findings are: (a) the peg welfare-dominates strict CPI-inflation targeting under plausible
calibrations of exchange rate volatility and the welfare difference between the two
regimes becomes larger as exchange rate volatility increases - the peg becomes more
desirable; (b) the peg is welfare-superior to strict domestic-inflation targeting when
exchange rate volatility is high. The results are basically consistent with the ‘Fear of

Floating’ view.
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Chapter 1: Introduction

Chapter 1

Introduction

The question of whether monetary authorities should react directly to the exchange
rate is a matter of debate in the academic world. Edwards (2006) and Taylor (2001)
argue that, at least in developed countries, monetary policy rules that directly respond to
the exchange rate are not efficient at stabilizing inflation and real output and perform
worse than those that do not react directly to the exchange rate. They explain that (i)
even if the monetary policy rule has no direct reaction of interest rates to the exchange
rate, it has an indirect reaction of interest rates to the exchange rate* and that (ii)
monetary policy rules which directly respond to the exchange rate are likely to increase
the volatility of the interest rate. Therefore, they argue that the exchange rate should

not be explicitly incorporated into the monetary policy rule.

On the other hand, Calvo and Reinhart (2002), Ho and McCauley (2003) and other
empirical studies find that many monetary authorities in emerging market countries
(EMC:s) are reluctant to allow their currencies to float freely and care about exchange
rate fluctuations because such changes could pose significant challenges in EMCs.
This is referred to as ‘Fear of Floating,” which is highlighted by Calvo and Reinhart

(2002). One of the main challenges is balance sheet vulnerabilities induced by

' For example, consider the case of an exchange rate depreciation.  In a standard open economy
model, an exchange rate depreciation today would increase the level of real output and inflation in
the future, which raises expectations of future short-term interest rates. ~With a rational expectations
model of the term structure of interest rates, the expectations of higher future short-term interest rates
would raise long-term interest rates today.  Thus, the exchange rate depreciation would raise interest
rates today, even though the exchange rate is not explicitly included in the monetary policy rule.
They call this ‘an indirect reaction of interest rates to the exchange rate.’
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Chapter 1: Introduction

currency mismatches.?  Since banks and non-banks in many EMCs cannot borrow
from abroad in their own currency, they have to borrow in foreign currency. This
generates an accumulation of foreign currency debt which is insufficiently matched by
their foreign currency assets (this is called ‘currency mismatches’). Under the
circumstances, so-called ‘contractionary devaluations’ occur. A significant exchange
rate depreciation would inflate debt servicing costs and consequently damage the value
of their collateral or their net worth. Then, the decline in net worth could adversely
affect their access to capital markets and raise the risk premium substantially, which
could reduce investment spending dramatically, thereby leading to a severe recession.?
This is referred to as balance sheet effects, balance sheet constraints, or the financial
accelerator. Contractionary devaluations contrast with the conventional wisdom of
expenditure switching, which argues that an exchange rate depreciation makes exports

competitive, thereby generating expansionary effects.

In recent years, balance sheet effects coupled with foreign currency debt have
become a focal point of interest in theoretical studies on the appropriate monetary and
exchange rate regime for EMCs. Recent papers incorporating balance sheet effects in
combination with foreign currency debt include Céspedes et al. (2002, 2004), Choi
and Cook (2004), Cook (2004), Devereux et al. (2006), Elekdag and Tchakarov
(2007), and Gertler et al. (2007).* Most of the studies develop a standard small
open-economy model which incorporates the financial accelerator mechanism a la
Bernanke et al. (1999) and Carlstrom and Fuerst (1997). The key aspect of the
framework is that the cost of external borrowing (the risk premium) is modeled as an
endogenous variable and is linked to balance sheets. When firm’s balance sheets
deteriorate dramatically, e.g. owing to a sudden exchange rate depreciation, the risk
premium increases substantially, thereby generating a severe recession. Thus, the

model succeeds in accounting for contractionary devaluations and provides a useful

2 See Note 1 of Chapter 2 for other reasons.
® This phenomenon was observed in the Asian financial crisis of the late 1990s (see Cook (2004)).
* See Note 1 of Chapter 3 for other related work.
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Chapter 1: Introduction

insight into the behavior of EMCs.

The objective of this thesis is to study what type of exchange rate regime is more
desirable in welfare terms when there are balance sheet constraints in EMCs. The
thesis investigates the question by performing a rigorous welfare comparison of fixed
and flexible exchange rate regimes in different dynamic stochastic general equilibrium
small open economy models which incorporate balance sheet effects and foreign

currency debt.

In this context, we extend the previous literature in the following two dimensions.
First, we deal with a wide range of debt levels in order to investigate whether and how
the degree of foreign currency debt affects balance sheets and welfare under different
exchange rate regimes. Second, we evaluate the welfare properties of exchange rate
regimes by employing a model that generates more realistic exchange rate volatility.
To the best of our knowledge, few previous studies in this field consider these two
issues. Regarding the former, most of the previous studies — with the noteworthy
exception of Elekdag and Tchakarov (2007) - do not examine the welfare
implications of various debt levels under different exchange rate regimes. They deal
with at most two steady-state calibrations of the debt level.> Thus, they do not present
convincing answers to the question of what type of exchange rate regime is more
suitable for EMCs when the level of foreign currency debt is low or high. With
respect to the latter, since most of the existing studies assume a stable relationship
between the nominal exchange rate and the nominal interest rate, their models generate
predicted exchange rate volatility that is extremely low, compared to that seen in
historical data (log-linearizing their models, the path of the nominal exchange rate
basically depends on the standard UIP, uncovered interest parity, condition).

Therefore, the impact of exchange rate variability on balance sheets could be

> Céspedes et al. (2000) consider two steady-state calibrations of the debt level. However,
they compare fixed and flexible exchange rate regimes by employing the welfare measure based on a
first-order approximation method, not using a second-order accurate welfare metric.

12



Chapter 1: Introduction

underestimated in their models. In other words, they might understate balance sheet
effects and thus tend to underestimate balance sheet vulnerabilities. This thesis

attempts to fill the gaps in the existing literature.

In this thesis, we conduct a quantitative analysis of exchange rate regimes. The
models are calibrated using standard values from the literature and some values that
match data from East Asian emerging markets. The second-order approximation
method developed by Schmitt-Grohe and Uribe (2004b) is used to solve the models
numerically. This method allows us to obtain a second-order accurate representation
of expected utility and to conduct a rigorous welfare evaluation of exchange rate
regimes. Bergin et al. (2007), Elekdag and Tchakarov (2007) and others studies
argue that a second-order approximation method is more suitable for assessing welfare
than a first-order approximation method, since this higher-order approximation can
capture the effects of uncertainty on the average levels of consumption and labor and

thus utility.

Chapter 2 focuses on the role of debt levels and examines how the degree of foreign
currency debt affects balance sheets and welfare under different exchange rate regimes.
The ‘Fear of Floating” view argues that the higher the level of foreign currency debt,
the stronger the impacts of exchange rate fluctuations on balance sheets become, thus
making flexible exchange rates less desirable.  This is because, with a large amount of
foreign currency debt, even a small exchange rate depreciation could inflate debt
servicing costs, which could reduce firms’ net worth, thereby intensifying balance sheet
vulnerabilities. Based on this argument, the main hypothesis of this chapter is that
fixed exchange rates are more desirable in terms of welfare, the higher the level of
foreign currency debt. The model used in this chapter is a dynamic stochastic general
equilibrium small open economy model developed by Devereux et al. (2006). The
model features two production sectors (the non-traded sector and the export sector),
sticky prices in the non-traded sector, imperfect international risk sharing, balance sheet

effects in combination with foreign currency debt, and exogenous foreign interest rate

13



Chapter 1: Introduction

and export price shocks. The model also includes variable exchange rate pass-through,

which enables us to analyze its effects on monetary policy rules.

The main findings of Chapter 2 are summarized as follows. First, in contrast to
the ‘Fear of Floating’ view, the flexible exchange rate regime welfare-dominates the
fixed exchange rate regime for a broad range of debt levels. In addition, as the level of
foreign currency debt rises, the welfare difference between the two regimes becomes
wider — the float becomes more desirable. Since by design the peg need not care
about domestic-inflation (non-traded goods inflation), the peg generates more volatile
domestic-inflation and hence higher price adjustment costs in the non-traded sector than
the float. As we elaborate in detail in Chapter. 2, the price adjustment cost induces
output loss and reduces final-output in the non-traded sector.  Therefore, the peg yields
lower final-output than the float — which lowers consumption (and welfare) relative to
the float. Second, the degree of exchange rate pass-through does not change the
welfare ranking of the two exchange rate regimes. However, the degree of exchange
rate pass-through affects the welfare difference between the two regimes: the welfare
difference between the two regimes is larger under low exchange rate pass-through than

under full pass-through.

Chapter 3 highlights the role of exchange rate volatility and considers how the
degree of exchange rate volatility affects the choice of exchange rate regime. The
‘Fear of Floating” view argues that fixed exchange rates are more desirable in welfare
terms, the more volatile are exchange rates. Chapter 3 tests this argument. This
chapter employs an extended version of the Devereux et al. (2006) model. The main
feature of the extended model is to introduce a stationary and exogenous AR(1) shock
to the UIP condition under floating exchange rates, which allows the model to generate
more volatile exchange rates. We regard this shock as reflecting a bias in the agent’s
exchange rate forecast. On the other hand, we assume that under fixed exchange rates
there is no bias in exchange rate forecasts, on the basis of the fact that deviations from

UIP were substantially small in the Bretton Woods era (e.g., Kollmann, 2005).  Using
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Chapter 1: Introduction

the extended model, we evaluate the welfare properties of the peg and several types of
flexible exchange rate regimes (the strict CPI inflation targeting regime, the strict

domestic-inflation targeting regime, etc.).

The results are basically consistent with the ‘Fear of Floating’ view. The primary
findings are: (i) the peg welfare-dominates the strict CPI-inflation targeting regime
under plausible calibrations of exchange rate volatility and the welfare difference
between the two regimes becomes larger as exchange rate volatility increases — the peg
becomes more desirable; (2) whether the peg is welfare-superior to the strict
domestic-inflation targeting regime or not depends on the degree of exchange rate
volatility — the peg is more desirable in welfare terms when exchange rate volatility is
high; (3) the presence of balance sheet effects is very important for the welfare
assessment of exchange rate regimes. In the economy without balance sheet
constraints, strict domestic-inflation targeting welfare-dominates the peg under
plausible calibrations of exchange rate volatility. On the other hand, in the economy
with balance sheet constraints, the peg welfare-dominates strict domestic-inflation
targeting when exchange rate volatility is high (as mentioned above). The presence of
balance sheet constraints alters the welfare ranking of the two regimes in the case of

high exchange rate volatility.
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Chapter 2

Foreign Currency Debt and Balance

Sheet Effects

2.1. Introduction

It has been argued that many monetary authorities in emerging market countries
(EMCs) are reluctant to let their currencies float freely. As suggested by Calvo and
Reinhart (2002), one of the reasons is balance sheet vulnerabilities.”  In many EMCs,
so-called currency mismatches exist: banks and non-banks hold a large amount of debt
denominated in foreign currencies which is insufficiently matched by foreign currency
assets. Under the circumstances, a significant exchange rate depreciation would
increase debt servicing costs and consequently reduce the value of their collateral or
their net worth.  Then the decline in net worth could adversely affect their access to
capital markets and raise the risk premium substantially, which could reduce investment
spending dramatically, thereby generating macroeconomic instability.  This is referred

to as balance sheet effects, balance sheet constraints, or the financial accelerator.

Recently, research on balance sheet effects and the appropriate choice of monetary
policy for EMCs has been explored. Most of the studies in this field develop a

standard small open-economy model which incorporates the financial accelerator

! In addition to balance sheet vulnerabilities, Calvo and Reinhart (2000) argue that lack of
credibility, acute adjustments in the current account, exchange rate pass-through, etc. could give rise
to ‘fear of floating.’
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Chapter 2:  Foreign Currency Debt and Balance Sheet Effects

mechanism a la Bernanke et al. (1999) and Carlstrom and Fuerst (1997). The key
aspect of the framework is that the cost of external borrowing (the risk premium) is
modeled as an endogenous variable and is linked to balance sheets. When firm’s
balance sheets deteriorate dramatically, e.g. owing to a sudden exchange rate
depreciation, the risk premium increases substantially, thereby generating a severe

recession.  Thus, the model succeeds in accounting for balance sheet effects.

However, the studies do not always present the same conclusion on the appropriate
choice of exchange rate regime. For example, Céspedes et al. (2002) find that a
flexible exchange rate regime is better than a fixed exchange rate regime in terms of
welfare.?  They conduct a welfare comparison based on a quadratic loss function
which consists of the unconditional variances of inflation, output and the real exchange
rate. On the other hand, Choi and Cook (2004) and Cook (2004) show that a peg is
welfare-superior to a float. Their welfare criteria depend on the standard deviation of
a weighted average of representative agent’s consumption and labour. As suggested
by Elekdag and Tchakarov (2007), one of the reasons for the different conclusions
might be that the studies resort to first-order approximation techniques. Elekdag and
Tchakarov (2007) argue that, since the welfare measure based on a first-order
approximation depends only on variances, a log-linear approximation of model
equations is not appropriate for assessing welfare and that a second-order
approximation is more suitable for assessing welfare because this higher approximation
can pick up the effects of risk on the average levels of consumption and labour and thus

utility.®

In addition, the above studies do not investigate how the level of foreign currency
debt affects overall welfare and the choice of exchange rate regime. In other words,

they do not present clear answers to the following question: when EMCs suffer from

2 Céspedes et al. (2004), Devereux et al. (2006) and Gertler et al. (2007) also find that a flexible
exchange rate regime is more desirable than a fixed exchange rate regime in welfare terms.

¥ Also see Bergin et al. (2007) and Kollmann (2002, 2004) for the advantage of second-order
approximation methods.

17



Chapter 2:  Foreign Currency Debt and Balance Sheet Effects

excessive levels of external debt and significant balance sheet vulnerabilities, which
exchange rate regime is more desirable, fixed exchange rates or flexible exchange
rates? A theoretical exception is Elekdag and Tchakarov (2007). They reveal the
debt threshold above which a fixed exchange rate regime becomes welfare-superior to
a flexible exchange rate regime. They consider multiple steady-state calibrations of
the debt-to-net worth (debt-to-equity) ratio and perform a welfare comparison based on
a second-order approximation method. They find that a peg welfare-dominates a float
once the debt-to-net worth ratio exceeds 137%. Their result suggests that
implementing flexible exchange rate regimes might not be effective in EMCs with even

moderate levels of foreign currency debt.

This chapter attempts to conduct a welfare comparison of fixed and flexible
exchange rate regimes which is based on a second-order accurate welfare metric. The
main objective of this chapter is to investigate whether and how the level of foreign
currency debt affects welfare under different exchange rate regimes. To this end, we
deal with a wide range of debt-to-net worth ratios. The model used in this chapter is a
dynamic stochastic general equilibrium small open economy model developed by
Devereux et al. (2006).* Using this model, this chapter evaluates the welfare
implications of the fixed exchange rate regime and a flexible exchange rate regime

where the monetary authority strictly targets the inflation rate of the CPI.

Although the model of Devereux et al (2006) and that of Elekdag and Tchakarov
(2007) build on some common characteristics designed towards the emerging market
environment, e.g. balance sheet effects, foreign currency debt, and vulnerabilities to
external shocks, the former mainly differs from the latter in the following three
dimensions. First, the former develops a two-sector (non-traded sector and export

sector) model, which assumes staggered price setting in the non-traded sector. On the

* Devereux et al. (2006) compare fixed and flexible exchange rate regimes by using a
second-order approximation. However, they do not evaluate the welfare implications of various
debt levels under fixed and flexible exchange rate regimes.
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Chapter 2:  Foreign Currency Debt and Balance Sheet Effects

other hand, the latter’s analysis is solely based on a one-sector model. ~ The former
could offer useful insights into the behaviour of the non-traded and export sectors.  As
we shall see in subsection 2.3.1., the financial accelerator does not have uniform
impacts on the two sectors.  With a large stock of foreign currency debt, the economic
downturn could become more serious in the export sector than in the non-traded sector.
Second, the former deals with both a full exchange rate pass-through environment and
a delayed one, while the latter considers only a full exchange rate pass-through
environment. The former can analyze the effects of exchange rate pass-through on
monetary policy rules. Third, in Devereux et al., the (steady-state) risk premium is
assumed to be an increasing and convex function of the leverage ratio within a certain
range. On the other hand, in Elekdag and Tchakarov, it is assumed that the risk
premium is an increasing and concave function of the leverage ratio. The marginal
effect of the leverage ratio on the risk premium is more serious with the former relative

to the latter.

The main findings can be summarized as follows. First, under full exchange rate
pass-through, the flexible exchange rate regime is welfare-superior to the fixed
exchange rate regime for all debt-to-net worth ratios. Moreover, as the debt-to-net
worth ratio rises, the welfare difference between the two regimes becomes wider.
This implies that flexible exchange rates are more desirable, the higher the level of
foreign currency debt.  Since by design the peg acts so as to eliminate exchange rate
fluctuations completely and not to directly respond to domestic-inflation (non-traded
goods inflation), the peg generates more volatile domestic-inflation and hence higher
price adjustment costs in the non-traded sector than the float. As we will discuss in
subsection 2.3.2., the price adjustment cost induces output loss and reduces final-output
in the non-traded sector.  Therefore, the peg yields lower final-output than the float —

which lowers consumption (and welfare) relative to the float.

Second, comparing the float with the peg under low exchange rate pass-through, we

find that the degree of exchange rate pass-through does not change the welfare ranking
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Chapter 2:  Foreign Currency Debt and Balance Sheet Effects

of the two exchange rate regimes. However, our results show that the degree of
exchange rate pass-through affects the welfare difference between both regimes: the
welfare difference between the two regimes is larger under low exchange rate
pass-through than under full pass-through.  The results suggest that flexible exchange

rates are more attractive in terms of welfare, the slower exchange rate pass-through.

We also perform different robustness experiments in order to check the sensitivity
of our main results to alternative calibrations. The main message of this chapter is
robust to various parameterizations of the risk premium, preferences, and the
debt-to-net worth ratio. Moreover, we investigate another specification of the risk
premium and similar results are obtained. In contrast to the ‘Fear of Floating’ view
highlighted by Calvo and Reinhart (2002), our results suggest that flexible exchange
rates could be more desirable than fixed exchange rates in welfare terms even when
EMCs have excessive levels of foreign currency debt and face significant balance sheet

vulnerabilities.

The structure of this chapter is as follows.  Section 2.2. presents a brief description
of the model developed by Devereux et al. (2006). Section 2.3. provides the main
results and Section 2.4. presents the results of different robustness experiments.

Section 2.5. concludes.

2.2. The model

As mentioned above, this chapter employs the model of Devereux et al. (2006).

In this section, we present a brief description of the model.

The model constructs a small open economy with households, firms, capitalists,
foreign lenders, and the monetary authority. Firms consist of three sets of players:

production firms, importers, and unfinished capital goods firms. In addition,
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Chapter 2:  Foreign Currency Debt and Balance Sheet Effects

production firms, unfinished capital goods firms, and capitalists are divided into two
sectors: the non-traded sector and the export sector. Two final goods (the non-traded
good and the export good) are produced by production firms in each sector using labour
and capital. Labour is supplied by households and capitalists, while capital is rented
from capitalists. Unfinished capital goods firms produce ‘unfinished’ capital goods by
using ‘finished’ capital and the investment composite, and sell them to capitalists.
Capitalists borrow money denominated in foreign currency from foreign lenders by
offering their own net worth as collateral, purchase ‘unfinished’ capital, and convert
them into ‘finished’ capital. The monetary authority adjusts the nominal interest rate
in order to peg the exchange rate or to control CPI inflation. Taking into account a
line of empirical evidence that EMCs tend to be very vulnerable to external shocks (e.g.,
Schaechter et al., 2000), the model incorporates the following two external shocks:

foreign interest rate and export price shocks.

2.2.1. Households

There is a continuum of measure 1 of consumers. The representative consumer’s

inter-temporal lifetime utility function is given by

@ Ctl—a H1+1l1

U= E0) B G~ 17y 2.1)

t=0

where 0 < # < 1 is the discount factor, H; is labour effort, and C, is a composite

consumption index defined by the following CES function:

1 Pt 1 p—1

1 — 1 _P_
Ci=(arCyl + (1—a)r C,} )1

where p (> 0) is the elasticity of substitution between non-traded and imported goods
and a is the share of non-traded goods in the consumer price index. Cy; and Cy, are
the consumption of non-traded and imported goods, respectively. They are defined, as

in Dixit and Stiglitz (1977), by the following CES aggregate of the continuum of
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Chapter 2:  Foreign Currency Debt and Balance Sheet Effects

differentiated goods:

! e S S
%=J@wan1
0

1 A—1 A
%=J@ﬂﬁwwf
0

where i € [0,1] and A ( > 1) is the elasticity of substitution between varieties (it is
assumed that A is the same across the sectors). Cy. (i) is produced by a
monopolistically competitive production firm and  C,, (i) is distributed by a

monopolistically competitive importer.  The consumer price index (P.) is then:

1
1_

Pe=(aby’+ (1-a) Py (2.2)

where Py, and P, denote the prices of non-traded and imported goods, respectively.

The representative consumer’s budget constraint is given by

¥ = "
PGy = WeHy + ¢ + StDpyq + Bryq — Pt? (Der1 — D)? = (1 + i) S,Dy

—(1+i)B, (2.3)

where W; is the nominal wage, S, is the nominal exchange rate, and ¥, > 0 (a
constant). Here B, and D, are nominal stocks of local and foreign
currency-denominated debt, respectively. The representative consumer can borrow
from domestic financial markets at a given interest rate i, while he can borrow abroad
at a given interest rate i;’, which is assumed to follow an exogenous AR(1) process.
But, foreign borrowing is subject to a small transaction cost, Pt%(Dt+1 — D)?,
where the cost is denominated in the composite consumption index and D is a

deterministic steady-state level of net foreign debt.> Finally, since households own all

> To ensure that the model is solved numerically using a second-order approximation, this small
transaction cost is required.  Without this cost, the stocks of local and foreign debt and consumption
would be non-stationary. Moreover, it is assumed that households’ foreign borrowing is not subject
to informational problems, while foreign borrowing by capitalists is subject to informational
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domestic firms, they receive any profits from the firms.  Assuming that export goods
firms and unfinished capital goods firms are perfectly competitive, households receive

profits from the non-traded sector and the import sector, II.

The representative consumer’s problem is to maximize its expected utility (Eq.
(2.1)) with respect to C, Hy, Bi+1,and D, subject to the budget constraint (Eq.

(2.3)). It follows that the first order conditions are:

W, = nHY P.C? (2.4)
1 Yp Py — ] CePe St
1-— Di..—D)| =LE{——m— 2.5
1+ i;+1[ S, (Desy = D)| = BE: Co Prs St (2.5)
1 BE { CeP, } 26)
1+ \C& P .

Eq. (2.4) represents the labour supply condition.  Egs. (2.5) and (2.6) correspond to the

Euler equations for foreign and domestic currency debt, respectively.

2.2.2. Production firms

The production technology for a non-traded good firmi € [0,1] is given by:

Yye(D) = Kye (D) Hye () O~ (Hge (1))~ ~®

The production technology for an exporter i € [0,1] is given by:
Yy () = KXt(i)yHXt(i)(l_ym (H§t(i))(1_ﬂ)(1_y)

a and y are the shares of capital in each sector. Q is the share of household-labour.
Production firms in the non-traded sector hire labour from households (Hy) and from
capitalists in the same sector (Hy.). In return, capitalists in the non-traded sector earn

wages, Wy.. Capital, Ky, is supplied by capitalists in the non-traded sector. The

(footnote continued)
asymmetries (see subsection 2.2.5.).
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export sector is entirely analogous.

Cost minimization in the non-traded sector implies:

Y,
W, = MCye(1 — )2 -2 (2.7)
Hpyt
Y,
Wy = MCyni(1 — 0)(1—02) HA;t (2.8)
Nt
Y,
Ryt = MCypo—= (2.9)
Knt

where MCy; is the marginal cost, Ry, denotes the rental rate of capital, and Yy, is
total output in the non-traded sector given by

Yve = KiicHy % (Hf) -0~ (2.10)

Similarly, the following optimality conditions in the export sector can be derived

from cost minimization;

Yyt
Wi = Pre(1 =10~ (2.11)
Xt
Yyt
W)?t = PXt(1 - Y)(l - Q)H_e (2.12)
Xt
Yyt
Ryt = Pxey K_ (2.13)
Xt

where Ry is the rental rate of capital, and Yy, is total output in the export sector
given by
Yo = KY H(l—V)-Q He)1-2)(1-vy) 2.14
Xt — Bxetixt ( Xt) ( ' )

Py is the unit price of the export good and also the unit production cost since the
export sector is perfectly competitive. It is assumed that the law of one price holds for
export goods:

Pyt = S¢Pxt (2.15)
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where Py, is the foreign currency price of the export good. We assume that Py, is

exogenously determined on world markets and follows a stochastic process.®

2.2.3. Price setting
The model employs a price setting process a la Rotemberg (1982). Production
firms in the non-traded sector can behave as monopolistic competitors, but they must

incur quadratic price adjustment costs in setting their prices.

Firm i chooses Py (i) in order to maximize the following profit function subject

to demand for firm i’s product, Yy.(i) = (Pg—t(i))‘xYNt:
Nt
N - o ey Pue() = Pues (D)
E, z [ P (@) Yne (D) — MCy Yy (D) — P o ( = N.t - )2]
= 2 P-4 (D)
(2.16)
where T} is the household’s discount factor given by
I =pt ! (2.17)
RN '

Since non-traded firms are owned by households, the expected profit stream needs to
be discounted using the household’s discount factor. The third term inside brackets in
Eq. (2.16) describes the price adjustment cost (denominated in the composite final

good) and the parameter 1, represents the degree of nominal price rigidities.

Under the assumption of symmetry, the optimal price setting rule is derived as

A P, P P
Py, = ( )MCNt _ l/JPN Tt Pt Nt 1)
A1-1 A= 1Yyt Pye—1 Prni-a1

® We assume that P;, is the following AR(1) process:
In (Pxy) = pxIn (Pxi—1) + &xt

where &y, is the i.i.d. disturbance with the standard deviation oy .
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+

Fer1 Pesr P P
Ypy g [t P Nt+1< Nt+1_1>] (2.18)

A—=1""[T. Yy Pyt \ Pyt

Importers also set their prices as monopolistic competitors and confront similar
price adjustment costs. Hence, the importer i’s profit function is described in the
identical way:

Vry (PMt(i) ~ PMt-1(i))2
2 PMt—l(i)

Eo ) Ty [PMt(i)TMt(i) — SePircTwn(D) = P
t=0

where Py, denotes the unit price of the imported good in foreign currency, Ty (i) =

(PMt(l))

- ATy is demand for importer i’s good, and T, is total demand for imports.
Mt

We assume that Py, is exogenously determined on world markets, that is, EMCs are

price- takers. For simplicity, Py, is normalised to unity.

Similarly, the optimal price setting rule is given by

Yoy Pc Puc  Pue
A -1 TMt PMt—l PMt—1

A
Pyt = (m)stpl\jlt_ -1

+

[iyq Piyq P P
Yp,, g [ e Mt+1( Mt+1_1>] (2.19)

A=1"ITy Ty Puc \ Pu

Here, the parameter p,, indicates the degree of exchange rate pass-through. When

Yp,, = 0, itindicates that exchange rate pass-through is complete.
2.2.4. Unfinished capital goods firms

As mentioned above, unfinished capital goods firms are perfectly competitive.
The firms produce unfinished capital goods and sell them to capitalists. It is assumed
that new unfinished capital goods in the non-traded sector are produced by combining

both the investment composite, Iy., and the exiting capital stock, Ky.. The

26



Chapter 2:  Foreign Currency Debt and Balance Sheet Effects

investment composite consists of the same mixture as the household’s consumption
basket. The model assumes that unfinished capital goods firms incur quadratic
adjustment costs of investment. More specifically, the production technology is the

following CRS (constant return to scale) function:

[ﬁ (e 5)2] Ky,

where the second term inside brackets represents investment adjustment costs (y; > 0,

aconstant) and & is the depreciation rate.

Since the investment composite comprises the same combination as the
household’s consumption basket, the price of a unit of the investment composite is P;.
Defining Q¢ as the price of an unfinished capital good and RSy, as the rental rate of
capital provided by capitalists (in the non-traded sector), the profit function of

unfinished capital goods firms in the non-traded sector can be written as:

Ine Y1 (Ine 2 G
Qnt Kt Y K_Nt — &) [ Kyt — Pelye — RgneKine

Then, profit maximization implies:
Py

Qnt = It (2.20)
1=¥i(x, .~ 9
I Ine /1 z
G Inve _ oy Ine _Wr(Ive
Rgne = Qne l/)I(KNt 5) Kye 2 (KNt 5) l (2.21)

The problem is analogous for unfinished capital goods firms in the export sector.
Defining Qy. as the price of an unfinished capital good and RSy, as the rental rate of
capital, the first-order conditions in the export sector are then

Py

I
1= -~ 9)

Qxt = (2.22)
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R, = 0 lp(ﬁ_(g)ﬁ_ﬂ(ﬁ_@)z (2.23)
KXt Xt 1 KXt KXt 2 KXt .

The production technology and incomplete capital depreciation imply that capital

stocks in the two sectors evolve according to

-IN l/)l IN 2]

Kyty1 = K_Ntt -3 <K_Ntt - 5) _ Kye + (1 — 8)Kpye (2.24)
Iee  Ur (I )]

Kxty1 = __KXt - 7(_KXt - 5) | Kyt + (1 — 8)Kxy (2.25)

2.2.5. Capitalists

Regarding the behaviour of capitalists, the model closely follows the set-up of

Bernanke et al. (1999). Here, we focus on capitalists in the non-traded sector.”

At the end of period t, capitalists in the non-traded sector invest in new capital,
Kyi+1, both by purchasing unfinished capital goods at price Qu: per unit from
unfinished capital goods firms (and then transforming them into finished capital) and
by buying existing capital, (1 — §)Kyy, at price Qy¢ per unit from the domestic
market. It is assumed that only capitalists have access to a technology for converting
unfinished capital goods into finished capital and that they can do it without any costs.
But, capitalists do not have sufficient money for their investment. Therefore, they
need to finance their investment with their own net worth, Zy,,, and with foreign

loans. Then, the amount borrowed abroad (Dy..1) is given by

1
DI?It+1 = (S_) (QNtKNt+1 - ZNt+1)
t

However, foreign borrowing is subject to agency costs owing to moral hazard.

Each investment project faces an idiosyncratic productivity shock, w € (0, ). 1tis

" For notational simplicity, below we drop capitalist-specific indices.
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assumed that w is log-normally distributed and E(w) =1. If Ky, is invested in, the
total return on the investment will be wRgpt+10ntKnit+1 Where Rygyesq 1S the real
gross return on capital. Capitalists can observe w without any costs, while foreign
lenders have to pay monitoring costs, w times the value of the project
(UwRkNt+1QntKnt+1), In Order to observe w.  The model assumes that capitalists and

foreign lenders are risk neutral.

Under these circumstances, the expected share of the return on capital going to

capitalists, A(@yt4+1), is determined as follows:

[o9] o

A(@ye41) = f of(w)dw — (‘_)Nt+1f f(w)dw

WNt+1 WNt+1

where f(w) isthe pdf of w. This implies that if « is larger than a threshold level
Wyre1, Capitalists pay @yer1Rene+1@niKnee1 10 foreign lenders and receive the
total return net of the payment to foreign lenders, and that if w < @y, they receive
nothing. On the other hand, the expected share of the return on capital going to

foreign lenders, B(@yt41), S

(o]

B(ENtﬂ) = 5Nt+1j

WNt+1

f@io+ -0 [ wf@do
0

where p [ 7"

capital that is used up in monitoring and 0 < u < 1. This means that if w >

wf(w)dw (= ¢yi+1) 1S the expected fraction of the return on

Wyerq1, Toreign lenders receive @it Rrnt+1QntKnt+1, @nd that if o < @ypyq,
foreign lenders monitor the investment by paying monitoring costs and seize the whole
yield on the investment net of the monitoring costs. It is assumed that monitoring

costs are denominated in the composite final good.

Then, capitalists choose the threshold value @y, and the stock of capital K4
in order to maximize their expected profits subject to the foreign lenders’ participation

constraint;
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max  Ei[Rynt+1QntKntr1 A(@pee1)]

subjectto  Rgnet1QntKnt+1B(@ner1) = (1 + if41)Se+1DNe+1

8
The optimal financial contract condition is determined as follows:
_ A'(Oyr41) _
t [Rinves1 {B(@nesr) B (@yiey) (@nts1)

E A’((‘_)Nt+1)5t+1]
‘ B’(GNtﬂ) St

= (1 +if) (2.26)

Eqg. (2.26) implies that, owing to informational problems, the expected gross return on
capital, E(Rgnt+1), 1S greater than the opportunity cost of funds for foreign lenders,
E(RgNt+1)

is imposed
- S ’
(1+i5,)E(22)

(1+i)E (5%1) In other words, the risk premium,

when capitalists borrow from foreign lenders. We now consider the relationship
between the risk premium and the amount borrowed abroad. In deterministic steady

state, Eq. (2.26) and the foreign lenders’ participation constraint can be written as:

1
Ren—=(00+1i")
KNTpN

RenB (@) = (1+)(1 — )

where LR denotes the leverage ratio, Q’; KN and rpy is the risk premium given by
N
A'(wy)
B'(wn)
T = —
Pn A’ (wN)

B((T)N) B'(@N) - A(GN)

Combining both equations gives the relationship between the risk premium and the

leverage ratio:

8 See Appendix A.1. for more detailed discussions of the optimal financial contract. The
derivation of A(®), B(w), ¢, A'(@),and B'(w) isshown in Appendix A.2.
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1
rpyB(wy) = (1 - ﬁ)

Figure 2.1 shows this relationship graphically: the risk premium is increasing in the

leverage ratio and is convex within a certain range of leverage ratios.”

At the beginning of each period, capitalists collect the returns on investment and
repay foreign debt. Assuming that capitalists die at any time period with probability
(1 —v) * and consume the returns on capital only when they die, their consumption

in the non-traded sector is given by

PtCtNe = (1 — v)RgntQnt—1Knt A(@ ) (2.27)

cNe is assumed to comprise the same mix as the household’s consumption basket.
Recall that wages (IWy,) are earned by capitalists working in the non-traded production
sector.*  Their net worth thus consists of the unconsumed fraction of the returns and
the wages, that is,

Zyer1 = VRgntQne—1 Kt A(@pe) + Wi (2.28)

Note that the expected share of the return on capital going to capitalists, A(@y;), and
the participation constraint for foreign lenders are expressed as follows:
WNt

A@y) = 1 - B@w) — f of (@)dw =1 - B@y) — dne (229
0

One-1Kne — ZNt)

RyniQne-1KneB (aNt) = (1 + i?)St( S
t—1

= (14 i})S.DE, (2.30)

% Figure 2.1 coincides with the case when the standard error of the productivity shock (o) is set
at 0.217. This value (0.217) is used to calibrate a deterministic steady-state debt-to-net worth ratio of
200% in the baseline experiment.  The dotted line indicates a leverage ratio of 290%, which
corresponds to a deterministic steady-state debt-to-net worth ratio of 200% in the baseline
experiment.

19 To ensure that capitalists always need to borrow, that is, capitalists cannot accumulate enough
wealth to fully finance their investment, this assumption is required. ~ Capitalists who exit are
replaced by new capitalists, so that the total population of capitalists is constant in every period.

I By assuming that capitalists earn wages, new capitalists can have some funds and invest when
they arrive.
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where Dy: = (Qni—1Knt — Znt) /Si—1 represents the amount borrowed abroad at
the end of period t-1.  Using Eq. (2.29) - (2.30), Zy:4+1 Can be rewritten as:
Zyee1 = v(1 — dn)RentQne—1Kne — vSe(1 + i) Dyt + Wi (2.31)

Eqg. (2.31) implies that a exchange rate depreciation, e.g. triggered by a sudden increase
in the foreign interest rate and an unanticipated worsening of terms of trade, would
reduce Zy.+1, Which could raise the risk premium due to a increase in the leverage
ratio. This could reduce investment, thereby causing a fall in output. In addition,
with a large stock of foreign currency debt, the exchange rate depreciation could further
damage Zy41, thereby intensifying balance sheet vulnerabilities by even more.
Devereux et al. (2006) investigate the impact of a nominal exchange rate depreciation
on the economy by using impulse response analysis. Their results show that a
nominal exchange rate depreciation, triggered by an unanticipated increase in the
foreign interest rate, cause a fall in capitalists’ net worth, which reduces investment and

non-traded output by raising the risk premium.*?

Since capitalists rent their finished capital to production firms and to unfinished
capital goods firms and capital depreciates at the rate of &, the real gross return on
capital in the non-traded sector, Rypy41, is defined as the sum of Ryiyq, Rgnisq, and

(1 — 6)Qp¢41, divided by the purchase price of capital, that is,

Rytr1 + Rines1+ Quesa (1 —6)
Riner1 = —— +QN u (2.32)
t

The details of capitalists’ behaviour in the export sector are described analogously

(see Appendix A.3.).

2.2.6. Monetary policy rules

The monetary authority manages a short-term nominal interest rate, i, which is

12 See Devereux et al. (2008, Fig. 3).
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adjusted at the end of period t. A change in the interest rate has a direct effect on
households’ behaviour via Eq. (2.6). The interest rule takes the following simple

form:
2 Se\H -
1+ iy, = (%) (?) (1+7) (2.33)
where 1, denotes consumer price inflation (Pi), and 7 is a deterministic
t-1

steady-state level of CPI inflation (throughout this paper, the term ‘steady state’
indicates the deterministic steady state). S is a nominal exchange rate target and 7 is
a deterministic steady-state level of the short-term nominal interest rate. Here, 7

and S are set to unity.

The monetary authority changes the short-term interest rate in response to
consumer price inflation and the nominal exchange rate. u, — oo corresponds to
strict CPI inflation targeting.  On the other hand, u, — oo indicates that the monetary
authority implements a fixed exchange rate regime. Following Bergin et al. (2007),
Devereux et al. (2006), Elekdag and Tchakarov (2007), and Kollmann (2002, 2004),

we assume that all monetary policy rules are completely credible.

2.2.7. Equilibrium

As mentioned above, (i) price adjustment costs in the non-traded and import sectors,
(ii) foreign borrowing costs by households, and (iii) monitoring costs by foreign lenders
are denominated in the composite final good. The market clearing condition for

non-traded goods is thus

PNt P l/)D =
YNt:a(?> [Ct+INt+IXt+CtNe+Ctxe+7(Dt+1_D)2
t

)2

+ IPPN (PNt - PNt—l)Z + l/JPM Pye — Pye—1

(
2 Pyi_q 2 Pye—q
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R 1K R 1K
+¢Nt KNtP?Nt 1 Nt+¢Xt KXtP?Xt 1 Xt] (2.34)
¢ t

. . . . . Ypy (PNt—PNi-1 z
Eq. (2.34) implies that (i) real price adjustment costs, T(P—) and
Nt-1

w;M (PM;_PMt‘l)Z, (ii) real foreign borrowing costs, and (iii) real monitoring costs entail
Mt-1

output loss since a portion of Yy, is used up by these costs. In other words, given Yy,
an increase in these costs reduces consumption and investment, that is, it reduces
final-output (actual-output).”®  As indicated by Eq. (2.34), real price adjustment costs in
the non-traded sector increase with domestic-inflation, whereas real price adjustment
costs in the import sector increase with inflation in imported goods. Analogously, the

market clearing condition for imported goods is described as:

Pye\? Yp =
Ty =(1—a) (_P ) [Ce + Iy + Ixe + CY¢ + CX€ +_2 (Dey1 — D)?
t

)2

+

l.DPN (PNt - PNt—1)2 n ll’PM Pyt — Py

(

2 PNt—l 2 PMt—l
R K R K

+¢)Nt KNtQNt 10Nt + ¢Xt KXtQXt 1 Xt] (235)

P P

The labour market must also clear. Assuming that labour supply by capitalists is

completely inelastic, or fixed at one for each sector,

Hyi+Hye = Hy (2.36)
Hi =1
Hyge =1

In addition, the market clearing condition for local currency-denominated debt, B;,

must be satisfied, which means B, = 0 (it is assumed that foreigners do not hold B,).

3 Real price adjustment costs are similar to resource costs in a Calvo-type sticky price model, in
which resource costs entail output loss.  We will deal with the resource cost in Chapter 3.
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Equilibrium is a set of 37 sequences (P, Pyt, Put, Pxw» Co C6, CX¢, W,
Wy, W He, Hyeo Hxer Sev Yoo Yxeo MCyt, Tty Tues Ines Ixts Qnes Qxtr Rueo
Ryc, Rines Rixe, Rints Rkxt, @nes @xe, Doy Kneo Kxeo Znes Zxes and iy),
which satisfies Egs. (2.2) — (2.15), (2.17) — (2.28), (2.30), (2.32) — (2.36) in the text and
Egs. (A.11) — (A.15) in Appendix A.3, given the dynamic processes of the foreign
interest rate and the export price. Here, D;, Kyi, Kxt» Znt,» Zxe, and i are

predetermined variables.

When p = 1, one may replace the household’s budget constraint (Eq.(2.3)) with
the following balance of payments condition:
St(l + l':)(Dt + DI?It + D)?t) - St(Dt+1 + DI(\E/t+1 + D§t+1)
= PxtYxt = StPycTme

2.2.8. Calibration

2.2.8.1. The risk premium and the debt-to- net worth ratio

Consistent with Devereux et al. (2006), we set the deterministic steady-state
(quarterly) risk premium of the non-traded sector to 2.47% and that of the export sector
t0 3.08%. (i) The capitalists’ saving rate, v, (ii) the standard error of the productivity
shock, a,,, and (iii) the coefficient of the monitoring cost, u, basically govern the
deterministic steady-state risk premium: as o, or u rises, or as v falls, the
deterministic steady-state risk premium increases. In our baseline experiment, we
adjust o,y [0,x] and v to set the deterministic steady-state risk premium in the

non-traded [export] sector.

Elekdag and Tchakarov (2007) report the average debt-to-net worth
(debt-to-equity) ratios of each year for eight major EMCs over the 1995-2004 period.
According to their estimates, the average ratio ranges from 102.6% (in 1995) to 200.7%

(in 1998) and the total average ratio over the period is 143.4%. Taking into account
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S(Dy+Dx)

the estimates, we consider debt-to-net worth ratios,
(Zn+Zx)

, ranging from 80% to

220%. The above three parameters (v, g, and u) basically govern the deterministic
steady-state debt-to-net worth ratio: as v, a,,, or u falls, the debt- to-net worth ratio
rises. In our baseline experiment, we maintain the deterministic steady-state risk
premiums across all the debt-to-net worth ratios and adjust the capitalists’ saving rate
(v) and the standard errors of the productivity shock in the non-traded and traded
sectors (o, and a,,x) to obtain the deterministic steady-state debt-to-net worth ratios.
In the baseline experiment, the values of v, oy, and o, range from 0.903 to 0.936,
from 0.201 to 0.424, and from 0.202 to 0.424, respectively. For example, at a
deterministic steady-state debt-to-net worth ratio of 220%, v is 0.903, o,y is 0.201,

and 0,5 is0.202.%

2.2.8.2. Other parameter values

Regarding other parameter values, we follow Devereux et al. (2006). However,
we explore alternative calibrations of some parameters in Section 2.4. in order to

investigate whether our baseline results are sensitive to the choice of the parameter.

The other baseline parameter values are shown in Table 2.1. Most of them are
standard and selected from the previous literature. Some remarks are in order. The
price adjustment cost parameter in the non-traded sector (yp,,) is set at 120, which
implies that the average price-adjustment period in this sector is four quarters. This
chapter assumes that, under delayed exchange rate pass-through, the average
price-adjustment interval in the import sector is identical to that in the non-traded sector.

Hence, 1p,, is setto 120 under delayed pass-through.

“ In Devereux et al. (2006), the capitalists’ saving rate (v) is set to 0.94, while the standard error
of the productivity shock (o,,) is setequal to 0.5. The average of debt-to-net worth ratios in the
two sectors is 62.25%. They report that a flexible exchange rate regime is welfare-superior to a
fixed exchange rate regime at a debt-to-net worth ratio of 62.25%.
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Some of the baseline parameters are calibrated to match data from the U.S. and
Asian countries. To calibrate the foreign interest rate shock (if) and the export price
shock (Py.), Devereux et al. (2006) use the quarterly U.S. real interest rate (the prime
lending rate minus the inflation rate) and an aggregate of quarterly export price data for
Asian countries. They run a VAR for the U.S. interest rate and the aggregate export
price and obtain the following parameter estimates: the autocorrelation (p;+) and the
standard deviation (o;- ) of foreign interest rate shocks are 0.46 and 0.012, respectively,
whereas the autocorrelation (py) and the standard deviation (g ) of export price
shocks are 0.77 and 0.013, respectively. The capital share of non-traded goods («)
and that of export goods (y) are set at 0.3 and 0.7, respectively, on the basis of the
findings of Cook and Devereux (2006) for Thailand and Malaysia. Cook and
Devereux (2006) find that the export sector is much more capital intensive than the
non-traded sector in the two countries.  The share of non-traded goods in the CPI (a)
is set equal to 0.55, which implies that the deterministic steady-state share of non-traded

goods in GDP is 54% - consistent with Thai and Malaysian data.

2.2.9. Solution method and the welfare metric

A second-order approximation technique is used to solve the model numerically
because this higher-order approximation is more suitable for welfare evaluations than a
first-order approximation method.™®  In this chapter, we employ the solution method of

Schmitt-Grohe and Uribe (2004b).*°

In line with Devereux et al. (2006), we use the following welfare metric.  Since the
population of risk neutral capitalists in each sector is one and they die at any time
period with probability (1 — v), the total expected utility of the economy under flexible

exchange rates can be written as:

15 See Section 2.1.
18 \We use the Matlab codes of Schmitt-Grohe and Uribe, which are available at the following
URL.: http:/Aww.econ.upenn.edu/~uribe/2nd_order.htm
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NP/ N
V:Ezt — +E2 ttcNe+CXe
f 0t=oﬁ(1_a 771_{_1/)) 0t=0:3‘/(ft ft)

where the subscript f indicates a flexible exchange rate regime. We assume that the

discount factor is the same for households and capitalists.

Then, we define Cy, Hy, C/'°,and C¢ implicitly as

Cl—a © Cl—a’
0 B 1—-0 t—oﬁ 1—-0

t=0

) 1+ © 1+y

H
ft f

E Z B'n = Z Btn :

£ 1+ o 1+
E, z Btche = Z pvtche, and

t=0 t=0
E, 2 BWCHe = Z Bv'CHe, respectively.

t=0 t=0

We may call Cr and H the permanent consumption and labour effort of households
and refer to C}"e and C}‘e as the permanent consumption of capitalists in the
non-traded and export sectors under the flexible exchange rate regime, respectively.
Using Cr, Hy, cNe and C}(e, the total expected utility under the flexible exchange
rate regime can be rewritten as:

ce H (CNe + CF)

i aoa-p Tarpa-p T d-m

Similarly, the total expected utility of the economy under fixed exchange rates can

be written as:

Ci-o HY (CYe +C¥9)

S

o oa-p "Tarwa-p T a-pm

where the subscript s indicates a fixed exchange rate regime.
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Describing € as the fraction of permanent consumption required to achieve the
same expected utility or to make households and capitalists indifferent between the two
regimes, € is implicitly defined as

[A-a¢] " ) H L, a- (CN +CF)
1-0)1-p) "A+yP)A-p) (1-pv) ’

In other words, the value of e represents the consumption cost of shift from the
flexible exchange rate regime to the fixed exchange rate regime. If a value of € is
positive, it indicates that the flexible exchange rate regime is welfare-superior to the

fixed exchange rate regime, and vice versa.

2.3. Welfare evaluations

This section presents the welfare results of our baseline experiment. Here, we
analyze the welfare implications of fixed and flexible exchange rate regimes when the
economy faces the two exogenous shocks (foreign interest rate and export price shocks)
simultaneously.  This section considers the following two cases: complete (full)

exchange rate pass-through and delayed (low) pass-through.

2.3.1. Balance sheet effects on macroeconomic variables

Before presenting the welfare results, we now consider the implications of balance
sheet effects on macroeconomic variables. Table 2.2 shows the means and standard
deviations of key variables. In the table, &y is real price adjustment costs in the

non-traded sector, divided by the deterministic steady-state value of non-traded output:
YpPy (PNt—Pnt-1 2 ..
Eve = —(—) / Yy, where Yy denotes the deterministic steady-state

2 PNt-1

value of non-traded output. &,, is real price adjustment costs in the import sector,
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. . _ [¥eu (PMi—Pumi-1)? : ;
divided by Yy: & = > - /Yy. rpy and rpy are risk premiums
Mt-1

in the non-traded and export sectors, respectively :

TPnt = (A:(?Nt))/[B((T)Nt) A (th) — A(w Nt)]

B' (@) B' (&Nt

TDxt = (A:((Z)Xt))/ [ (® Xt)A E?th A(@(t)]

B (wxt)

my IS domestic-inflation (non-traded goods inflation): my; = Pyt/Pnt—1- The other
variables correspond to those in the text and Appendix A.3. The means of &, and
&y refer to differences from their deterministic steady-state values. The statistics of
the other variables are defined as percentage deviations from their deterministic

&0 denotes the percentage deviation of a variable x;

steady-state values: x; =
from its deterministic steady—state value, where X is its deterministic steady-state value.
All statistics and the consumption cost are measured in per cent, that is, they are

multiplied by 100.

Columns [1] and [2] correspond to the case with a debt-to-net worth ratio of 62%
under full exchange rate pass-through, which is consistent with the calibration of
Devereux et al. (2006). Columns [3] and [4] coincide with the case with a debt-to-net
worth ratio of 200% under full pass-through. As can be seen from the table, as the
debt-to-net worth ratio rises, balance sheet effects become stronger and uncertainty and
macroeconomic instability increase. \We observe that, when the debt-to-net worth
ratio rises from 62% to 200%, average risk premiums in the non-traded and export
sectors (E7py; and Erpy.) increase and the average levels of output in the two sectors
(EYy: and EYy,) fall. In addition, average consumption (EC,) declines and average
labour supply (EH,) increases, which lowers household welfare. Moreover, we see

that, when the debt-to-net worth ratio rises from 62% to 200%, the standard deviations
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of the key variables increase’’- which implies that uncertainty intensifies as the

debt-to-net worth ratio rises.

We also notice that, with a large stock of foreign currency debt, the financial
accelerator could have more adverse impacts on the export sector than on the
non-traded sector. At a debt-to-net worth ratio of 62%, non-traded output falls more
than traded output (or the decline rate is almost the same for both sectors). On the
other hand, at a debt-to-net worth ratio of 200%, traded output declines far more than
non-traded output. At a debt-to-net worth ratio of 200%, firms reduce investment by
more - equivalently reduce the stock of capital by more -, since the effective cost of
foreign borrowing is higher, compared to the case with a debt-to-net worth ratio of 62%.
Then, they further increase labour because it is relatively cheaper.® By increasing
labour inputs, the non-traded sector can mitigate large declines in output, since the
non-traded sector is labour intensive.  On the other hand, the export sector fails to do it,
since the export sector is capital intensive. As a result, traded output falls much more
than non-traded output.  This implies that, with a large stock of foreign currency debt,
the economic slowdown could become more severe in the export sector than in the

non-traded sector.

2.3.2. Welfare evaluations in the case of complete pass-through

We now consider the welfare comparison of fixed and flexible exchange rate
regimes under complete (full) exchange rate pass-through, where yp, is set at 0.
Although there are many types of flexible exchange rate regimes, here we refer to strict
CPI inflation targeting as the flexible exchange rate regime. This policy rule

corresponds to the interest rule when u, — oo in Eqg. (2.33).

" The nominal exchange rate under the peg is an exception, since by definition the peg
completely eliminates nominal exchange rate volatility.

18 \We notice from Table 2.2 that the real wage declines when the debt-to-net worth ratio rises from
62% to 200%.
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The results are summarized in Fig. 2.2. The vertical axis indicates the
consumption cost, € (e is measured in per cent, that is, it is multiplied by 100), while
the horizontal axis does the debt-to-net worth ratio. The solid line describes the
consumption cost under full pass-through.  Figure 2.2 shows that ¢ exceeds zero for
all debt-to-net worth ratios. This means that the flexible exchange rate regime is

welfare-superior to the fixed exchange rate regime.

We now focus on the means and the standard deviations under columns [3] and [4],
which correspond to the case with a debt-to-net worth ratio of 200%. Notice that
average consumption is lower with the peg relative to the float (EC, = —2.83 % under
the peg, while EC, = —2.49 % under the float). The welfare-superiority of the float
over the peg is mainly accounted for by the lower consumption under the peg.”® The
main reason for the lower consumption under the peg is that output loss due to price
adjustment costs (the amount of non-traded output which is used up by these costs) is
larger under the peg. Since by design the peg acts so as to stabilize the nominal
exchange rate completely and not to directly respond to domestic-inflation (rry), the
peg generates more volatile domestic-inflation®® and hence higher price adjustment
costs than the float™™: E&y, =1.19% under the peg, whereas E&y, = 0.45% under the
float. (recall that price adjustment costs in the non-traded sector increase with
domestic-inflation). As discussed in subsection 2.2.7., this implies that the peg
generates larger output loss in the non-traded sector, that is, the peg generates lower
final-output in the non-traded sector than the float.”? Therefore, households under the

peg enjoy a lower average level of consumption — which lowers welfare relative to the

' We also notice that average labor (EH,) is higher under the peg relative to the float.  This gives
us another explanation about why the float is welfare-superior to the peg.

% Note that the standard deviation of domestic-inflation is 1.49 % under the peg (column [4]),
whereas that is 0.92% under the float (column [3])..

2L The float cares about the effects of non-traded goods prices on the CPI, since the CPI consists of
both non-traded goods prices and imported goods prices.

22 Average price adjustment costs (E€ ;) are of non-negligible size, compared to the average
levels of consumption and investment.  For instance, at a debt-to-net worth ratio of 200%, Eéy: =
1.19%, E [(Iye — In)/Yn] =-1.72%, E [(CN¢ — CN®)/Yy] = —0.86%, and E [(C. — C)/Yy]
=-5.54% under the peg.
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float.?®

In addition, Fig. 2.2 indicates that, as the debt-to-net worth ratio rises — that is, as
balance sheet effects become stronger -, the welfare difference between the two regimes
becomes wider.  This result implies that flexible exchange rates are more desirable in
terms of welfare, the higher the level of foreign currency debt.  This is mainly because
the relative difference between the price adjustment costs of each regime becomes
greater as the debt-to-net worth ratio rises.  As a result, the relative difference between
consumption in each regime increases - which widens the welfare difference between

the two regimes.

This can be seen when comparing the means of price adjustment cots (¢y) and
consumption (C) under columns [1] and [2] to those under columns [3] and [4].
When the debt-to-net worth ratio rises from 62% to 200%, the relative difference
between the price adjustment costs of each regime increases from 0.22% (= 0.36% -
0.14%) to 0.74% (= 1.19% - 0.45%).  The relative difference between consumption in
each regime also increases from 0.06% (= -0.26% — -0.32%) to 0.34% (= -2.49% -
~2.83%).

2.3.3. Welfare evaluations in the case of low pass-through

Next, we now compare the float with the peg under low exchange rate pass-through,
where ¥p, s set at 120. Columns [5] and [6] of Table 2.2 correspond to the case
with a debt-to-net worth ratio of 200% under low pass-through.  Notice that, when the
monetary authority is engaged in the peg, means, standard deviations and total expected
utility are the same for low pass-through and full pass-through, since import prices are

identical under the two cases. Further notice that, under low pass-through, two types

2 The standard deviations of consumption and labor effort are lower with the float relative to the
peg. This implies that the conclusion of this subsection could hold if the model is solved by a
first-order approximation, since its welfare measure is based on the variances of these variables.
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of price adjustment costs are incurred: price adjustment costs in the non-traded and

import sectors (¢ and &y).

The results are shown in Fig. 2.2. The dashed line represents the consumption
cost under low pass-through. The figure illustrates that the degree of exchange rate
pass-through has no effect on the welfare ranking of “flexible versus fixed’ exchange
rate regimes: € is greater than zero for all debt-to-net worth ratios. Figure 2.2 also
indicates that the degree of exchange rate pass-through affects the welfare difference
between the two regimes. In other words, this figure indicates that the welfare
difference between the two regimes is larger under low exchange rate pass-through than
under full pass-through. The reason behind this is that, when the flexible exchange
rate regime is implemented, overall welfare is higher under delayed pass-through than
under full pass-through (recall that, when the peg is applied, total expected utility is
identical in the two cases). We now focus on the case where the monetary authority
implements the flexible exchange rate regime and compare the means under column
[3] to those under column [5]. We notice that total price adjustment costs are lower
under low pass-through than under full pass-through: E&y+ E&p =0.31% (= 0.12%
+ 0.19%) under low pass-through, while E&y.+ E&y = 0.45% under full
pass-through.  This implies that output loss is smaller, that is, final-output in the

non-traded sector is higher under low pass-through than under full-pass through.*

In addition, we observe that average households’ foreign debt is lower under
delayed pass-through than under full pass-through (ED, = -2.32% under low
pass-through, while ED; = —1.85% under full pass-through). Put differently, under
low pass-through, the mean net foreign asset position improves relative to that under
full pass-through. As stressed by Kollmann (2002) and Elekdag and Tchakarov
(2007), in models with imperfect risk sharing (as assumed in this chapter), the average

net foreign asset position has substantial impacts on household welfare. In their

2 \We notice that under columns [3] and [5] the standard deviation of domestic-inflation () is
much lower under delayed pass-through than under full pass-through.
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models, uncertainty induces households to increase their net foreign assets, which raises
households’ wealth and provides protection against potentially large declines in
consumption. Bergin et al. (2007) and Elekdag and Tchakarov (2007) refer to this

foreign asset holdings as ‘precautionary saving.’

Both of these effects (higher final-output and a lower stock of foreign debt) work in
conjunction, generating a higher average level of consumption (and hence higher
welfare) under low pass-through: EC, = —2.23% (column [5]) under low pass-through,
while EC, =—2.49% (column [3]) under full pass-through. This result suggests that
flexible exchange rates are more attractive in welfare terms, the slower exchange rate

pass-through.

When CPI inflation targeting is implemented under complete exchange rate
pass-through, the monetary authority needs to care about exchange rate fluctuations
since exchange rate fluctuations affect the CPI immediately. On the other hand, in the
case of low pass-through, as indicated by Devereux et al. (2006), the monetary
authority could use exchange rate fluctuations in order to mitigate the effects of external
shocks and to stabilize the real economy, since the CPI responds slowly to exchange
rate fluctuations. This can be confirmed when focusing on the standard deviations
under columns [3] and [5] of Table 2.2. The standard deviation of the nominal
exchange rate is higher with low pass-through relative to full pass-through, whereas
those of real variables such as consumption, labour, and output are lower under low

pass-through.

2.4. Robustness experiments

This section provides the results of different robustness experiments which check
the sensitivity of our baseline results to alternative calibrations. \We consider various

parameterizations of the risk premium, preferences, and the debt-to-net worth ratio.
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Moreover, we investigate an alternative specification of the risk premium. Since we
confirm in subsection 2.3.3. that overall welfare is higher under low exchange rate
pass-through than under full pass-through when the flexible exchange rate regime is
implemented, below we focus on the welfare implications of exchange rate regimes

under complete exchange rate pass-through.

2.4.1. The external risk premium

Initially, we consider an alternative choice of the steady-state risk premium in order
to see whether the value of the (steady-state) risk premium affects the welfare ranking
of ‘flexible versus fixed’ exchange rate regimes. In the baseline experiment, we set
the deterministic steady-state (quarterly) risk premiums to the same values as Devereux
et al. (2006). We now consider the case where the steady-state quarterly risk
premiums are increased to the values plus 100 basis points, that is, 3.47% for the
non-traded sector and 4.08% for the export sector. In general, as the risk premium
decreases, the impact of the risk premium on external borrowing tends to become

weaker. Therefore, we do not investigate lower values of the risk premium.

The result is shown in Fig. 2.3. This robustness experiment reinforces the main
message of the baseline experiment: the float is welfare-superior to the peg for all
debt-to-net worth ratios. Moreover, the consumption cost (e) is increasing in the
debt-to-net worth ratio. The figure also indicates that the consumption cost of the
robustness experiment is nearly identical to that of the baseline experiment, although

the former is slightly lower than the latter when the level of indebtedness is high.

2.4.2. The inter-temporal elasticity of substitution

As discussed in Section 2.3., household consumption is an important factor in the
welfare ranking of the two regimes. Therefore, it is useful to investigate whether and

how the value of the inter-temporal elasticity of substitution (1/0) affects household
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consumption under each regime and the welfare ranking.  Specifically, we analyze the

twocases: ¢ = 1.1 and o = 4.

The results are summarized in Fig. 2.4. The results support the main message of
the baseline experiment: the float is better than the peg in welfare terms. Comparing
the consumption cost when ¢ = 1.1 tothatwhen o = 4, the figure illustrates that the
former outweighs the latter.  This is because, as ¢ rises or households become more
risk averse, the relative difference between consumption in each regime decreases and
consequently the consumption cost falls. \We now consider mean consumption at a
(steady-state) debt-to-net worth ratio of 200%, When o = 1.1, mean consumption
(EC,) under the float is —3.57% and mean consumption under the peg is —4.06%. On
the other hand, when o = 4, mean consumption under the float is —1.49% and mean
consumption under the peg is —1.68%. We observe that, when o rises from 1.1 to 4,
the relative difference between consumption in each regime decreases from 0.49% (=
-3.57% — -4.06%) t0 0.19% (= -1.49% — —1.68%).

2.4.3. The capitalists’ saving rate

In the experiments so far, we have changed the capitalists’ saving rate (v) and the
standard errors of the productivity shock in the non-traded and export sectors (o,,y and
0,x ) to obtain the deterministic steady-state debt-to-net worth ratios. The
deterministic steady-state (quarterly) risk premiums in the non-traded and export
sectors are kept constant across all the debt-to-net worth ratios in the experiments.
Next, we adjust only the capitalists’ saving rate to obtain the deterministic steady-state
debt-to-net worth ratios (as v falls, the debt-to-net worth ratio rises). In this case, the
deterministic steady-state risk premium increases with the debt-to-net worth ratio.
Regarding the standard error of the productivity shock (a,,), we follow Devereux et al.

The result is depicted in Fig. 2.5.  The result is basically consistent with that of the
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baseline experiment: the float welfare-dominates the peg and the consumption cost is
increasing in the debt-to-net worth ratio. The main reason for the superiority of the
float over the peg is that price adjustment costs are higher with the peg relative to the
float, as in the baseline case. The peg generates more volatile domestic-inflation and
hence lower final-output than the float. Therefore, the peg reduces consumption,

compared to the float.”

2.4.4. An alternative risk premium specification

Finally, we consider an alternative specification of the risk premium.  As shown in
Fig. 2.1, the model of this chapter assumes that the (steady-state) risk premium is an
increasing and convex function of the leverage ratio within a certain range of leverage
ratios. However, there are various ways to model the risk premium.  For example, in
Elekdag and Tchakarov (2007), it is assumed that the risk premium is an increasing
and concave function of the leverage ratio. When compared to the Elekdag and
Tchakarov (2007) model, the marginal effect of the leverage ratio on the risk premium
is more serious in the model of this chapter. \We now examine whether the main
message of the baseline experiment will hold when we employ the Elekdag and
Tchakarov-type risk premium. For concreteness, in line with Céspedes et al.(2000)
and Elekdag and Tchakarov (2007), we use the following specification with the
constant implicit-elasticity of the risk premium to the leverage ratio:

QNtKNt+1)b2

TPnt+1 = b1( Tt
where b,> 0 and 0 < b, < 1. Then, following Céspedes et al.(2000), Elekdag
and Tchakarov (2007), and Gertler et al. (2007), the optimal financial contract condition,

capitalist consumption, and their net worth in the non-traded sector are modified as

% For instance, at a (steady-state) debt-to-net worth ratio of 200%, E &y, =0.11%and EC, =
—0.58% under the float. On the other hand, E &y,=0.24 % and EC,=—0.67% under the peg.
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St“), (2.37)

EiRgnt+1 = (1 +ig41) "Pe+1Er (S_
t

PtCtNe = (1 = v)RgntQnt—1Kne - (1 —v)Sp (1 + if) pye Dy, and
Znt+1 = VRgneQne—1Kne — vSe (1 + if) mpye Dy + Wi reSpeCtively-ZG

In this robustness experiment, the deterministic steady-state risk premium is set at
the same value (2.47%) as in the baseline experiment and kept constant across all the
debt-to-net worth ratios. To obtain the deterministic steady-state debt-to-net worth
ratios, we vary both the capitalists’ saving rate (v) and the implicit-elasticity of the risk
premium to the leverage ratio (b,). Consistent with Elekdag and Tchakarov (2007),
we set b, equal to 0.02 at a deterministic steady-state debt-to-net worth ratio of 137%.
Given the calibration of b,, b, is set such that the deterministic steady-state risk

premium is identical to 2.47%.>  The export sector is exactly analogous.

The welfare comparison is depicted in Fig. 2.6. Figure 2.6 indicates that the main
message of the baseline experiment is robust to the alternative specification of the risk
premium: the float is welfare-superior to the peg and the consumption cost increases
with the level of indebtedness. The main reason for this is very similar to that of the
baseline experiment.  Price adjustment costs in the non-traded sector are higher with
the peg relative to the float. Therefore, the peg reduces consumption compared to the

float. %

% When Eq. (2.26) is replaced with Eq. (2.37), @y, and one equation need to be eliminated by
combining the foreign lenders’ participation constraint (Eq. (2.30)) and Egs. (2.27) — (2.28).

%" Elekdag and Tchakarov (2007) use a method to calibrate the debt-to-net worth ratio which is
different from our method.  To obtain the steady-state debt-to-net worth ratios, they probably vary
two parameters: one is the implicit-elasticity of the risk premium to the leverage ratio (b,) and
another is unknown (they do not use the capitalists’ saving rate in their baseline experiment).

% For instance, at a (steady-state) debt-to-net worth ratio of 200%, E &y, =0.35%and EC, =
—2.09% under the float. On the other hand, E &y,=1.02% and EC,=-2.51% under the peg.
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2.5. Conclusions

This chapter carries out a welfare comparison of fixed and flexible exchange rate
regimes by employing the model of Devereux et al. (2006), which incorporates balance
sheet effects in combination with foreign currency debt and variable exchange rate
pass-through.  This chapter deals with a wide range of debt-to-net worth ratios that
allows us to investigate whether and how the degree of indebtedness affects the choice

of exchange rate regime.

Although Calvo and Reinhart (2002) argue that many monetary authorities in
EMCs are reluctant to allow their currencies to float freely owing to balance sheet
vulnerabilities, we find that, under complete exchange rate pass-through, the float
welfare-dominates the peg for a broad range of debt-to-net worth ratios. In addition,
the welfare difference between the two regimes becomes wider as the debt-to-net worth
ratio rises.  The results imply that flexible exchange rates are more desirable in terms
of welfare, the higher the level of foreign currency debt. The different robustness

experiments also support the main message of this chapter.

Moreover, when comparing the float with the peg under low exchange rate
pass-through, our results show that the degree of exchange rate pass-through has no
effect on the welfare ranking of the two regimes. However, we find that the degree of
exchange rate pass-through affects the welfare difference between the two regimes: the
welfare difference between the two regimes is larger under low exchange rate
pass-through than under full pass-through.  This suggests that flexible exchange rates

are more attractive in welfare terms, the slower exchange rate pass-through.
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Chapter 3

Exchange Rate Volatility and Balance
Sheet Effects

3.1. Introduction

What type of exchange rate regime is more desirable when there are financial
market imperfections in emerging market countries (EMCs)?  This chapter
investigates the question using a dynamic stochastic general equilibrium small open

economy model.

There have been significant advances in the field of monetary and exchange rate
policy analysis in EMCs. Some recent studies in this field have focused on imperfect
financial markets, especially balance sheet effects and liability dollarization, and have
provided useful insights into the behaviour of EMCs. For instance, Devereux et al.
(2006) develop a small open economy model which incorporates balance sheet effects
coupled with foreign currency debt®  Their model accounts for so-called
‘contractionary devaluations’, which are empirically observed in EMCs: an exchange
rate depreciation has a negative effect on firms’ balance sheets, which raises the cost of
foreign borrowing, thereby bringing about real contractions (See Chapter 1 for balance

sheet effects and contractionary devaluations). They conduct a welfare-based

' For a sample of other related work, see Cavoli (2009), Céspedes etal. (2002, 2004), Choi and
Cook (2004), Cook (2004), Elekdag and Tchakarov (2007), Gertler et al. (2007), Moron and
Winkelried (2005). The model of Cavoli (2009) and that of Moron and Winkelried (2005) do not
include micro-foundations.
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comparison of fixed and flexible exchange rate regimes based on a second-order
accurate welfare measure and their model predicts that flexible exchange rates
welfare-dominate fixed exchange rates even in the presence of balance sheet effects and

foreign currency debt.

However, the model of Devereux et al. (2006) generates predicted exchange rate
volatility that is extremely low, compared to that seen in historical data. Thus, it might
underestimate balance sheet vulnerabilities under flexible exchange rates. They report
that, when exchange rate pass-though is complete, the predicted standard deviation of
the quarterly nominal exchange rate under strict CP! inflation targeting is only 1.80 %.2
This is because, as we will discuss below, their model assumes a stable relationship
between the nominal exchange rate and the nominal interest rate. On the other hand,
Kollmann (2005) finds that the estimated standard deviation of the quarterly nominal
exchange rate between the U.S. and a basket of major EU countries (France, Germany
and Italy) during 1973:1-1994:4 was 8.75%. Taking into account a line of empirical
evidence that EMCs tend to be more vulnerable to volatile capital flows than
industrialized countries (e.g., Schaechter et al., 2000), nominal exchange rate volatility
in EMCs could be even greater than the estimate of Kollmann (8.75%). This implies
that the impact of exchange rate variability on the net worth position of domestic firms

could be more severe than that reported in Devereux et al. (2006).

This chapter attempts to conduct a welfare-based comparison of fixed and flexible
exchange rate regimes by using an extended version of the Devereux et al. (2006)
model. This extended model mainly differs from that of Devereux et al. in that it

emphasises the role of exchange rate volatility and generates more realistic exchange

2 They also present the predicted standard deviation of the nominal exchange rate under strict
domestic-inflation targeting (non-traded goods price targeting): the predicted standard deviation is
3.4%. Their predicted standard deviations of the nominal exchange rate seem lower, compared to
those reported in the literature on monetary policy in emerging market countries.  For example, the
model of Ravenna and Natalucci (2008) generates much more volatile nominal exchange rates than
that of Devereux et al. (2006): the standard deviation in their baseline experiment is 8.02%.
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rate volatility. Although there are various ways to model the nominal exchange rate,
we employ the specification developed by Kollmann (2002, 2005). Motivated by the
fact that empirical results find no support for the uncovered interest parity (UIP)
condition under flexible exchange rates, his model allows for a stationary and
exogenous AR(1) shock to the UIP condition in order to generate sufficient exchange
rate variability. He regards the UIP shock as reflecting a temporary but persistent bias
in the agent’s exchange rate forecast. This chapter assumes that under flexible
exchange rates the forecast bias disturbs the stable relationship between the exchange
rate and the interest rate (we refer to the shock as the ‘forecast bias shock’, hereafter).
On the other hand, we assume that under fixed exchange rates there is no bias in
exchange rate forecasts (that is, the forecast bias shock applies only under flexible
exchange rates)®, on the basis of the fact that deviations from UIP were considerably
small in the Bretton Woods era (e.g., Kollmann, 2005). We will discuss this issue in

subsection 3.3.1.

Besides the forecast bias shock, the model here features two production sectors (the
non-traded sector and the export sector), Calvo-type sticky prices in the non-traded
sector, imperfect international risk sharing, balance sheet effects in combination with
foreign currency debt, and exogenous foreign interest rate and export price shocks.
The model is calibrated using parameter values from the literature and some values that
match Thai data (we call this calibrated model the ‘baseline model’, hereafter). Given
the calibration, we assess the welfare implications of the fixed exchange rate regime
(the peg) and a flexible exchange rate regime where the monetary authority strictly

targets the inflation rate of the CPI (denoted the ‘CPI rule’, henceforth).

This chapter also performs different simulations in order to check the sensitivity of

the baseline model to alternative calibrations. We consider alternative calibrations of

® For instance, Wollmershzuser (2006) uses six different types of exchange rate specifications
in order to describe realistic exchange rate behavior.
* In Kollmann (2002, 2004), this assumption is employed. ~See subsection 3.3.1.
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the forecast bias shock to see whether and how the parameter value of the forecast bias
shock affects the baseline results. In addition, we compare the peg to alternative
flexible exchange rate regimes whereby the central bank implements strict
domestic-inflation targeting (non-traded goods price targeting) or Taylor rules.
Further, we compare exchange rate regimes with and without balance sheet constraints
in order to examine whether and how the presence of these constraints affects the

welfare assessment of exchange rate regimes.

The model is solved using a quadratic approximation method which allows us to
obtain a second-order accurate representation of expected utility and to conduct a
rigorous welfare evaluation of exchange rate regimes. Elekdag and Tchakarov
(2007) argue that, since a second-order approximation method can capture the effects of
uncertainty on the means of endogenous variables (e.g., consumption and labour), the
method is more suitable for assessing welfare than a first-order approximation method

(the welfare measure based on a first-order approximation depends only on variances) .

The main findings can be summarized as follows.  First, the peg is
welfare-superior to the CPI rule for realistic calibrations of the forecast bias shock. In
addition, as exchange rate volatility increases, the welfare difference between the two
regimes becomes wider (the peg becomes more attractive in terms of welfare). Under
the CPI rule, forecast bias shocks increase exchange rate variability, which causes a
marked deterioration in balance sheets — the shocks thus have a more harmful effect on
the average level of capitalist consumption under the CPI rule. Moreover, under the
CPI rule, price dispersion across non-traded goods firms increases with exchange rate
volatility, which in combination with marked balance sheet deterioration induces a large
fall in non-traded output®, thereby lowing household consumption relative to the peg.

These two negative effects work together, generating lower welfare under the CPI rule.

> We assume Calvo-type sticky prices in the non-traded sector.  The nature of price rigidity
generates inefficient price dispersion across non-traded goods firms and thus output loss.  We will
discuss this topic in subsection 3.2.8.
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Second, strict domestic-inflation targeting outperforms the CPI rule, since strict
domestic-inflation targeting completely eliminates inefficient price dispersion across
non-traded goods firms. Whether the peg is welfare-superior to strict
domestic-inflation targeting or not depends on the degree of exchange rate volatility —

the peg is more desirable in welfare terms when exchange rate volatility is high.

Third, the presence of balance sheet effects is very important for the welfare
assessment of exchange rate regimes. When comparing the peg with the CPI rule, we
find that the presence of balance sheet constraints affects the welfare difference across
the two regimes, that is, it increases the welfare difference between the two regimes -,
although the presence of the constraints does not alter the welfare ranking of the two
regimes (the peg is welfare-superior to the CPI rule in the economy with and without
balance sheet constraints). In the comparison of the peg relative to strict
domestic-inflation targeting, our results reveal that the presence of balance sheet
constraints alters the welfare ranking of the two regimes when exchange rate volatility
is high. In the economy without balance sheet constraints, strict domestic-inflation
targeting welfare-dominates the peg under plausible calibrations of exchange rate
volatility, whereas in the economy with balance sheet constraints the peg
welfare-dominates the strict domestic-inflation targeting regime when exchange rates

are highly volatile (as mentioned above).

This chapter is organized as follows. Section 3.2. presents the model and
calibration. Section 3.3. describes the results of the baseline model and Section 3.4.

presents the results of sensitivity analysis.  Section 3.5. concludes.

3.2. The model

Based on the previous research of Devereux et al. (2006) and Kollmann (2002,

2004), we construct a small open economy model which includes some characteristics
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designed for the emerging market environment: balance sheet effects coupled with
foreign currency debt, volatile exchange rates, and vulnerabilities to external shocks

(foreign interest rate and export price shocks).

The economy consists of four sets of domestic players: households, firms
(production firms and unfinished capital goods firms), capitalists, and the monetary
authority. Firms and capitalists are divided into two sectors: the non-traded goods
sector and the export goods sector. Two final goods (the non-traded good and the
export good) are produced by production firms in each sector using labour and capital.
Non-traded production firms are monopolistically competitive — non-traded goods
prices are assumed to be sticky —, whereas traded (export) goods firms are perfectly
competitive. Labour is supplied by households and capitalists while capital is rented
from capitalists. Unfinished capital goods firms produce ‘unfinished’ capital goods in
a competitive environment by using ‘finished’ capital and the investment composite
(the same form as the household’s consumption basket), and sell them to capitalists.
Capitalists borrow money from foreign lenders by offering their own net worth as
collateral, purchase ‘unfinished’ capital, and convert them into ‘finished’ capital. The
monetary authority adjusts the nominal interest rate in order to fix the exchange rate or

to control inflation (and output).

3.2.1. Households

There is a continuum of measure 1 of consumers. The representative consumer’s

inter-temporal lifetime utility function is given by

@ . Ctl—o Hé“l’
U= E0) B G ~ 1) (3.
t=0

where 0 < £ < 1 is the discount factor and H; is labour effort. C; is a composite

consumption index defined by the following CES function:
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1 Pt 1 P11

1 1 P
Cy=(arCyl + (1—a)r C,} )1

where p (> 0) is the elasticity of substitution between non-traded and imported goods
and a is the share of non-traded goods in the consumer price index. Cy; IS the
consumption of non-traded goods while C,,; denotes the consumption of imported
goods. Cy; is defined, as in Dixit and Stiglitz (1977), by the following CES

aggregate of the continuum of differentiated goods:

! Al
%=d%ﬁMﬂW1 3.2)
0

where i € [0,1] and 4 (> 1) is the elasticity of substitution between varieties.  Cy,(i)
is produced by firm i in a monopolistically competitive environment. Demand for

Cy (i) results from cost minimization subject to Eg. (3.2):

Py (1)
Pyt

Cne (@) = ( ) Cht

where Py (i) is the price of Cy.(i) and Py, is the price index for non-traded goods

given by

m=%mm”wﬁ 33)

On the other hand, it is assumed that the law of one price holds for imports®, so that
the price of imports in terms of domestic currency (Pyy:) IS
Py = St Pyt (3.4)

where S; is the nominal exchange rate and Py, is the price of imports in foreign

® In Chapter 2, we introduce price adjustment costs in the import sector to investigate whether and
how the degree of exchange rate pass-through affects the welfare assessment of exchange rate
regimes.  In Chapter 3, we focus only on full exchange rate pass-through.
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currency. We assume that Py IS exogenously determined on world markets, that is,

EMC:s are price- takers.  For simplicity, Py, is normalised to unity.

The consumer price index (P.) is then:

1
P.=(aPy;"+ (1—a)P,)tr (3.5)
The representative consumer’s budget constraint is given by
1
Yo SeFy
PiCe = WiH, + j Y (0)di — S¢Fy1 — Bryr — PtTF( tPtH)
0 t
+(1+ i )SF + (1 +i_1)By (3.6)

where W; is the nominal wage rate and - >0,aconstant. Here B, and F; are
nominal stocks of one-period local and foreign currency bonds, respectively. i, is the
nominal interest rate on the domestic bond maturing in period t +1, while i;, denotes
the nominal interest rate on the foreign bond maturing in period t +1, which is assumed

to follow an exogenous stochastic process. It is assumed that holding foreign
currency bonds is subject to a small transaction cost, P; wTF (%)2, where the cost is
t

denominated in the composite consumption index.”  Finally, since households own all
domestic firms, they receive any profits from the firms.  Assuming that traded goods
firms and unfinished capital goods firms are perfectly competitive, households receive

profits only from the non-traded sector, | 01 N (i)di.

The representative consumer’s problem is to maximize its expected utility (Eq.

(3.1)) with respect to C, Hy, By;+1,and F{,; subject to the budget constraint (Eq.

” To ensure that the model is solved numerically using a second-order approximation, this small
transaction cost is required.  Without this cost, local and foreign currency bonds and consumption
would be non-stationary.  Further, we assume that holding foreign currency bonds by households
is not subject to informational problems, while foreign borrowing by capitalists is subject to
informational asymmetries (see subsection 2.2.5.).
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(3.6)). It follows that the first order conditions are:

W, = nH! P.C? (3.7)
S ™" . CZP: St
1=[1+ * ] 1+iHE,{——mm— 3.8
Yr P, B( it))E¢ Cg+1pt+1 S, ( )
. CoP,
1=FQA+i)E e 5 — (3.9
t+14 t+1

Eq. (3.7) represents the labour supply condition. Egs. (3.8) - (3.9) correspond to the

Euler equations for foreign and domestic currency bonds, respectively.

3.2.2. Production firms

The production technology for a non-traded good firmi € [0,1] is given by:

Ye(D) = Kye(D)*Hye (DA (HE, () AP0~ (3.10)

The production technology for an exporter i € [0,1] is given by:

Yie () = Kyt (D)7 Hye () 0709 (Hg (1)) D0

where a and y are the shares of capital in each sector. € is the share of
household-labour. ~ Production firms in the non-traded sector hire labour from
households, Hy:, and from capitalists in the same sector, Hy,. In return, capitalists in
the non-traded sector earn wages, Wy,. Capital, Ky , is supplied by capitalists in the
non-traded sector. The export sector is entirely analogous (Hy; is labour services
supplied by households and Hyg, denotes those by capitalists in the export sector.

Ky is capital provided by capitalists in the export sector).
Firm i in the non-traded sector chooses Ky (i), Hy:(i), and Hy.(i) so as to

minimize its total cost

min  Ry¢Kye(i) + WeHpy (D) + Wy Hg (D),
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subject to the production function (Eq. (3.10)) and to taking Yy.(i) as given. Here,
Ry denotes the rental rate of capital in the non-traded sector. The first-order
conditions are then

Rife W (Wi A~ 00—
a“(l —_ a)(l‘“)(l — _Q)(l—ﬂ)(l—a)ﬂﬂ(l—a)

MCNt(i) =

Hy(i)  Ryel2(1—a)
Ky (1) B aW,

Hy () Ry(1—-0)(1—-a)
Kne(D) aWy

where we have made use of the fact that the Lagrange multiplier is equal to the

marginal cost, and MCy.(i) denotes the marginal cost. We notice that the marginal
cost, the household-labour capital ratio (?), and the capitalist-labour capital ratio (%)
Nt Nt

are identical across firms.  We thus drop the index i.

Rif W (Wi -0~

MCye = 2%(1 — a)-0(1 — 0)A-D(-0) al-a) (3.11)
H Ry2(1 —

e _ Ryef2( ) (3.12)
Kt aW
HE Ryi(1—-2)(1—«a

Nt — Nt( )( ) (313)

e
Knt aWyi

Similarly, the following optimality conditions in the export sector can be derived

from cost minimization:

Y,
Wy = Px(1 —7)02 H_Xt (3.14)
xt
Y,
Wi = Pee(1 -1 - D) ¢ (3.15)
Xt

Yxe
Ryt = Pxey Kon (3.16)

xt
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where Wy, and Ry denote the nominal wage rate for capitalists and the rental rate of
capital in the export sector, respectively, and Yy, is total traded output given by

Yye = Kyt Hye P2 (Hg) - D0) (3.17)

Py, is the unit price of the export good and also the unit production cost since the
export sector is perfectly competitive. It is assumed that the law of one price holds for
export goods:

Pyt = StPxt (3.18)

where Py, is the foreign currency price of the export good, which is exogenously

determined on world markets and follows a stochastic process.

3.2.3. Price setting

Non-traded production firms are monopolistically competitive and thus set prices
for their products. The present model assumes staggered price setting a la Calvo
(1983) and Yun (1996). In each period, production firm i in the non-traded sector
receives the chance to set its price optimally with probability (1 — k), a constant,
which is independent of history and other firms. If the firm does not get the chance,

he/she has to keep charging the same price as last period.

Suppose that firm i receives this opportunity in period t. Let denote Py.(i) the
price that the firm chooses. The firm chooses Py, (i) so as to maximize the
following profit function subject to demand for firm s product,

. Pne(Dy - .
() = G0
Nt+t

T=00

Z K'E, [R,t+‘rn-’€-’|-‘c (l)]

7=0
T=0

= ) B[ Rse (P = MCys )l ()]

7=0
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where Q% denotes aggregate demand for non-traded goods and Ty, is the

households’ discount factor given by

COP;

— T
Ft,t+‘£' - ﬁ Co' P
t+ti t+T

Since non-traded firms are owned by households, the expected profit stream needs to
be discounted using the household’s discount factor. It is assumed that the firms must

satisfy all demand at posted prices.

Notice that all firms that set their new prices select the same price. Thus, we drop

cg Py

the index i. Defining Zi¢yr = B° Q& . (Pyes), the optimal pricing

Cg}—TPt+T
condition is then

__ A TOKTE Ep e MC
PNt — 7=0 — t Tt,t+: Nt+t (3.19)
A-1 Yir=0 K'EtZi4e

In order to use a higher order approximation to the equilibrium conditions of the
model, we need to rewrite Eqg. (3.19) in a recursive representation. In line with

Schmitt-Grohe and Uribe (2004a), rearranging Eq. (3.19) yields

T=© —_—~ —_—
Pye A—=1( Py MCpyy
E: Z Krﬂ,t+rPNt+r(P_) thgH l 1 <P - p =0
=0 Nt+1 Nt+1 Nt+1
Define x{ and x2 as
T=00 —_—~ —_—
PNt _ A - 1 PNt
PNtxtl =E; Z KTFt,t+rPNt+r(P_) thd+‘[ T <P ,and
=0 Nt+1 Nt+t
T=00 P
2 — T Pyt -rnd .
Pyext = Ey K Ft,t+r(P—) Qt+rMCprr, respectively.
] Nt+T

Using x¢ and xZ, Eq. (3.19) can be rewritten in the following three first-order

difference equations:
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P —)*p /1 - E P = P 1 3.20
Ntxt = (P ) NtQt 1 + KE( ) tt+1 0Nt +1 X+ 1 (3.20)
Nt Pyt
_ Nt «_
Pyex¢ = (P_) *QIMCyy + KEt(P—) T e1Pher1XEen (3.21)
Nt Nt+1
xt = xf (3.22)

Eq. (3.3) implies that the price index P, evolves according to

1-1
Py = kP UM+ (1 — k) Py, (3.23)

3.2.4. Unfinished capital goods firms

The behaviour of unfinished capital goods firms is completely identical to that of
unfinished capital goods firms in Chapter 2. Below, we outline the specification of

unfinished capital goods firms’ behaviour.

As in Chapter 2, unfinished capital goods firms are perfectly competitive. It is
assumed that new unfinished capital goods in the non-traded sector are produced by
combining both the investment composite, I, and the exiting capital stock, K.
The investment composite consists of the same mixture as the household’s
consumption basket. Defining Q. as the price of an unfinished capital good and
RSy as the rental rate of capital provided by capitalists, the profit function of

unfinished capital goods firms in the non-traded sector is given by

Ine  Yr(Ine 2 c
QNt K - 7 ¥ 6 KNt - PtINt - RKNtKNt
Nt

where ;represents the investment adjustment cost parameter (yy; > 0) and § is the
depreciation rate.  Then, profit maximization implies that
Py

1= (R~ 6)

Qnt = (3.24)
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RSy, = 0 w(ﬁ_g)ﬁ_ﬂ(ﬁ_(s)z (3.25)
kne = Cne |W1 (G- Keo 2 \Ky, -

The problem is analogous for unfinished capital goods firms in the export sector.
Defining Qy. as the price of an unfinished capital good and R, as the rental rate of

capital, the first-order conditions in the export sector are then
P t

Qxt = Txe (3.26)
1-9i(g, .~ 9)
Rxe = Qxe llpl(%:t— 5)%{1-%(%{1— 5)2] (3.27)
Capital stocks in the two sectors evolve according to
Kyear l I’{z}vvtt _ % (I%tt _ 5)2] Kye + (1 — 8Ky (3.28)
Kyesn [II(’; - % (%tt —~ 6)Zl Kyt + (1 — 8) Ky (3.29)

3.2.5. Capitalists

The behaviour of capitalists is the same as in Chapter 2. Therefore, here we
provide a brief outline of the capitalist sector? For notational simplicity, below we

drop capitalist-specific indices.

Profit maximizing behaviour in the non-traded sector implies the following optimal

9
financial contract condition:

8 See Chapter 2 (subsection 2.2.5.) for more details.
% See Appendix A.1. for the derivation of the optimal financial contract condition. The
derivation and definition of A(@), B(@), ¢, A'(@),and B'(@) are shown in Appendix A.2.

64



Chapter 3: Exchange Rate Volatility and Balance Sheet Effects

Et [RKNt+1 {B((‘_)Nt+1) giga;_)—ll\\;tt:g - A(aNt+1)}:|

b [A B S
YB'(Wye+1) St

=(1+1) (3.30)

where A(@yi41) and B(wyiyq) are the expected shares of the return on capital
going to capitalists and to foreign lenders, respectively, and Rgpyetq IS the real gross
return on capital. The foreign lenders’ participation constraint in the non-traded sector

is given by

1Kyt — 7
Qnt-1Knt Nt) (3.31)

RyntQni-1KneB(@n) = (1 + i€—1)5t( S 1
Assuming that capitalists die at any time period with probability (1 —v) and
consume the returns on capital only when they die, the aggregate consumption of
capitalists in the non-traded sector is given by
P.CY¢ = (1 = v)RyneQne—1Kne A(@pe)
= (1 —v)(A — dn)RxnitQne—1Kne — (1 —v)S (1 +if_1)Dye  (3.32)

where D, = (w) is the amount borrowed abroad at the end of period t-1

t-1
and ¢y IS the expected fraction of the return on capital that is used up in monitoring

(monitoring costs are assumed to be denominated in the composite final good). We

assume that C{V¢comprises the same mix as the household’s consumption basket.

Aggregate net worth consists of the unconsumed fraction of the returns and wages
earned by capitalists working in the non-traded production sector, that is,
Znts1 = VRt Qne—1 Kne A(@ne) + Wi
= V(1 — dn)RentQni—1Kne — vSe(1 + i{_1) Dy + Wi (3.33)

Egs. (3.32)-(3.33) imply that an exchange rate depreciation, e.g. triggered by a sudden

increase in the foreign interest rate and an unanticipated worsening of terms of trade,
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would reduce capitalist consumption and their net-worth.

Recalling that capitalists rent their finished capital to production firms and to
unfinished capital goods firms and capital depreciates at the rate of &, the real gross
return on capital in the non-traded sector, Rgpyis1, IS defined as the sum of Ryiiq,

RSyis1,and (1 — 8)Qpes1, divided by the purchase price of capital, that is,

Ryt1 + Rinesr + Quesr (1 — 6)

Rgneer = 0 (3-34)
Nt

The behaviour of capitalists in the export sector is described analogously. Let the
subscript X denote the export sector.  Egs. (3.35) - (3.36) describe the optimal financial
contract condition and the foreign lenders’ participation constraint in the export sector,

respectively:

B [Rirees {B@r0 522553~ 4@,

AV(@Xt+1) St+1]
Y[B'(Wxt+1) St

=1+1i) (3.35)

1Ky — 7
Qxt-1Kxt Xt) (3.36)

Rixe Qe 1K B@xo) = (1 + )8 (s
t-1

The consumption of capitalists, C¢*¢, and their net worth, Zy,, ,, are given by
P.C¥¢ = (1 = v)RyxQxe—1Kxr A(@xr)
= (1 =v)(1 = dx) RxtQxe-1Kxt — (1 = v)Se(1 + ic_1)Dxe  (3.37)
and

Zxty1 = VRigxtQxt—1Kxt A(aXt) + W)?t
= v(1 — Pxe)RextQxt—1Kxt — vS:(1 + i{_1)Dxr + Wy, (3.38)

_1Kxt —Z
where D)?t _ (QXt 1S Xt Xt).
t—1
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Finally, the real gross return on capital, Ryxts1, IS €xpressed as

R + RS + 1-6
RKXt+1 — Xt+1 KXt+(12 QXt+1( ) (3.39)
Xt

3.2.6. UIP (uncovered interest parity) and biased exchange rate
forecasts

Combining Egs. (3.8) and (3.9) yields:

CoP SF5 1" CoP, S
(1+it)Et{—t : }:[1+¢F* tpt“] (1+i§)Et{—t : —t“} (3.40)
t

o o
Cty1Prea CoqPer1 St

Taking a log linear approximation of Eqg. (3.40), we obtain the modified UIP condition:

St+1) SeFiq
— g

it_ l»: = Etln(S— P
t t

(3.41)

where wr%t*“ indicates bond-holding costs. If g+ — 0, the limit of Eq. (3.41) is

t

given by the standard UIP condition, which equates nominal interest-rate differentials

between countries to expected variations in nominal exchange rates:

ip— I = E;ln (S;—:l)
Since we assume that Yg+ > 0, the standard UIP condition does not hold. But,
deviations from UIP, arising from bond-holding costs, are insignificant, because p-
is calibrated to be very small. Therefore, in this log-linearized form, the path of the
nominal exchange rate basically depends on the standard UIP condition (although not
perfectly), and all domestic players make exchange rate forecasts based on the stable
relationship between the nominal exchange rate and the nominal interest rate. Recent
papers including Céspedes et al. (2002, 2004), Choi and Cook (2004), Cook (2004),
Devereux et al. (2006), and Elekdag and Tchakarov (2007) which incorporate
balance sheet constraints coupled with foreign currency debt assume this stable

relationship (log-linearizing their models, the dynamics of the nominal exchange rate
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basically depend on the standard UIP condition).°

However, as stressed by Kollmann (2005), Wollmershauser (2006) and others,
much of empirical work has failed to find reliable relationships between the exchange
rate and the interest rate, especially the standard UIP condition. Motivated by the
failure, this chapter assumes the stable relationship between the nominal exchange rate
and the nominal interest rate is disturbed by an exogenous random shock.  Specifically,
following Kollmann (2002, 2004, 2005), it is assumed that a stationary exogenous
stochastic random variable, ¢, perturbs the households’ Euler equation for foreign

currency bonds (Eg. (3.8)):

SeFia]

1=q@¢ |1+ Yp

ik ﬂ} (3.42)

1
1+i))Ey——
BL+iD) t{% S
where the unconditional mean of ¢, is unity (E@, = 1). Combining Egs. (3.9) and
(3.42) and taking a log linear approximation give

StFt*+1
Py

s
ii— if = Eln (—;“) — Y
t

+ In(¢p,) (3.43)

Eq. (3.43) implies that ¢, could induce large deviations from standard UIP, depending
on calibrations of ¢.. In line with Kollmann, we regard ¢, as a bias in the date t
forecast of the date t +1 exchange rate, Si,,(we refer to ¢, as the “forecast bias
shock’*?).  We also assume that capitalists have the same forecast bias as households

and that ¢, disturbs the optimal contract condition in the non-traded sector (Eq.

1 Gertler et al. (2007) consider a random shock to the standard UIP condition. However, their
analysis is based on a first-order approximation method, not using a second-order accurate welfare
measure.

™ Kollmann (2002, pp.1010) defines the biased exchange forecast as follows: ‘Houschold beliefs
at period t about the date t + 1 exchange rate (S,..) are given by a probability density function (pdf),

fi St_+1’lp
13, that differs from the true pdf, f;, byafactor 1/¢:: fi°(Sip, V) = %, where ¥ isany
t
other random variable’.  We employ this definition in the present model.

2 Kollmann (2002, 2004, 2005) calls the random variable the‘ UIP shock’.  Batini et al. (2003),
Cavoli (2009), Leitemo and and Soderstrom (2005), McCallum and Nelson (1999, 2000),
Moron and Winkelried (2005), Wollmershauser (2006), etc. also use this type of shock. They
refer to it as the ‘(foreign exchange) risk premium (shock)’.
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(3.30)):

A (@yes1)
B'(@yt+1)

A,((‘_)Nt+1) St+1l
B'(@n+1) St

E; [RKNt+1 {B (Wne+1) - A(@vtﬂ)}l

The capitalists’ forecast of the rate of exchange rate depreciation is subject to the same

‘bias shock’ as the households’ forecast, that is, like households, the capitalists’ forecast

. s
IS ‘PtEt(tS_:l)-

Similarly, the optimal financial contract condition in the export sector (Eg. (3.35)) is

replaced with the following equation:

A (@yr41)
B,(axt+1)

A'(aXt+1) St+1l
B'(&xee1) St

Et lRKXt+1 {B(aXt+1) - A(aXt+1)}l

= (1 + i{)E, (3.45)

3.2.7. Monetary policy rules

The monetary authority manages a short-term nominal interest rate, i;. A change
in the interest rate has a direct effect on households’ behaviour via Eq. (3.9). The
interest rule takes the following simple form:

1+, = (;L;)#m (%)”n (%)# (1+7) (3.46)

where 7y = Pyt/Pnt—1 and m, = P,/P._;. 7y and 7 denote deterministic
steady-state levels of domestic-inflation (non-traded goods inflation) and CPI inflation,
respectively (throughout this paper, the term ‘steady state’ indicates the deterministic

steady state). S is a nominal exchange rate target and 7 is a steady-state level of the
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short-term nominal interest rate. Here, 7y, 7, and S are set to unity.

The monetary authority adjusts the short-term interest rate in response to
domestic-inflation (r), CPI inflation () and the nominal exchange rate.  u, — o
indicates that the central bank strictly targets the domestic-inflation rate (strict
domestic-inflation targeting). u, — oo corresponds to strict CPI inflation targeting
(the CPI rule). ug — o means that the monetary authority implements a fixed
exchange rate regime (a peg). Following Bergin et al. (2007), Devereux et al. (2006),
Elekdag and Tchakarov (2007), and Kollmann (2002, 2004), we assume that all

monetary policy rules are completely credible.

3.2.8. Equilibrium

Recalling that foreign-bond-holding costs by households and monitoring costs by
foreign lenders are denominated in the composite final good, the aggregate demand for

non-traded goods is

Pue\ ™" c (StFiin)
Q8 = a(%) [Ce + Ine + Lye + CN¢ + CFe + l’%(%)
t t
R 1K R 1K
+ ¢Nt KNt}:?Nt 12Nt + ¢Xt KXth 1 Xt] (347)
t t
The market clearing condition for non-traded goods is then

Yae = K (Hyo U~ 02 (HEY P09 = & ¢ (3.48)

where &, = fol(Pg—;(:))‘“ di.*® Schmitt-Grohe and Uribe (2004a) refer to &, as the

resource costs, which represent an index of inefficient price dispersion across
non-traded goods firms or output loss in the non-traded sector (if & > 1, Yy, > Q&).

Therefore, actual output (final output) in the non-traded sector is Q¢ (we refer to Q¢

13 See Appendix B.1. for the derivation of Eq. (3.48).
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as ‘actual output,” henceforth). In line with Schmitt-Grohe and Uribe (2004a), &, can

be rewritten as the following recursive form:

B\ Py
ft=(1—x)<P—1’:z) tre(5) g (3:49)

The labour market must also clear. Assuming that labour supply by capitalists is

completely inelastic, or fixed at one for each sector,

Hyi+Hye = Hy (3.50)
Hg =1
Hg =1

In addition, the market clearing condition for local currency bonds, B;, must be
satisfied, which means B, = 0 (it is assumed that foreigners do not hold local

currency bonds B,).

Finally, the exogenous variables, i;, Py, and ¢ are assumed to follow AR(1)

processes.
it = (1= p)i" + pileg + &t (3.51)
In (Px) = pxIn (Pxe-1) + &xe (3.52)
In(py) = p* In(@r-1) + €yt (3.53)

where &, exg, and &, are i.i.d. disturbances with standard deviations o; , oy , and

o” , respectively.

Equilibrium is a set of 39 sequences (P, Pyt, Pyt» Pt Pxer Co, CI€, Ce,
th W}St, WXetl Hti HNtv HXti Stv Q'gi YXti MCNtv INtv IXtv QNtv QthRNt!
Ryt, Rines Rixer Riner Rixtr @ne @xe b §o Xy X8 Knoo Kxeo Zwes Zxe
F?), which satisfies Egs. (3.4) — (3.7), (3.9), (3.11) — (3.18), (3.20) - (3.29), (3.31) -
(3.34), (3.36) - (3.39), (3.42), and (3.44) — (3.50), given Egs. (3.51) - (3.53). Here,

Knt, Kxt, Znt, Zxt, and F{ are predetermined variables.
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Imports (Ty,) are given by
Pt - Y- StFt*+1 2
Tt = (1= @) () G I+l + G + G2 4 20 (2122
Py 2 Py

¢NtRKNtQNt—1KNt d)XtRKXtQXt—lKXt
+ + ]
P, P,

3.2.9. Calibration

This subsection describes the parameters used in the baseline model, which are
shown in Table 3.1. Most of the parameters are selected from the previous literature.

Some parameters are calibrated to match Thai data.
3.29.1. Preferences

The quarterly discount factor S is set at 0.98, approximately in the middle
between that of Devereux et al. (2006) and that of Uribe and Yue (2006). In line with
much of the open economy macro-literature, the inverse of the inter-temporal elasticity
of substitution (o) is set equal to 2. Regarding the inverse of the elasticity of labour
supply (), the coefficient on labour in utility (), and the elasticity of substitution
between non-traded and imported goods in consumption (p), weset Y =n =p =1,
following Devereux et al. (2006) and Elekdag and Tchakarov (2007). In
accordance with Devereux et al. (2006), the share of non-traded goods in the CPI (a) is
set equal to 0.55, which implies that the steady-state share of non-traded goods in GDP

is 529% - broadly consistent with Thai and Malaysian data.™*

" Devereux et al. (2006) report that the average share of non-traded goods in total GDP in
Thailand was 54% over the period 1980-1998 and the average share in Malaysia was similar to that
of Thailand.
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3.2.9.2. Technology and capital accumulation

The capital share of non-traded goods («) and that of export goods (y) are set at 0.3
and 0.7, respectively, following Devereux et al. (2006) who choose these two
parameters on the basis of the findings of Cook and Devereux (2006) for Thailand and
Malaysia. As in Devereux et al. (2006), the household-labour share, 2, is set to 0.95.
We set the quarterly capital depreciation rate, &, to 0.025, which is within the range of
the literature. In line with Devereux et al. (2006) and Elekdag and Tchakarov
(2007), the investment adjustment cost parameter, 1, is chosen to be 12. Regarding
the bond adjustment cost parameter, we follow Elekdag and Tchakarov (2007) to set

Wpe = 0.0019.

The elasticity of substitution between differentiated non-traded goods, 4, is set at
11 so that the steady-state mark-up is 10%, which is used in much of the literature.
We set the price stickiness parameter, x, equal to 0.75, implying that the frequency of

price adjustment is 4 quarters, the standard estimate used in the literature.

The parameters related to the capitalist sector are from Devereux et al. (2006).
The monitoring cost parameter (1) and the capitalists’ saving rate (v) are set at 0.2 and
0.94, respectively. The standard error of the idiosyncratic technology shock is chosen
to be 0.5. Given the calibration, the steady-state leverage ratio (the average of the two
sectors), %, Is 1.59, which is approximately consistent with Devereux et al. (2006).
The steady-state quarterly risk premium of the non-traded sector is 2.13%, whereas that

of the export sector is 2.75%.
3.2.9.3. Calibration of the shocks

With respect to the foreign interest rate shock and the export price shock, we closely
follow Elekdag and Tchakarov (2007). The foreign interest rate shock is calibrated
according to the quarterly U.S. 3-month CD rate covering the period from 1973:1 to
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2010:2 (the raw series was obtained from the International Monetary Fund’s IFS
Database: series code 60LC.ZF CDS). The raw series is detrended using the
Hodrick-Prescott filter (we set A = 1600 for the smoothing parameter). We then fit
Eqg. (3.51) to the detrended data. ~ The result is as follows:

i =0.00002 + 08i, + &, o; =0.0023, AdjustedR?=0.64
013)  (16.24)

The figures in parentheses refer to the tratio. p; is exactly identical to the estimate of
Elekdag and Tchakarov (2007), but o; is slightly smaller than their estimate:
Oj

the different sample period (1973 — 2004).

= 0.003 in Elekdag and Tchakarov. One of the reasons might be that they use

Quarterly Malaysian data for export prices (in terms of the U.S. dollar) are not
available. Therefore, we use only quarterly Thai data for export prices (1990:4 —
2010:2) in order to calibrate the export price shock (the raw series was obtained from
the IFS Database: series code 74...ZF). The raw series is seasonally adjusted using the
U.S. Census Bureau and Department of Commerce’s X-12 ARIMA method and then
logged. The seasonally adjusted and logged data is detrended using the
Hodrick-Prescott filter (A = 1600 for the smoothing parameter). We fit Eq. (3.52) to
the transformed data. The result is as follows (an intercept is included in the

regression, but we do not report it in the result):

In P;, =0.86InPj_; + &, oy =0.019,  Adjusted R? = 0.74
(15.03)

The figure in parenthesis indicates the t ratio.

As we will discuss below, there is far less consensus on parameter estimates of the

forecast bias shock, in particular which match data from EMCs.  Thus, the parameters
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are inferred from industrialized country data from Kollmann (2005). Using quarterly
data for the U.S. and a basket of France, Germany, and Italy (denoted EU3, henceforth)
covering the period from 1973:1 to 1994:4 (the post Bretton Woods era), Kollmann
estimates the parameters of Eq. (3.53)."° He reportsthat p* = 0.5 and ¢* = 0.033
(3.3%). We use the parameter estimates as reference values in the baseline model.
In the sensitivity analysis section, we deal with alternative calibrations of p* to

investigate how the persistence of the forecast bias shock affects welfare.

3.2.10. Solution method and the welfare metric

A second-order approximation technique is used to solve the model numerically
because the higher-order approximation is more suitable for welfare evaluations than a
first-order approximation method.® Here, we employ the solution method of

Schmitt-Grohe and Uribe (2004b)."

We use the same welfare-metric as in Chapter 2.  As shown in Chapter 2, the total

expected utility of the economy under fixed exchange rates can be written as:

o)

)+ Ey Z Brut(CNe + cXe (3.54)

t=0

HLY
S
1+

N Csc”
Vs = Eozﬁt(m -1
t=0

where the subscript s indicates a fixed exchange rate regime. We assume that the

discount factor is the same for households and capitalists.

15 Let In(p) = iy— if — In (%) Kollmann (2005) regresses In(¢;) on (i) lags 1 - 4 of

t
In(¢{) and (ii) the nominal interest rates and the detrended GDP of USand EU 3 at t, ..., t — 4.
Then, he estimates Eq. (3.53) using the fitted In(¢{) series (note that In(¢p,) = E,In(¢;) since

Ye- isvery small).

16" Also see Section 3.1.
7 \We use the Matlab codes of Schmitt-Grohe and Uribe, which are available at the following:
URL.:http:/Amnww.econ.upenn.edu/~uribe/2nd_order.htm
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Then, using (i) the permanent consumption and labour effort of households (C; and
H,) and (ii) the permanent consumption of capitalists in the non-traded and export
sectors (CNe and CX¢) under the fixed exchange rate regime’®, Eq. (3.54) can be
rewritten as:

L S A C e -0

1-01-p) "A+P)A-P) (1-pv)

Similarly, the total expected utility under flexible exchange rates can be written as:
_ G ) HF . (CF'e +CF®)
1-001-p) " A+P)A-p) (1-pv)

Ve

where the subscript f indicates a flexible exchange rate regime.

Characterizing € as the fraction of permanent consumption required to achieve the
same expected utility or to make households and capitalists indifferent between the peg
and the float, € is implicitly defined as

[(A-eC)' " H™ Nl [ 0 N
A-0-8) "A+vIA-p) a-py 7

In other words, the value of € represents the consumption cost of shift from the fixed
exchange rate regime to the flexible exchange rate regime. If a value of € is positive,
it indicates that the fixed exchange rate regime is welfare-superior to the flexible

exchange rate regime, and vice versa.

3.3. Welfare evaluations

This section provides the welfare results of our baseline model.  First, we consider

the case where the economy is subject to the two simultaneous shocks (foreign interest

18 See Chapter 2 (subsection 2.2.9.) for more details.
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rate and export price shocks). Second, we deal with the case where the economy
faces the three simultaneous shocks (these two shocks and the forecast bias shock), and

see how the forecast bias shock affects welfare under floating exchange rates.

Since CPI inflation targeting is practically used in all inflation-targeting countries,
this chapter mainly focuses on the CPI rule (strict CPI inflation targeting), which
corresponds to the interest rule when p, — oo in Eqg. (3.46). As indicated by
Svensson (2000), all inflation-targeting countries target the inflation rate of the CPI or
the index related to the CPI (e.g., the core consumer price index). None of them
implements domestic-inflation targeting. We briefly consider domestic-inflation

targeting in the sensitivity analysis section.

3.3.1. Exchange rate forecasts under the peg

For simplicity, the peg is assumed to completely eliminate biases in exchange rate
forecasts. In other words, biased exchange rate forecasts apply under flexible
exchange rates, not under fixed exchange rates. Kollmann (2005) estimates the
parameters of Eq. (3.53) using quarterly data for the U.S. and EU3 and compares the
parameter estimates in the Bretton Woods (BW) era (1959:1 — 1970:4) with those in the
post-BW era (1973:1 - 1994:4). He reports that the autocorrelation (p*) and the
standard deviation (o *) of the forecast bias shock are 0.24 and 0.0058, respectively, in
the BW era and that the autocorrelation (p*) is 0.5 and the standard deviation (¢*) is
0.033 in the post-BW era (also see subsection 3.2.9.3.). The evidence suggests that
forecast bias shocks would be more persistent and far more volatile under flexible
exchange rates than under fixed exchange rates or that deviations from UIP are much
smaller under fixed exchange rates (biased and irrational exchange rate forecasts are
less likely to be made under fixed exchange rates). Taking into account the empirical
evidence, this chapter simply assumes that there is no bias in exchange rate forecasts

under the peg, namely the standard deviation of the forecast bias shock, a*, is set at
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zero.*®

Based on the above findings, the models of Kollmann (2002, 2004) assume that a
peg completely eliminates biases in exchange rate forecasts. Kollmann (2002,
pp.1006; 2004, pp.298-299) argues that ‘under a (credible) peg [a monetary union]

there is much less [no] scope for irrational exchange rate forecasts (than under a float)’.

3.3.2. Impulse responses to a forecast bias shock under the CPI rule

Before moving on to the welfare results, we now briefly consider how forecast bias
shocks are propagated in the economy.”® Figure 3.1 displays the dynamic responses
of some macroeconomic aggregates to a 1% positive forecast bias shock in period 1
under the CPI rule (recall that the peg is assumed to completely eliminate biases in
exchange rate forecasts. Figure 3.1 thus depicts the dynamic responses only under the
CPI rule). In the figure, the horizontal axis shows time. Total real net worth
indicates an aggregate of real net worth in each sector. Total investment and capitalist
consumption also represent the sum of investment in each sector and the sum of
capitalist consumption in each sector, respectively.  The responses of the
macroeconomic aggregates are computed using the baseline parameter values and
shown as percentage deviations from their deterministic steady-state values (see
subsection 3.3.3.1. for the definition of the ‘percentage deviation from steady-state’).

They are all expressed in per cent (i.e. they are multiplied by 100).

The forecast bias shock induces an immediate depreciation of the nominal

exchange rate.  As shown in Egs. (3.32), (3.33), (3.37), and (3.38), the exchange rate

19 We may relax the above assumption as follows: the persistence and the volatility of the forecast
bias shock (p*and &* ) are much lower under fixed exchange rates than under floating exchange
rates, e.g. p* = 0.24 and ¢* = 0.0058 under fixed exchange rates, whereas p* = 0.5 and
" = 0.033 under flexible exchange rates (in Kollmann (2005), this modified assumption is used).
The main message of this chapter would hold when we use this modified assumption.

% We also examined how the economy responds to foreign interest rate shocks and to export price
shocks. Dynamic responses to these two shocks are nearly identical to those in Devereux et al.
(2006, Fig. 3 and Fig. 6). Therefore, we do not report the cases.
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depreciation then reduces capitalist consumption and their real net worth, which causes
a fall in total investment — which implies that the effective cost of foreign borrowing
rises owing to balance sheet deterioration. The forecast bias shock also lowers
household consumption and consequently total absorption, which leads to a fall in
actual output in the non-traded sector (demand for non-traded goods). On the other
hand, traded output rises owing to the exchange rate depreciation. Employment falls

In response to the forecast bias shock.

3.3.3. Welfare evaluations of the peg and the CPI rule

3.3.3.1. Results for simulations with the two simultaneous shocks (shocks to
i, Py)

First, we consider the case where the economy is subject to both the foreign interest
rate shock (i*) and the export price shock (Py) simultaneously, that is, the case where
the economy is not exposed to the forecast bias shock (there is no bias in exchange rate
forecasts both under the peg and under the CPI rule). As discussed in subsection
3.2.6., in this case, the dynamics of the nominal exchange rate basically depend on the

standard UIP condition (when log-linearizing the model).

The results are reported in columns [1] and [2] of Table 3.2. Column [1] considers
the peg, while column [2] pertains to the CPI rule. In the table, the consumption cost
represents the welfare metric (see subsection 3.2.10.). Z, /P indicates real net worth
in the non-traded sector, whereas Zy /P represents that in the export sector. NFA is
the net foreign asset position, divided by the deterministic steady-state value of nominal
GDP (NFA; = F.1/Y, where Y is the deterministic steady-state value of nominal
GDP). rpy and rpy are risk premiums in the non-traded and export sectors,

respectively :

TPnt = (2 EZM;) [B (@ Nt); E?Nt) - A(th)]
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TPxt = (A,(E)Xt))/[B (@xt) A @) _ A(EXt)]

B! (®xt) B'(@xt)

The other variables correspond to those in the text.  The mean of NFA is defined as the
difference from its deterministic steady-state value. The means and standard
deviations of the other variables refer to percentage deviations from their deterministic
steady-state values (¥, = (xtx—_x) denotes the percentage deviation of a variable x;
from its deterministic steady-state value, where X is its deterministic steady-state value).
All statistics and the consumption cost are measured in per cent, that is, they are

multiplied by 100.

Columns [1] and [2] show that the CPI rule welfare-dominates the peg: the
consumption cost is —0.16 %. This mainly reflects the fact that average household
consumption is lower and average labour supply is higher under the peg relative to the
CPI rule (EC= -0.21% and EH, = 0.10% under the peg, whereas EC,=-0.10% and
EH, =0.03% under the CPI rule). The lower consumption under the peg appears to
be due to the fact that average actual output in the non-traded sector is lower under the
peg than under the CPI rule (E(Z =-0.30% under the peg, while Eé; = -0.15% under
the CPI rule). The main reason for the lower output is that resource costs are higher
under the peg relative to the CPI rule (E&,=0.23% under the peg, whereas E&,=0.09%
under the CPI rule)?® As discussed in subsection 3.2.8., resource costs represent
inefficient price dispersion across non-traded goods firms, that is, output loss in the
non-traded sector (see Eq. (3.48)). Since by design the peg acts so as to stabilize the
nominal exchange rate completely and not to directly respond to non-traded goods
prices, the peg generates higher resource costs or the peg generates larger output loss
than the CPI rule. The result is broadly consistent with that of the Devereux et al.

(2006) model which does not incorporate the forecast bias shock.??

2 Note that EYy, is the same for both regimes.
% See Chapter 2 (subsection 2.3.2.) for more details.
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Since the model assumes the stable relationship between the nominal exchange rate
and the nominal interest rate, the predicted standard deviation of the nominal exchange
rate (S) under the CPI rule is extremely low. The standard deviation is 1.94% (column
[2]), which is much smaller than that seen in historical data (e.g., Kollmann (2005)
reports that the estimated standard deviation of the nominal exchange rate between the
U.S. and EU3 in the post-BW era was 8.75%). This implies that the impact of
exchange rate volatility on balance sheets could be underestimated in this economy.
Below, we examine how the results would change when we introduce the forecast bias

shock under the float.

3.3.3.2. Results for simulations with the three simultaneous shocks (shocks
to i*, Py, @)

Next, we deal with the case where the economy is subject to (i) the foreign interest
rate shock, i*, (ii) the export price shock, Py, and (iii) the forecast bias shock, ¢,
simultaneously (the forecast bias shock applies under the CPI rule, not under the peg).
As explained in subsection 3.2.6., forecast bias shocks induce departures from standard

UIP (in the log-linearized model).

Columns [1] and [3] of Table 3.2 report the results of our baseline model. Column
[3] pertains to the CPI rule with the three simultaneous shocks (the autocorrelation of
the forecast bias shock, p*, is 0.5). We now focus on the standard deviations of the
variables. Columns [1] and [3] show that all the standard deviations are higher under
the CPI rule than under the peg. Of special interest here is the standard deviation of
the nominal exchange rate, S, under the CPI rule. The standard deviation of S under
the CPI rule is 4.4 % (column [3]), which is much higher than that in the economy
subjected to the two simultaneous shocks (the foreign interest and export price shocks).
As mentioned above, with the two simultaneous shocks, the standard deviation of S
under the CPI rule is 1.94 % (column [2]), which is roughly two-fifth of that in the

baseline model. This implies that forecast bias shocks are the chief source of
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exchange rate variability.>®  As we will see in the sensitivity analysis section, exchange

rates become more volatile as the persistence of the forecast bias shock increases.

The baseline model predicts that the peg delivers higher welfare than the CPI rule:
the consumption cost is 0.78%. This reflects the fact that the average levels of
household consumption and capitalist consumption are lower with the CPI rule relative
to the peg (EC,= —0.49%, EC/t’ve =-0.86%, and EC?“? = -2.40% under the CPI rule,
whereas EC,=-0.21%, ECY¢ =-0.21%, and ECX¢ =-0.33% under the peg). The
lower consumption under the CPI rule is mainly accounted for by the following two
factors.  First, since forecast bias shocks generate relatively high exchange rate
volatility, balance sheet deterioration is much more serious under the CPI rule than
under the peg — the forecast bias shocks thus have a more adverse effect on the average
level of capitalist consumption under the CPI rule.  This can be seen when comparing
the average levels of real net worth in the non-traded and export sectors (E Zy./P;
and E Zy./P,) under the peg (column [1]) to those under the CPI rule (column [3]).

They are much lower under the CPI rule than under the peg.

Second, the average level of actual output in the non-traded sector is far lower with
the CPI rule than under the peg (Eé; = -0.95% under the CPI rule, while Eé: =
—0.30% under the peg) — average household consumption is thus lower under the CPI
rule relative to the peg. There are two main reasons for the lower output under the
CPI rule. One of the reasons is that resource costs are higher - output loss in the
non-traded sector is larger - under the CPI rule, compared to the peg (E&,=0.48% under
the CPI rule, whereas E&,=0.23% under the peg). Under the CPI rule, price
dispersion across non-traded goods firms increases with exchange rate volatility,

thereby raising resource costs relative to the peg. Another reason is that, under the

2 Under our baseline parameterization, the standard deviation of the nominal exchange rate (S)
under strict domestic-inflation targeting is 7.0% (not shown in Table 3.2.).  As discussed above
(Note 2), in Devereux et al. (2006), the predicted standard deviations of S under the CPI rule and
under strict domestic-inflation targeting are 1.8% and 3.4%, respectively. Compared to their model,
the present baseline model generates somewhat realistic exchange rate volatility.
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CPI rule, Yy falls much more than under the peg®, since foreign borrowing costs are
higher under the CPI rule (the higher borrowing costs are due to the fact that balance
sheet deterioration is much more severe under the CPI rule). \We observe that, under
columns [1] and [3], EYy, is lower under the CPI rule relative to the peg and that the
average risk premium of the non-traded sector is higher with the CPI rule (E¥y, =
-0.46% and E7py;= 0.16% under the CPI rule, while EYy, = -0.07% and E7py;=
0.04% under the peg).” The above result is precisely the inverse of that found in the
previous subsection and indicates that forecast bias shocks have substantial

consequences for welfare.

We also notice that households under the CPI rule hold a larger stock of net
foreign assets (NFA): the average net foreign asset position is 22.31% under the CPI
rule, whereas that is 1.25% under the peg. As indicated by Kollmann (2002) and
Elekdag and Tchakarov (2007), in models with imperfect risk sharing (as assumed
here), the average net foreign asset position has significant impacts on household
welfare. In their models, uncertainty induces households to increase their net foreign
assets, which raises households’ wealth and provides protection against expected
declines in consumption. Bergin et al. (2007) and Elekdag and Tchakarov (2007)
refer to this foreign asset holdings as ‘precautionary saving.” Nevertheless, this
baseline model predicts that households under the CPI rule reduce the average level of
consumption relative to the peg. As discussed above, the CPI rule generates (i) more
serious balance sheet deterioration and (ii) larger output loss, thereby lowering
consumption relative to the peg. This implies that, under the CPI rule, these two

negative effects overwhelm the benefits of precautionary saving.

2y, is defined as non-traded output which does not exclude output loss, that is,
Yo = Kif (Hy) 4=02(Hg) G- 0=

® Eq. (3.48) implies that:
the decline in actual output in the non-traded sector = the declinein Yy + output loss
e.g., under the CPI rule (column [3]), -0.95% = -0.46% -0.48%
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3.4. Sensitivity analysis

This section performs four kinds of simulations in order to check the sensitivity of
the baseline model to alternative calibrations. First, this section considers alternative
calibrations of the persistence parameter of the forecast bias shock. Second, we
compare the peg with strict domestic-inflation targeting in terms of welfare.  Third, we
deal with two other flexible exchange rate regimes. More specifically, we compare
the peg to two types of Taylor rules. Fourth, we consider an alternative choice of the
price stickiness parameter. In addition, we compare exchange rate regimes with and
without balance sheet constraints in order to investigate whether and how the presence
of these constraints affects the choice of exchange rate regime. We briefly explore

each of these experiments in turn.

3.4.1. The persistence of the forecast bias shock

Initially, we investigate alternative choices of the persistence parameter of the
forecast bias shock, p*. The objective of this subsection is to see whether the results
of the baseline model are sensitive to the choice of the forecast-bias-shock parameter.
As discussed in the previous section, forecast bias shocks have significant effects on the
welfare ranking of the peg versus the CPI rule. It is thus important to investigate

whether and how the parameter value of p* affects the results of the baseline model.

As for the parameter estimate of p* in Eq. (3.53), empirical results are mixed.
According to the literature survey conducted by Wollmershduser (2006), the
estimated values of p* range widely from 0.261 to 0.8 (the estimates are mainly based
on data for UK or other industrialized countries).?®  Given the survey, there seems no

standard value, in particular, which matches data from EMCs. In this experiment, we

% Wollmershiuser (2006) deals with parameter estimates based on both annual data and
quarterly data. Here, we focus on the parameter estimates based on quarterly data, since our interest
is to calibrate the shocks using quarterly data.
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fix the volatility of the forecast bias shock, ¢*, at 0.033 (3.3%, the baseline value) and
allow p* to vary within a range from 0.2 to 0.8 on the basis of the survey by

Wollmershauser (2006).

The results are depicted in Fig. 3.2. The vertical axis refers to the consumption
cost, €, which is expressed in per cent (that is, it is multiplied by 100). The horizontal
axis represents the persistence of the forecast bias shock, p*. The figure shows that
the consumption cost exceeds zero within the range from 0.2 to 0.8. This suggests
that the peg is welfare-superior to the CPI rule under plausible calibrations of the

persistence parameter.

In addition, the figure indicates that, as p* rises, the welfare difference between the
two regimes becomes larger — the peg becomes more desirable. The main reason for
this is as follows: with a growing persistence (p*), exchange rate volatility increases
and the impact of exchange rate fluctuations on balance sheets becomes greater under
the CPI rule. Moreover, output loss in the non-traded sector increases (resource costs
rise) and actual output in the non-traded sector falls steeply under the CPI rule. Asa
result, under the CPI rule consumption declines, and the relative difference between
consumption in each regime increases — which widens the welfare difference between
the two regimes (recall that the persistence does not affect consumption under the peg,

since the peg is assumed to completely eliminate biases in exchange rate forecasts).

This can be confirmed when comparing means and standard deviations under
column [3] with those under column [4] of Table 3.2. Column [3] pertains to the CPI
rule when p* = 0.5 (the baseline model), whereas column [4] considers the CPI rule
when p* = 0.8. Notice that, when p* rises from 0.5 to 0.8, the standard deviation
of the nominal exchange rate increases from 4.4% to 9.76% - which indicates that, as
p* rises, nominal exchange rate volatility increases. Interestingly, this predicted
standard deviation (9.76%) is roughly similar to the estimate for U.S. and EU3 reported

by Kollmann (2005): the estimated standard deviation of the nominal exchange rate
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between the U.S. and EU3 during 1973:1-1994:4 was 8.75%.

Also notice that, when p* rises from 0.5 to 0.8, the average levels of household
consumption and capitalist consumption decline dramatically (EC,:~0.49%——-2.82%,
ECNe: -0.86%—-4.02%, and ECXe: —2.40%—-10.96%). This reflects the fact that
(i) the average levels of real net worth in the non-traded and export sectors (E Zne/ P,
and E Z./P,) fall from —0.85% to —3.99% and from —2.40% to —10.95%, respectively;
(i) average resource costs (E&,) rise from 0.48% to 2.65%; (iii) the average risk
premium in the non-traded sector (E7py;) increases from 0.16% to 0.75%; and (iv)
average actual output in the non-traded sector (E@) declines from —0.95% to —4.53%,

when p* rises from 0.5 t0 0.8.

When p*=0.8 (nominal exchange rate volatility is 9.76%), the consumption cost is
5.50% - which is equivalent to 5.50% of permanent consumption. This implies that,
when exchange rates are highly volatile, the welfare difference is very large in
magnitude. This result contrasts with that of Devereux et al. (2006), which shows that
the welfare-difference between fixed and flexible exchange rate regimes is very small.
For example, their model predicts that the consumption cost is 0.08% when the CPI
rule welfare-dominates the peg under full exchange rate pass-through. In our view,
this is due to the fact that their model assumes the stable relationship between the
nominal exchange rate and the nominal interest rate and generates extremely low

exchange rate volatility.

We now briefly review parameter estimates of ¢* (the standard deviation of the
forecast bias innovation, &,¢). As is the case for p*, parameter estimates of o~
range widely. For example, Taylor (1993) reports that the estimates of o* for the

U.S. and other G7 countries range from 3.7 % (the U.S. dollar/Canadian dollar) to

%" Besides, when p* rises from 0.5 to 0.8, average labour effort (EH;) increases from —0.06%
(column [3]) to 0.62 % (column [4] of Table 3.2.).  This is another reason why the welfare
difference becomes wide.
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10.1% (the U.S. dollar/deutsche mark). Taking into account a line of empirical
evidence that EMCs tend to be more vulnerable to shocks, especially to volatile capital
flows, than industrialized countries (e.g., Schaechter et al., 2000), ¢ could be greater
than or equal to the Taylor’s estimates (3.7% ~ 10.1%).”® Devereux (2002) argues
that ‘the estimate of Kollmann (o *= 3.3%) is likely to represent a lower bound on the
volatility of UIP shocks relevant to EMCs, given their much higher exposure to volatile
capital flows.” Since it is obvious that a higher value of ¢* makes the peg more
desirable, we do not deal with alternative calibrations of ¢* (as o* rises, exchange

rate volatility increases).

3.4.2. Strict domestic-inflation targeting

We now compare the peg with strict domestic-inflation targeting in terms of
welfare. Strict domestic-inflation targeting corresponds to the interest rule when
Uy — o in EqQ. (3.46). This subsection conducts the same simulation as in the

previous subsection.

The results are summarized in Fig. 3.3. Figure 3.3 plots the consumption cost
when comparing the peg with strict domestic-inflation targeting (the dashed line) and
that when comparing the peg with the CPI rule (the solid line).  This figure indicates
that, when p* < 0.68, strict domestic-inflation targeting welfare-dominates the peg
and that strict domestic-inflation targeting outperforms the CPI rule.  The intuition for
the results is as follows: strict domestic-inflation targeting entails perfect stabilization of
non-traded goods inflation, which completely eliminates inefficient price dispersion
across non-traded goods firms, that is, output loss in the non-traded sector (E&,=0).
This thus helps to prevent potentially large declines in consumption (‘stabilization
effects’), thereby yielding higher welfare under strict domestic-inflation targeting when

p* < 0.68 (recall that, under the CPI rule, inefficient price dispersion is one of the

% McCallum and Nelson (1999, 2000) choose ¢* to be 4.0% on the basis of the study by Taylor
(1993).

87



Chapter 3: Exchange Rate Volatility and Balance Sheet Effects

main reasons for the decline in consumption). This also gives us an explanation about
why strict domestic-inflation targeting has better welfare properties than the CPI rule.
On the other hand, when p* > 0.68 (exchange rate volatility is high), the peg is
welfare-superior to strict domestic-inflation targeting.  This is mainly because adverse

balance sheet effects overwhelm the benefits of stabilization effects.

When p*=0.68 (welfare is the same for both regimes), the standard deviation of
the nominal exchange rate under strict domestic-inflation targeting is 10.25 %. This
implies that highly volatile exchange rates are required for the superiority of the peg
over strict domestic-inflation targeting, compared to the case where the peg
welfare-dominates the CPI rule (for example, when p*= 0.2, the standard deviation of

the nominal exchange rate under the CPI rule is 3.18%: not shown in Table 3.2).°

3.4.3. Taylor rules

Next, we consider two more flexible exchange rate regimes. More specifically,
we compare the peg with two types of Taylor rules.  First, we analyze a classic Taylor

rule which has the parameters p, =1.5, uy =0.5,and u, =0 in the following form:

(m = ) Mwsln( ) (3.55)

=T+ u,——+ = —
where Yy is a deterministic steady-state level of non-traded output.®* Second, we
examine an augmented Taylor rule whereby the central bank sets u, =1.5, uy =0.5,

and pg =05 in Eq. (3.55).' The augmented Taylor rule indicates that the monetary

2 Generally, strict domestic-inflation targeting tends to generate more volatile exchange rates than
strict CPI inflation targeting (the CPI rule).  Strict domestic-inflation targeting makes the best use of
exchange rate fluctuations in order to stabilize non-traded goods prices. On the other hand, the CPI
rule has to care about exchange rate fluctuations, since the CPI consists of both non-traded goods
prices and imported goods prices.

% Strictly speaking, real output (real GDP) should be incorporated into the Taylor rule.  However,
the rule incorporating real GDP performs much worse than the interest rule as described by Eq.

(3.55). Therefore, we report the results when using Eq. (3.55).
3L We may use optimally calibrated parameters. For example, p,;, py,and pg are setto the
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authority responds directly to nominal exchange rate depreciation. This subsection

performs the same simulations as in subsection 3.4.1.

Figure 3.4 presents the results of the simulations. The solid line describes the
consumption cost when comparing the peg with the CPI rule, whereas the chained line
[the dashed line] represents that when comparing the peg with the classic Taylor rule
[the augmented Taylor rule]. The figure illustrates that, when the persistence of the
forecast bias shock, p*, is relatively high (or exchange rate volatility is relatively high),
the peg is better than the classic Taylor rule in terms of welfare (once p* exceeds 0.42,
the peg welfare-dominates the classic Taylor rule). In the comparison of the peg
relative to the augmented Taylor rule, after p* goes beyond 0.23, the peg

welfare-dominates the augmented Taylor rule.

The figure also shows that the classic Taylor rule performs much better than the CPI
rule. Since the classic Taylor rule reacts directly to non-traded output fluctuations
(uy =0.5), the classic Taylor rule generates higher non-traded output than the CPI rule,
thereby raising consumption relative to the CPI rule. This implies that monetary
policy rules which react directly to output could generate a bigger improvement in
performance than those that do not respond directly to output. Moreover, the figure
indicates that the classic Taylor rule outperforms the augmented Taylor rule. This is
mainly because the augmented Taylor rule generates higher resource costs than the
classic Taylor rule. Therefore, the augmented Taylor rule reduces consumption,
compared to the classic Taylor rule. This suggests that adding the exchange rate into

the Taylor rule might increase resource costs and reduce welfare.

(footnote continued)
values which maximize the conditional expectation of life time utility. Here, following Elekdag
and Tchakarov (2007), we use the standard parameter values.
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3.4.4. Price stickiness

We now consider an alternative calibration of the price stickiness parameter (k).
As discussed above, price stickiness in the non-traded sector induces output loss and
has significant consequences for consumption.  Under the CPI rule with forecast bias
shocks, price dispersion across non-traded goods firms increases with exchange rate
volatility, thereby lowing consumption relative to the peg. The experiments so far
have calibrated x to the standard estimate used in the literature, that is, x has been
fixed at 0.75, which implies that the average price adjustment interval is 4 quarters.
We now choose a lower value of x and set it at 0.5, implying that the average price
adjustment period is 2 quarters. The objective here is to see whether the peg
welfare-dominates the CPI rule when the degree of nominal price rigidity is lower than
the standard estimate used in the literature. ~ This section conducts the same simulation

as in subsection 3.4.1.

The results are depicted in Fig. 3.5. This figure shows that the peg has better
welfare properties than the CPI rule and that the consumption cost increases with p*.
The results indicate that, even if the average price adjustment interval shortens from 4
quarters to 2 quarters, the main message of subsection 3.4.1. holds. Comparing the
consumption cost when x =0.75 (the baseline value) with that when x =0.5, as
expected, the former is greater than the latter.  This implies that the degree of nominal
price rigidity affects the welfare difference of the two regimes and that the peg becomes

more desirable, the higher the degree of nominal price rigidity.

3.4.5. No financing constraint case

The simulations thus far have focused on the economy with balance sheet
constraints.  Finally, we compare it to the economy without balance sheet constraints
in order to investigate whether and how the presence of these constraints affects the

welfare assessment of exchange rate regimes. \We briefly describe the model without
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balance sheet constraints in Appendix B.2. The model assumes that there are no
capitalists and households accumulate physical capital without any financing
constraints on investment. As in the economy with balance sheet constraints, we
assume that the forecast bias shock applies under flexible exchange rates, not under
fixed exchange rates. Here, we compare the peg to two types of flexible exchange

rate regimes: the CPI rule and strict domestic-inflation targeting.

The results are depicted in Fig. 3.6.  The solid line represents the consumption cost
for the economy with balance sheet constraints, whereas the dashed line does that for
the economy without balance sheet constraints. The top panel of Fig. 3.6 compares
the peg with the CPI rule. It shows that the same conclusion holds even when balance
sheet constraints are not present: in the economy without balance sheet constraints, the
peg welfare-dominates the CPI rule under plausible calibrations of p*. However, the
welfare difference between the two regimes is much greater in the economy with
financing constraints than in the economy without these constraints. When the value
of p* is low, the welfare difference between the two regimes is very small in the
economy without financing constraints (e.g., the consumption cost is 0.06% when
p* = 0.35). As discussed in subsection 3.3.3.2., in the economy with balance sheet
constraints, the CPI rule generates (i) more serious balance sheet deterioration and (ii)
larger output loss in the non-traded sector, thereby lowering consumption relative to the
peg. On the other hand, in the economy without financing constraints, the CPI rule
yields output loss in the non-traded sector, but does not generate balance sheet
deterioration. ' Therefore, the consumption cost is much higher in the economy with
financing constraints.  Our results indicate that, although the presence of balance sheet
constraints does not alter the welfare ranking of the two regimes, it affects the welfare
difference between the two regimes, that is, it increases the welfare difference between

both regimes.

The bottom panel of Fig. 3.6 plots the consumption cost when comparing the peg to

strict domestic-inflation targeting. It shows that, in the economy without balance sheet
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constraints, strict domestic-inflation targeting is welfare-superior to the peg for
variations of p* between 0.2 and 0.8. In addition, with a growing p*, the welfare
difference between both regimes becomes larger - strict domestic-inflation targeting
becomes more desirable. The results contrast with that found in the economy with
balance sheet constraints (see subsection 3.4.2.). There are two main reasons for the
results. First, as discussed above, strict domestic-inflation targeting entails perfect
stabilization of non-traded goods inflation, which completely eliminates output loss in
the non-traded sector and thus helps to prevent potentially large declines in
consumption (‘stabilization effects’). Another reason is that households under strict
domestic-inflation targeting hold more foreign currency bonds in contrast to the peg
and their stock of foreign currency bonds increases as p* rises. That is, they increase

the stock of ‘precautionary savings.’*

In the economy without balance sheet
constraints, these two effects work in conjunction, generating higher welfare under
strict domestic-inflation targeting.  Similarly, in the economy with balance sheet
constraints, strict domestic-inflation targeting completely eliminates output loss in the
non-traded sector and households under this regime hold a larger stock of foreign
currency bonds (compared to the peg). However, when exchange rate volatility is
high (o™ > 0.68), the benefits of both stabilization effects and precautionary saving are
more than offset by adverse balance sheet effects, thereby reducing welfare relative to
the peg. Our results reveal that the presence of balance sheet constraints alters the

welfare ranking of the two regimes in the case of high exchange rate volatility.

When comparing strict domestic-inflation targeting with the CPI rule in the
economy without balance sheet constraints, Fig. 3.6 shows that the former outperforms
the latter, as in the economy with balance sheet constraints.  As mentioned above, this
is because strict domestic-inflation targeting completely eliminates inefficient price
dispersion across non-traded goods firms. Average foreign assets under the CPI rule
are about as high as under strict domestic-inflation targeting. However, under the CPI

rule, the benefits of precautionary saving are more than offset by output loss due to

% See subsection 3.3.3.2. for ‘precautionary saving.’
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inefficient price dispersion, thereby lowering consumption (and welfare) relative to

strict domestic-inflation targeting.

3.5. Conclusions

This chapter investigates what type of exchange rate regime is more desirable when
there are financial market imperfections in EMCs. This is accomplished through a
welfare-based comparison of a fixed exchange rate regime with several types of
flexible exchange rate regimes in the context of a dynamic stochastic general
equilibrium small open economy model which includes some characteristics of EMCs
such as balance sheet effects in combination with foreign currency debt and

vulnerabilities to external shocks (foreign interest rate and export price shocks).

This chapter extends the model of Chapter 2 to examine how the degree of
exchange rate volatility affects balance sheets and welfare. The main feature of the
extended model is to introduce an exogenous shock to the UIP condition under flexible
exchange rates, which allows the model to generate more realistic exchange rate
volatility. The second-order approximation method is used to solve the model and to

conduct a rigorous welfare evaluation of exchange rate regimes.

This chapter finds that the peg is welfare-superior to the strict CPI inflation
targeting regime (the CPI rule) under plausible calibrations of exchange rate volatility.
In addition, as exchange rate volatility increases, the welfare difference between the two
regimes becomes wider (the peg becomes more attractive). Our results also show that
whether the peg is welfare-superior to the strict domestic-inflation targeting regime or
not depends on the degree of exchange rate volatility - the peg is more desirable in
welfare terms when exchange rate volatility is high. Our results provide one
explanation for the widespread adoption of currency pegs by emerging market

countries which suffer from excessively volatile exchange rates.
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Chapter 4

Conclusions

The objective of this thesis has been to study what type of exchange rate regime is
more desirable in welfare terms when there are balance sheet constraints in emerging
market countries (EMCs). This was accomplished through a rigorous welfare-based
comparison of fixed and flexible exchange rate regimes in the context of different
dynamic stochastic general equilibrium small open economy models which incorporate
balance sheet effects coupled with foreign currency debt. More specifically, this thesis
investigated whether and how (i) the level of foreign currency debt and (ii) the degree
of exchange rate volatility affect balance sheets and welfare under different exchange

rate regimes.

Little work in the existing literature has addressed these two questions. Most of
the previous studies have not investigated the welfare implications of various debt
levels under different exchange rate regimes. Thus, they have not provided clear
answers to the question of what type of exchange rate regime is more suitable for
EMCs when the level of foreign currency debt is low or high. Regarding the second
question, since they assume a stable relationship between the nominal exchange rate
and the nominal interest rate, their models generate extremely low exchange rate
volatility.  Therefore, they might understate balance sheet effects and tend to
underestimate balance sheet vulnerabilities.  In other words, they have not investigated
how highly volatile exchange rates affect balance sheets and welfare. This thesis

aimed to fill the gap in the literature.
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Chapter 2 highlighted the effects of debt levels on balance sheets and welfare. We
evaluated the welfare properties of fixed and flexible exchange rate regimes by
employing a two-sector (non-traded and export sectors) model, which assumes
staggered price setting in the non-traded sector. ~ Although Calvo and Reinhart (2002)
argue that many monetary authorities in EMCs are reluctant to allow their currencies to
float freely owing to balance sheet vulnerabilities, we found that the float
welfare-dominates the peg for a broad range of debt levels. In addition, as the level of
foreign currency debt rises, the welfare difference between the two regimes becomes
larger — the float becomes more desirable. Since by design the peg acts so as to
contain exchange rate fluctuations completely and not to react directly to
domestic-inflation (non-traded goods inflation), the peg generates more volatile
domestic-inflation and hence higher price adjustment costs in the non-traded sector than
the float. As discussed in Chapter 2., the price adjustment cost induces output loss
and reduces final-output in the non-traded sector. Therefore, the peg yields lower
final-output than the float — which lowers consumption (and welfare) relative to the
float. In order to check the sensitivity of the results, we conducted different robustness

experiments and similar results were obtained.

We also found that the degree of exchange rate pass-through has no effect on the
welfare ranking of the two exchange rate regimes. However, our results showed that
the degree of exchange rate pass-through affects the welfare difference between the two
regimes: the welfare difference between the two regimes is larger under low exchange
rate pass-through than under full pass-through. This suggests that flexible exchange
rates are more attractive in terms of welfare, the slower exchange rate pass-through.
Further, the two-sector model offered a useful insight into the behaviour of the
non-traded and export sectors. It showed that, with a large stock of foreign currency
debt, the economic slowdown becomes more severe in the export sector than in the

non-traded sector.

In Chapter 3, we extended the model of Chapter 2 to examine how the degree of
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exchange rate volatility affects balance sheets and welfare. The main feature of the
extended model was to introduce an exogenous shock to the UIP (uncovered interest
parity) condition under flexible exchange rates, which allows the model to generate
more realistic exchange rate volatility. On the other hand, we assumed that under
fixed exchange rates the shock does not apply. Using the extended model, we
evaluated the welfare implications of the peg and several types of flexible exchange
rate regimes (the strict CPI inflation targeting regime, the strict domestic-inflation

targeting regime, etc.).

The results were basically consistent with the ‘Fear of Floating’ view. We found
that the peg welfare-dominates the strict CPI-inflation targeting regime under plausible
calibrations of exchange rate volatility. In addition, we showed that, when exchange
rates are highly volatile, the welfare difference between the two regimes is very large in
magnitude, which presents a convincing rationale for choosing the peg. This result
contrasts with those of previous studies. For example, Devereux et al. (2006) report
that the welfare difference between fixed and flexible exchange rate regimes is very
small even in the presence of balance sheet effects and foreign currency debt. In our
view, this is due to the fact that their model assumes a stable relationship between the
nominal interest rate and the nominal exchange rate and generates extremely low
exchange rate volatility. We also found that whether the peg is welfare-superior to the
strict domestic-inflation targeting regime or not depends on the degree of exchange rate
volatility — the peg is more desirable in welfare terms when exchange rate volatility is
high.

Moreover, our model showed that the presence of balance sheet constraints is very
important for the welfare assessment of exchange rate regimes. When comparing the
peg with strict CPI inflation targeting, we found that the presence of balance sheet
constraints affects the welfare difference across the two regimes - that is, it increases the
welfare difference between the two regimes -, although the presence of these

constraints does not alter the welfare ranking of the two regimes (the peg is
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welfare-superior to strict CPI inflation targeting in the economy with and without
balance sheet constraints). In the comparison of the peg relative to strict
domestic-inflation targeting, our results revealed that the presence of balance sheet
constraints alters the welfare ranking of the two regimes when exchange rate volatility
is high. In the economy without balance sheet constraints, strict domestic-inflation
targeting welfare-dominates the peg under plausible calibrations of exchange rate
volatility, whereas in the economy with balance sheet constraints the peg
welfare-dominates strict domestic-inflation targeting when exchange rates are highly

volatile (as mentioned above).

In the light of these findings, we argue that
(i) floating exchange rates could be more desirable, the higher the level of foreign
currency debt, and that

(ii) fixed exchange rates could be more desirable, the higher exchange rate volatility.

Interestingly, the former contrasts with the ‘Fear of Floating’ view. The ‘Fear of
Floating’ view argues that the higher the level of foreign currency debt, the greater the
impacts of exchange rate fluctuations on balance sheets become, thus making flexible
exchange rates less desirable. This is because, with a large amount of foreign
currency debt, even a small exchange rate depreciation could inflate debt servicing
costs, which could reduce firms’ net worth, thereby increasing balance sheet

vulnerabilities. However, our findings do not support this argument.

This thesis has focused only on the appropriate choice of exchange rate regime:
which exchange rate regime is more desirable, fixed exchange rates or floating
exchange rates? A possible extension of this thesis is to investigate whether monetary
authorities in EMCs should add the exchange rate into the monetary policy rule, e.g. a
classic Taylor rule, when they implement a flexible exchange rate regime.  Although
we briefly discussed this topic in Chapter 3, it would be possible to perform a more

thorough welfare evaluation of monetary policy rules under flexible exchange rates.
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In Chapter 3, we restricted our attention to the standard parameter values of Taylor rules.
Such an extension could also allow for optimally calibrated policy parameters: the
coefficients of Taylor rules are set to the values which maximize the conditional
expectation of life time utility. This would further enhance our understanding of the

role of the exchange rate in monetary policy rules for EMCs.
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Table 2.1: Parameter calibration

Symbol  Value Description

o 2 Inverse of the inter-temporal elasticity of substitution

B 0.985 Quiarterly discount factor

o) 1 Elasticity of substitution between non-traded goods and
import goods in consumption

A 11 Elasticity of substitution between varieties (same across the
sectors)

n 1.0 Coefficient on labor in utility

P 1.0 Inverse of the elasticity of labor supply

y 0.7 Share of capital in the export sector

a 0.3 Share of capital in the non-traded sector

1) 0.025 Quarterly rate of capital depreciation

a 0.55 Share of non-traded goods in the CPI

Yp, 120 Price adjustment cost parameter in the non-traded sector

Yp,, O0or120 Price adjustment cost parameter in the import sector
(Yp,, =0 under full pass-through, while p, = 120
under delayed pass-through)

Y, 12 Investment adjustment cost parameter

Yp 0.0007 Foreign borrowing cost parameter

u 0.2 Coefficient of the monitoring cost for foreign lenders

Q 0.95 Household labor share

pi 0.46 Autocorrelation of the foreign interest rate shock

Px 0.77 Autocorrelation of the export price shock

O 0.012 Standard deviation of the foreign interest rate shock

Oy 0.013 Standard deviation of the export price shock

Source: Devereux et al. (2006).
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Table 2.2: Welfare evaluations

Regime Original calibration Baseline experiment Baseline experiment
Full Pass-through Full Pass-through Delayed Pass-through
(Yp,, = 0) Wp,, = 0) (Wp,, = 120)
FLOAT [1] PEG [2] FLOAT [3] PEG [4] FLOAT [5] PEG [6]
Debt- to- net worth ratio (%) 62.25 62.25 200.0 200.0 200.0 200.0
Total expected utility -28.892 -28.926 -35.701 -35.885 -35.599 -35.885
of which household (-43.131) (-43.175) (-44.218) (-44.415) (-44.096) (-44.415)
Consumption cost (g, %) - 0.0769 - 0.4642 - 0.7223
Means (%)
c -0.26 -0.32 -249 -2.83 -2.23 -2.83
H 0.18 0.27 1.37 1.71 1.21 1.71
Hy 0.12 0.20 1.35 1.66 1.24 1.66
Hy 0.35 0.46 141 1.82 1.14 1.82
D -0.03 0.00 -1.85 -1.80 -2.32 -1.80
Real wage (W/P) -0.32 -0.35 -3.58 -3.89 -3.28 -3.89
Yy -0.16 -0.12 -1.81 -1.87 -1.61 -1.87
Yy -0.16 -0.10 -3.06 -2.89 -3.06 -2.89
Ky -0.74 -0.75 -8.80 -9.61 -7.98 -9.61
Ky -0.34 -0.28 -4.83 -4.73 -4.73 -4.73
DN 0.10 0.11 0.82 0.92 0.75 0.92
Px 0.05 0.04 0.29 0.28 0.30 0.28
Real exchange rate (S/P) 0.06 0.04 0.50 0.32 0.66 0.32
En 0.14 0.36 0.45 1.19 0.12 1.19
&y - - - - 0.19 0.00
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Table 2.2 (continued)

Regime Original calibration Baseline experiment Baseline experiment

Full Pass-through Full Pass-through Delayed Pass-through

(¥p,, = 0) (Yp,, = 0) (Pp,, = 120)

FLOAT [1] PEG [2] FLOAT [3] PEG [4] FLOAT [5] PEG [6]

Standard deviations (%)

c 1.45 1.53 2.23 2.35 2.09 2.35
H 1.26 151 2.58 3.14 1.97 3.14
Hy 2.55 3.22 5.83 7.14 3.99 7.14
Hy 481 5.14 8.16 8.88 7.84 8.88
D 18.16 17.42 31.64 30.43 38.28 30.43
Real wage (W/P) 2.80 331 4.59 5.53 2.83 5.53
Yy 1.84 2.30 4.10 5.00 2.85 5.00
Yy 1.17 1.27 2.00 2.23 1.98 2.23
Ky 3.04 3.33 5.27 5.81 4.40 5.81
Ky 0.89 0.99 1.67 1.85 0.89 1.85
PN 0.83 0.88 2.92 3.10 2.79 3.10
Py 0.56 0.55 1.85 1.80 1.90 1.80
Real exchange rate (S/P) 152 1.34 2.50 2.16 3.89 2.16
S 1.77 0.00 2.71 0.00 3.88 0.00
Ty 0.51 0.82 0.92 1.49 0.48 1.49

Source: Author’s calculations. Notes: ‘FLOAT” and ‘PEG’ represent strict CPI inflation targeting and the fixed exchange rate regime, respectively. Columns [1] and
[2] pertain to the case with a debt-to-net worth ratio of 62% under full pass-through, which is consistent with the calibration of Devereux et al. (2006). Columns [3] and
[4] correspond to the case with a debt- to- net worth ratio of 200% under full pass-through, while columns [5] and [6] correspond to the case with a debt-to-net worth ratio
of 200% under delayed pass-through.  The tabulated variables coincide with those in the text and Appendix A.3. &y and &,, refer to differences from their deterministic
steady-state values. The other variables are defined as percentage deviations from their deterministic steady-state values. All statistics and the consumption cost are
expressed in per cent, that is, they are multiplied by 100.
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Table 3.1: Parameter calibration (Baseline parameter values)

Symbol Value Description

B 0.98 Quarterly discount factor — the quarterly real interest rate
isthus (1-8)/ B

o 2 Inverse of the inter-temporal elasticity of substitution

n 1.0 Coefficient on labor in utility

Y 1.0 Inverse of the elasticity of labor supply

p 1.0 Elasticity of substitution between non-traded and
imported goods in consumption

a 0.55 Share of non-traded goods in the CPI

a 0.3 Share of capital in the non-traded sector

y 0.7 Share of capital in the export sector

n 0.95 Household-labor share

1) 0.025 Quarterly rate of capital depreciation

Y, 12 Investment adjustment cost parameter

Ype 0.0019 Bond adjustment cost parameter

A 11 Elasticity of substitution between varieties

K 0.75 Price stickiness parameter

0.2 Coefficient of the monitoring cost for foreign lenders
0.94 Capitalists’ saving rate

O 0.5 Standard error of the idiosyncratic technology shock of
capitalists

Di 0.8 Autocorrelation of the foreign interest rate shock

Px 0.86 Autocorrelation of the export price shock

p* 0.5 Autocorrelation of the forecast bias shock

; 0.0023 Standard deviation of the foreign interest rate shock
% 0.019 Standard deviation of the export price shock
" 0.033 Standard deviation of the forecast bias shock

Source: Author’s calculations.
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Table 3.2: Welfare evaluations

Regime Without ¢ With ¢
Shocksto i*, Py Shocksto i*, Py, ¢
PEG CPl rule CPl rule CPl rule
p* =05 p* =08
(1] (2] (3] [4]
Total expected utility (a + b) -17.258 -17.199 -17.551 -19.392
(a) Households -32.424 -32.383 -32.473 —-33.280
(b) Capitalists 15.166 15.184 14.922 13.888
Consumption cost (€, %) - -0.1591 0.7772 5.5012
Means (%)
C -0.21 -0.10 -0.49 -2.82
H 0.10 0.03 -0.06 0.62
Yy -0.07 -0.07 -0.46 -1.88
Yy -0.27 -0.23 -1.99 -9.39
Q¢ -0.30 -0.15 -0.95 -453
Ky -0.40 -0.28 -1.17 -6.77
Kx -0.39 -0.30 -2.58 -12.43
Imports -0.09 -0.03 -0.85 -4.22
Dy 0.04 0.02 0.16 0.75
Dy 0.02 0.01 0.11 0.40
Zy/P -0.20 -0.09 -0.85 -3.99
Zy/P -0.33 -0.21 -2.40 -10.95
che -0.21 -0.09 -0.86 -4.02
cxe -0.33 -0.21 -2.40 -10.96
Real exchange rate (S/P) -0.06 -0.01 0.08 0.58
NFA 1.25 1.29 22.31 103.23
3 0.23 0.09 0.48 2.65

Standard deviations (%)

Cc 1.59 1.51 3.22 8.18
H 191 1.64 2.57 5.48
Yy 2.09 1.62 5.15 9.40
Yy 1.33 1.27 3.68 8.79
Ky 2.64 2.26 2.87 6.22
Ky 1.59 1.48 1.87 4.46
che 7.28 6.27 12.21 28.09
cxe 4.39 431 8.65 17.81
S 0.00 1.94 4.40 9.76
Real exchange rate (S/P) 1.61 1.79 2.32 5.81
Ty 0.59 0.36 0.86 2.01

Source: Author’s calculations. Notes: ‘PEG’ and ‘CPI rule’ represent the fixed exchange rate regime and
the strict CPI inflation targeting regime, respectively. Columns [1] and [2] correspond to the case
without the forecast bias shock (). Columns [3] and [4] pertain to the CPI rules when p* = 0.5 and
when p* = 0.8, respectively. The tabulated variables coincide with those in the text. ~ All statistics and
the consumption cost are expressed in percent (that is, they are multiplied by 100).
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Figure 2.1: Relation between the Risk Premium
and the Leverage Ratio
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Source: Author’s calculations.

Notes: The vertical axis shows the quarterly risk premium (%). Figure 2.1 coincides with
the case when the standard error of the productivity shock (a,,) issetat 0.217. The dashed
line indicates a leverage ratio of 290%, which corresponds to a deterministic steady-state

debt-to-net worth ratio of 200% in the baseline experiment.
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Figure 2.2: Welfare Evaluations (Baseline Experiment)
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Source: Author’s calculations.

Notes: The vertical axis shows the consumption cost, € (e is expressed in per cent, that is, it
is multiplied by 100). A positive value of € indicates that the flexible exchange rate regime
is welfare-superior to the fixed exchange rate regime. The solid line describes the
consumption cost under full exchange rate pass-through, while the dashed line represents that

under low pass-through.
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Figure 2.3: Welfare Evaluations
(Robustness to the Steady-State Risk Premium)
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Source: Author’s calculations.

Notes: The vertical axis shows the consumption cost, € (e is expressed in per cent, that is, it
is multiplied by 100). A positive value of € indicates that the flexible exchange rate regime
is welfare-superior to the fixed exchange rate regime. The solid line describes the
consumption cost in the baseline experiment. The dashed line represents the consumption
cost when the deterministic steady-state risk premiums are increased to the baseline values

plus 100 basis points.
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Figure 2.4: Welfare Evaluations
(Robustness to Alternative Calibrations for o)
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Source: Author’s calculations.

Notes: o is the inverse of the inter-temporal elasticity of substitution. The vertical axis
shows the consumption cost, € (e is expressed in per cent, that is, it is multiplied by 100).
A positive value of e indicates that the flexible exchange rate regime is welfare-superior to
the fixed exchange rate regime. The solid line describes the consumption cost in the
baseline experiment (¢ = 2). The dashed line represents the consumption cost when

o = 1.1, while the chained line indicates that when ¢ = 4.
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Figure 2.5: Welfare Evaluations
(Robustness to an Alternative Method to
Calibrate the Debt-to-Net Worth Ratio)
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Source: Author’s calculations.

Notes: The vertical axis shows the consumption cost, € (e is expressed in per cent, that is,
it is multiplied by 100). A positive value of € indicates that the flexible exchange rate
regime is welfare-superior to the fixed exchange rate regime.

110



Appendix: Figures

Figure 2.6: Welfare Evaluations
(Robustness to an Alternative Risk Premium Specification)
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Source: Author’s calculations.
Notes: The vertical axis shows the consumption cost, € (e is expressed in per cent, that is, it
is multiplied by 100). A positive value of e indicates that the flexible exchange rate regime

is welfare-superior to the fixed exchange rate regime.
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Figure 3.1: Impulse response to a 1% forecast bias shock

under the CPI rule (expressed in %)
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Source: Author’s calculations.

Figure 3.1 (continued)
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Notes: Figure 3.1 depicts the dynamic responses of some

macroeconomic aggregates to a 1% positive forecast bias shock in period 1 under the CPI rule

(the baseline parameter values used). The horizontal axis shows time.

¢ denotes the forecast

bias shock. The responses of the macroeconomic aggregates are shown as percentage

deviations from their deterministic steady-state values.

They are all expressed in per cent.
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Figure 3.2: Sensitivity Analysis (Alternative Calibrations for p*)

PEG versus CPI rule
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Autocorrelation of the Forecast Bias Shock (p*)

Source: Author’s calculations.

Notes: Figure 3.2 shows the welfare comparison of the peg with the CPI rule.  The horizontal
axis represents the autocorrelation coefficient of the forecast bias shock, p*. The vertical axis
shows the consumption cost, e, which is multiplied by 100 (i.e. expressed in per cent). A
positive value of e indicates that the peg is welfare-superior to the CPI rule, and vice versa.
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Figure 3.3: Sensitivity Analysis (Alternative Calibrations for p*)
PEG versus Strict Domestic-Inflation Targeting & CPI rule
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Source: Author’s calculations.

Notes: Figure 3.3 shows the welfare comparison of the peg with two flexible exchange rate
regimes (strict domestic-inflation targeting and the CPI rule).  The horizontal axis represents the
autocorrelation coefficient of the forecast bias shock, p*. The vertical axis shows the
consumption cost, e, which is multiplied by 100 (i.e. expressed in per cent). A positive value
of € indicates that the peg is welfare-superior to strict domestic-inflation targeting (or the CPI
rule), and vice versa. The solid line describes the consumption cost when comparing the peg
with the CPI rule, whereas the dashed line represents that when comparing the peg with strict
domestic-inflation targeting.
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Figure 3.4: Sensitivity Analysis (Alternative Calibrations for p*)
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Source: Author’s calculations.

Notes: Figure 3.4 shows the welfare comparison of the peg with three flexible exchange rate
regimes (the classic Taylor, augmented Taylor and CPI rules). The horizontal axis represents
the autocorrelation coefficient of the forecast bias shock, p*. The vertical axis shows the
consumption cost, e, which is multiplied by 100 (i.e. expressed in per cent). A positive value
of € indicates that the peg is welfare-superior to the float, and vice versa. The solid line
describes the consumption cost when comparing the peg with the CPI rule, whereas the chained
line [the dashed line] represents the consumption cost when comparing the peg with the classic
Taylor rule [the augmented Taylor rule].
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Figure 3.5: Sensitivity Analysis

(Alternative Calibrations for p* and k)
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Source: Author’s calculations.

Notes: x denotes the price stickiness parameter.  Figure 3.5 shows the welfare comparison of
the peg with the CPI rule. The horizontal axis represents the autocorrelation coefficient of the
forecast bias shock, p*. The vertical axis shows the consumption cost, e, which is multiplied
by 100 (i.e. expressed in per cent). A positive value of e indicates that the peg is
welfare-superior to the CPI rule, and vice versa.  The solid line describes the consumption cost
when using the baseline value (x = 0.75), whereas the dashed line indicates the consumption
costwhen x = 0.5.
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Figure 3.6: Sensitivity Analysis (Alternative Calibrations for p*)
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Source; Author’s calculations.

Figure 3.6 compares the economy with balance sheet constraints (the solid line) to that without

these constraints (the dashed line).
coefficient of the forecast bias shock, p*.

The horizontal axis represents the autocorrelation
The vertical axis shows the consumption cost, €,

which is multiplied by 100 (i.e. expressed in per cent). A positive value of e indicates that the
peg is welfare-superior to the float, and vice versa. The top panel compares the peg with the

CPI rule, whereas the bottom panel compares the peg to strict domestic-inflation targeting.
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Appendix A

Appendix to Chapter 2

A.1l. The optimal financial contract

In this section, we focus on the derivation of the optimal financial contract
condition in the non-traded sector. The optimal contract in the export sector is

described in a similar way.

There is a continuum of measure 1 of capitalists in the non-traded sector. At
the end of period t, capitalist i invests K}, units in his project. He finances
the project partially with his net worth, Z%.,,, and partially with the loan from
the foreign lender, (QueKbti1 — Zkes1)/Se » Where Qu. denotes the unit price

of capital and S; is the nominal exchange rate. The project is subject to an

idiosyncratic productivity shock w® € (0, o), where In (w ) ~ N (—%, a2)

with E(w) = 1 and the pdf of w ! is given by f(w?®). The total value of the
project is thus w ‘Ryyes1QniKies1, Where Rgnesqs is the real return of capital
investment.  After his investment decision, the capitalist can observe
without any costs, while the foreign lender has to pay monitoring costs, u times
the value of the project (uw ‘Riyes1QneKiis1), In order to observe wi. The

model assumes that capitalists and foreign lenders are risk neutral.

! Appendix A.1. and A.2. are mainly based on the appendixes of Bernanke et al. (1999)
and of Devereux et al. (2006).
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Under the conditions, the optimal contract is stipulated as follows: if w! is
greater than a cutoff value @i, (0! > @/eyq), the capitalist pays a fixed
amount @, 1 Rent+1QneKiers to the foreign lender and receives the residual
amount, (w* — @fs1 JRent+10ntKbes1-  ON the other hand, if w! < @jpyq,
the capitalist receives nothing and the foreign lender monitors the project and
seizes the total proceeds net of monitoring costs. The expected yield to the

capitalist is thus

[0e] 0]

RKNt+1QNtKI€It+1[j . if(w i)dw L (‘_)I\ilt+lj , f(w i)dw d

DNt+1 WDNt+1

= Rint+1QntKye14 (al\llt+1)

where A(@j41) is the expected share of the return on capital going to the
capitalist. The expected return to the foreign lender is written as:

[oe]

i —
Rgne+1OneKner1[@ne+1 f .

3 3 (7)1’\:“:+1 A 3 A
f(a)‘)dw‘+(1—,u)f w‘f(w‘)dwl]
WONt+1 0
a

. t+1 . . . .
= Rint+1QntKie+1 w Lf(w l)dw "= PNt

5,6t+1f ' f(a) i)da)i+f
@y 0

Nt+1

= Rgner1QnieKye+1 B (@f]tﬂ)

where B(@j.,) is the expected share of the return on capital going to the

. 5 L
foreign lender. ¢}Vt+1=yf0wm“wlf(a) Ndw ' represents the expected

fraction of the return on capital that is used up in monitoring. Total expected
monitoring costs are thus  @kes 1 Rene+1QniKieer.  Since the expected return to
the foreign lender needs be at least equal to the opportunity cost of his funds, the

participation constraint for the foreign lender is given by

St+1

< @D

RKNt+1QNtKI€It+1B(wl\iIt+1) = (1 + i:+1)(QNtKI<It+1 - ZIin+1)

The left hand side of (A.1l) indicates the expected return on the investment,
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whereas the right hand side does the opportunity cost of the loan, (QuiKbtr1 —

Zkii1)/Se, interms of local currency. 1+ i;,, represents the risk-free rate.

The optimal contracting problem is to choose the cutoff value @y, and

Kk, inorder to maximize the expected return to the capitalist

Ec[Ricnes1QueKier1 A( @pesn)]
subject to the participation constraint (A.1).

As stressed by Bernanke et al. (1999), when there is aggregate uncertainty,
@}, Will basically depend on the ex post realization of Rypes1, Which makes
the loan contract structure complicated because the capitalist has to decide the
cutoff value @y, before the realization of Rgyess. In order to make the
contract structure simpler, we assume that risk-neutral capitalists bear all the
aggregate risk, following Bernanke et al. (1999) and Devereux et al. (2006).> So
w1 Will be contingent on the realized aggregate state and the participation

constraint will hold with equality at every possible state ex post.

The first order conditions are then

Et [RI(Nt+1 QNt A(al\ilt+1 ]

#Bu B [Reveen QB (@) = (@ + i) 0w 5]} = 0 (4.2)
0)A' (@41 (6
Aey1(0) = — [H(B?(a(lw (9)() ))l (A.3)

where 6 € © denotes a state of the world, (8) is the probability of state 6

and A, isthe Lagrange multiplier. Substituting (A.3) into (A.2) yields

2 In Céspedes etal. (2004), it is assumed that the threshold @, does not depend on
aggregate risk.
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w
E, [RKNt+1{B(th+1 A (@hsa) — A(@f4 }]

B( Wyt+1

A,(a_)l\ilt+1 Str1
—( +if ) — A. 4
[B( Wht+1 t+1 St ( )

Rearranging (A.4) gives

A .
E, [RKNtH{B(w,cm) % ”t“)—A(w,bm }]
Wyt+1 .
= (1 +ifq)
E lA'(thﬂ) 5t+1l
t 1p—1 S
B'(0yeq1) ot

Since w ! is i.i.d. across capitalists, the financial contract is the same for every
capitalist. We thus drop the superscript i.
_ A'(Wnis1) _
E [R {B ® —NL A(w }]
t KNt+1 ( Nt+1)B (th+1) ( Nt+1)

E A’(aNt+1)St+1]
¢ Bl(aNtﬂ) St

= (1+ifyy) (A.5)

(A.5) corresponds to Eq. (26) in Chapter 2.

A.2. Derivation of A(-), B(-), ¢, A'(-),and B'(")

2
We assume that In (w) ~ N (— %‘” 02) where g, is the standard error of

the productivity shock. Then, we have

E(w) = fooa)f(a))dw =1
0

where f(w) denotes the pdf of w given by
2

(ln(w) + "2—3’)

202

f(w) =

expi{ —

1
O,WV 2T
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As shown in subsection 2.2.5. (Chapter 2), the expected share of the return on

capital going to capitalists, A(®), is given by

Alw) = foowf(a))da) - Gf_oof(w)da)

w

The first term on the right hand side is then

(ln(a)) + 02_3))1 do A.6)

(o] [o.0] 1
wf(w)dw =f w————exps —
f(;, f@) o Ou,wV2m P 203

Let y =In (w). Using the fact that Z—: = w = exp (y), we can rewrite (A.6)

as follows:
o2\°
[Corio = [ — | <y+7w)\(d‘”)d
wllw)dw = ex _—— e
® In(@) OuV2T pi 205 f dy’

@ 1
= expy ———=——rexp(y)dy
-f;n((j)) o, V21 204

( ol 2Y
[ (-%)
In(@)

= exp{ — > d
OuV2m P 205 Y
\ J
2
- _% _9
_ L I OFY .
= VrJn@-osez P 202 N
V2. \ ) v
2
1 [In@) =%
=—erfc| —= (A.7)
2 VZo,

where erfc(-) is the complementary error function defined as
erfc(z) = i.fooe‘tzdt
v,
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Analogously, the second term on the right hand side can be expressed as

02\
) w)dw =0 | ———exp{— 1)
@ @ OnpWV2T P 203

. ( AR
zajl‘n(a) 1 exp{—(y_*_ 2) }da)

—— —)d
O,WV2T k 204 (dy) Y
o2\
= exps — y
In@) OuV2T | 204 )
o2\’ 2
(T)j‘” <Y+ é‘))ld y+2
=— _ expy —
In(®)+0.503 202
Vs \/E—aw w } \/EO'(L,
2
o In(w) + 07“’
= —erfc| —= A.8
zerfel =7 (A.8)

From (A.7) and (A.8), we obtain

erfc
2

A(@) = %erfc <ln (@) — 03,/2) @ ; <ln(5) + 05/2) (A.9)

V20, 2 V20,

Using (A.7), we can write ¢ (the expected fraction of the return on capital
that is used up in monitoring) as:

¢=ufwﬂmm)
0

2 2
In(®)—0.502 ( _ U_w) Uaz,
_® j Vo, o) V' T2) | (Y22
~Unl. P 202

V2a,,
_ K In (@) —02/2
=3 (1 +erf < Vio ))
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where erf () is the error function defined as

erf(z):i Tt
Vi g

Since A(w) + B(w) + ¢ =1, the expected share of the return on capital
going to the foreign lender (B(®)) is given by
B®@)=1- A@)—¢ (A.10)

Differentiating (A.9) with respectto w Yields

A @) = —— |[1 <ln(“_))_02_£>l_exp _(1n(6)+"75) H
)]

oov2m|@ P\ 203
| )
1 <ln(a_)) + af,/Z)
2erfc —\/an

Here, we can show that

o2\’ a2\’
) (1n(a) _ 7(*’) ) (1n(a) _ Tw)
SeXP— 207 = exp [— In(w)]exps — 202
2 2
(1n(a) + %")
= expy — 207

Therefore, we obtain

Al(w) = —%erfc (_m(wj;;af,/z)

Finally, we know from (A.10) that:
B(w)=1- A®@)—¢
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]

=1- A(ﬁ)—u.f wf(w)dw

0

Differentiating this equation with respect to @, we get

B oo (_ (In(®) + 05/2>2>
\/%aw 203

B'(w) = —A'(@) —

A.3. Capitalists in the export sector

Let the subscript X denote the export sector. Egs. (A.11) - (A.12) describe
the optimal financial contract condition and the foreign lenders’ participation

constraint in the export sector, respectively:

[ Riseon (B @) G2 - Axes)]

__ =1+ A.11
E A,(@Xtﬂ) St+1] ( tr1) ( )

t(B (Wxt+1) St
RixtQxt—1KxtB(Wx) = (1 + if)SDxy (A.12)

where Dy, is the amount borrowed abroad at the end of period t-1:

1

Dy, = (_) (Qxt—1Kxt — Zxt)

St—1

The consumption of capitalists, CX¢, and their net worth, Zy.. , are given by

PtCtxe = (1 — v)RgxQxt-1Kxt A(@x) ,and (A.13)
Zyt+1 = VRgxtQxi—1Kxt A(Wxt) + Wy, respectively. (A.14)

It is assumed that CX¢ comprises the same mix as the household’s consumption

basket.
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Finally, the real gross return on capital in the export sector, Rgxt+1, 1S expressed

as

R + RS + 1-6
RKXt+1 — Xt+1 I(Xt+(12Xt QXt+1( ) (A. 15)
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Appendix B

Appendix to Chapter 3

B.1. Derivation of Eqg. (3.48)

Let Yy.(i)
= Fy[Kne(), Hye (), Hje D] = Ko (D) Hue (D092 (HF () D09,
It is assumed that firm i must meet all demand at the posted price (see subsection

3.2.3). The assumption means that supply must equal demand at the firm level:

Nt(l)

Fy [Kne (), Hye (D), Hye (D] = Qt ( )

Recall that Fy(-) is homogeneous of degree one and that the household-labour
capital ratio and the capitalist-labour capital ratio are identical across firms (see

Egs. (3.12) — (3.13)). Integrating over all firms yields
-2
Hpt HNt) f (PNt(i)> .
Ky Fy | 1,— di
" ”( B ) = O ) TR

where Ky = [, Kne() di, Hye = [ Hy(D) di, and HE, = [ H§. (i) di. This
equation corresponds to Eq. (3.48).

B.2. The economy without balance sheet constraints

In this section, we list the equilibrium conditions of the model without

balance sheet constraints. The model is mainly based on both that of Bergin et
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al. (2007) and that of Devereux et al. (2006). The model assumes that there are
no capitalists and households accumulate physical capital without any financing
constraints on investment. The model equations are identical to those of the
model with balance sheet constraints, with the exceptions of the representative
consumer’s budget constraint (B.1); the Euler equations for the determination of
capital in the two sectors (B.5 and B.6); the production technologies in the two
sectors (B.15 and B.26); the optimality conditions for production firms (B.11,
B.12, B.13 and B.14); no equations related to capitalists (the absence of capitalist
consumption, their net worth, and the risk premium). As in the economy with
balance sheet constraints, the forecast bias shock applies under flexible exchange
rates, not under fixed exchange rates. The equilibrium conditions of the model

are described as follows:

PeCe + Qne[Kneer — (1 = 8)Kyel + Que[Kxrrr — (1 — 8)Kxil

1 *
N g . Ype S " .
= WH + f nf (Ddi — SeFsq — Beyq — PtT (%)2 + (1 + i_)SeF
0 t
+(1 + ie-1) Bt + RyeKie + RxeKxe + RigneKie + RExeKx (B.1)
W, = nH' P.CE (B.2)
StFt*+1]_1 COPr Styq
1= 1 * 1+ i))E{———""—"7 B.3
R I LY s (.3)
. Ce Py
1= B+ i)E ]t (B.4)
Cty1Prea
Ryne+1 1
BE l - (B.5)
“[CGaPua]  CEP
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Rgxts1 1
BE [ = (B.6)
‘ Cgflpt+1 CgPt

Ryt 1+RG + Qnes1(1 —6)

Rgner1 = . KNHQlN . (B- 7)
t

Rxt+1 + Rixerr + Qxesr (1 — 6)

Rgxts1 = - t+QXt . (B-8)
1

Pi=(aPy’+ (1—a)P,/)1P (B.9)
PMt = St P;\;It (B. 10)

Rie W
MCyy = 2 (1= a)(l—a) (B.11)
Hy¢ _ Rye(1—a) (B.12)
Kt aW, '

Yyt
Wy = Pre(1 —v) 75— (B.13)
Hyt
Yy
Ryt = Pxry K_t (B.14)
Xt

Yy = KXtyHXt(l_Y) (B- 15)
Pyt = S¢Pxt (B.16)

130



Appendix B:  Appendix to Chapter 3

T
— A X0 K Et'-'tt+TMCNt+T

Nt =
A-1 =0 KTEtZ t4r
cgP,
) = QT =ttt
where Ei i = f ce Qt+T(PNt+‘L')
+‘L'

_ _ —1-2
Pyt A= KPyt_1' *+ (1 — k) Pyt

P,
- (- 6)

Qne =

I I g
R = Que |G = ) - 2 (2 - 5) ]

! —dn(’“ 5)

I Lee /1 z
R = O [t - o)t - 2 (- ) |

(B.17)

(B.18)

(B.19)

(B.20)

(B.21)

(B.22)

(B.23)

(B.24)

(B.25)

(B.26)
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where &, = fol(—P gltv(ti))‘l di

HNt+HXt = Ht (B 27)
it = (1= p)i" + pilgg + €t (B.28)
In (Pyy) = pxIn (Pye—1) + &xt (B.29)
In(p) = p* In(@e—1) + Ept (B.30)
) Ty \Hn (Mg (St)us -
1 =|— — — 1 B.31
Th (ﬁN) (ﬁ) 5) A+0 (B.31)
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