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Abstract

Essays in Exchange Rate Dynamics

by

Jae Hoon Choi

This dissertation studies the dynamics of exchange rates and their effect on nominal
and real macro variables and furthermore on policy choices.

The dissertation provides a theoretical framework where a policymaker can
choose a path of international policy portfolio of capital controls and exchange rate
regimes under financial frictions. The paper presents a novel theoretical approach to
explain the coexistence of active use of capital controls and volatile exchange rates,
which has become a robust feature in emerging market economies. Building upon the
small open economy framework, I create an environment where the policymaker can
decide the level of exchange rate regimes — instead of a binary choice of exchange rate
regime, fixed or floating — in response to external shocks, where capital controls are
introduced as a tax on international capital flows. I further assume that regime choice
is subject to a financial friction; breaking the peg signals the country’s economic insta-
bility, which raises the country’s risk premium. Under this set-up, the floating exchange
rate regime does not welfare-dominate the capital controls any longer because loosen-
ing/losing the controls over exchange rates may expose households to additional risk
premium. The simulation results show that the coexistence of managed float and cap-
ital controls becomes optimal. Furthermore, this additional friction has a multiplying
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effect, which makes exchange rate stabilization become important to prevent a bigger
welfare loss. It also captures that optimal capital controls indirectly manage exchange
rate depreciation, which allow policymakers to put less resource to stabilize the exchange
rates.

Considering the fact that the countries actively intervene in the foreign ex-
change market, the dissertation re-investigates one of classical puzzles in international
economics using a new estimation technique and a modern data categorization method-
ology. The Purchasing Power Parity puzzle states that even though real exchange rates
may converge to parity in the long run, the consensus emerging from an extensive
literature appears to be that the rate of mean-reversion is slow, where a half-life mean-
reversion is between 3 - 5 years; however, this is much too long to be compatible with
arbitrage. This paper first proposes that investigating the periods of de facto floating
regime will explain seemingly unrealistic persistence in real exchange rates by presenting
lower persistence in real exchange rates than the estimates of previous studies, which
include the periods de facto fixed regime in their data set by using de jure regimes.
Secondly, previous studies have included the periods when real exchange rates that are
within “the regions of inaction”; because the trend of mean-reversion rates is non-linear,
including the periods when real exchange rates are already converged to their means
will bias the estimates toward zero, which are translated to the slow mean-reversion
in real exchange rate estimates. Therefore, unbiased mean-reversion estimates can be
estimated if I investigate the periods when the sample countries are under de facto

float regimes and the periods when real exchange rates are statistically far from their
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means. Studying the data of nineteen goods CPI for eleven countries confirms these
propositions. The mean group estimation decreases the half-life by 28.26% (half-life of
23.14 months) compared to fixed-effects estimation. The exchange rates regime dummy
decreases the half-life estimate to 19.81 months and the region of inaction dummy de-
creases the estimates to 15.22 - 20.54 months. Using both dummy variables elicits the
results that make the puzzle less puzzling; the half-life estimates are 9.30 - 13.89 months.

The dissertation also explores the exchange rate regime-elastic risk premium
quantitatively. This paper takes foreign investor’s perspective and studies how the trend
of risk premium changes when the regime switches in ten emerging market economies
through the event study framework. Using a daily data set, the events of de facto
regime switching are identified following the comparable methodology used in Calvo
and Reinhart (2002), and EMBI+ is used as a proxy for country risk. The results
confirm that switching exchange rate regimes from fixed to floating incurs an abrupt
increase in average risk premium. EMBI+ rises by 141.11 - 165.48 basis points (0.257 -
0.525 standard deviations) around the events and shows 205.72 - 340.30 basis points of
40-day average difference before and after the events. The abnormal return estimates
during the events range from 0.0036 to 0.0075, which imply 8.31 - 225.85% increase in

the returns of EMBI+ during the periods of breaking pegs.
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Chapter 1

Capital Controls and Foreign Exchange

Market Intervention

1.1 Introduction

Since the financial crises, capital has been flowing back to emerging market
economies. (Ostry et al., 2010) Increase in capital inflows can allow financially less-
developed countries to allocate the resource more efficiently and raise growth rates by
providing financing for high-return investment. It can also foster the diversification
of investment risk and intertemporal trades. Excessive capital inflows, however, raise
concerns over undue appreciation pressure on the currency, which can reduce the com-
petitiveness of the emerging market countries’ export sector and raise the possibility of
a sudden reversal in short-term inflows and concomitant risks to macroeconomic and

financial stability. Such risks require appropriate policy responses. Capital controls are



the measures to restrict volatile movements of capital inflows and outflows, while em-
ploying capital controls is constrained by the economy’s monetary policies and foreign
exchange regime choices.

Mundell’s trilemma states that a country cannot simultaneously have free cap-
ital flows, monetary sovereignty, and fixed exchange rates (Mundell, 1963); for example,
if one intends to have a monetary policy that is independent from other countries and
a freely moving capital over its borders, it is inevitable to allow exchange rates to freely
float due to the potential arbitrage opportunities. This classic theory on international
policy portfolio has been empirically validated; Obstfeld et al. (2005) study 130 years of
policy portfolios in a trilemma framework and find that they are in general constrained
by the trilemma. The countries’ international policy portfolios may be constrained by
trilemma; however, they do not always reside in the corners of trilemma. As Popper
et al. (2013) suggest, the choices of international policy portfolio are not final but can
move along the lines of the triangle from corner to corner.

Especially, many developing countries’ policies tend to stay in the middle of
corners. Figure 1.1 presents the levels of capital controls imposed in 72 countries (36
developed economies and 36 developing economies) from 1995 to 2013 — the capital
control index from Ferndndez et al. (2015) represents the intensity of capital controls
on a scale of 0 to 1. It is clear that developing countries have managed capital flows
more actively than developed countries have. Figure 1.2 shows that while the average
level of capital controls in developing countries is consistently higher than the one in

advanced countries, the exchange rates in developing countries, however, are not steady,



Australia Algeria 837
Austria Angola 861
Bahrain Argentina 509
Belgium Bolivia 163
Brunei Darussalam Brazil 576
Canada Bulgaria 216
Cyprus Chile 466
Czech Republic China 976
Denmark Colombia -659
Finland Dominican Republic .244
France Ecuador 253
Germany Egypt 15
Greece Ghana 582
Hong Kong Hungary 279
Iceland India .941
Ireland Indonesia .608
Islrtalel Jamaica .393
Japaar{ . Kazakhstan 549
Korea Lebanon 546
Kuwait Malaysia 793
Latvia Mexico 575
Malta Moldova .64
Netherlands Morocco %
Norway Nigeria 231
Portugal Pakistan 723
Qatar Phlllpplne_s 84
Singapore Romania .39
Slovenia South Africa 614
Spain Sri Lanka 1
Sweden Thailand 737
Switzerland Tunisia 1
United Arab Emirates Turkey 377
United Kingdom | . Ukraine 797
United States Venezuela .323
Uruguay | - Vietnam 891

2 3 4 5 6 7 8 9

mean of CapitalControls mean of CapitalControls

Figure 1.1: Average levels of capital controls (range from 0 to 1, 0 being zero capital
controls and 1 being full capital controls) from 1995 to 2013 (Left: Developed countries
/ Right: Developing countries) (Data source: Fernandez et al. (2015))

and are in fact as volatile as in developed countries. This does not confirm that de-
veloping countries have freely floated their exchange rates as the developed countries
may have; however, at least it implies that more countries in emerging markets have
adopted managed float or managed peg regimes. The empirical studies also support
this observation. Klein and Shambaugh (2008) study 3,253 exchange rate spells of 104
developing countries from 1973 to 2004 and find that 44.19% of the peg spells have been
broken within 2 years, and that only 26.78% of the peg spells stay pegged for more than
5 years. Batini et al. (2006) also report that the share of developing countries adopting

fixed exchange rate regimes fell from 75% in 1985 to 55% in 2005. Fiess and Shankar



4 5
I |
.05
|

FX volatility (11 mo. moving std dev)

A

[

b AL

o
34

.04
|

3
|
.03
|

—

Capital controls
2
L

.02

o4
T T T T T T T T T T T T T T
1995m1 1998m1 2001m1 2004m1 2007m1 2010m1 2013m1 1995m1 1998m1 2001m1 2004m1 2007m1 2010m1 2013m1

Advanced Advanced (Euro) ‘

Developing

Developing Advanced Advanced (Euro) ‘ ‘

Figure 1.2: Average level of capital controls (left) and exchange rate volatility (right) of
developing, advanced, and Eurozone countries (1995 - 2013) (Data source: Fernandez
et al. (2015) and University of British Columbia — The Pacific Exchange Rate Service)

(2009) study fundamental pressure on exchange rate regimes in 15 countries from 1985
to 2004 and identify that countries frequently release the pressure with low intervention
on foreign exchange markets.

A large literature studies the mechanics of central banks’ foreign exchange
market intervention process and furthermore suggest policy guidelines under managed
peg/float regimes.! There is also a growing literature that conducts model-based assess-
ments of the welfare costs and benefits of capital controls.? However, the attempts to
study the portfolio of both international policies in a theoretical framework have been
rare; one of the potential reasons for scarcity stems from a complexity of employing
both capital flow management and foreign exchange market decision in a theoretical
framework.

This paper contributes to the literature by introducing a novel and tractable

!See Schmitt-Grohé and Uribe (2012), Farhi and Werning (2012), and Farhi and Werning (2014).
2See Bianchi (2010), Schmitt-Grohé and Uribe (2012), Jeanne and Korinek (2010), Benigno et al.
(2013), and Kitano (2011).



approach to allow us to assess the optimal portfolio of capital controls and foreign ex-
change market intervention. In the model, I assume that rational policymakers know
the trajectories of shadow exchange rates under different regimes and decide how much
to float or peg by simply making series of regime choices. Furthermore, incorporating
the empirical findings that regime choice affects country’s risk premium, I introduce a
financial friction — regime-elastic risk premium — in the model and avoid the uninter-
esting case, where currency price adjustment solves all problems, which is a common
feature in standard small open economy models. This extension is made on the stan-
dard New Keynesian small open economy framework that is first constructed in Gali
and Monacelli (2005) and Gali (2009) and that is later modified in Farhi and Werning
(2014) by employing incomplete market to study the optimal level of capital controls.
By minimizing the welfare loss function, the balanced path of optimal policy portfolio in
response to the temporary regime-elastic risk premium shock is derived, and the results
suggest that the coexistence of managed peg/float and capital controls are optimal to re-
duce the welfare loss of the economy. Furthermore, the model reflects “fear of floating”
documented in Calvo and Reinhart (2002); the additional friction has a multiplying
effect and it makes exchange rate stabilization become essential to prevent a further
loss in welfare. It also captures that capital controls indirectly manage exchange rate
depreciation, which allow policymakers put less resource to stabilize the exchange rates.

Section 1.2 reviews the literature. Section 1.3 sets up a model. Section 1.4
derives the equilibrium in a log-linearized form. Section 1.5 analyzes the optimal policy

in the small open economy under a particular parameterization. Section 1.6 concludes.



1.2 Literature Review

This paper is related to a large literature on the volatility of international
capital flows. The seminal study of Calvo (1998) sets a theoretical framework focusing
on sudden stops, large and unexpected cutbacks in capital flows to a country. Gali and
Monacelli (2005) and Gali (2009) set a standard New Keynesian small open economy
framework to study monetary policies and their welfare implication in response to a
temporary productivity shock, which creates volatile international capital movements.
Later, the welfare implications of taxes has been explored in a context of open economies
subject to volatile capital inflows. The research points to welfare-enhancing effects of
taxes on capital inflows (Korinek, 2010) or on foreign debt (Bianchi, 2011). A related
strand of literature emphasizes pecuniary externalities in the borrowing constraints.
Jeanne and Korinek (2010) presents a simple model where a “financial accelerator” can
be managed through the optimal Pigouvian tax. Increases in borrowing push up the
price, and this raises the value of the collateral against which borrowing is secured. It
then becomes easier to borrow to buy assets, which pushes prices even higher. This
operates in reverse during a downturn. Falling prices erode the value of collateral,
tightening credit and depressing demand. When they take on debt, borrowers fail
to take into account the effect of their actions on the collateral constraints faced by
others. To offset this, the authors propose a counter-cyclical tax on debt. Benigno et al.
(2013), on the other hand, provides a different perspective that a commitment to a price

support policy in the event of crisis welfare-dominates prudential capital controls. By



considering a broader set of policy instruments within the same theoretical framework
(instead of assuming that a tax on debt is the only instrument), the authors show that
capital are not necessary because they are the second-best instrument, while other tools
can achieve the first-best allocation. The authors adopt a similar model economy as
in Bianchi (2011) where a tax on borrowing is the only policy tool, and introduce two
other distortionary policy instruments, a tax on nontradable consumption and a tax on
tradable consumption.

These studies provide a rationale for controls on capital movements to prevent
over-borrowing; however, because the models in these papers are in real terms, the
optimal capital controls become independent of the choice of the exchange rate regimes.
A few attempts have been made to assess capital flow management assuming nominal
rigidity. Schmitt-Grohé and Uribe (2012) study second-best policies in economy with
downward wage rigidity and a fixed exchange rate regime and finds that optimal capital
controls are prudential and achieve large reduction in unemployment and increases in
welfare. The authors characterize a wedge in the model with a innocuous and rather
more realistic assumption on the labor market. However, the wedge is present only
with fixed exchange rate, and switching to a float regime always achieves the first best.
More recently, Farhi and Werning (2012, 2014) extend the framework designed by Gali
and Monacelli (2005) to derive the optimal path of capital controls. The authors set
an environment of imperfect risk sharing and introduce the international consumption
wedge, which can be controlled by a tax on international capital flows. The results

suggest that optimal level of capital controls is nonzero even under floating regime.



This paper also relates to the literature on sterilized foreign exchange inter-
vention in the presence of market friction. The earlier literature includes Weber (1986)
that considers the case in which the impossible trinity is not impossible, provided that
bonds denominated in different currencies are not perfectly interchangeable. The model
by Evans and Lyons (2002) employs the portfolio-balance channel under a microstruc-
ture approach. The authors estimate a partial equilibrium model in which the trading
process reveals information contained in order flows. Maggiori and Gabaix (2015) build
an analytically tractable 2-period general equilibrium model where constrained inter-
national financiers intermediate capital flows across countries. They provide a novel
micro-foundation to the portfolio balance channel and analyze the welfare effects of
heterodox policies such as foreign intervention. Cavallino (2016) employs the frame-
work developed in Maggiori and Gabaix (2015) and studies the effects of exchange
rate fluctuations driven by capital flows and characterize the optimal foreign exchange

intervention.

1.3 Model

The model builds on the standard new Keynesian small open economy frame-
work first introduced in Gali and Monacelli (2005) and Gali (2009) and further developed
in Farhi and Werning (2014). The key difference between the two models is that Gali
and Monacelli (2005) and Gali (2009) posit complete markets for securities traded inter-

nationally, while Farhi and Werning (2014) create an environment in which international



financial markets are incomplete and therefore risk-sharing between countries is limited.
This imperfect risk-sharing between home and foreign households adds distortions to
the Gali-Monacelli framework, and thus creates a room in the model for interventions.
Using a similar methodology, this paper introduces an additional distortion: a signal-
ing effect of breaking the peg on risk premium. This distortion creates an additional
gap that the policy makers can close, and therefore allows both policies — capital con-
trols and choice of exchange rate regime (potentially floating exchange rate regime) —
to coexist. Given the equilibrium conditions developed in this section and the section
1.4, the social planner identifies the optimal path of time-varying Pareto weight, which
provides the optimal levels of capital controls and foreign exchange market intervention

over time.

1.3.1 Households

1.3.1.1 Exchange rate regime decision: Managed peg/float

Characterized as Mundell’s trilemma, capital controls become a unnecessary
policy under floating exchange rate regimes. Therefore many models in the literature
that assess the validity of capital controls implicitly assume fixed exchange rate regimes.
In the model constructed in this paper, policymakers change regimes by controlling the
levels of intervention on exchange rates, while controlling international capital flows.
This modification is achieved through setting the dynamics of exchange rates as the

geometric average of the change in floating exchange rates and the change in fixed



exchange rates, which can be expressed as the following:

At — 1-X
Eiq _ E{+1 e ‘ (1.1)
Et E{ Et ’

where F; is the effective nominal exchange rate at time ¢, E{ is the nominal exchange

rate under the floating exchange rate regime, E; is the nominal exchange rate under
the fixed exchange rate regime, and \; € [0, 1] denotes the level of intervention on the
exchange rate. Therefore, when J); is high and close to 1, the level of intervention is low
and the dynamic of the exchange rate is closer to the one under a floating regime. On the
other hand, a lower \; implies that the economy requires a higher level of intervention
on exchange rates.

For a tractability, I further assume that the country’s foreign reserve is suffi-
cient enough to intervene in the exchange market without altering the money supply, so
the exchange market intervention does not constrain its central bank’s other monetary

policy decisions.

1.3.1.2 Exchange rate regime-elastic risk premium shock

Equation (1.1) is a convenient way to introduce exchange rate regime selection
into the model, compared to the attempts made by previous studies to introduce for-
eign exchange market intervention in models. However, if a policymaker can control the
exchange rate regime under a plain small open economy framework setting, the policy-

maker will always choose a freely-floating regime. This is mainly due to the assumption

10



made in the small open economy framework that the country is small enough that its
policy or behavior do not alter world prices, interest rates, or incomes. Therefore, un-
der this setting, the country’s decision to break the exchange rate peg shall induce only
minimal costs within the system, and compared to the benefits from stabilization via
adjustment in exchange rates, its cost is insignificant. Therefore I introduce an addi-
tional friction in the model by modifying the shock process based on the assumption
that breaking exchange rate pegs signal the instability of the economy.

Empirical studies identify the effect of breaking the pegs and support the
assumption made above. Alesina and Wagner (2006) find that switching exchange rate
regimes from fixed to floating brings external costs into the economy. They study the
countries whose de jure and de facto exchange rate regimes are different to argue that
wide exchange rate fluctuations (especially devaluations) are taken by markets as an
indication of poor economic management and that breaking pegs signal instability of
the economy. An event study analysis® on daily data also supports this assumption; the
same results with more robust evidence were found.

The regime-elastic risk premium is introduced as a modified exogenous shock
in the consumer’s budget constraint, and the section 1.3.1.4 discusses further how it is

employed in the model.

3Detailed setup and the full results of the study are documented in another chapter of my dissertation,
“Cost of Floating Exchange Rates: Should we fear to float?”
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1.3.1.3 Households problem

The world economy is modeled as a continuum of small open economies rep-
resented by the unit interval; ¢ € [0,1]. The focus is on the behavior of a single country
called “home” and its interaction with the world economy. A representative household

seeks to maximize

00 Cl*d N1+¢
E G " 1.2
0;)6 L il (1.2)
where N, is labor, and C} is a composite consumption index defined by
1 1t 1 ol
Cy = [(1—04)770[{’} +anCr} ] (1.3)

where « corresponds to the share of domestic consumption allocated to imported goods,
and Cp is an index of consumption of domestic goods given by the constant elasticity

of substitution (CES) function

Chy = ( /0 1 CH,t(ijdj) (1.4)

where j € [0, 1] denotes the good variety. C'; is an index of imported goods given by

R N
Cry = (/ C7 di) (L.5)
O K
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where C;; is an index of the quantity of good imported from country ¢ and consumed

by domestic households, and is given by a CES function

1 B =
= ( 0 Cm(j)eldj) . (1.6)

a € [0,1] can be interpreted as a measure of openness of a country. e > 1 is the
elasticity of substitution between varieties produced within any given country. n > 0
is the substitutability between domestic and world goods in home country, and v > 0
measures the substitutability between domestic and world goods in different foreign

countries.

1.3.1.4 Household budget constraints

Households maximizes (1.2) subject to a sequence of budget constraints of the

form

1 1,1 1 ,
/0 Prty () Cra()dj + /0 /0 Pot(j)Cia(j)djdi + Dy + /0 E;yDi, di

1 .
SWiNe+TL+ T+ Rea Dot | R\ EiDi di
0

(1.7)

where
Ri= R ‘I’ft 1)
fort =0,1,2,..., where all terms are expressed in domestic currency. Pp (j) is the price
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of domestic variety j, P;.(j) is the price of variety j imported from country ¢, D; is the
home bond holdings of home agents, and D} is bond holdings of country i of home agents.
W; is the nominal wage, and T; denotes lump-sum transfers/taxes. Capital controls are
introduced as a tax (or a subsidy) on foreign borrowing/lending. Risk premium shocks
U, and V! create wedges between local and foreign investors, and ¢; = log ¥; and
Y! = log Wi follow AR(1) processes 1y = pytbi—1 + €yt and i = pypihi_y + efz}’t. T 1S
a tax on net capital flows in the home country and 77 is a tax on net capital flows in
country ¢. The taxes collected here are rebated lump-sum to the households.

The prices of bonds are determined by the interest rate R; in the home country
and the interest rate R! of country i. The interest R! that home agents pay for their
loans from country ¢ is determined by the interest rate }Nﬁ that the country ¢ charges to
all agents including their local agents, the net level of risk premium shocks \Iltl +§)‘t/ vl
and the net capital controls (1 +7¢)/(1 + 7).

The exchange rate regime-elasticity of the risk premium shock is characterized
by the exponential term (1 + £);) on the risk premium shock. A; € [0, 1] denotes the
level of exchange market intervention as discussed in (1.1). £ > 0 is the multiplier on the
level of foreign exchange market intervention, and it reflects the investors’ exchange rate
regime sensitivity. Suppose domestic investors are international net borrowers (D% < 0).
As the policy makers loosen or lose their controls over exchange rates (A; > 0), the for-
eign lenders perceive this policy change as an economic instability of home country and
increase the price of their loans higher (1 + {A; > 1). If home country’s risk premium

is more sensitive to volatile exchange rates (high &), it is subject to face even higher
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risk premium shock (1 + £\¢ becomes higher given the same value of A\;). Introducing
this friction creates an environment where floating regime may be a suboptimal ex-
change rate policy because it can magnify the shock to the economy and therefore can
tighten consumers’ budget constraints, which lowers the level of total consumption and
eventually lowers the level of welfare.

Price indices are defined as following. Home consumer price index (CPI) is
defined as

1

P = [(1 — )Py + ol T (1.9)

The terms of trade are defined by

and the real exchange rate is

Then log-linearized CPI around the steady state with Py ; = Pr; yields

pe = (1—a)puys + apry

= PHt + ast, (1.10)

15



where the (log) terms of trade is

St =PFt — PHt

=e +Pf —DHt (1.11)

and the real exchange rate is

qt = PFt — Pt
*
=€t +Pp; —PHt — QSt
= St — (St

= (1 — a)s;. (1.12)

From (1.10), the following relationship between the domestic inflation and CPI inflation
is derived

T = T+ aAsy, (1.13)

where the domestic inflation is defined as mp; = ppi+1 — put and CPI inflation is
defined as 7 = pi41 — pr-

Home’s producer price index (PPI) is defined as

1
1—e

Ppy = {/01 PH,t(J')l_EdJ} ; (1.14)
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and the price index for imported goods is
1
1 - i—™
Pry = U pL Vdi] , (1.15)
0 b
where a country i’s PPI is defined as
1

Py = [/01 Pi,t(j)l—fdj} o (1.16)

Then the optimal allocation of any given expenditure within each category of
goods yields the demand functions?

» p . —€ '
CH,t(]):<;;{(j)> Cuye Cit(d)

(1.17)

Il
 ~
e
—
=+ |
S~—
~__—
4

9

o~

and

P, -
C’i,t:< ’t> Cry. (1.18)

Assume further that the foreign countries are identical and also that there are
no risk premium shocks in the foreign countries and foreign countries do not impose

capital controls, then we can re-express the household budget constraints® as

P.C, + Dt+1—|—EtD;:+1 < WyN; +1I; + Ty + Ry—1 Dy + R:_lEtD?, (119)

1See Appendix A.1 for derivation.
®See Appendix A.2 for derivation.
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where

Rf = RF(1+ 1) 0} T, (1.20)

The world variables are denoted with a star. The wedges that risk premium shocks and
capital controls create are introduced to the model in a similar way. The key difference
between two is that risk premium shocks affect both the interest rates that home agents
perceive they can borrow and lend to the world and the interest rates that agents can
borrow and lend to the world. On the other hand, capital controls affect only the
interest rates that home agents perceive because the tax collected from capital controls

is rebated to the home agents; the lump-sum rebate takes the following form

Ty = —my 1 RF U B DE + r Wi N, (1.21)

where 77, is a constant labor tax. In other words, capital controls divert home agent’s
foreign borrowing/lending to domestic lenders/borrowers by changing the perceived
world interest rates. Therefore it is clear that not only should the optimal level of capital
controls offset the risk premium shocks but it should also account for home agent’s
deviation from the optimal borrowing/lending allocation and corresponding nominal

changes.5

5This provides the reason why capital controls simply offsetting risk premium shocks (r; = ¥~ — 1)
are not optimal in this framework.
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1.3.1.5 Optimality conditions of home and world households

The optimality conditions of households yield the standard Euler’s equation

with respect to the domestic return

() () =

and another Euler’s equation with respect to the world return

1 Ct+1>g( Py ) (Et—H)
= = gk . 1.23
Ri(1+ 7) W} teN Al { ( Cy P E; (1.23)

Combining (1.22) and (1.23), we have the uncovered interest parity (UIP) condition,

_ E
R, = R'F, {”1} (14 7)) M, (1.24)

where the risk premium shock W, introduce a wedge, which may be magnified by loos-
ening controls on exchange rates (A > 0), in the UIP condition. The capital controls
7¢ are expected to lean against the wind to close the gap.

The optimal labor supply policy is
—L—CoNy. (1.25)

Assuming all foreign countries are identical, when the world households solve

their problems, the optimality conditions yield the symmetric Euler’s equation as (1.22),
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1 i\ O P
(%) () o

Then, combining (1.23) and (1.26), together with the definition of the real
exchange rate, yields the following expression of incomplete international risk sharing

between home and world households

C 1/c C 1/o
(J) Q=B { ( i“) Quir p (14 7)) (1.27)
t

t+1

After iteration, (1.27) yields the Backus-Smith condition
* 1/0’
Cr=06C7Q,", (1.28)

where Oy is a relative Pareto weight” whose evolution is given by

-1/
O =By {01} { (1 +m)w (1.29)
The log-linearized form of (1.28), using (1.12) is
L 1
a=0+c+ -
o
1—
=0t +— s, (1.30)

"In Gali and Monacelli (2005) and Gali (2009), by assuming the complete securities markets, ©; is
set as constant for all ¢, while Farhi and Werning (2013) relaxes the assumption to introduce capital
controls in the model.
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where the movement of 6; is found to be
1
Gt = Et{9t+1} — ;{Tt + (1 + 5)\t)¢t} (131)

1.3.2 Firms

A firm in the home country produces a differentiated good with a linear tech-

nology represented by the production function
Yi(j) = AcNi (), (1.32)

The real marginal cost is common across domestic firms and given by

MCy = (1+11) (1.33)

t
APry’

where 77, is an employment subsidy to have steady-state output equal to the efficient

level,® and the nominal marginal cost is

%%
MCP = (1+77)—, (1.34)
Ay
and its log-linearized form is given by
mey = —v 4+ wy — ay, (1.35)

8The employment subsidy is the result of a balancing act between offsetting the monopoly distortion
of individual producers and exerting some monopoly power as a country. Farhi and Werning (2012,

absidvy i ‘ _ el _(-a)(n=Diy
2013) find that the labor subsidy is constant. (7 = < )Ty a 1).
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where v = —log(1 + 71).

e—1 —€_

Assuming the aggregate output is defined as Y; = [ fol Yi(j) = dj} ! as simi-

larly assumed for the aggregate consumption, from

1
Ne= [ NG = =
0 t

Y, fl Yi(j)dj

we have an aggregate relationship in a log-linearized form

Yt = Qg + 1. (1.36)

1.3.2.1 Price setting

This paper focuses on Calvo price setting; in every period, a randomly selected
fraction 1 — § of firms resets their prices. The firms resetting their prices solve the

following problem? to choose the newly set domestic prices Py

miakm{@ﬁ ! )[Y (PH,t—Mcm)]}

subject to the demand constraints

Yigp < (P : ) (CHpyk +Clrpvr) = Y;tik(PH,t)-
H 4k

9See Chapter 3 of Gali (2009) and Gali and Monacelli (2005) for Calvo price setting derivation.
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Then, the log-liniearized optimal price-setting strategy is given by

Prg = p+ (1= B0) Y (B0 E, {me} .}, (1.37)
k=0

where p = log ( ) the log of the markup in the steady state.
The world firms face the same price setting problem, and the optimal strategy

is analogous to (1.37),

pr=p+ (1= B6%) Y (B6")"Ey {mc}tr} (1.38)
k=0

and for simplicity, I assume the degree of price stickiness in the world economy J§* is

identical to that in home country §.

1.3.3 Market clearing

From (1.17),(1.18), and (A.1) we have

cut—o (%2} (F) (%) e (139
and

Cosl) = (1 — o e} (Pra) ™

() = (1—a) P, (Pt> Cy. (1.40)

The goods market clearing condition in the home country requires

Yi(j) = Crra(j / Cir (i) di, (1.41)
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where C}{ is the country ¢’s demand for home goods and takes the following form

Ci () = o [ LU/ Ei S Pue/Ein\ T (Pre)
H,t PH,t/ELt P}%t Ptl t

. —€ - P7, -n '
_ o[ Leld) Pz L e (1.42)
Py EiPp, Py

€

dj} <! I can rewrite

e—1
€

Combining (1.40), (1.41), and (1.42) and assuming Y; = [fol Yi(5)

the goods market clearing condition as

PHt)_" /1 Pus \ (P
Y, =(1- —= C ~ : Cydi. 1.43
. a)(Pt t+a0 Ei,tpll?,t P . ( )
Labor market clearing condition is
Yy / L Pmi))
N, = — 0 d, 1.44
t A, Jo ( Prr ] ( )

where N; = fol Ni(4)dj.

1.4 Equilibrium

1.4.1 The demand side: Consumption and output determination
1.4.1.1 World consumption and output

The log-linearization of world Euler equation (1.26) is

> > 1 ~% *
C = Et{ct+1} - ;(Tt - Et{ﬂtﬂ} - p), (1.45)
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where p = —log 8, and combined with the market clearing condition y} = c¢j, it yields

* * 1 ~% *
Y = Et{yt+1} - ;(Tt - Et{ﬂtﬂ} - p)- (1.46)

1.4.1.2 Home consumption and output

Let Cjy4(i) denote the world demand for the domestic good i. Then the ag-

gregate demand for the domestic good i is
Yi(i) = Crs(i) + Cra (i)

and then using the demand functions (1.17) and (1.28) and assuming the degrees of

openness of home and world economies are the same o = o,

P}{,t. > Ppy
() () oo (200
() [0 0w+ () o
R R RO
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€

Plugging (1.47) into the definition of aggregate output Y; = [fol Yt(i)lfédi} !, we have

€

o[l
T R R TRENE ALK [

s faaa-amarnl [ {(22) ) o

)

l-on
= Y;*S) {(1 —a)0,Q, ° + a} : (1.48)
(1.48), up to a first order approximation, can be rewritten as
* Wa
ye=yp +set (1—a)ty, (1.49)

where wy, =14 (2 — a)(on — 1) > Ou. Combining (1.30) and (1.49) to substitute out
for sy, we have

ct = Poys + (1 - (I)a) y: + {1 - (1 - a)q)a} 0, (1'50)

where ®, = lw_—a > 0.

Then we can combine (1.50) with (1.13), (1.49), and home consumer’s Euler

equation to derive a difference equation for domestic output in terms of domestic real
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interest rates, world output, and relative Pareto weight:

Wa ¥
vt = E{yer1} — 7(7% —E{maii1} —p) + (wa — DE{AY; 1} + (Wa — 1+ a)E{Ab1 1},
(1.51)

where Ayy, 1 =yf g —y; and Aby g = 041 — 0y

1.4.1.3 The trade balance

The net exports nz; are denoted in terms of domestic output, expressed as a

fraction of steady state output Y,

and its first-order approximation yields
nTy =Yt — Ct — Pt + PH,

which combined with (1.49) and (1.50) implies

=L - (1-)a, (1.52)

where A= (2—a)(on—1)+ (1 — o).
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1.4.2 The supply side: Marginal cost and inflation dynamics
1.4.2.1 World marginal cost and inflation dynamics

By combining the optimal price setting equation (1.38) with the log-linearized

equation of the evolution of aggregate price level, we have

m; = BE{mi i} + (1= 5)551 L) me;, (1.53)

where mc; = mcf 4+ w denotes the log real marginal cost, expressed as a deviation from
its steady state value (—w). Assuming the symmetric home and world economies, as

implied in (1.35), the world log real marginal cost is given by

* * * *
mec; = —V + Wy — Py — Gy,

=—v"+oc; +¢nf —a;

= v+ (o+ )y — (1+¢)a; (1.54)

where v* = —log(1 + 77).

1.4.2.2 Home marginal cost and inflation dynamics

The dynamics of domestic inflation of home are described by an equation

analogous to the world’s;

Tt = PEATH 1} + (1= 5)551 — 59) meg. (1.55)
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The home log real marginal cost is

mecy = —V + Wy — Pt — Gt
= —v+ (w —pt) + (Pt — pEt) — @

=—v+oc+ dng + asy — ag

o
:—V—I—J(Gt—kcf—k St>+¢(yt—at)+oé5t—at

=~V + ¢y +oy; +5¢ + 00 — (1+ ¢)ay. (1.56)

Using (1.49) to substitute for s;, (1.56) can be rewritten as following

mep = —v + (U +(;5) Y+ o <1 — :) yi+ (1 —o+a)f—(1+d)ay. (1.57)

« «

1.4.3 Equilibrium dynamics

I define the output gap z; as the deviation of log output y; from its natural
level §,, where the latter is in turn defined as the equilibrium level of output in the

absence of nominal rigidities:

Te =Y — Yy (1.58)

and the counterpart for world is,

Yi — V- (1.59)

*
Ly
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1.4.3.1 World equilibrium dynamics

Under flexible prices, real marginal costs in the world economy will be constant
over time, and given by mc* = —w, the level that would obtain under flexible prices.

Then using (1.54), the natural level of world output can be expressed as

. VUVt (—w 1+¢ ,
Yp = ( )+ ay -
o+ ¢ o+ ¢

(1.60)

The relationship between real marginal cost and the output gap can be derived as the

following equation

o e Vi Eme 1+¢a*_(u*+(—w) 1+¢a*)
Yo =Y = o+ ¢ o+¢ " o+ ¢ o4+¢ "
* —x mc*—(—w)

= yt—yt:ﬁ

= $*—7m\ct*
o4+ ¢

= mc; = (0 + d)xy,

which, combined with (1.53), gives the New Keynesian Phillips curve:

Y T R U AR (161)

(1.46) can be also re-written in terms of the world output gap:

* * 1 ~% *
Ty = Et{xtﬂ} - (Tt - Et{”tﬂ} - P) . (1.62)

30



1.4.3.2 Home equilibrium dynamics

The steady state value of log real marginal cost is

= vt (Zao)mro(1- )i+ Aot -Gt da  (163)

Wa o

which provides the natural level of output in home country

v =) ol —wa) . wall—o+a).  wnll+0)
o+ Wad o+ Wad Yt ctwad | otwed

yr = (1.64)

then the relationship between output gap and real marginal cost is derived as following

Wa —  wo(l—0c+a)x

Ty = mmct o+ wa¢ 075. (165)

The New Keynesian Phillips Curve can be derived using (1.55) and (1.65):

o A
7TH,t = ﬁEt{T['Hﬂpd} + K (w + ¢> Tt + Oéligt, (166)

where Kk = M.

Using (1.51), the IS equation can be expressed in terms of output gap:

Wo - A~
oy = Be{wra} — — (e = B{mmer1} —7T7) + (wa — 1+ @) E{ A0}, (1.67)
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where the home country’s Wicksellian interest rate 77; is defined as

1 1- (e *
T = p+ mm{AatH}—MEt{A%H}

o —1 1- _
a{“’ to_ U+a}Et{A9t+1}. (1.68)

Way 0+ wa

1.5 Optimal Policy

The optimal policy path is derived in perspective of a social planner by min-
imizing the welfare loss with the resource constraints that are characterized in equilib-
rium conditions. Following the literature, I focus on the Cole-Obstfeld case ¢ = n =

v =1 to derive a tractable second-order approximation of the welfare function.

1.5.1 Summarizing the economy

The demand block is summarized by the following equations:

= xyp1 — (10 — B{mpg 1} —77) + aEt{AéﬁH}’
re = 7 + ME A} + B A} + (1+ EM)

T = p— Ey{Aar1} + %(1 + &)Yy, and

14+ ¢
Zﬁtét = 07
t=0

representing the Euler equation with goods market clearing condition and the Backus-

Smith condition, the uncovered interest parity condition, Wicksellian interest rate, and

32



the budget constraint, respectively.

The New-Keynesian Philips Curve summarizes the supply block,
T = PEATH i} + (1 + ¢)ay + akby.

1.5.2 The planning problem in gaps

The optimal allocation must maximize the utility of consumption and minimize
the disutility of labor; that is, it must maximize the present value of the sum of future
consumer utility > 7%, S{U(Ct) — V(N¢)}. This can be expressed in the form of welfare
loss function, which is a second-order approximation of the welfare function, and a social
planner solves the following planning problem (see the Appendix A.3 for the detailed
derivation):

> 1 1 1 o~ -
min o 5t{04 THe+ =27 + —ap(O + 0 2}7
{7508, M g 2" Hy 2t 2 ( ¢ t)
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where a,; = m and ay = ﬁ (?:—3 +1-— a), subject to the following equilibrium

conditions derived in the previous sections:

Ty = BEL g1} + 5(1 + @)z + arb,
R T Et{WH,tH} —TTt) + OzEt{AétH},

Ty =7 + AtEt{Ae{H} + Be{Afrar} + (1+ €N,

T = p — E{Aap} + 104—55(23(1 + &),

E{A0 1} = (14 EN)Yy,

Zﬁtét =0, and

t=0

At € [0, 1]

(1.31) shows that the wedge between home and foreign consumptions is widened
by the risk premium shock and can be narrowed by the capital controls. That is, the
policymaker controls the path of 8; and therefore the capital controls are characterized

as Ty = A9t+1.

1.5.3 Optimal policies

To gain an intuition of the effects of each policy, I hit the economy with AR(1)
risk premium shock (¢ = py1Pi—1 + €y +) and compare how the systems response to the
shocks under four different cases of international policy portfolios: (1) the system under

the home inflation-based Taylor rule with zero foreign exchange market intervention and
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zero capital controls, (2) the system allowing foreign exchange market intervention only,
(3) the system allowing capital controls only, and (4) the system under both policies.
Although it is possible to solve and present the optimal allocations of each case
in closed forms, the expressions quickly become difficult to handle. Therefore I perform
numerical simulations.!® Each case is simulated with two levels of the regime sensitivity,
¢ =1and £ = 0.05. Since the risk premium shock is characterized as (1 + {A)v, under
¢ = 1, switching exchange rate regime from fixed to freely floating results in 100%
increase in the risk premium shock, and it reflects the results of event study where the
risk premium shows 85.7-108.5% abnormal returns in its trend when countries switch
regimes. The setting of & = 0.05 provides the benchmark case to illustrate how regime-
elastic risk premium shock affects the economy. For other parameter values, I follow
Gali and Monacelli (2005) by setting o = 0.4, § = 0.99, p = 0.04, ¢ = 6, and ¢ = 3 and
Farhi and Werning (2014) by setting 6 = 0.68 and the initial risk premium shock to be

5 percent, which diminishes at the rate of p, = 0.9.
1.5.3.1 Under floating exchange rate regime and zero capital controls with
home inflation-based Taylor rule

This case presents a benchmark case of home inflation-based Taylor rule. When

the policymaker does not intervene in the foreign exchange market or levy taxes on

10This simulation is meant to be an example and should not be thought of as a calibration exercise
because the model is probably too stylized.
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Figure 1.3: Impulse response function of the system under zero foreign exchange market
intervention and zero capital controls: Low signaling effect (blue) and high signaling
effect (red)

international capital flows, we have
M=1 and 6,=0 Wt

then the planning problem simplifies to

. .- t 1 2 1 2
min [Eg Z B SO TH 1 + AR
t=0

{7t}
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subject to

Tt = PEATH 1} + K(1+ @)y,
xy = Typ1 — (1r — B{mm 1} — T74),
re =7 + E{Ael )} + (1 + &),

Ary = p+ ¢rmp s, and

ap

T (;5(1 + &),

Ty =p+

where Taylor rule coefficient ¢, = 1.5 following Gali and Monacelli (2005).

Figure 1.3 displays the impulse responses of the system to a risk premium
shock under the different levels of signaling effects. This case provides a benchmark to
examine how the system works with different sets of policies. In addition, it is useful
to consider this case to examine how signaling effect can affect the economy in general;
the IRFs with a low £ (blue line) represent the classical small open economy model with
risk premium shock that is almost inelastic to the exchange rate regime change, while
the IRFs with a high level of £ (red line) depict how the regime-elastic shock changes
the dynamics of classical models.

When the risk premium shock hits the economy under the floating exchange
rate regime, the depreciation of the exchange rate is higher when the volatile exchange
rates are considered to be a signal of economic instability (35.0 vs. 18.4 percent at
impact); the regime-elastic premium shock is amplified under the floating regime, and

without other policies, the price of local currency has to be rearranged to mitigate the
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shock. The amplified risk premium shock and the floating exchange rates together bring
in even higher impact on price levels and output. The home inflation under higher &
deviates from its steady state much more than the one under lower ¢ does (4.25 vs.
0.79 percent at peaks) and the output gap deviation is six times larger under high ¢
(42.9 vs. 7.02 percent at impact). As a result, a welfare loss is almost 30 times bigger
(9.2 vs. 0.25 percent at impact), while the risk premium shock under the high ¢ is
only about twice of that under the low £ (10 vs. 5.25 percent). The figures indicate
that volatile exchange rates bring multiplying effects when £ is high, and therefore the
optimal policies derived in the following sections are expected to stabilize the exchange

rates.

1.5.3.2 Under managed exchange rates and zero capital controls

When policymakers are able to manage the exchange rates without capital
controls, where

0, =0 Vt,

then the problem becomes

: —~atf1 o o Lo 1 5
min  Eg Z,B SO TH g + 5%t + -l ¢,
-

{TH 58,78, 2
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Figure 1.4: Impulse response function of the system under managed exchange rates and
zero capital controls: Low signaling effect (blue) and high signaling effect (red)
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Solving the planning problem, the optimal path of foreign exchange market
intervention can be derived in terms of home inflation, shadow floating exchange rates,

and the risk premium shock as following:

Proposition 1. (Managed exchange rates under zero capital controls) Suppose the poli-
cymaker intervenes in the foreign exchange market without capital controls. The optimal

level of managed peg/float is given by

1
5(1—|—¢—a¢)¢t} [M_O‘qjdjt —{k(1+ ¢)ar — 1} E{mm 41}

At = [Et{Ae{—i—l}—i' 1+¢ 1+o

where \; € [0,1].11

Proposition 1 implies that it is preferred to stabilize the exchange rates (A\; — 0), when
the floating exchange rates are volatile (Ae{ 41 1) or the investors are more sensitive to
broken pegs (£ 1) to avoid another wave of risk premium shock. The level of intervention
does not totally lean against the wind, and it indicates the trade-off between the benefits
of currency price-adjustment and the cost of impact on terms of trade and furthermore
the local consumers’ purchasing power.

Figure 2.2 shows that when there are no capital controls, exchange rates shall
be actively managed; A; does not deviate much from zero at impact and quickly con-
verges back to zero under both levels of &; especially under high level of £, it is essential
to stabilize the exchange rates to avoid the additional increase in risk premium, and

managed peg/float lives only for two periods. As a result, price and output levels be-

Tf the optimal value of \: is found to be less than 0 or greater than 1, the effective \; takes the
value of 0 or 1 respectively.
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Figure 1.5: Impulse response function of the system under floating exchange rates and
capital controls: Low signaling effect (blue) and high signaling effect (red)

come stabilized, and the welfare loss has significantly decreased compared to the first

case (9.2 percent under floating exchange rate regime to 0.35 percent under managed

exchange rate regime at impact).

1.5.3.3 Under floating exchange rate regime and capital controls

When the policymaker can use capital controls under the floating exchange

rate regime, where

=1 Wi,



the problem becomes

> 1 1 1 .
minA EO Z ﬁt {aﬂ'ﬂ-%{’t + *"E% + 7049(9,5 + (9,5)2} ,
{mm,t,0¢,0¢,m¢ } =0 2 2 2

subject to

Tt = PEATH 41} + k(14 @)zt + omét,
Tt = Tp41 — (Tt - Et{ﬂ'H,t+1} — Wt) + aEt{A§t+1},

Ty = 7;; + Et{Ae{—f—l} + Et{AétJrl} + (1 + 5)7/%7

ag

TTe=p+
t=p 1+ 6

(14 &)y,

Ei{Afi41} = (14 &)¢r, and

o0

Z,Btét =0

t=0
Solving the planning problem brings to the following proposition:

Proposition 2. (Capital controls under floating exchange rate regime) Suppose the
policymaker does not intervenes in the foreign exchange market. The optimal capital

controls can be characterized by

= —(1+ &)Y —

ORO
o “Et {mHei1}-

Optimal capital controls are proportional to the current risk premium shock. The tax 73

has the opposite sign from the risk premium 1), — the policy leans against the wind when
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the home price level is rigid. High home inflation is expected due to volatile exchange
rates, and therefore the optimal level of capital controls will increase accordingly.

Figure 2.3 shows that the capital controls are relatively more effective in mit-
igating the sudden stop; the welfare losses under capital controls are 0.06 and 0.22
percent, while the ones under managed exchange rates are 0.23 and 0.35 percent. The
risk premium shock is transmitted to the local economy through the change in inter-
national capital flows; as it becomes more expensive to make loans internationally, the
consumers face tighter budget constraints. By levying taxes on international capital
flows, it directly counteracts the effect of the shock.

Furthermore, the model captures that the capital controls indirectly affect the
foreign exchange market as well. Regulating the currency movements prevents a further
depreciation of the local currency, and the example in Figure 2.3 shows that exchange
rates depreciate 3 and 6 percent under capital controls, while in the first case (Figure 1.3)
they depreciate 18.3 and 35 percent without capital controls. This implies that capital
controls can be utilized as a partial substitute of foreign exchange market intervention

to maximize consumer’s utility, and the next case validates this.

1.5.3.4 Under managed exchange rates and capital controls

The policymaker now solves the full problem laid out in the beginning of this

section:
. e O S P BN
min By B4 ganmh + st + sl +0)%
{mw,t,2,0t,m0, e } =0 2 2 2
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subject to

T = BEAT 1} + £(1 + @)z + by,
2 = Tpy1 — (1o — Be{mmep} — ) + By { A1},

re =7+ MEAAC 1} + B{ A} + (1+ 6,

o
T =p+ 1+¢¢(1 + EN) Y,
> B9, =0, and
t=0
)\t € [07 1]

The optimal policy portfolio can be characterized in the following proposition:

Proposition 3. (Managed exchange rates and capital controls) Suppose the policymaker
is able to intervene in the foreign exchange market and levy tazes on international capital
flows. The policy portfolio of Ny and 1y is characterized by the following equations:

-1
b= B {add ) ST [P e a4 s DB

and

QKO

T = —(1+ &)Y — E{mmis1},

Qg

where A € [0, 1].

Proposition 3 illustrates the interaction between two policy tools. The first equation

indicates that with a higher level of capital controls (¢ |; as seen in the previous
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cases, 13 < 0 since we assume positive risk premium shock, capital flows are controlled
with a subsidy on inflow or a tax on outflow), the optimal level of \; is higher; that
is, the optimal exchange rate regime becomes closer to freely floating regime with a
higher level of capital controls. This agrees with a theoretical evidence in the previous
section that policymaker can partially mitigate the depreciation of exchange rates by
controlling international capital flows. It suggests that capital controls can be utilized

as a partial substitute of exchange rate policy, and this relationship further implies
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that a policymaker may be able to achieve the same or a better welfare level with less
capital controls and less intervention in the foreign exchange markets than the previous
cases. According to the second equation, on the other hand, the lower foreign exchange
market intervention (A; — 1) shall bring in additional wave of risk premium shock that
capital controls are to handle, which is a tradeoff for implementing foreign exchange
market intervention policy. Therefore, solving two equations should provide us the
balanced path of the optimal policy portfolio against the exchange rate regime-elastic
risk premium shock.

Figure 1.6 depicts the optimal policy paths of managed exchange rates and
capital controls and the corresponding responses of the economy. When ¢ is low, it
is optimal to float the exchange rates (A\; close to 1) and instead to utilize the capital
controls, which can partially manage the exchange rate depreciation as well as mitigate
the shock by leaning against the wind. Similarly, even when the risk premium is more
sensitive to the exchange rate regime choice (¢ is high), it is optimal to have a managed
floating exchange rate regime by letting exchange rates to depreciate 50 percent of
that under freely floating exchange rate regime (A, = 0.5 at impact), while controlling
international capital flows at the same time. The length of non-fixed regime has been
extended from 2 periods to 9 periods, which may explain developing countries’ relatively
persistent managed peg/float and, as a result, their exchange rate volatility that is
comparable to the ones in advanced countries.

The effect of this policy implementation is evident when comparing price and

output levels under different levels of £. The gaps between home inflations with different
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values of £ have been brought down as well as the gaps between output gaps; the
difference in home inflations is 0.16 percent at peaks and the difference in output gaps
is 0.42 percent at impact. One can also notice a significant improvement in terms
of trade. By allowing to float the exchange rates partially, the country can avoid a
bigger risk premium shock, while alleviating the effect of the shock to its economy by
taxing international capital flows. An improvement in terms of trade leads to a higher
purchasing power of home consumers, and as a result, the difference in the welfare levels
becomes minimal (0.02 percent at impact). That is, a proper use of these policies can
neutralize the potential unfavorable effect of exchange rate regime choice.

This result is worth noting; as capital controls has become available as a pol-
icy tool to mitigate the shock, the policymakers in the countries that are sensitive to
exchange rate regimes can now put less resources to stabilize exchange rates and still
minimize the welfare loss from the shock by utilizing capital controls. That is, the
coexistence of capital controls and managed peg/float regime can be explained using a

theoretical framework.

1.6 Conclusion

I consider a New Keynesian small open economy model where international
financial markets are not perfect. I introduce a novel and tractable approach to employ
managed peg/float by assuming that a rational policymaker simply decides the level of

intervention in the foreign exchange markets. Therefore, a policymaker in the model
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makes a series of policy portfolio choices of capital controls and exchange rate regimes
to minimize the loss in welfare in response to the exchange rate regime-elastic risk pre-
mium shocks, and the results suggest that the coexistence of active capital controls and
managed peg/float regimes may be optimal that is one of robust features of developing
countries’ policy portfolio decisions in the last decade. Despite the simple characteri-
zation of international policy choice — capital controls as a tax on international capital
flows and foreign exchange market intervention as a choice of degree of exchange rate
regimes, the model captures the major traits of the relationship between these interna-
tional policies. A policymaker manages the perceived price of the international loans
and therefore becomes able to indirectly manage exchange rate depreciation. It suggests
that for an economy whose country risk is sensitive to its exchange rate regime choice,
the role of capital controls becomes clear as it allows one to put less resource to stabilize

the foreign exchange market.
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Chapter 2

Revisiting the PPP Puzzle:
Nominal Exchange Rate Rigidity and

Region of Inaction

2.1 Introduction

2.1.1 Motivation

Absolute purchasing power parity (PPP) posits that nominal exchange rate
between two countries will be identical to the ratio of the price levels for those two
countries. This concept is derived from a basic idea known as the law of one price, which
states that the real price of a good must be the same across all countries. Even though
real exchange rates may converge to parity in the long run, the consensus emerging from

an extensive literature appears to be that the rate of mean-reversion is slow. Standard

49



metric of this rate is the half-life, i.e., the time it takes for half the effects of a given
shock to dissipate. Rogoff (1996) talks of a consensus view of a half-life of 3 to 4 years;
however, this is much too long to be compatible with arbitrage — hence, Rogoff argues,
the “PPP puzzle.”

A number of studies have suggested potential solutions to this puzzle. Imbs
et al. (2005) argue that the deviation from PPP seems more apparent due to a common
econometric misinterpretation of panel analysis. Imbs and co-authors argue that existing
estimates of real exchange rate persistence are based upon the implicit assumption that
all relative prices that comprise the real exchange rate converge to parity at the same
speed. However, there is little theoretical justification for this assumption, and it is
hard to think of reasons why clothes and vegetables should revert to parity at the same
speed. Allowing for heterogeneity in the price persistence of goods, as the variance of
these persistences increase, the aggregate persistence will bias upward. They show that
slow mean reversion in the aggregate real exchange rate is consistent with much faster
adjustment of disaggregated relative prices. They provide the faster mean conversion
rate estimate of 26 month-half-life using mean group estimator, compared to the faster
mean conversion rate estimate of 36 month-half-life using the ordinary fixed effects
estimator as documented in Rogoff (1996).

Nevertheless the half-life provided in Imbs et al. (2005) does not fully agree
to the common beliefs on price levels yet. The 26 month half-life implies that “it takes
26 months for real exchange rates to convert back to 50% of its mean after a shock.”

Considering the volume of international trade and global market integrations over the
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last decades, it is difficult to believe that it takes more than two years on average to
observe approximately 50% of mean reversion in the relative real exchange rates.

This paper argues that previous literature has overlooked two aspects, the
government intervention on the foreign exchange market (de facto exchange rate regime)
and the non-linearity of real exchange rate conversion (the region of inaction), and that

therefore addressing these issues would make the puzzle less puzzling.

2.1.2 Hypotheses and Literature
2.1.2.1 De facto exchange rate regime

This paper first proposes that empirical study of de facto flexible nominal
exchange rates will estimate a lower half-life than ones in the previous studies using de
jure measures.

Froot and Rogoff (1995), Imbs et al. (2005), and Chen and Engel (2005) com-

monly estimate the following autoregressive process:

Get =7V + PGct—1 + €t (2.1)

where

C PC
Ges = In (S ! ’t> . (2.2)

Py

qc is country ¢’s real exchange rate deviation (from its mean), s, is the nominal exchange
rate between country ¢ and its base currency country b (typically the United States), and

P, and P, are the price levels of country ¢ and and country b respectively. The price levels
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are generally assumed to be sticky. Then the persistence of real exchange rate becomes
highly dependent on the persistence of nominal exchange rate. Engel and Rogers (2001)
investigate European data from 1981 to 1997 and also confirm that the volatility of
nominal exchange rates accounts for a large part of real exchange rate volatility in a
short run. Therefore, if a country fixes its nominal exchange rate to another country, a
gap between the countries’ real exchange rates would display persistence because prices
are also assumed to be sticky in general. Therefore investigating data of the countries
with flexible nominal exchange rates regimes naturally becomes essential for studying
the motion of real exchange rates. For this reason, previous studies including Imbs
et al. (2005) have investigated the countries that are known to have flexible exchange
rate regimes. However, a problem may still remain.

Calvo and Reinhart (2002) provide the empirical evidence that countries that
claimed to allow market forces to determine the exchange rate (de jure flexible exchange
rate regime) in fact have intervened in markets to minimize fluctuations of other macro
indicators (de facto fixed exchange rate regime) due to a “fear of floating.” For example,
the UK is known as one of the countries which float their currencies against the US
Dollar, and therefore the UK Pound data has been often studied in the PPP puzzle
literature. According to the classification' of de facto exchange rate regime in Klein
and Shambaugh (2008), however, there are 11 years between 1971 and 2012 when the
UK de-facto-fixed its exchange rate to the US Dollar. Moreover, the nominal exchange

rate was fixed for 4 years between 1981 and 2000, which is the period that Imbs et al.

!The country is having a fixed exchange rate if the month-end official bilateral exchange rate stays
within the same 2.5% band for the entire year.
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Figure 2.1: Volatility of real exchange rates, nominal exchange rates, terms of trade
during de facto fixed regime periods and de facto floating regime periods of 10 advanced
countries; Belgium (BE), Germany (DE), Denmark (DK), Spain (ES), Finland (FI),
France (FR), Greece (GR), Italy (IT), Netherlands (NL), Portugal (PT), and United
Kingdom (UK): The volatility of real exchange rates (RER) in gray, the volatility of
nominal exchange rates (NER) in red, and the volatility of terms of trade (TOT) in
gold — Data source: Eurostat (Monthly, 1981-1995)

(2005) studied.

One of the assumptions? under which PPP holds is that the price levels — both
the prices of commodities and currencies — freely adjust. The evidence of rigidity in
nominal exchange rates due to the central banks’ intervention, even in advanced coun-
tries, raises concerns that the mean-convergence rates estimated in previous studies are

biased upwardly, and moreover, suggests a potential explanation of unrealistic persis-

2 Absolute PPP holds under the assumptions that all goods are tradable and preferences between
countries are identical, and the basket of goods in the CPI is the same in all countries. Such rather
stringent assumptions are useful in theoretical studies. On the other hand, empirical studies, including
this paper, use relative PPP theory, which holds under less stringent and more practical assumptions; it
suggests that prices in countries vary for the same product but that they differ by the same proportional
rate over time, to account for taxes, shipping costs, differences in product quality and preferences, and
etc.
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tence in real exchange rates; previous studies have included data from periods of de
facto fixed exchange rate regimes.

Figure 2.1 and Table 2.1 support this hypothesis. They provide a simple com-
parison of volatilities of real exchange rate and its components, nominal exchange rate
and terms of trade, of 10 advanced countries that are studied in Imbs et al. (2005) in
different periods. When we focus on the periods that countries’ exchange rate regimes
were de facto fixed, we can observe that the volatility of real exchange rates is sig-
nificantly lower in all countries? during those periods as seen in Figure 2.1. Table 2.1
reports the standard deviations of real exchange rates, nominal exchange rates, and
terms of trade of each country. While the total standard deviation of real exchange
rates for all periods is 0.212, the standard deviation during de facto fixed periods is
only 0.162, which indicates that the price adjustment was deterred by foreign exchange
market intervention, and so was the mean reversion of real exchange rates during those
periods. This implies that the half-life estimates from previous literature must be biased
upwardly by including de facto fixed regime periods.

On the other hand, the real exchange rates during de facto floating regimes
overall show higher volatility of 0.216. It may imply that the central banks’ interven-
tion in foreign exchange market was minimal in these periods, and therefore the real
exchange rates in fact must have moved more closely along the market force, Purchasing

Power Parity, during these periods. Following this hypothesis and evidence, this paper

3The specification of de facto fixed regimes in ? is used.
“The levels of volatility in terms of trade and nominal exchange rates of Greece are seemingly too
high compared to other countries, and I address this issue in section 2.4.1 as a robustness check.
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BE DE DK ES FI FR GR IT NL PT UK  Total

All periods RER 021 019 022 024 023 020 0.22 021 0.18 0.28 0.17 0.212
NER 0.21 0.23 020 0.18 0.15 0.18 043 0.16 0.23 0.28 0.13 0.216
TOT 0.13 0.14 0.13 0.17 0.16 0.12 053 0.17 0.15 040 0.11 0.202

De facto RER 0.14 0.11 0.13 020 0.24 013 0.19 0.15 0.12 0.23 0.13 0.162
fixed periods NER 0.09 0.05 0.02 0.11 0.15 0.06 038 0.11 0.09 0.06 0.06 0.108
TOT 0.15 0.11 0.14 0.14 0.17 0.14 050 0.15 0.14 025 0.12 0.183

De facto RER 0.22 020 0.22 024 022 020 0.22 022 0.18 0.28 0.18 0.216
floating periods NER 0.22 0.24 0.20 0.18 0.16 0.19 042 0.16 0.23 031 0.15 0.224
TOT 013 0.14 0.13 018 0.16 0.12 052 0.17 0.15 041 0.11 0.202

Table 2.1: Decomposition of volatility of real exchange rates (RER) into nominal ex-
change rates (NER) and terms of trade (TOT) — Data source: Eurostat (Monthly,
1981-1995)

estimates the mean-reversion rate of real exchange rates focusing on de facto floating

periods.

2.1.2.2 Region of inaction

PPP holds under the assumption that the price levels adjust towards their long-
run means when minimal deviations from the means exist. PPP bases its theory upon
the arbitrage and consumers’ and investors’ incentives coming from its opportunity; if
discrepancies in price levels between two countries exist, the investors can take advantage
of the differences until the commodity prices and the currency prices adjust to the point
where arbitrage opportunity becomes non-existent. However, previous studies, such
as Dumas (1992), Michael et al. (1997), Imbs et al. (2003), have documented that
the real exchange rates converge non-linearly and that there are “regions of inaction”
around the long-run means of real exchange rates, where the price levels do not adjust.

There are several potential explanations, such as transaction costs, learning costs, and
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Figure 2.2: Real exchange rates of furniture (UK - US)

transportation costs. If we include more countries whose deviations from the long-
run average are relatively small and are within the region of inaction, the persistence
estimates will be biased upwardly. Figure 2.2 presents an example of the necessity
of considering this issue. The graph presents the time series of real exchange rates of
furniture sector between the United Kingdom and the United States for 48 months (from
April 1990 to August 1994). From April 1990 to October 1992, the real exchange rates
show large deviation from the long-run average real exchange rates. Due to the high
incentives of arbitrage during these periods, it is expected to observe active adjustments
in nominal exchange rates as well as price levels of furniture of the UK and the US, which
is translated as a faster mean-reversion in real exchange rates. On the other hand, from
November 1992 to August 1994, the real exchange rates do not deviate much from the
long-run average but slightly fluctuate around it. If the mean reversion rate is estimated

only for this period, the estimate of persistence must have been high, and it may even
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indicate that the real exchange rates do not converge but rather follow a random-walk.

2.2 Empirical strategy

2.2.1 De facto exchange rate regime

This study provides the half-life estimate of real exchange rate mean-reversion
by focusing on the periods where exchange rate regimes are de facto floating. De facto
floating regime periods are defined as the periods when the countries do not intervene
in the currency market to stabilize the nominal exchange rates. The foreign exchange
markets are considered to be intervened, if the month-end official bilateral exchange rate
stays within the same 2.5% band for 10 months. This definition is similar to the one
introduced in Klein and Shambaugh (2008) where the authors find that pegs frequently
break and also that there is a high degree of re-formation of pegs that have broken. One
may argue that a country/year may be mis-classified as a peg simply due to a lack of
shocks. According to Calvo and Reinhart (2002), the probability of having an exchange
rate volatility less than 2.5% within a month while having flexible exchange rates is
between 60% and 70%. Therefore, the probability of having 10 consecutive months
of 2.5% below changes is estimated in between 0.6% and 3%, which is statistically

insignificant.
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2.2.2 Region of inaction

Using a similar strategy in the previous section, this paper provides the half-
life estimate, which is estimated only with the data within the periods where deviations
of real exchange rates are large enough for analysis of mean reversion to avoid region
of inaction. However, previous studies do not provide a statistically rigorous standard
of the region of inaction, and therefore, the statistical standard of “large” deviation
remains indefinite.

The paper instead uses different sizes of the band around long-run means as
regions of inaction. Since the statistical standard of region of inaction is indefinite,
the paper uses rather conservative standards, and I investigate the observations, which
are only certain standard deviations away from the long-run averages: £0.05 standard
deviation, +0.1 standard deviation, and £0.2 standard deviation around the long-run
means. Figure 2.3 describes an example of setting region of inaction dummies with dif-
ferent levels of standard deviation from means, using the time series example presented
in Figure 2.2. With a +£0.05 standard deviation range, there are 2 months of observa-
tions where real exchanges are in the region of inaction. As we increase the range of
deviations to 0.1 standard deviation and to +0.2 standard deviation, the numbers of
periods of stable real exchange rates increase to 3 months and 11 months. The wider
range of standard deviations excludes the more already-stable periods. As the more
periods when the real exchange rates are within the region of inaction are excluded, the

shorter half-life estimates are expected.
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Figure 2.3: 1990:04 - 1994:08 UK - US Real exchange rate of furniture (Shaded region:
periods when real exchange rates are within regions of inaction) — Top panel: +0.05

standard deviation / Middle panel: £0.1 standard deviation band / Bottom panel: +0.2

standard deviation band
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2.2.3 Econometric methods

This paper studies panels of sectoral real exchange rates and therefore first
uses a standard specification to investigate the speed of mean reversion in sectoral real

exchange rates:
K
et = Vet Y Pelet—k + Ecits (2.3)
k=1
where ¢g.; is the real exchange rates in country c at time ¢, K is the maximum num-
ber of lags to identify the long run estimates of mean reversion, and the fixed effects
7. are allowed. However, as pointed out in Imbs et al. (2005), standard fixed effects
estimates of real exchange rate persistence are based on the implicit assumption that
all relative prices converge to parity at the same speed. Due to the nature of standard
panel estimators, the fixed effects estimators take weighted average of sectoral coeffi-
cients and the sectoral coefficients that are more deviated from the means are weighted
more. That is, the results with heterogeneous speeds of convergence, the slower con-
vergence estimates (the higher coefficient estimates) get more weights than the faster
convergence estimates. On the other hand, the standard mean group (MG) estimator
introduced in Pesaran and Smith (1995) instead simply performs an arithmetic average
of sector-specific slopes with equal weights. According to Imbs et al. (2005), the follow-

ing specification is to be considered to allow for the cross-sectional heterogeneity of the

panel:

K
GQi,eit = Vi, + Z Pi,c,ki,ct—k + Eic,ts (24)
k=1
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where 7 is an index of sectors, and slopes and intercepts are allowed to vary across the
panel units. The standard mean group (MG) model estimates {p; s} |, the mean
autoregressive coefficients.

Now, we consider the dummy variables, de facto fixed exchange rate regime
dummy and region of inaction dummy that are discussed in the previous sections. Since
the observations that are within K — 1 distance from one invalid observation cannot be
included in time-series estimation, dummy variables are employed as in the following

specification:

K 2(K-1)
Qic,t = Vi + Z Pickqict—k - H di,c,tfk + Ei,cpt- (25)
k=1 k=1

Using this regression specification, the paper reports following estimates: standard mean
group estimate; mean group estimate with de facto regime dummy; and mean group
estimate with region of inaction dummy. The estimates with region of inaction dummy
will be reported with £0.05, 0.1, and £0.2 standard deviation bands. These estimates
are compared to the estimate of standard fixed effects model specified in (2.3). The
fixed effects estimates with de facto regime dummy and region of inaction dummy are

reported in section 2.4.2 as a robustness check.

2.3 Data

The paper studies sectoral real exchange rates and focuses on monthly price

indices for different goods categories. We use the data set used in Imbs et al. (2005);
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the data set consists of 12 countries’ monthly price indices for 19 goods categories from
1981 to 1995. The 12 countries include Belgium, Denmark, Finland, France, Germany,
Greece, Italy, the Netherlands, Portugal, Spain, the United Kingdom, and the United
States, and their de jure regimes are floating exchange rate regimes; that is, these coun-
tries are known to float their currencies against the US dollars. The goods categories are
a mixture of low and high unit cost goods (e.g., bread and cereals versus vehicles), highly
tradable and nontradable goods (e.g., clothing versus public transport and hotels), and
goods for which there is wide variation in the degree of product differentiation (fuel ver-
sus sound and photographic equipment). The real exchange rates to be used in analysis
are CPI-based and are defined against the US Dollar (a base or anchor currency). In

particular, sectoral real exchange rates write

S.+P;
it =In <W> , (2.6)

Pysy

where S.; is the nominal exchange rates between country c¢ and the US at time ¢, and
P; .+ is the price level of the good ¢ in country c at time ¢.

11 sets of nominal exchange rates data are collected, and Table 2.2 provides a
data description of nominal exchange rates between the currencies of 11 countries and
the US Dollars and also the simple statistics of the numbers of months when the gov-
ernments intervene the markets. There are 180 observations in each set and therefore
there are 1,980 monthly observations in total. Applying the de facto fixed regime defi-

nition, 344 monthly observations, 17.37% of the total, are excluded when estimating the
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Country Periods Total number Exchange Rates Number of months de

of months Mean Std. Dev facto fixed regime

Belgium 1981:01 — 1995:12 180 0.0259 0.0052 16 (8.89%)
Germany 1981:01 — 1995:12 180 0.5236 0.1131 13 (7.22%)
Denmark 1981:01 — 1995:12 180 0.1396 0.0256 16 (8.89%)
Spain 1981:01 — 1995:12 180 0.0083 0.0014 26 (14.44%)
Italy 1981:01 — 1995:12 180 0.0007 0.0001 29 (16.11%)
France 1981:01 — 1995:12 180 0.1628 0.0274 23 (12.78%)
Greece 1981:01 — 1995:12 180 0.0079 0.0040 36 (20.00%)
Netherlands 1981:01 — 1995:12 180 0.4664 0.0998 16 (8.89%)
Portugal 1981:01 — 1995:12 180 0.0079 0.0029 48 (26.67%)
Finland 1981:01 — 1995:12 180 0.2119 0.0320 67 (37.22%)
United Kingdom  1981:01 — 1995:12 180 1.6261 0.2098 40 (22.23%)
Total 1981:01 — 1995:12 1,980 330 (16.67%)

Table 2.2: Data description — Nominal exchange rates and de facto fixed exchange rates

persistences. It shows that Finland, the UK, and Portugal are the countries which have
intervened the currency markets the most frequently, and Germany, Belgium, Denmark,
and the Netherlands are the countries that have floated their currencies more than other
countries.

The numbers of observations that are within region of inaction are presented
in Table 2.3. The numbers are derived at the range of £0.1 standard deviations of each
sets. Among 11 countries, the price levels of the UK show the least deviations from the
US price levels, and on the other hand, it shows that the price levels of Denmark show
the largest gaps from the US price levels. We can also expect that tradable goods should
show less deviations of prices than non-tradable goods. It is generally true because the
prices of fruits, meat, and tobacco show the least deviation from the prices of the US.
However, the prices of clothing, which is considered to be highly tradable, have unstable
real exchange rates in most countries. This might be due to the seasonal fluctuations

of clothing prices, but to understand fully, a closer investigation in pricing of clothing
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Price category BE DE DK ES IT FR GR NR PT FI UK  Total
Bread and cereals 12 8 5 15 10 14 13 15 9 9 10 120
Meat 21 21 6 21 17 11 11 20 9 11 11 159
Milk, cheese and eggs 3 3 9 9 7 9 9 14 9 10 18 100
Fruits 18 19 8 13 17 18 17 16 15 16 13 170
Tobacco 13 13 9 21 14 14 11 15 8 16 22 156
Alcoholic beverages 12 9 11 11 7 16 10 9 6 6 6 103
Clothing 7 4 5 6 6 9 6 9 14 8 15 89
Footwear including repair 11 15 9 8 5 12 4 15 17 4 20 120
Actual rentals for housing 12 19 11 22 9 11 6 13 0 16 16 135
Electricity, gas and other fuels 19 14 0 16 8 10 15 18 11 13 20 144
Furniture 10 7 0 9 8 6 5 11 11 7 16 90
Home Appliances 5 5 0 5 8 8 7 8 21 8 24 99
Purchase of vehicles 14 6 8 14 16 13 11 11 8 8 12 121
Transport 15 10 4 8 12 13 12 14 21 11 23 143
Communication 21 11 8 17 15 24 15 16 4 14 9 154
Sound 9 2 3 3 7 4 16 11 0 14 6 75
Leisure 8 7 4 11 12 13 8 15 12 13 17 120
Books 13 5 1 16 7 2 20 15 18 15 24 136
Restaurants and hotels 14 11 8 13 18 10 7 20 9 14 15 139
Total by Country (Out of 1,980) 237 189 109 238 203 217 203 265 202 213 297 2,373
Total with +0.05 std dev 122 93 53 120 100 109 93 133 108 99 155 1,185
Total with £0.2 std dev 465 372 200 482 412 429 401 492 413 433 583 4,682

Table 2.3: Data description — The number of months within region of inaction (40.1

standard deviation band) by categories and countries

will be needed in the future.

2.4 Results

The estimation results are presented in Table 2.4, which reports the estimates

of standard fixed effects model and mean group model. The mean group model has

additional three variations; de facto regime dummy, region of inaction dummy (steady

RER), and both de facto dummy and region of inaction dummy. The third column

reports the sum of regression estimates, and the fourth column reports the half-life
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Region of o Half-life % change % change

Model Inaction Zk:l Pisc.k (Months) (95% C.1) from Base from FE
Standard Panel
Base 0.979 (0.0011) 32.26 (29.2, 36.1) - -
Mean Group Panel
Base 0.971 (0.0019) 23.14 (20.5, 26.6) - -28.26
De facto Regime 0.966 (0.0025) 19.81 (17.3, 23.2) -14.39 -38.58
Steady RER +0.05 s.d.  0.967 (0.0027) 20.54 (17.7, 24.4) -11.25 -36.33
+0.1 s.d. 0.961 (0.0038) 17.55 (14.6, 21.9) -24.18 -45.61
+0.2 s.d. 0.956 (0.0043) 15.22 (12.7, 18.9) -34.24 -52.82
De facto Regime 40.05 s.d.  0.951 (0.0068) 13.89 (10.8, 19.3) -39.95 -56.93
& Steady RER +0.1 s.d. 0.948 (0.0074) 13.09 (10.2, 18.3) -43.42 -59.41
+0.2 s.d. 0.928 (0.0155) 9.30 (6.4, 16.4) -59.80 -71.17

* The number of lags are determined by Akaike information criterion (AIC) and Schwarz criterion (BIC).

Table 2.4: Real exchange rates persistence estimates in half-life

estimate by translating the sum of regression estimates as following

In(0.5)

In {45 P}

The 95% confidence intervals are reported based on the standard errors in the third

Half-life =

column.

The standard fixed effects and mean group estimators provide similar esti-
mation results as in the previous literature. I find the fixed effects estimate of 32.26
months, which is similar to recent studies, such as Carvalho and Nechio (2011), which
estimate 39 months of half-life of mean-reversion. The standard mean group estimate
of 23.14 months also agrees to that of Imbs et al. (2005).

The estimates of implementing de facto regime dummy indicate that the real

exchange rates are in fact less persistent than the estimates of previous literature; the
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estimate shows a decrease to 19.81 month half-life, which is 14.39% lower than the stan-
dard mean group estimate and 38.58% lower than the standard fixed effects estimate.
The estimates provide the evidence that the nominal exchange rate rigidity due central
bank’s foreign exchange market intervention introduces biases in the estimate. It im-
plies that previous literature has not controlled for this type of nominal rigidity, and
that the foreign exchange market intervention may have accounted for a part of puzzle
in the previously reported mean-reversion estimates.

The estimates with region of inaction dummy provide another potential expla-
nation of the PPP puzzle. As the region of inaction band expands from 40.05 to 4+0.2
standard deviations, the mean-reversion estimate decreases: 20.54 months with +0.05
standard deviation band, 17.55 months with +0.1 standard deviation band, and 15.22
months with +0.2 standard deviation band. The results imply that the mean-reversion
is nonlinear; the further the real exchange rates are deviated from the long-run average,
the faster mean-reversion rate is estimated. In other words, the estimation results can
also imply that if the deviation from the long-run average real exchange rate is minimal,
the rate of mean-reversion is estimated to be low or the real exchange rates may even fol-
low random walks. By excluding these observations that are close to long-run averages,
estimated mean-reversion rates have decreased by 11.25 - 34.24% from the standard
mean group estimate and by 38.58 - 52.82% from the standard fixed effects estimate.
Due to the lack of rigorous study on the region of inaction, the study uses the arbi-
trary (but conservative) sizes of region of inaction band, and therefore, the estimation

results may not represent the real exchange rate mean-reversion parameter. However,
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the results still provide strong evidence that the mean-reversion estimates from previous
studies are biased upwardly due to the non-linear and noncontinuous mean-reversion.

Combining both dummies provides even faster mean-reversion estimates, and
it is consistent with the hypothesis that focusing on valid observations shall improve
estimation and eventually lower the half-life estimates and eventually make the puzzle
less puzzling. The half-life estimates ares now 13.89 months with +0.05 standard de-
viation band, 13.09 months with +0.1 standard deviation band, and 9.30 months with
+0.2 standard deviation band, and these estimates are 56.93 - 71.17% lower than the
standard fixed effect estimate and 39.95 - 59.80% lower than the standard mean group
estimate.

One can argue that excluding invalid observations and decreasing the sample
size may be a less favorable econometric method to avoid biases because it may induce
an increase in the standard errors, indicating a loss of estimation accuracy. Especially,
excluding the invalid observations in time series analysis should be executed with care
because when regression estimation is over K lags, excluding one invalid observation
can result in excluding 2(K — 1) valid observations at most in estimation because K — 1
observations around the invalid observation can no longer be used in estimation.

However, despite the concern, excluding observations does not increase the
standard errors to the extent that it changes the analysis of the results. Applying de
facto regime dummy increases the standard errors from 0.0019 to 0.0025, which brings
upper bound of the confidence interval close to the estimate of the standard mean group

model. For the region of inaction dummy, although the standard errors increase as the
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region of inaction band expands, the size of increase still remains minimal; 0.0027 for
+0.05 standard deviation band, 0.0038 for +0.1 standard deviation band, and 0.0043
for 0.2 standard deviation band. When both dummies are combined,the increase in
standard errors is bigger because the number of invalid observations increases; 0.0068 for
+0.05 standard deviation band, 0.0074 for £0.1 standard deviation band, and 0.0155 for
+0.2 standard deviation band. Especially, the standard error of the estimate with both
de facto regime dummy and £0.2 standard deviation band region of inaction dummy
increases more than tenfold compared to the standard error of the standard mean group
estimate; however, the estimate is far enough from the standard mean group estimate
(and obviously the standard fixed effect estimate), so the confidence intervals of these
estimates do not overlap. Therefore, it implies that even though excluding some valid
observations may have lowered the accuracy of estimation, the new estimates are still

statistically lower than the estimates of previous studies.

2.4.1 Robustness check: Greece

For a robustness check, I estimate the persistence of real exchange rates only
for countries, which show similar price level volatilities. As we see Figure 2.1, Greece
shows much higher volatilities of terms of trade and nominal exchange rates compared
to other European countries, while maintaining a similar real exchange rate volatility.
The volatilities are consistent even under de facto fixed exchange rate regimes (Figure
2.1, right panel). This may imply that in Greece, price adjustments in both commodity

and currency are more active than other countries and that the real exchange rate
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Region of o Half-life % change % change
Model Inaction Zk:l Pisc.k (Months) (95% C.1) from Base from FE
Standard Panel
Base 0.979 (0.0011) 33.29 (30.0, 37.4) - -
Mean Group Panel
Base 0.971 (0.0019) 23.25 (20.5, 26.8) - -30.16
De facto Regime 0.967 (0.0025) 20.89 (18.1, 24.6) -10.15 -37.25
Steady RER +0.05 s.d.  0.967 (0.0028) 20.50 (17.5, 24.7) -11.83 -38.42
+0.1 s.d. 0.961 (0.0041) 17.57 (14.5, 22.3) -24.43 -47.22
+0.2 s.d. 0.957 (0.0043) 15.71 (13.1, 19.7) -32.43 -52.81
De facto Regime 40.05 s.d.  0.952 (0.0076) 14.10 (10.7, 20.6) -39.36 -57.65
& Steady RER +0.1 s.d. 0.954 (0.0059) 14.91 (11.8, 20.1) -35.87 -55.21
+0.2 s.d. 0.934 (0.0165) 10.25 (6.7, 20.7) -55.91 -69.21

* The number of lags are determined by Akaike information criterion (AIC) and Schwarz criterion (BIC).

Table 2.5: Real exchange rates persistence estimates in half-life (Excluding Greece)

mean-conversion is faster. Therefore, I estimate the persistence of real exchange rates
excluding Greece data. The results are reported in Table 2.5.

The results are consistent with previous results, except that the overall persis-
tence estimates are slightly higher than the previous ones. The standard fixed effects
panel estimate and the standard mean group estimate are 33.29 and 23.25 months re-
spectively; the estimates are higher, but they are statistically indistinguishable because
large ranges of the confidence intervals overlap with the ones estimated including Greece.

The estimation excluding invalid observations provides the results showing a
similar pattern. Including de facto regime dummy decreases the half-life estimate to
20.89 months that is slightly higher than the previous result of 19.81 months. Similarly
to the previous results, as the region of inaction bands expands, the half-life estimate

decreases. Employing both dummy variables provides the similar results. All esti-
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Region of « Half-life % change

Model Inaction Dk Piscik (Months) (95% C.I) from Base
Standard Panel

Base 0.979 (0.0011)  32.26  (29.2, 36.1) -

De facto Regime 0.976 (0.0014) 29.05 (25.9, 33.0) -9.96

Steady RER +£0.05s.d. 0.980 (0.0012)  34.42  (30.7, 39.1) +6.69

+0.1 s.d. 0.982 (0.0012) 37.98 (33.5, 43.9) +17.74

+0.2 s.d. 0.983 (0.0013) 40.78 (35.5, 47.9) +26.42

De facto Regime  £0.05 s.d.  0.976 (0.0015)  28.07  (24.9, 32.1) -13.99

& Steady RER +0.1 s.d. 0.978 (0.0016) 31.74 (27.8, 37.0) -1.31

+0.2 s.d. 0.979 (0.0016) 32.99 (28.6, 39.0) +2.26

* The number of lags are determined by Akaike information criterion (AIC) and Schwarz criterion (BIC).

Table 2.6: Real exchange rates persistence estimates in half-life (Fixed effects model)

mates are slightly higher than the ones reported in Table 2.4; however, the 80 - 90%
of confidence intervals overlap, and it implies that excluding Greece does not provide

statistically distinguished estimates.

2.4.2 Robustness check: Excluding invalid observations for fixed ef-

fects panel model

As another robustness check, the same dummies are applied to the fixed effects
panel model as in the following regression specification to test whether excluding invalid

observations improve the standard fixed effects estimates:

K
Qet = Ve + Z Pec,klct—k ° qu + Ect; (27)
k=1

and the estimation results are reported in Table 2.6.

Including de facto regime dummy decreases the half-life estimate from 32.26
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months to 29.05 months. Although the magnitude of decrease is only 9.96%, which is
less than 14.39% of mean group estimate, the direction of change is consistent with the
hypothesis and the standard error increases only by 0.0003, while the standard errors
of mean group estimate increases by 0.0008.

As the region of inaction band expands, however, the half-life estimate in-
creases: 34.42 months for +0.05 standard deviation band, 37.98 months for +0.1 stan-
dard deviation band, and 40.78 months for +0.2 standard deviation band. This pattern
is persistent when de facto regime dummy is employed: 28.07 months for +0.05 stan-
dard deviation band, 31.74 months for +0.1 standard deviation band, and 32.99 months
for £0.2 standard deviation band. The same lags are used for both fixed effects model
and mean group model, and therefore, it is assumed that excluding invalid observa-
tions aggravates the aggregation bias of the standard fixed effects panel estimation, and
more studies on econometric methodology are required to understand the features of

aggregation bias to explain such results.

2.5 Conclusion

The paper contributes to the PPP puzzle literature by considering whether
previous studies have used valid observations to study mean-reversion of real exchanges
rates. Calvo and Reinhart (2002) and Klein and Shambaugh (2008) suggest that de
jure exchange rate regime accounts for seemingly slow reversion of real exchange rates.

Therefore, by using de facto regime dummy — categorization code used in Calvo and
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Reinhart (2002) and Klein and Shambaugh (2008), lower half-lives of real exchange rate
conversion rates are estimated, compared to those of previous studies. The paper also
tests whether previous studies have investigated the real exchange rates data that are
within the region of inaction. Since mean-reversion of real exchange rates is not linear
in time due to different incentives for arbitrage, the estimate will suggest that the mean
reversion rate is slow, if we study the time-series data of real exchange rates which are
close to their means and therefore within the band of region of inaction. The standard
for a “large” mean-deviation in real exchange rates has not been set or studied in the
previous literature, and therefore I suggest three different conservative bands of region
of inaction around means; real exchange rates are defined to be in the regions of inaction
if they are within £0.05, 0.1, and +0.2 standard deviations from the means. Studying
the data of nineteen goods CPI for eleven countries provides empirical evidences to
these propositions. Including the exchange rates regime dummy decreases the half-life
estimate to 19.81 months and the region of inaction dummy decreases the estimates
to 15.22 - 20.54 months. Using both dummy variables elicits the results that make the
puzzle less puzzling; the half-life estimates are 9.30 - 13.89 months. Although the results
are promising, excluding invalid observations may not be an effective methodology for
standard fixed effects models. Rather, it seems aggravating the aggregation bias, and

further study on econometric methodology is needed to fully comprehend such results.
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Chapter 3

Cost of Floating Exchange Rates:

Should we fear to float?

3.1 Introduction

The advocates of floating exchange rate regime argue that fixed exchange rate
regimes result in sluggish growth economy, and more developing countries have switched
their exchange rate regimes from fixed to floating in recent years. (Batini et al., 2006;
Klein and Shambaugh, 2008) Since the choice of exchange rate regimes is a crucial part
of international monetary policies that are bound by the “trilemma,” it is necessary to
identify and characterize the costs of floating currency price levels to fully comprehend
the dynamics of optimal monetary policy portfolio. Such numerical estimation of costs
is useful for calibrating parameter values in theoretical studies.

A few empirical studies examine the effect of breaking exchange rate pegs and
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switching to the floating regimes. Alesina and Wagner (2006) find that switching ex-
change rate regimes from fixed to floating brings external costs into the economy. They
study the countries, whose de jure and de facto exchange rate regimes are different,
to investigate why countries employ different exchange rate regimes from their de jure
regimes. The authors argue that wide exchange rate fluctuations (especially devalua-
tions) are taken by markets as an indication of poor economic management and that
breaking pegs signal instability of the economy. The results are significant over 180
countries data, and they provide the empirical evidence that switching foreign exchange
rate regimes from fixed to floating induces costs in exercising monetary policy, such as
limitation in interest rate or capital control policies.

On the contrary, the findings in Jahjah et al. (2013) suggest the opposite
results; the paper studies how exchange rate regime affects the level of risk premium,
and finds that country spread is 88 basis points lower in the countries under floating
regimes than under fixed regimes. However, the results are based on the annual data,
which average out various effects of employing certain exchange rate regimes, and the
implication on the shorter-run costs of breaking pegs is still illusive.

In this paper, I use the event study framework on daily data to study the short-
term effect of switching exchange rate regimes on the country risk premium. Among
various costs and benefits of switching regimes, I focus on the foreign investor’s perspec-
tive, and investigate how country spreads change when countries (especially developing
countries) switch their exchange rate regimes from fixed to floating. Following the ar-

gument of Alesina and Wagner (2006), the study hypothesizes that foreign investors
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prefer steadier exchange rates and less uncertainties in the currency price movements,
and that they also consider breaking exchange rate pegs as central banks’ losing abilities
to keep their monetary stability promises.

The results of this study suggest that switching exchange rate regime from
fixed to floating results in increases in the risk premium in the short-run. The increase
in the risk premium can be interpreted as the additional cost of switching exchange
rate regimes because it implies that the price of foreign loans becomes more expensive
for local entrepreneurs, and as the entrepreneurs are financially more constrained, the
growth of economy eventually lingers.

Section 3.2 describes the empirical strategy; section 3.2.1 briefly describes event
study framework performed in this study, section 3.2.2 illustrates a basis of coding of de
facto exchange rate regime using the daily data, and section 3.2.3 provides a summary

description of the data set. Section 3.3 provides the results, and Section 3.4 concludes.

3.2 Empirical Strategy

3.2.1 Event study

Event studies are designed to estimate how asset prices react to economic
events that include new information relevant for the value of the underlying assets. In
this paper, I investigate the price index that represents the country risk premium around
the identified events, when countries loosen or lose their controls of foreign exchange

markets and switch their exchange rate regime from fixed to floating.
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Figure 3.1: Timeline for an event study

A timeline for a typical event study is shown in Figure 3.1. The interval from
Ty to T3 is the estimation period (or the pre-event period), where the normal return of
the price index (denoted as R) is estimated. The interval from T3 to T% is the event
period, and the abnormal return (denoted as AR) — the actual return compared to
the estimated return from the pre-event period — and the cumulative abnormal return
(denoted as CAR) are estimated in this period. Time 0 is the event date in calendar
time, and the interval from 75 to T3 is the post-event period.

In the event study, the abnormal returns are crucial measure to assess the
impact of an event. The abnormal return of event date t is defined as the difference of

the realized return and the expected return given the absence of the event:

ARt — Rt - E[Rt’Qt],

and it shows the effect of the event from other general market movements. It is con-
sidered that the event has a significant impact on the price index, if the estimated

abnormal returns during the event window are statistically different from zero. Aggre-
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gating abnormal returns across time (from t; to ¢2) provides the cumulative abnormal
return:

to
CAR(tl,tQ) - Z ARt,

t=ty
and it provides the cumulated impact on the price index during the sub-period of the
event window. I report both abnormal return estimates and cumulative abnormal return
estimates to illustrate the impact on the risk premium in different perspectives.

In this study, various ranges of estimation and event periods are investigated
because the nature of employing foreign exchange rate regimes; switching exchange
rate regime can be executed on a single day, such as the case of the Swiss National
Bank, which abandoned its peg on January 15th, 2015, but it can also take a few days
for a policy to be implemented and to take an effect in the foreign exchange market.
In addition, since we are interested in the times when de facto exchange rate regimes
switch, the days of events are identified based on the movements of the exchange rates,
and therefore, foreign investors may or may not recognize the events on the actual day
of policy implementation. Thus, it is necessary to investigate different sizes of windows

to observe the movements of country spreads around the series of events in this study.

3.2.2 Identification of regime-switching events

One of the crucial parts of this study is the identification of regime-switching

events. To identify the events of switching foreign exchange rate regimes, I use a similar
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Figure 3.2: Example of identification of exchange rate regime switching (South Africa)

methodology to that! is used in Calvo and Reinhart (2002) and Klein and Shambaugh
(2008); however, since their basis of coding is based on monthly data, I use a modified
standard for de facto exchange rate regimes. I define that the country keeps its exchange
rate peg (and managed peg) to the US dollars on a certain day when the exchange rate
of the day is within certain standard deviations (denoted as K) from the moving average
exchange rates of the past 10 months. In other words, the date of switching exchange
rate regimes is identified when the exchange rate of the day is outside of the band around
the 10-month moving average.

The study tests two different sizes of band: 3 moving-standard-deviation band
and 5-moving-standard deviation band. The sizes of band are selected to match the
numbers of exchange rate regime switching identified in Klein and Shambaugh (2008).
Since the data set provided by Klein and Shambaugh (2008) spans from 1973 only to

2004, the overlapping periods with the periods that this study investigates are limited.

!The country is having a fixed exchange rate regime if the month-end exchange rates stay within
+2.5% band for 10 months, and pegs that last less than 10 months are classified as floating.
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Therefore, I use the data from 2000 to 2004 to calibrate the numbers of switching
regimes, and use the standards to identify the events from 2004 to 2008 (2014 for Peru).
Despite that the data set (the nominal exchange rate data and the daily country spread
data?) for most countries is available from 1998, due to the instability of the foreign
exchange markets during the global financial crisis in emerging market economies in
1998 and 1999, I limit the periods of study to 2000 — 2008 (2014 for Peru).

Figure 3.2 provides an example of identification of de facto regime-switching
using nominal exchange rates of the South Africa rand against the US dollar. Between
2000 and 2014, 6 events under K = 3 band and 3 events under K = 5 band are
identified, and one can find that the dates are identified as events when there are spikes
after relatively flat movements of exchange rates for 10 months. The events under a
higher threshold of K = 5 are within the set of the events under a lower threshold of
K = 3; however, the dates of events under K = 5 may not perfectly align with the event
dates under K = 3 but they are lagged for a few days. Because it takes a few days for a
currency price to fully depreciate, under a lower threshold, the event can be recognized

earlier than under a higher threshold.?

3.2.3 Data

As a measure of sovereign credit risk, this study uses the J.P. Morgan Emerg-
ing Market Bond Index (EMBI+), the major index of foreign currency emerging market

economy sovereign bond spreads. The EMBI+ is created as a benchmark that would

2Detailed description is provided in the next section 3.2.3.
3This is another reason why it is necessary to investigate various sizes of estimation and event window.
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reflect returns from price gains and interest income on a “passive” portfolio of traded
emerging markets debt, and it is constructed as a composite of its four markets: Brady
bonds, Eurobonds, US dollar local markets, and loans. The index reflects the country
risk but is independent from the exchange risk because the index presents the spread be-
tween the dollar-denominated bonds and the US Treasury bill. For this reason, EMBI+
is often used in the sovereign risk literature*, and it fits well with this study as I in-
tend to extract investor’s sentiment from country’s exchange rate policy change on the
sovereign risk, which requires a measure that is highly correlated with sovereign risk
and independent from (or less correlated with) the exchange risk. In other words, when
the central banks break exchange rate pegs by loosening (or losing) controls over local
currency prices, EMBI+ is expected to show zero abnormal returns, unless investors
consider the volatile exchange rates as a signal of instable economy.

This study examines the data of 10 developing countries: Argentina (ARG),
Brazil (BRA), Bulgaria (BGR), Colombia (COL), Indonesia (IDN), Mexico (MEX),
Peru (PER), Turkey (TUR), Ukraine (UKR), and South Africa (ZAF). The summary
description of EMBI+ of these countries is provided in Table 3.1. The levels of EMBI+
vary across countries; for example, the average EMBI+ of Argentina is 2201.49, while
the one of South Africa is 158.12. However, since I examine the daily return of EMBI+,
the estimation results are independent from the different average levels®; the results in

section 3.3.3, where I present estimation results without Argentina observations as a

4See Kaminsky et al. (2002), Remolona et al. (2008), Gapen et al. (2008), Hilscher and Nosbusch
(2010).

For a visualization purpose, I use the standardized measure to present the time series around the
events.
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Country # of Obs Average Std Dev Min Max Range of available data
Argentina 2752 2201.49 2315.06 185 7220 Jan 02, 1998 Dec 23, 2008
Brazil 2752 664.28 418.67 138 2436 Jan 02, 1998 Dec 23, 2008
Bulgaria 2752 338.81 312.65 42 1679 Jan 02, 1998 Dec 23, 2008
Colombia 2401 441.71 211.96 95 1094 May 28, 1999 Dec 23, 2008
Indonesia 538 309.71 195.73 141 1152 Nov 01, 2006 Dec 23, 2008
Mexico 2752 298.04 183.95 71 1160 Jan 02, 1998 Dec 23, 2008
Peru 4222 335.56 206.87 91 1061 Jan 02, 1998 Sep 04, 2014
Turkey 2358 468.50 249.33 164 1194  Jul 30, 1999 Dec 23, 2008
Ukraine 1848 421.19 408.23 91 2713 Aug 10, 2001 Dec 23, 2008
South Africa 1673 158.12 109.70 50 805 Apr 30, 2002 Dec 23, 2008
Total 24048 605.80 1012.28 42 7220

Table 3.1: Summary description of EMBI+ of 10 developing countries from January
2nd, 1998 to December 23rd, 2008

ARG BRA BGR COL IDN MEX PER TUR UKR ZAF Total
K=3 6 8 3 7 6 5 6 6 5 6 58
K=5 2 2 0 1 4 1 1 2 3 3 19

Table 3.2: Number of identified events of exchange rate regime switching from fixed to
floating in 10 developing countries from January 3rd, 2000 to September 4th, 2014

robustness check, show that the estimated abnormal returns are not sensitive to the
differences in the overall average EMBI+ across countries.

I follow the basis of coding illustrated in section 3.2.2 to identify the dates
of events, and the numbers of events identified are reported in Table 3.2. Figure 3.3
uses the example in Figure 3.2 to provide an example of how EMBI+ responds around
the events. Since the daily South African EMBI+ data is only available from April
30th, 2002 to December 23rd, 2008, the index is evaluated around three events (one
event with the higher threshold). The South African example shows that a depreciation
of exchange rates raises a concern over the country credit, which is reflected in the

upward movements of EMBI+ around the events. The same exercises are performed
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Figure 3.3: Example of identification of exchange rates regime switching and EMBI+
around the events (South Africa)

on 9 other countries, and I find the average returns of EMBI+ around the events to

4

evaluate whether the spreads “jump” or show abnormal returns that are statistically

different from zero, when exchange rate regimes switch.

3.3 Results

In this section, I present the results in two ways; section 3.3.1 provides plots of
EMBI+ and standardized EMBI+ around the events of regime-switching, and section
3.3.2 provides the abnormal returns and cumulative abnormal returns. As a robustness
check, I present the results without the observations of Argentina in section 3.3.3, and

I present the plots around the events with longer-term windows in section 3.3.4.
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Linear / Quadratic / Cubic discontinuity Linear discontinuity in event window
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Figure 3.4: Discontinuity (linear, quadratic, and cubic) of EMBI+ around the events
identified under K = 3

3.3.1 EMBI+ around the events

The plots of EMBI+ around the events provide the visual presentation that
breaking pegs increases the country risk premium and eventually induces additional
costs that monetary authorities should consider.

In Figure 3.4, I present the plots of the country spread discontinuity around
the events under K = 3. The left panel presents the linear, quadratic, and cubic
regression estimations before and after the events, which illustrate the discontinuities
in expected values of EMBI+ around the events. The discontinuity is clear; the size

of discontinuity ranges from 35.97 basis points to 81.34 basis points. The right panel
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Figure 3.5: Discontinuity (linear, quadratic, and cubic) of EMBI+ around the events
identified under K =5

provides the linearly fitted line within the event period (4 5 days around the events) to
highlight the difference among the rates of change in EMBI+ before the event, during
the event, and after the event, and it provides another visual evidence showing that
EMBI+ increases in a much faster rate during the event period compared to pre-event
and post-event periods.

During the events identified under a higher threshold (K = 5), the discontinu-
ities are more evident as shown in Figure 3.5; the size of discontinuity ranges 141.11 -
165.49 basis points. We can also find that the trend of EMBI4+ movement changes after

the event, and the results align well with the argument of Fiess and Shankar (2009),
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Linear / Quadratic / Cubic discontinuity Linear discontinuity with event window
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Figure 3.6: Discontinuity (linear, quadratic, and cubic) of standardized EMBI4 around
the events identified under K = 3

which finds that the countries often break their exchange rate pegs to lessen the pres-
sure of maintaining fixed regimes on other macro variables. Figure 3.5 shows that the
country spread increases, when the pressure on the foreign exchange market becomes
higher, and when countries switch their regimes and exchange rates start floating, the
country risk premium spikes because of the uncertainty in exchange rates and its poten-
tial impact on sovereign risk; however, it becomes stabilized afterwards. Such findings
are consistent during the events under K = 3 and K = 5 thresholds.

Due to the potential bias towards countries with high levels of EMBI+, such as

Argentina, I also provide the plots of standardized EMBI+ around the events in Figure
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3.6 and Figure 3.7, where the standardized EMBI+ is computed as following:

EMBI+.; — a(EMBI+).
6(EMBI+)..

Std. EBMI+; =

A(EMBI+ ), is the sample average of EMBI+ of country ¢, and 6 (EMBI+ ). is the sample
standard deviation of EMBI+ of country c¢. Unifying the units to the standardized
deviation from its mean allows to compare EMBI+ of different groups.® Similarly to
the previous graphs, the standardized EMBI+ shows discontinuity around the events
identified under K = 3. Although the discontinuity of estimates is not as apparent
(0.038 - 0.236 standard deviations) as seen in Figure 3.4, especially the one with cubic
functions, the change in trend of standardized EMBI+- is clear as we can see in the right
panel of Figure 3.6.

Figure 3.7 presents the discontinuity of standardized EMBI+ around the events
identified under K = 5 threshold, and the discontinuity is clearer; the discontinuity esti-
mates range from 0.257 to 0.525 standard deviations and the slope estimate of EMBI+
trend increases from 0.017 (0.0039) to 0.074 (0.0452). As the more distinct events are
filtered, the clearer feedbacks from investors can be identified.

Overall, the plots in this section provide visual presentations of positive dis-
continuities of EMBI+, when countries switch their exchange rate regimes from fixed
to floating. In the next section, I provide the abnormal return estimates with various

sizes of estimation and event windows.

SStandardizing is not necessary for abnormal return and cumulative abnormal return estimation in
section 3.3.2 because the estimates are computed on the daily returns of EMBI+, not on the absolute
value of EMBI+.
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Linear / Quadratic / Cubic discontinuity Linear discontinuity with event window
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Figure 3.7: Discontinuity (linear, quadratic, and cubic) of standardized EMBI4 around
the events identified under K =5

3.3.2 Abnormal returns and cumulative abnormal returns

In Table 3.3, I provide the abnormal return estimates (AR) and the cumulative
abnormal retrun estimates (CAR) with different estimation (pre-event) and event win-
dow sizes. The time periods, Ty, 11, and T> denote the days from events as illustrated
in Figure 3.1. The table reports the estimates under K = 3 and K = 5 thresholds and
the corresponding test statistics of the estimates, tx—3 and tx—5. The test statistics are

computed based on the null hypotheses that the abnormal returns and the cumulative
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Time periods AR CAR

To Tv T3 K=3 tk—3 K=25 tk—5 K=3 tk—3 K=25 tk—5
-40 -5 5 0.011 4.096 0.018 3.728 0.118 11.816 0.203 9.716
-40 -3 3 0.009 2.989 0.017 2.960 0.064 6.065 0.120 5.260
-40 -2 2 0.009 T 2.540 0.013 1.999 0.045 4.041 0.067 2.688
-40 -1 1 0.018 3.973 0.023 2.809 0.053 4.755 0.070 2.842
-40 0 3 0.013 3.298 0.020 2.666 0.053 5.280 0.082 3.863
-40 0 5 0.014 4.088 0.020 3.154 0.087 8.595 0.130 6.176
-40 -3 0 0.011 2.778 0.026 3.643 0.042 3.706 0.103 5.552
-40 -5 0 0.011 3.289 0.023 3.925 0.063 6.168 0.140 8.824
20 -5 5 0.010 2.972 0.018 2.642 0.113 11.365 0.200 9.548
20 -3 3 0.008 T 2.102 0.016 T 2.060 0.056 5.399 0.110 4.851
20 -2 2 0.008 1 1.792 0.011 1 1.291 0.039 3.543 0.056 1 2.261
20 -1 1 0.017 3.207 0.022 1 2.071 0.051 4.671 0.066 2.674
-20 0 3 0.012 2.587 0.018 1 1.878 0.050 5.069 0.077 3.613
-20 0 5 0.013 3.262 0.018 1 2.202 0.087 8.731 0.128 6.085
20 -3 0 0.009 T 1.924 0.024 2.660 0.036 3.174 0.098 5.266
20 -5 0 0.009 2.300 0.023 2.879 0.056 5.515 0.138 8.702
-60 -5 5 0.012 5.372 0.022 5.075 0.136 13.515 0.240 11.442
-60 -3 3 0.011 4.004 0.021 4.045 0.077 7.215 0.144 6.331
-60 -2 2 0.011 3.431 0.017 2.876 0.055 4.885 0.086 3.428
-60 -1 1 0.019 4.751 0.027 3.604 0.057 5.128 0.080 3.259
-60 0 3 0.015 4.112 0.023 3.535 0.059 5.945 0.096 4.518
-60 0 5 0.015 5.102 0.024 4.205 0.096 9.507 0.150 7.111
-60 -3 0 0.013 3.634 0.029 4.633 0.050 4.331 0.117 6.301
-60 -5 0 0.012 4.273 0.027 5.071 0.074 7.074 0.160 10.067

t: test-statistics less than 2.58 (Not statistically significant at 99% confidence level)
1: test-statistics less than 1.96 (Not statistically significant at 95% confidence level)

Table 3.3: Abnormal return and cumulative abnormal return estimates with different
pre-event and event window sizes; T - T7: Pre-event window and 17 - T5: Event window

abnormal returns are equal to zero’; I reject the null hypotheses and confirm that the
abnormal returns and the cumulative abnormal returns of EMBI+ around the events of
exchange rate regime switching are statistically different from zero, if the test statistics
are greater than 1.96 for 95% confidence level and 2.58 for 99% confidence level.

The results in Table 3.3 show that the abnormal return estimates are statisti-

"The test statistic for CAR is computed as following:
CAR/N

6(AR)/VN’

where 6(AR) is the sample standard deviation of abnormal returns, and N is the number of events.
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cally significant with few exceptions, which are marked as  and {. The size of abnormal
return estimates under K = 3 thresholds ranges from 0.009 to 0.019, and these estimates
indicate that the returns of EMBI+ are 17.99 - 166.82% higher during the periods of
switching exchange rate regimes, compared to the expected returns, which range from
0.0036 to 0.0075. The abnormal return estimates are higher around the events identified
under higher thresholds (K = 5); we expect more distinct feedbacks from the investors,
when the exchange rates depreciate higher. The size of abnormal return estimates under
K =5 thresholds ranges from 0.011 to 0.029; the returns of EMBI+ are 8.31 - 225.85%
higher during the periods of switching exchange rate regimes.

As the abnormal return estimates are statistically significant, the cumulative
abnormal return estimates, which are the sum of the abnormal returns during the event
periods, are statistically different from zero, with one case of exception (Tp = —20,
Ty, = —2, Ty = 2). Therefore, the results imply that there are short-term cumulative
impacts on investor’s sentiment on sovereign risks, when countries loosen or lose controls
over the exchange rates, and that such impacts are expressed as over 100% increases in
the daily rate of returns in EMBI+. In other words, when a country breaks its exchange
rate peg, the price of foreign loans becomes more expensive for local investors, which
incurs additional short-term costs to the economy because local entrepreneurs become

financially constrained.

89



Time periods AR CAR

To T T3 K=3 tk—3 K =25 tk—5 K=3 tk—3 K =5 tk—5
-40 -5 5 0.010 3.763 0.019 3.728 0.108 10.443 0.199 9.297
-40 -3 3 0.008 {1 2.493 0.016 2.739 0.052 4.880 0.108 4.746
-40 -2 2 0.006 1 1.625 0.010 f1.458 0.028 1 2.553 0.047 1.936
-40 -1 1 0.013 2.881 0.020 7 2.359 0.038 3.896 0.058 2.702
-40 0 3 0.013 3.156 0.024 3.273 0.050 5.211 0.096 4.756
-40 0 5 0.014 4.089 0.025 3.818 0.086 8.520 0.150 7.217
-40 -3 0 0.007 §1.723 0.018 T 2.457 0.026 T 2.140 0.070 2.676
-40 -5 0 0.008 { 2.412 0.019 3.044 0.046 4.238 0.108 4.701
-20 -5 5 0.010 2.751 0.017 1 2.397 0.104 10.147 0.196 9.133
=20 -3 3 0.007 1 1.738 0.013 1 1.689 0.045 4.294 0.099 4.336
=20 -2 2 0.005 1 1.069 0.006 0.702 0.022 71 2.091 0.036 1.495
=20 -1 1 0.013 {1 2.348 0.017 {1.592 0.037 3.837 0.054 T 2.508
-20 0 3 0.012 1 2.552 0.022 1 2.273 0.047 5.063 0.091 4.493
-20 0 5 0.014 3.361 0.022 2.623 0.087 8.778 0.148 7.125
-20 -3 0 0.005 f1.077 0.015 f1.572 0.019 1 1.640 0.064 12472
-20 -5 0 0.007 11.614 0.017 T 2.003 0.039 3.625 0.106 4.618
-60 -5 5 0.012 4.846 0.022 4.967 0.126 12.090 0.236 10.982
-60 -3 3 0.010 3.332 0.019 3.710 0.065 6.025 0.133 5.816
-60 -2 2 0.008 1t 2.325 0.014 12.209 0.037 3.433 0.065 2.702
-60 -1 1 0.015 3.443 0.023 3.031 0.427 4.310 0.068 3.183
-60 0 3 0.014 3.837 0.028 4.108 0.057 5.906 0.110 5.443
-60 0 5 0.016 4.962 0.028 4.834 0.095 9.429 0.170 8.164
-60 -3 0 0.009 12.364 0.021 3.232 0.034 2.740 0.084 3.211
-60 -5 0 0.010 3.165 0.022 3.980 0.056 5.095 0.128 5.559

t: test-statistics less than 2.58 (Not statistically significant at 99% confidence level)
1: test-statistics less than 1.96 (Not statistically significant at 95% confidence level)

Table 3.4: Abnormal return and cumulative abnormal return estimates with different
pre-event and event window sizes; T - T7: Pre-event window and 17 - T5: Event window
/ Excluding Argentina observations as a robustness check

3.3.3 Robustness check: Argentina

The average level and the standard deviation of EMBI+ of Argentina are
much higher than the ones of other countries in the sample, as seen in Table 3.1, and
one can argue that the returns of Argentina EMBI+ may bias the estimates upwardly.
Therefore, I find the abnormal return and the cumulative abnormal return estimates,
excluding the observations of Argentina as a robustness check.

The estimation results are reported in Table 3.4. More test-statistics of ab-
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normal returns fall under the 1.96 or 2.58 thresholds compared to Table 3.3; however,
for K = 3, 18 cases (out of 24 cases) still reject the null hypothesis at 95% confidence
level, and for K = 5, 20 cases reject the null hypothesis at 95% confidence level. In
addition, the cumulative abnormal return estimates still indicate the statistical signif-
icance of cumulative impacts of breaking the peg; 21 cases in K = 3 and 22 cases in
K =5 present statistically significant estimates of cumulative abnormal returns at 95%

confidence level.

3.3.4 Robustness check: Long-term effect

The results in the previous sections suggest an argument contrary to the results
of Jahjah et al. (2013), which use the same measure of country spread to gauge the
impact of switching regimes. One of the main differences between their study and this
study is that the authors construct econometric models to find the longer-term effect
of implementing different exchange rate regime policies using the annual data, while
this study presents the shorter-term effect by focusing on the daily change of country
spreads, when the country switch its exchange rate regime.

Figure 3.8 presents the movement of standardized EMBI+ around the events
in longer horizons of 80 days of pre-event and post-event windows and 120 days of pre-
event and post-event windows. Examining the trends over longer periods provides crude
evidence that switching the exchange rate regime indeed brings down the country spread
in the long-run, as the linear, quadratic, and cubic trends within post-event periods in

all four plots in Figure 3.8 are downwardly sloped. The event study framework is no
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Figure 3.8: Discontinuity (linear, quadratic, and cubic) of standardized EMBI4 around
the events with 80 days of pre-event and post-event windows (left panels) and 120 days
of pre-event and post-event windows (right panels) (top panels are for K = 3 and
bottom panels are for K = 5)

longer a best-fitting econometric tool with this time-horizon because it is designed to
capture the short-term impact of policy change or announcement and it is not able
to control for other policy instruments that might have been effective in longer terms.
However, these plots hint the idea that the optimal monetary policy portfolio including
loosening controls over the foreign exchange market may have been implemented and

eventually induced the improvement in EMBI+.
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3.4 Conclusion

This paper studies the short-term cost of switching the exchange rate regime
from fixed to floating by investigating the country spread in the event study framework.
I use EMBI+ as a measure of the country spread that is independent from exchange risk
to extract the investor’s sentiment on the sovereign risk during the events of breaking
pegs.

While the findings of Jahjah et al. (2013) suggest switching exchange rate
regime from fixed to floating lowers the price of foreign loans and relaxes financial con-
straints of local investors in the long-run, the results of this paper indicate that the effect
of switching regime is unfavorable in the shorter-run, and it rather increases the price
of foreign loans, which is reflected as the increase in the rate of returns of EMBI+. The
abnormal return estimate ranges from 0.0036 to 0.0075 and the cumulative abnormal
return estimate ranges from 0.036 to 0.240, which imply 8.31 - 225.85% increase in the

returns of EMBI+ during the periods of breaking the peg.
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Appendix A

Appendix for Chapter 1

A.1 Derivations of demand functions

Suppose C(j) = (PH’it(j))ie Ch ¢, then using (1.4), we have
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Since I previously defined in (1.14) that

Therefore

Again, suppose C;; = (5;;)_7 CFy, then using (1.5), we have

~
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Since I previously defined in (1.15) that

1
Pry = ( / P=gi
0 b

1
= rp,= ([ Piai)
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1
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Therefore

A.2 Derivation of budget constraint

First term of (1.7) is

1 1 P N\ "€
/ Py 1(3)Ch(5)dj :/ P4 (;’t(j)> CH,dj
0 0 H 1

1
= Cu, P, /0 Py o()1dj

and (1.14) provides

1
Py, /0 Pry(j)'~“dj = Puy

therefore

1
/0 Pr()Cr4()dj = PrsClas
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Similarly,

/Pzt d]— i,tCi,t

Suppose that fol P; 1C; 1di = PpyCFy, then using (1.18), we have
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Since we defined in (1.15), we verify that fol P,;;C;di = PpiCry, and therefore the

second term of (1.7) is

//Pzt djdl PF,tCF,t

The optimal allocation of expenditures between domestic and imported goods

is given by

P, P,
cHt_(1—a)(]§’tt) Ci; th_a(]ftt) c.. (A1)

Combining (1.9) and (A.1), then we have

Py Crt + PpiCry = PCy, (A.2)
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and the proof is given as following: Suppose Py :Ch: + PriCry = PiCy, then using

(A.1), we have

P, - P, -
Pgi(1 - a) <gt) Ci + Pria (?) Cy = PCy
t t

= (1—a)Py,'P'+aPy,"P! =P,
1-n 1-n _ pl—-m
= (1-a)Py, +aPp,' =P,

_1
= Pi=|(1-a)Py+aPr"| T,

and therefore we verify that Py Cy + PriCry = PCy.

Since we treat the rest of the world as symmetric countries,
1 . 1 . . ~
| BuDisdi= B [ B () (460D = i Ry (147) (1460 %1 ]

With the assumptions of 77 = 0 (V¢) and ¥ = 0 (V) we have the following budget

constraints,
P,Cy + Dyp1+EyDf | < WiNy + 11 + Ty + Ry 1Dy + R Ey DY,

where

R = Rf(1+7)(1+EN)T,.

98



A.3 Derivation of the Loss Function

A.3.1 Utility of consumption

Backus-Smith condition is log-linearized as following

1

Ct = 610y Q7
= logC; =log ©; + log C; + o log Q;
= ag=0+c +oq

= =0+ +aq (fo=1) O

Goods market condition is

P\ 7" ! Py - P}i?t B
Y, =(1- : C L . Cid
t = ( 04)( 2 ) t+04/0 EiiPL, P tat

P, Py
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1
and since C; = 0:C; Q)7 ,

Y, =(1-a) <Pt> 0:C{Q: + (ﬁ) E;Cf
= Y= (1-a)S0.C + aS.C;
= Y, =5/ [(1-a)O:+q]
= logY; =log S; +log Cf + log[(1 — @)O; + a]

= st:yt—c;f—(l—a)Qt—%a(l—a)Qf O
Combining (1.12), (A.3), and (A.4), we have
a=ac;+(1—a)y +a2—a)b — %a(l — a)%0?
and its natural allocation is
& =ac + (1 —a)g +a2—a)f, — %a(l —a)%6?,
then expression of home consumption in gap is

~ 1 _
G=c—c=1—-a)r;+a2—a)b — ia(l —a)%(0? - 6?)
~ 1 _ _
= (1 — O[)l’t + Oé(2 — Oé)et — 50&(1 — 01)2(0)5 — Gt)(et + 9,5)

o 1 A _ _ ~
= (1 — Oé).i(}t + a(2 — 04)915 — 50&(1 — 06)2(915(915 + 2915) ( 0, = 0; + (915)
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As o = 1, the utility of consumption becomes

Ol—o
U(Gr) = ; L

— A~

~1og(Cy) = ¢t = ¢ + &

— 0

A 1 A A —
=+ (1—a)r+a(2—a)b — 504(1 — a)?0,(0; + 26y) (A.8)

A.3.2 Disutility of labor

The disutility of labor can be expressed by the second-order approximation

NtHd) e U .2
V(Ny) = 1+ ~Vi+ Vi N nt+§(1+¢)nt

Labor market clearing condition (1.44) is now

Ve (Y Pus)\
N, = =% LAY
T A ( Py 4

= log Ny =logV; — log A + log

= ny =Yy —a;+u, where u; =log

Since the productivity is assumed to be stable over time and the following holds at

steady state

we have
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Then I can rewrite the second-order approximation to the disutility of labor as

1+¢

= 1
V) = 1o = it VN fan o+ 51+ 0022 (410

=

<

A.3.3 Loss function

Under the optimal subsidy scheme assumed, the optimality condition V/N; =

1 — « holds for all t. Then, the period utility is

U(Cr) = V(Ny)

~ 1 A A _
=c + (1 — Oé).%'t + Oé(2 — Od)(gt — 5&(1 — 06)2915(915 + 291&)

—Vi—(1-a) {a:t—i-ut—i—;(l—i-(b)x?}
=—(1-a) {ut + %(1 + ¢)x? + %a(l — )204(0; + 26;) — OM} + ti.p.,

where t.i.p. denotes terms independent of policy, which include constant terms.

Woodford (2001) shows
€ .
w =1+ Svar{pay(i)} + ol fal),

where o(||a||?) refers to terms of third or higher order. Under Calvo pricing assumption,

we have

o 1 (o@)
> Bloardpu(i)y = = > B'why,
=0 g
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where k = M. Then I get the following expression for the objective function:

1— oo o 92— a) -
L=-—"F> 8 {em%” +(1+¢)a2 + a(l — a)dy(f, + 26,) — O‘(a)at}.
2 = Kk 1«

Now I use a second order approximation of the budget constraint to replace

the linear term ét in the objective function. A second order approximation for nz; is
Lo
nry = —a | 0 + §9t

then, a second order approximation for the budget constraint can be expressed as fol-
lowing:

0o R 1. . B
Eo 3 {0+ 50,0, +20) } =
t=0

so we can replace the linear term in the objective function as following;:

11—«
2

L=-—

> € 2 —« A A _
EOZBt{T{'%Lt‘F(l‘FQb)ﬂ??‘Fa(l +].Oé) Ht(9t+20t)}
=0 K e
or up to a constant

1—a)(l+ C- j 1 0
L= —WEO Zﬁt {arW%{,t + x? + 049(915 + 91&)2} )
t=0

where o, = m and ag = ﬁ (%:—g +1- a), and therefore the objective function
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that the social planner minimizes is expressed as following:

= 1 1 1 . -
EOZBt{2a7T7T}2'—I,t+ 2$%+2O{9(9t—|—9t)2} ]
t=0
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