........
o .

L]

i ADBInstitute

ADBI Working Paper Series

The Financial Crisis, Rethinking of
the Global Financial Architecture,
and the Trilemma

Joshua Aizenman, Menzie
D. Chinna, and Hiro Ito

No. 213
April 2010

Asian Development Bank Institute



Joshua Aizenman is a professor at the University of California at Santa Cruz and a
research associate at the National Bureau of Economic Research. Menzie D. Chinn is a
professor at the University of Wisconsin’s Robert M. La Follette School of Public Affairs
and a research associate at the National Bureau of Economic Research. Hiro Ito is an
associate professor at Portland State University.

This paper was prepared for the ADBI conference: “Global Financial Crisis:
Macroeconomic Policy Issues” on 28-29July 2009. The authors thank Yung Chul Park,
Masahiro Kawai, Shinji Takagi, Ajay Shah, Shin-ichi Fukuda, and the participants at the
conference for their useful comments and suggestions. The financial support of faculty
research funds of the UCSC, UW-Madison, and PSU is gratefully acknowledged. This
paper was drafted when Mr. Ito was visiting ADBI; thanks go to ADBI for its hospitality
and financial support.

The views expressed in this paper are the views of the authors and do not necessarily
reflect the views or policies of ADBI, the Asian Development Bank (ADB), its Board of
Directors, or the governments they represent. ADBI does not guarantee the accuracy of
the data included in this paper and accepts no responsibility for any consequences of
their use. Terminology used may not necessarily be consistent with ADB official terms.

The Working Paper series is a continuation of the formerly named Discussion Paper series;
the numbering of the papers continued without interruption or change. ADBI's working
papers reflect initial ideas on a topic and are posted online for discussion. ADBI encourages
readers to post their comments on the main page for each working paper (given in the
citation below). Some working papers may develop into other forms of publication.
Suggested citation:

Aizenman, J., M. D. Chinn, and H. Ito. 2010. The Financial Crisis, Rethinking of the Global
Financial Architecture, and the Trilemma. ADBI Working Paper 213. Tokyo: Asian
Development Bank Institute. Available: http://www.adbi.org/working-
paper/2010/04/19/3657 .financial.crisis.gfa.trilemma/

Please contact the author(s) for information about this paper.

Joshua Aizenman: jaizen@ucsc.edu

Menzie D. Chinn: mchinn@lafollette.wisc.edu

Hiro Ito: ito@pdx.edu

Asian Development Bank Institute
Kasumigaseki Building 8F

3-2-5 Kasumigaseki, Chiyoda-ku
Tokyo 100-6008, Japan

Tel: +81-3-3593-5500
Fax: +81-3-3593-5571
URL: www.adbi.org
E-mail: info@adbi.org

© 2010 Asian Development Bank Institute


mailto:jaizen@ucsc.edu
mailto:mchinn@lafollette.wisc.edu
mailto:ito@pdx.edu

ADBI Working Paper 213 Aizenman, Chinn, and Ito

Abstract

This paper extends our previous paper (Aizenman, Chinn, and Ito 2008) and explores some
of the unexplored questions. First, we examine the channels through which the trilemma
policy configurations affect output volatility. Secondly, we investigate how trilemma policy
configurations affect the output performance of the economies under severe crisis situations.
Thirdly, we look into how trilemma configurations have evolved in the aftermath of economic
crises in the past. We find that trilemma policy configurations and external finances affect
output volatility mainly through the investment channel. While a higher degree of exchange
rate stability could stabilize the real exchange rate movement, it could also make investment
volatile, though the volatility-enhancing effect of exchange rate stability on investment can be
cancelled by holding higher levels of international reserves (IR). Greater financial openness
helps reduce real exchange rate volatility. These results indicate that policymakers in a more
open economy would prefer pursuing greater exchange rate stability and greater financial
openness while holding a massive amount of IR. We also find that the “crisis economies”
could end up with smaller output losses if they entered the crisis situation with more stable
exchange rates or if they continue to hold a high level of IR and maintain greater exchange
rate stability during the crisis period. Lastly, we find that developing countries are often found
to have decreased the level of monetary independence and financial openness, but
increased the level of exchange rate stability in the aftermath of a crisis, especially for the
last two decades. This finding indicates how vulnerable developing countries, especially
emerging market ones, are to volatile capital flows as a result of global financial liberalization.

JEL Classification: F15, F21, F31, F36, F41, 024
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1. INTRODUCTION

The global financial crisis that began in 2008 in the United States (US), but spread far and wide
across borders, had dire consequences for economic growth. While the extent of economic
damage varied across countries, economists agree that the current downturn is the worst since
the Great Depression. Even now, in the fall of 2009, there are only limited signs that global
recession has ended.

Just as the traumas of the Great Depression and World War Il underpinned an initiative to set
up a stable international financial architecture, the ongoing crisis has sparked a call for action.
That action began with the October 2008 meeting of the G20. But that meeting took place in the
midst of the financial panic. As the G20 prepared to meet in Pittsburgh, it seemed that the time
was ripe for a comprehensive reevaluation of the international financial architecture — one that
would probably be accompanied by changes in the macroeconomic policy combinations
adopted by countries.

Whatever configuration of international financial architecture policy leaders consider, they
cannot avoid confronting the central policy trilemma in international finance, the existence of the
“impossible trinity.” The trilemma thesis states that a country simultaneously may choose any
two, but not all, of the following three goals: monetary independence, exchange rate stability,
and financial integration.

A number of different international monetary and financial arrangements have been in place
since the gold standard system. Each set of arrangements imposed different choices on
countries. The Bretton Woods system sacrificed capital mobility for monetary autonomy and
exchange rate stability. The Euro system is built upon the fixed exchange rate arrangement and
free capital mobility, but abandoned monetary autonomy of the member countries. Until
recently, developing countries largely pursued monetary independence and exchange rate
stability, at the expense of financial openness.

Although the trilemma has widespread adherence in both policy and academic circles, there has
been almost no empirical work testing the concept. Our previous paper (Aizenman, Chinn, and
Ito 2008) is one of the few exceptions.® In that paper, we first developed the “trilemma indexes”
that quantify exchange rate stability, monetary independence, and financial openness. Using
these indexes, we have shown that the major crises in the last four decades—the collapse of
the Bretton Woods system, the debt crisis of 1982, and the Asian crisis of 1997-98— caused
structural breaks in the configuration of the trilemma indexes. We also tested whether the
indexes are linearly related to each other and confirmed that a change in one of the trilemma
variables induces a change with the opposite sign in the weighted average of the other two. This
means countries do face a trade-off of the three policy choices. Armed with these results, we
feel confident in predicting that the present turbulence in the global financial markets will
challenge the current configuration of trilemma choices among countries.

In Aizenman, Chinn, and Ito (2008), we also investigated the normative question of how the
policy choices among the three trilemma policies affect macroeconomic performances such as
output volatility, inflation volatility, and the average rate of inflation. We found countries with
higher levels of monetary independence tend to experience lower output volatility. We also
found that emerging market economies with higher levels of exchange rate fixity tend to
experience higher output volatility, though this effect can be mitigated if they hold international
reserves at a level higher than 19-22% of gross domestic product (GDP). This result is

! Of course, the notable exceptions include the papers by Obstfeld, Shambaugh, and Taylor (2005, 2008, and 2009)
and Shambaugh (2004).
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consistent with the observation of many emerging market countries holding massive foreign
exchange reserves.

We also found that countries with greater monetary autonomy tend to experience higher
inflation, while countries with higher exchange rate stability tend to experience lower inflation.
Furthermore, financial openness helps a country to experience lower inflation, possibly
indicating that globalization gives developing countries more discipline than monetary autonomy
to a country’s macroeconomic management.

While our previous paper shed important light on how the choices between trilemma policies
can affect macroeconomic performance, we did not address other important questions relevant
to the ongoing financial crisis. This paper deals with those questions. We first identify the
channels by which the trilemma policy choices affect output volatility. Second, we focus on the
performance of the economies in crisis, and investigate how trilemma policy configurations
affect the output loss experienced by these economies. Thirdly, we look into how trilemma
configurations have evolved in the aftermath of economic crises in the past, hoping to get some
implications for the current crisis.

Section 2 reviews the development of policy configurations based on the trilemma using our
“trlemma indexes” (Aizenman, Chinn, and Ito 2008). In Section 3, we revisit the statistical
analysis of the effect of trilemma policy configurations on macroeconomic performances,
namely, output volatility, inflation volatility, and the average rate of inflation, and focus on the
channels through which international macroeconomic policy configurations affect output
volatility. In Section 4, we investigate the determinants of output losses when a country
experiences an economic hardship, not necessarily currency or banking crises. Section 5
concludes.

2. DEVELOPMENT OF THE TRILEMMA DIMENSIONS

In Aizenman, Chinn, and Ito (2008), we demonstrated that major crises in the last four
decades—the collapse of the Bretton Woods system, the debt crisis of 1982, and the Asian
crisis of 1997-98—caused structural breaks in the trilemma configurations. Here, we revisit the
development of policy configurations pertaining to the trilemma and international reserves (IR)
holding, using the updated “trilemma indexes.”

The “trilemma indexes” quantify the degree of achievement along three the dimensions for more
than 170 countries for the period of 1970 through 2007. The monetary independence index
depends on the correlation of a country’s interest rates with the base country’s interest rate, the
exchange rate stability index is measured by the exchange rate volatility, and the degree of
financial integration is measured with the Chinn-Ito (Chinn and Ito 2006, 2008) capital controls
index. Additional details on the construction of the indexes can be found in the Appendix.

2.1 Development of the Trilemma Configurations over Time

Comparing theses indexes provides some interesting insights into how the international financial
architecture has evolved over time. Figure 1 shows the development paths of the trilemma
indexes for different country groups.



ADBI Working Paper 213 Aizenman, Chinn, and Ito

Figure 1: Development of the Trilemma Configurations Over Time: 1960-2008

(a) Industrialized Countries

Mon. Indep., Exch. R. Stability, and KA Open., IDC

o
o
@ |
~
o
0
<]: -
o
o
.
o
1960 1970 1980 1990 2000 2010
Year
——— Mon. Indep., IDC ——=—— Exchr. Stab., IDC
—— KAOPEN, IDC
(b) Emerging Market Countries (c) Non-Emerging Market Developing Countries
Mon. Indep., Exch. R. Stability, and KA Open., EMG Mon. Indep., Exch. R. Stability, and KA Open., non-EMG LDC
— —
o o
@ - @
™ ™~
@+ @~
0 10
<4 <+
™ o
N o -
14 = -
o~ ® 9
19‘60 19‘70 19‘80 19‘90 2600 2610 19‘60 19‘70 19‘80 19‘90 ZdOO 2(:;10
Year Year
—— Mon. Indep., EMG ———— Exchr. Stab., EMG —*—— Mon. Indep., non-EMG LDC ———— Exchr. Stab., non-EMG LDC
—&— KAOPEN, EMG —— KAOPEN, non-EMG LDC

Source: Authors’ calculations.



ADBI Working Paper 213 Aizenman, Chinn, and Ito

For the industrialized countries (Figure 1a), financial openness increased in the 1980s, and
surged in the early 1990s, while exchange rate stability rose at the end of the 1990s, reflecting
the introduction of the euro in 1999. The extent of monetary independence has trended
downward, particularly after the early 1990s.2

Developing economies not only differ from industrialized ones in terms of not having a distinct
divergence among the indexes, but also differ between emerging and non-emerging market
ones.? For emerging market countries, exchange rate stability declined rapidly from the 1960s
through the mid-1980s. After some retrenchment after the early 1980s (in the wake of the debt
crisis), financial openness started rising from 1990 onward. For the other developing countries,
exchange rate stability declined less rapidly, and financial openness trended upward more
slowly. In both cases, though, monetary independence remained more or less trendless.

Interestingly, for the emerging market economies, our indexes suggest a convergence toward
the middle ground, even as talk of the disappearing middle rose in volume. This pattern of
results suggests that developing countries may have been trying to cling to moderate levels of
both monetary independence and financial openness while maintaining higher levels of
exchange rate stability—leaning against the trilemma in other words—which interestingly
coincides with the period when some of these economies started holding sizable international
reserves, potentially to buffer the trade-off arising from the trilemma.*

None of these observations are applicable to non-emerging developing market countries (Figure
1c). For this group of countries, exchange rate stability has been the most aggressively pursued
policy throughout the period. In contrast to the experience of the emerging market economies,
financial liberalization is not proceeding rapidly for the non-emerging market developing
economies.

The “Diamond charts” shown in Figures 3 and 4 are also useful for tracing the changing patterns
of the trilemma configurations. Each of the charts shows the levels of the three policy goals as
well as international reserves (as a ratio to GDP) with the origin normalized so as to represent
zero monetary independence, pure float, zero international reserves, and financial autarky.
Figure 2 summarizes the trends for industrialized countries, those excluding the 12 eurozone
countries but including Germany, emerging market countries, and non-emerging market
developing countries.®

2 |f the euro countries are removed from the sample (not reported), financial openness evolves similarly to the
industrial countries (IDC) group that includes the eurozone countries, but exchange rate stability hovers around the
line for monetary independence, though at a bit higher levels, after the early 1990s. The difference between
exchange rate stability and monetary independence has been slightly diverging after the end of the 1990s.

®The emerging market countries are defined as the countries classified as either emerging or frontier during the
period of 1980-1997 by the International Financial Corporation, plus Hong Kong, China and Singapore.

* Willett (2003) has called this compulsion by countries with a mediocre level of exchange rate fixity to hoard reserves
the “unstable middle” hypothesis (as opposed to the “disappearing middle” view).

° Germany is included as one of the “non-Euro industrialized countries” because, unlike the other Euro member
countries, Germany retains monetary independence.
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Figure 2: The “Diamond Charts”: Variation of the Trilemma and IR Configurations Across Different Country Groups
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Figure 3: Regional Patterns of the Trilemma and IR Configurations
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That figure reveals that, while both industrialized countries and emerging market countries have
moved towards deeper financial integration and declining monetary independence, non-
emerging market developing countries have only inched toward financial integration. Emerging
market countries, after giving up some exchange rate stability during the 1980s, have not
changed their stance with respect to exchange rate stability, whereas non-emerging market
developing countries seem to be remaining at, with some fluctuations, a relatively high level of
exchange rate stability. The pursuit of greater financial integration is much more pronounced
among industrialized countries than developing countries, while emerging market countries
have increased financial openness. Interestingly, emerging market countries stand out from
other groups by achieving a relatively balanced combination of the three macroeconomic goals
by the 2000s, i.e., middle-range levels of exchange rate stability and financial integration while
retaining more monetary independence than industrialized countries did. The recent policy
combination has been matched by a substantial increase in the IR/GDP ratio; such an
occurrence is not observed in any other groups.

Figure 3 compares developing countries across different geographical groups. Developing
countries in both Asia and Latin America (LATAM) have moved toward exchange rate flexibility,
but LATAM countries have rapidly increased financial openness while Asian counterparts have
not. The emerging market sub-groups of each regional group exhibited a much smaller
difference, however.® Yet one key difference between the two groups is that the former held
much more international reserves than the latter. More importantly, Asian emerging market
countries have opted for a more balanced combination of the three policy goals, which can
easily make one suspect it is the large international reserve accumulation that may have
allowed this group of countries to achieve such a trilemma configuration.

3. REGRESSION ANALYSES

The above observations of the trlemma and IR configurations do not answer the question of
what kind of goals policymakers would like to achieve by choosing a certain policy combination
based on the trilemma. In Aizenman, Chinn, and Ito (2008), we tested how the three policy
choices individually or interactively could affect the macroeconomic outcomes such as output
volatility, inflation volatility, and medium-term inflation rates among developing countries.

Here, we replicate the model that examines the impact of the trilemma configurations and IR
holding while controlling for the impact of external finance, which is most useful for examining
the impact of the current crisis, given the magnification effect attributed to interlinked financial
markets.

The specification is given by:

Vi =0+ TLM + o, IR, + o, (TLM, x IR,,) + ExtFin, B+ X, '+ Z,® + D,® + &, (1)
yir IS the measure for macro policy performance for country i in year t. More specifically, y; is
either output volatility measured as the five-year standard deviations of the growth rate of per
capita real output (using Penn World Table 6.2); inflation volatility as the five-year standard
deviations of the monthly rate of inflation; or the five-year average of the monthly rate of
inflation. TLM; is a vector of any two of the three trilemma indexes, namely, monetary

® These are unweighted averaged,; if we weighted by GDP, the differences would be larger.
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independence (MI), exchange rate stability (ERS), and KAOPEN.’ TR; is the level of
international reserves (excluding gold) as a ratio to GDP, and (TLM; x TRy) is an interaction
term between the trilemma indexes and the level of international reserves, that may allow us to
observe whether international reserves complement or substitute for other policy stances.

Financial liberalization has increased its pace over the last two decades. Nonetheless, the
increasing volume of cross border transactions of capital is increasingly blamed for economic
instability. Motivated by this observation, we incorporate the effect of external financing in our
specification by including in the vector ExtFin; variables that capture net FDI inflows, net
portfolio inflows, net “other” inflows (which mostly include bank lending in International Financial
Statistics [IFS]), short-term debt, and total debt service. For net capital flows, we use the IFS
data and define them as external liabilities (= capital inflows with a positive sign) minus assets
(= capital inflows with a negative sign) for each type of flows — negative values mean that a
country experiences a net outflow capital of the type of concern. Short-term debt is included as
the ratio of total external debt and total debt service as is that of Gross National Income (GNI).
Both variables are retrieved from the World Development Indicators database.

Xit IS a vector of macroeconomic control variables that include the variables most used in the
literature, namely, relative income (to the US based on Penn World Table per capita real
income); its quadratic term; trade openness (=(EX+IM)/GDP); the TOT shock as defined as the
five-year standard deviation of trade openness times TOT growth; fiscal procyclicality (as the
correlations between Hodrick-Prescott (HP)-detrended government spending series and HP-
detrended real GDP series); M2 growth volatility (as five-year standard deviations of M2
growth); private credit creation as a ratio to GDP as a measure of financial development; the
inflation rate; and inflation volatility. Z; is a vector of global shocks that includes change in US
real interest rate; world output gap; and relative oil price shocks (measured as the log of the
ratio of oil price index to the world’s Consumer Price Index). D; is a set of characteristic
dummies that includes a dummy for oil exporting countries and regional dummies. We also
include the dummy for currency crises.? Explanatory variables that persistently appear to be

statistically insignificant are dropped from the estimation. &, is an i.i.d. error term.

The data set is organized into five-year panels of 1972-1976, 1977-81, 1982-1986, 1987-91,
1992-96, 1997-2001, 2002—-06. All time-varying variables are included as five-year averages.
The regression is conducted for the group of developing countries (LDC) and a subgroup of
emerging market countries (EMG).

We use the robust regression method for the estimation because it reduces the weight of
outliers that can arise in both the dependent variable and explanatory variables such as inflation
volatility.® Furthermore, for comparison purposes, the same set of explanatory variables is used
for the three subsamples, except for the regional dummies.

" In Aizenman, Chinn, and Ito (2008), we have shown that these three measures of the trilemma are linearly related.
Therefore, it is most reasonable to include two of the indexes concurrently, not just individually nor all three
collectively.

8 The currency crisis dummy variable is derived from the conventional exchange rate market pressure (EMP) index
pioneered by Eichengreen et al. (1996). The EMP index is defined as a weighted average of monthly changes in
the nominal exchange rate, the international reserve loss in percentage, and the nominal interest rate. The weights
are inversely related to the pooled variance of changes in each component over the sample countries, and
adjustment is made for the countries that experienced hyperinflation following Kaminsky and Reinhart (1999). For
countries without data to compute the EMP index, the currency crisis classifications in Glick and Hutchison (2001)
and Kaminsky and Reinhart (1999) are used.

® The robust regression procedure conducts iterative weighted least squares regressions while downweighting
observations that have larger residuals until the coefficients converge. Also, we remove the observations if their
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3.1 Estimation Results of the Basic Models

3.1.1 Output Volatility

The regression results are reported in Tables 1 and 2 for developing countries and emerging
market countries, respectively. The estimation results for output volatility are shown in columns
1 through 3.

values of inflation volatility are greater than a value of 30 or the rate of inflation (as an explanatory variable) is
greater than 100%.
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Table 1: The Impact of the Trilemma Configurations and External Financing: Less Developed Countries (LDC)

Output volatility Level of Inflation
(1) (2) 3) (4) (©) (6)
Relative Income -0.03 -0.13 -0.143 -0.163 -0.157 -0.182
[0.035] [0.036]*** [0.036]*** [0.087]* [0.087]* [0.084]**
Relative Income, sq. 0.007 0.278 0.311 0.25 0.25 0.278
[0.066] [0.067]*** [0.067]*** [0.149]* [0.150]* [0.144]*

Change in US real interest
rate 0.122 0.11 0.119

[0.049]** [0.050]** [0.050]**
Volatility of (TOT*Trade

openness) 0.026 0.03 0.027 0.021 0.019 0.018
[0.009]*** [0.009]*** [0.009]*** [0.021] [0.021] [0.020]
Inflation volatility 0.023 0.02 0.023 0.299 0.284 0.297
[0.006]*** [0.006]*** [0.006]*** [0.015]*** [0.015]*** [0.015]***
Fiscal Procyclicality 0.002 0.004 0.004 -0.006 -0.005 -0.005
[0.002] [0.002]* [0.002]* [0.005] [0.005] [0.005]
Relative oil price shocks 0.014 0.007 0.012
[0.006]** [0.006] [0.006]**
World Output Gap 0.323 0.159 0.276
[0.304] [0.308] [0.294]
M2 growth 0.425 0.481 0.417
[0.023]*** [0.023]*** [0.022]***
Currency Crisis 0.005 0.005 0.005 0.031 0.032 0.029
[0.003]* [0.003]* [0.003]* [0.006]*** [0.007]*** [0.006]***
Private credit creation -0.003 -0.008 -0.005 -0.018 -0.014 -0.019
[0.006] [0.006] [0.007] [0.017] [0.017] [0.016]
Total Reserve (as % of GDP) 0.072 -0.055 0.065 -0.053 -0.182 -0.198
[0.052] [0.052] [0.034]* [0.122] [0.123] [0.076]***
Monetary Independence (Ml) -0.019 -0.035 -0.002 -0.017
[0.014] [0.014]** [0.033] [0.034]
MI x reserves 0.005 0.112 -0.04 0.055
[0.085] [0.089] [0.199] [0.208]
Exchange Rate Stability
(ERS) 0.008 0.012 -0.04 -0.04
[0.007] [0.006]* [0.016]** [0.015]***
ERS x reserves -0.086 -0.095 0.074 0.071
[0.044]* [0.044]** [0.104] [0.098]
KA Openness -0.02 -0.014 -0.055 -0.055
[0.008]** [0.008]* [0.0219]*** [0.018]***
KAOPEN x reserves 0.086 0.048 0.261 0.254
[0.045]* [0.042] [0.107]** [0.097]***

10
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Output volatility Level of Inflation
1) (2) (3) (4) (©) (6)
Net FDI inflows/GDP 0.047 0.092 0.109 -0.477 -0.442 -0.441
[0.068] [0.071] [0.070] [0.177]*** [0.184]** [0.173]**
Net portfolio inflows/GDP 0.241 0.289 0.286 0.064 0.297 0.228
[0.122]** [0.129]** [0.127]** [0.286] [0.302] [0.287]
Net 'other' inflows/GDP 0.069 0.063 0.071 0.037 0.09 0.045
[0.029]** [0.029]** [0.029]** [0.069] [0.070] [0.068]
Short-term Debt -0.009 -0.008 -0.007 -0.007 -0.003 0.012
(as % of total external debt) [0.016] [0.016] [0.016] [0.037] [0.038] [0.036]
Total debt service 0.063 0.081 0.078 0.176 0.184 0.154
(as % of GNI) [0.035]* [0.035]** [0.035]** [0.088]** [0.088]** [0.086]*
Observations 311 311 311 311 310 310
Adjusted R-squared 0.37 0.39 0.4 0.86 0.86 0.86

Notes: Robust regressions are implemented. * significant at 10%; ** significant at 5%; *** significant at 1%. The
dummy for Sub-Saharan countries is included in the regressions for output and inflation volatility, so are the dummies
for Latin America and Caribbean and East Europe and Central Asia in the regression for the level of inflation. “Trade

openness” that is insignificant is omitted from presentation to conserve space.
Source: Authors’ calculations.
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Table 2: The Impact of the Trilemma Configurations and External Financing: Emerging Market Countries (EMG)

Output volatility Level of Inflation
1) 2) 3) (4) (©) (6)
Relative Income -0.04 -0.028 -0.043 0.086 0.005 0.035
[0.066] [0.068] [0.068] [0.223] [0.202] [0.218]
Relative Income, sq. 0.048 0.025 0.059 -0.398 -0.215 -0.281
[0.145] [0.151] [0.150] [0.458] [0.421] [0.449]
Change in US real interest
rate 0.124 0.112 0.118
[0.056]** [0.057]* [0.056]**
Volatility of (TOT*Trade
Openness) 0.01 0.013 0.01 0.038 0.013 0.038
[0.015] [0.015] [0.015] [0.046] [0.042] [0.044]
Inflation volatility 0.037 0.034 0.036 0.325 0.381 0.322
[0.007]*** [0.007]*** [0.007]*** [0.025]*** [0.023]*** [0.024]***
Fiscal Procyclicality 0.002 0.003 0.003 -0.012 -0.011 -0.009
[0.003] [0.003] [0.003] [0.009] [0.008] [0.009]
Relative oil price shocks -0.005 -0.008 -0.007
[0.010] [0.009] [0.009]
World Output Gap 0.73 0.511 0.6
[0.465] [0.424] [0.453]
M2 growth 0.449 0.417 0.436
[0.034]*** [0.031]*** [0.033]***
Currency Crisis 0.007 0.008 0.006 0.025 0.02 0.022
[0.003]** [0.003]** [0.003]* [0.009]*** [0.009]** [0.009]**
Private credit creation -0.001 -0.005 -0.001 -0.039 -0.032 -0.046
[0.006] [0.006] [0.006] [0.025] [0.022] [0.024]*
Total Reserve (as % of GDP) 0.083 -0.04 0.078 -0.165 -0.185 -0.171
[0.051] [0.054] [0.032]** [0.156] [0.151] [0.095]*
Monetary Independence (M) -0.018 -0.035 -0.032 -0.044
[0.016] [0.017]** [0.049] [0.047]
MI x reserves 0.009 0.089 0.048 0.095
[0.081] [0.090] [0.249] [0.248]
Exchange Rate Stability
(ERS) 0.017 0.021 -0.053 -0.049
[0.008]** [0.008]*** [0.026]** [0.025]**
ERS x reserves -0.11 -0.12 0.243 0.233
[0.048]** [0.047]** [0.145]* [0.137]*
KA Openness -0.012 -0.005 -0.057 -0.042
[0.009] [0.008] [0.024]** [0.024]*
KAOPEN x reserves 0.066 0.035 0.203 0.099
[0.045] [0.039] [0.125] [0.119]
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Output volatility

Level of Inflation

1) (2) (3) (4) 5) (6)
Net FDI inflows/GDP -0.115 -0.082 -0.13 -0.823 -0.582 -0.667
[0.098] [0.107] [0.104] [0.330]** [0.318]* [0.335]**
Net portfolio inflows/GDP -0.028 -0.02 0.026 -0.338 -0.119 -0.19
[0.130] [0.139] [0.136] [0.399] [0.382] [0.404]
Net 'other' inflows/GDP 0.031 0.03 0.028 0.037 0.08 0.032
[0.034] [0.035] [0.034] [0.115] [0.106] [0.112]
Short-term Debt -0.007 -0.004 -0.005 0.051 0.05 0.073
(as % of total external debt) [0.017] [0.018] [0.018] [0.055] [0.051] [0.054]
Total debt service 0.049 0.058 0.053 0.212 0.093 0.217
(as % of GNI) [0.040] [0.041] [0.040] [0.150] [0.138] [0.147]
Observations 159 159 159 159 159 159
Adjusted R-squared 0.32 0.29 0.31 0.88 0.9 0.88

Notes: Robust regressions are implemented. * significant at 10%; ** significant at 5%; *** significant at 1%. The dummy for Sub-Saharan countries is included in the
regressions for output and inflation volatility, so are the dummies for Latin America and Caribbean and East Europe and Central Asia in the regression for the level of

inflation.

Source: Authors’ calculations.
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Overall, macroeconomic variables retain the characteristics consistent with what has been
found in the literature. In the regressions for output volatility, it is found that the higher the level
of income is (relative to the US), the more reduced output volatility is, though the effect is
nonlinear. The bigger change occurs on the US real interest rate, the higher output volatility of
developing countries may become, indicating that the US real interest rate may represent the
debt payment burden on these countries. The higher TOT shock there is, the higher output
volatility countries experience. This finding is consistent with Rodrik (1998) and Easterly, Islam,
and Stiglitz (2001) who argued that volatility in world goods through trade openness can raise
output volatility.® Countries with a procyclical fiscal policy tend to experience more output
volatility, while oil exporters also experience more output volatility. Not surprisingly, currency
crises increase the level of output volatility. The results hold qualitatively for the subsample of
emerging market countries, though the statistical significance is weaker, reflecting the smaller
variations of the variables for this group of economies.

Countries with more developed financial markets tend to experience lower output volatility,
although the estimated effect is not statistically significant.'* In Aizenman, Chinn, and Ito (2008),
we showed that financial development interacts with the exchange rate stability in a nonlinear
fashion for emerging market economies. Medium-levels of financial development raise the
volatility-enhancing impact of exchange rate stability. Highly developed financial markets boost
the effect of financial openness on the reduction of output volatility while underdeveloped
financial markets exacerbate output volatility. This last effect highlights the synergistic effects
between financial development and financial opening.

Among the trilemma indexes, the monetary independence variable is found to have a
significantly negative effect on output volatility; the greater monetary independence one
embraces, the less output volatility the country tends to experience.*? This finding is no surprise,
considering that stabilization measures should reduce output volatility, especially more so under
higher degree of monetary independence.*® Mishkin and Schmidt-Hebbel (2007) found that
countries that adopt inflation targeting—one form of increasing monetary independence—are
found to reduce output volatility, and that the effect is bigger among emerging market
countries.™ This volatility reducing effect of monetary independence may explain the tendency

1% The effect of trade openness is found to have insignificant effects for all subgroups of countries and is therefore
dropped from the estimations. This finding reflects the debate in the literature, in which both positive (i.e., volatility
enhancing) and negative (i.e., volatility reducing) effects of trade openness has been evidenced. The volatility
enhancing effect in the sense of Easterly et al. (2001) and Rodrik (1998) is captured by the term for (TOT*Trade
Openness) volatility. For the volatility reducing effect of trade openness, refer to Calvo et al. (2004), Cavallo (2005,
2007), and Cavallo and Frankel (2004). The impact of trade openness on output volatility also depends on the type
of trade, i.e., whether it is inter-industry trade (Krugman 1993) or intra-industry trade (Razin and Rose 1994).

" Eor theoretical predictions on the effect of financial development, refer to Aghion et al. (1999) and Caballero and
Krishnamurthy (2001). For empirical findings, see Blankenau et al. (2001) and Kose et al. (2003).

2 1n model (1), once the interaction term between monetary independence and international reserves is removed
from the model, the variable for monetary independence enters the model with the 5% significant negative
coefficient. The same trait is also found for the EMG regression in Model (1) of Table 2.

13 This finding can be surprising to some if the concept of monetary independence is taken synonymously to central
bank independence because many authors, most typically Alesina and Summers (1993), have found more
independent central banks would have no or little at most impact on output variability. However, in this literature,
the extent of central bank independence is usually measured by the legal definition of the central bankers and/or
the turnover ratios of bank governors, which can bring about different inferences compared to our measure of
monetary independence.

% The link is not always predicted to be negative theoretically. When monetary authorities react to negative supply
shocks, that can amplify the shocks and exacerbate output volatility. Cechetti and Ehrmann (1999) find the positive
association between adoption of inflation targeting and output volatility.
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for developing countries, especially non-emerging market ones, to not reduce the extent of
monetary independence over years.

More interestingly, the coefficient for exchange rate stability is found to be positive, significantly
for model (3) among developing countries, and both models (1) and (3) for emerging market
countries. This result implies a stabilizer effect of more flexible exchange rates, as in Edwards
and Levy-Yeyati (2005) and Haruka (2007). However, the interaction term is found to have a
statistically negative effect, suggesting that countries pursuing exchange rate stability can
dampen output volatility enhancing effects by holding high levels of international reserves. The
threshold level of international reserves holding is found to be 12.5% of GDP in model (3) for
developing countries and 15.3-17.2% for emerging market countries. The volatility dampening
effect can be large for some of the countries, as we will discuss later on.

Countries with more open capital account tend to experience lower output volatility according to
model (2) in Table 1. However, those with IR holding higher than 23% of GDP experience
higher volatility by pursuing more financial openness -- a somewhat counterintuitive finding.*

Among the external finance variables, the more “other” capital inflows, i.e., bank lending or more
net portfolio inflows, a country receives, the more likely it is to experience higher output volatility,
reflecting the fact that countries which experience macroeconomic turmoil often experienced an
increase in inflows of bank lending or “hot money,” such as portfolio investment, especially prior
to to the outbreak of the turmoil. Total debt service is found to be a positive contributor to output
volatility while short-term debt does not seem to have an effect. This results contrasts with the
conventional wisdom regarding short term external debt.*®

3.1.2 Inflation Volatility

The regression models for inflation volatility do not turn out to be as robust as those for output
volatility. We do not report the results in the table. The findings on the macro variables are
generally consistent with the literature. Countries with higher relative income tend to experience
lower inflation volatility, and naturally, those with higher levels of inflation and those which
experience currency crises are expected to experience higher inflation volatility. The TOT shock
increases inflation volatility, but only for emerging market countries.

The performance of the trilemma indexes appears to be the weakest for this group of
estimations overall. However, once the interaction terms are removed from the models, the
performance improves (results not reported), and monetary independence is found to be an
inflation volatility decreasing factor. FDI inflows appear to contribute to lowering inflation
volatility. One possible explanation is that countries tend to stabilize inflation movement to
attract FDI. Net portfolio inflows on the other hand positively contribute to inflation volatility.

!> However, the result of model (2) in Table 1-1 is consistent with those of models (1) and (3). That is, model (2)
predicts that if a country increases its level of monetary independence and financial openness concurrently, it could
reduce output volatility. As long as the concept of the trilemma holds true, i.e., the three policy goals are linearly
related, which we empirically proved to be true in Aizenman, Chinn, and Ito (2008), the efforts of increasing both MI
and KAOPEN is essentially the same as lowering the level of exchange rate stability. Models (1) and (3) predict
that lower ERS leads to lower output volatility. But these models also predict that if the country holds IR more than
thresholds, it would have to face higher output volatility, which is found in model (2).

% One might suspect that this result can be driven by multicollinearity between the short-term debt variable and the
variables for the various net inflows. However, even when the three net inflow variables are removed from the
models, still the total debt service continues to be a positive factor while the short-term debt variable continues to
be an insignificant one.
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3.1.3 Medium-run Level of Inflation

The models for the medium-run level of inflation fit as well as those for output volatility (shown in
Columns (4) through (6) in Tables 1 and 2). Countries with higher inflation volatility, higher M2
growth, and oil price shocks tend to experience higher medium-run levels of inflation while
currency crises lead to higher inflation, possibly reflecting the abortion of fixed exchange rates
during the crisis.

Among the trilemma variables, higher exchange rate stability is associated with lower inflation
for both developing and emerging market countries, a result consistent with the literature (such
as Ghosh et al. 1997). This finding and the previously found positive association between
exchange rate stability and output volatility are in line with the theoretical prediction that
establishing stable exchange rates is a trade-off issue for policymakers; it will help the country
to achieve lower inflation by showing a higher level of credibility and commitment, but at the
same time, the efforts of maintaining stable exchange rates will rid the policymakers of an
important adjustment mechanism through fluctuating exchange rates — which would explain the
negative coefficient on monetary independence in the output volatility regressions.

Financial openness contributes negatively to inflation in the medium run. The negative
association between “openness” and inflation has been frequently remarked upon.'’ This
finding may explain the reason why many countries, including developing countries, have
experienced synchronized disinflation, with many of them having liberalized trade of goods and
services as well as financial assets. Furthermore, the interaction term between the financial
openness variable and IR holding is found to be significantly positive for both developing and
emerging market countries. For emerging market countries, the interaction term between
exchange rate stability and IR holding is also found to be positive. These results may indicate
that if the ratio of reserves holding to GDP is greater than some threshold - it ranges around 22—
27% of GDP - the efforts of pursuing exchange rate stability and/or financial openness helps
increase the level of inflation. This means that countries with excess levels of reserve holdings
will eventually face a limit on foreign exchange sterilization.*®

3.2 Channels to Output Volatility

Given the current state of the world economy, one cannot help but focus on the estimation
results for output volatility. One natural question that arises is through what channels do these
factors contribute to output volatility. To answer this question, we estimate similar models for
output volatility but replace the dependent variable with real exchange rate stability, through
which net exports can be affected, and the volatility of investment.

The first three columns in Tables 3 and 4 are the same as those in Tables 1 and 2, respectively.
The results shown in columns (4) through (6) and those (7) through (9) correspond to the real
exchange rate stability and investment volatility specifications, respectively. However, for the
estimation of the real exchange rate stability, some of the explanatory variables are changed;
the variables for the change in the US real interest rate, fiscal procyclicality, and financial
development (measured by private credit creation as a ratio to GDP) are dropped from the

1 Rogoff (2003) argues that globalization contributes to dwindling mark-ups, and thereby, disinflation. Razin and
Binyamini (2007) predicted that both trade and financial liberalization will flatten the Phillips curve, so that
policymakers will become less responsive to output gaps and more aggressive in fighting inflation. Loungani et al.
(2001) provides empirical evidence for the link.

18 pizenman and Glick (2008) and Glick and Hutchison (2008) show that China, whose ratio of reserves holding to
GDP is estimated to be 50%, has started facing more inflationary pressure in 2007 as a result of intensive market
interventions to sustain exchange rate stability (though the onset of global crisis has reversed these trends).
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estimation, and replaced with inflation volatility, and differentials in inflation volatility between the
home and base countries are included instead.™®

19 Interest rate differentials are also tested, but did not turn out to be significant. Therefore, they are not included in
the estimation.
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Table 3: Determinants of Qutput Volatility: Less Developed Countries (LDC)

Output volatility

Real exchange rate volatility

Investment volatility

1) (2) 3) (4) 5) (6) ) (8) 9)
Relative Income -0.03 -0.13 -0.143 -0.016 0.027 -0.015 -0.098 -0.15 -0.125
[0.035] [0.036]*** [0.036]*** [0.020] [0.031] [0.020] [0.143] [0.142] [0.139]
Relative Income,
sq. 0.007 0.278 0.311 0.017 -0.041 0.019 0.12 0.239 0.211
[0.066] [0.067]*** [0.067]*** [0.037] [0.057] [0.038] [0.264] [0.265] [0.258]
Change in US real
interest rate 0.122 0.11 0.119 0.388 0.306 0.259
[0.049]** [0.050]** [0.050]** [0.199]* [0.198] [0.194]
Volatility of
TOT*OPN 0.026 0.03 0.027 0.007 0.011 0.008 0.095 0.121 0.103
[0.009]*** [0.009]*** [0.009]*** [0.005] [0.008] [0.005] [0.036]*** [0.036]*** [0.035]***
Inflation volatility 0.023 0.02 0.023 0.038 0.031 0.038 0.135 0.133 0.131

(Infl. vol.
differentials in (4)-

(6))

[0.006]%*  [0.006]***  [0.006]***

[0.003]**  [0.005]**  [0.004]**

[0.025]**  [0.025]**  [0.025]***

Fiscal
Procyclicality 0.002 0.004 0.004 -0.001 0.003 0.004
[0.002] [0.002]* [0.002]* [0.009] [0.009] [0.009]
Trade openness -0.005 -0.011 -0.005
[0.003]* [0.004]*** [0.003]*
Currency Crisis 0.005 0.005 0.005 0.009 0.013 0.009 0.009 0.002 0.007
[0.003]* [0.003]* [0.003]* [0.002]*** [0.002]*** [0.002]*** [0.011] [0.011] [0.011]
Private credit
creation -0.003 -0.008 -0.005 -0.011 -0.012 -0.001
[0.006] [0.006] [0.007] [0.026] [0.026] [0.025]
Total Reserve
(as % of GDP) 0.072 -0.055 0.065 0.021 0.038 -0.013 -0.232 -0.393 0.158
[0.052] [0.052] [0.034]* [0.029] [0.045] [0.019] [0.210] [0.205]* [0.132]
Monetary
Independence
(M1) -0.019 -0.035 0.004 0.025 -0.181 -0.159
[0.014] [0.014]** [0.008] [0.012]** [0.056]*** [0.057]***
MI x reserves 0.005 0.112 -0.049 -0.086 1.2 0.785
[0.085] [0.089] [0.048] [0.076] [0.342]x** [0.351]**
Exchange Rate
Stability (ERS) 0.008 0.012 -0.037 -0.038 0.077 0.07
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Output volatility

Real exchange rate volatility

Investment volatility

1) (2) 3) (4) (5) (6) (7) (8) 9)
[0.007] [0.006]* [0.004]*** [0.004]*** [0.026]*** [0.025]***
ERS x reserves -0.086 -0.095 -0.007 0.001 -0.415 -0.254
[0.044]* [0.044]* [0.025] [0.024] [0.279]** [0.170]
KA Openness -0.02 -0.014 -0.008 -0.004 -0.042 -0.012
[0.008]** [0.008]* [0.007] [0.004] [0.032] [0.030]
KAOPEN x
reserves 0.086 0.048 0.029 0.019 0.223 0.051
[0.045]* [0.042] [0.038] [0.024] [0.178] [0.165]
Net FDI
inflows/GDP 0.047 0.092 0.109 -0.04 -0.089 -0.033 0.325 0.347 0.25
[0.068] [0.071] [0.070] [0.041] [0.064] [0.042] [0.274] [0.280] [0.272]
Net portfolio
inflows/GDP 0.241 0.289 0.286 0.051 0.046 0.054 1.482 1.414 1.364
[0.122]* [0.129]** [0.227]* [0.068] [0.108] [0.071] [0.492]*** [0.508]*** [0.494]***
Net 'other' inflows/GDP 0.069 0.063 0.071 -0.027 -0.014 -0.028 0.376 0.38 0.418
[0.029]** [0.029]** [0.029]** [0.016]* [0.025] [0.016]* [0.116]*** [0.116]*** [0.122]***
Short-term Debt -0.009 -0.008 -0.007 0.006 0.004 0.007 -0.042 -0.042 -0.042
(as % of total external
debt) [0.016] [0.016] [0.016] [0.008] [0.013] [0.008] [0.062] [0.063] [0.062]
Total debt service 0.063 0.081 0.078 0.02 0.081 0.02 0.262 0.232 0.213
(as % of GNI) [0.035]* [0.035]** [0.035]** [0.020] [0.031]*** [0.021] [0.140]* [0.138]* [0.136]
Observations 311 311 311 311 311 311 310 309 309
Adjusted R-squared 0.37 0.39 0.4 0.64 0.31 0.64 0.32 0.26 0.25

Notes: Robust regressions are implemented. * significant at 10%; ** significant at 5%; *** significant at 1%. The dummy for Sub-Saharan countries is included in the
regressions for output and inflation volatility, so are the dummies for Latin America and Caribbean and East Europe and Central Asia in the regression for the level of inflation.

Source: Authors’ calculations.
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Table 4. Determinants of Qutput Volatility Emerging Market Countries (EMG)

Aizenman, Chinn, and Ito

Output volatility

Real exchange rate volatility

Investment volatility

1) 2 3 4) () (6) ) 8) ©)
Relative Income -0.04 -0.028 -0.043 -0.046 0.077 -0.071 0.298 0.097 0.168
[0.066] [0.068] [0.068] [0.053] [0.073] [0.051] [0.255] [0.256] [0.265]
Relative Income, sq. 0.048 0.025 0.059 0.096 -0.119 0.165 -0.767 -0.293 -0.41
[0.145] [0.151] [0.150] [0.118] [0.165] [0.113] [0.561] [0.570] [0.585]
Change in US real
interest rate 0.124 0.112 0.118 0.007 0.003 -0.083
[0.056]** [0.057]* [0.056]** [0.218] [0.217] [0.220]
Volatility of TOT*OPN 0.01 0.013 0.01 0.026 0.007 0.024 -0.074 0.005 -0.038
[0.015] [0.015] [0.015] [0.011]** [0.016] [0.011]** [0.057] [0.056] [0.058]
Inflation volatility 0.037 0.034 0.036 0.049 0.038 0.05 0.153 0.164 0.152
(Infl. vol. differentials in
(4)-(6)) [0.007]*** [0.007]*** [0.007]*** [0.006]*** [0.008]*** [0.005]*** [0.028]*** [0.028]*** [0.029]***
Fiscal Procyclicality 0.002 0.003 0.003 0.013 0.012 0.015
[0.003] [0.003] [0.003] [0.010] [0.011] [0.011]
Trade openness -0.004 -0.003 -0.005
[0.005] [0.006] [0.004]
Currency Crisis 0.007 0.008 0.006 0.01 0.013 0.009 0.033 0.029 0.026
[0.003]** [0.003]** [0.003]* [0.002]*** [0.003]*** [0.002]*** [0.012]*** [0.012]** [0.012]**
Private credit creation -0.001 -0.005 -0.001 0.021 0.015 0.022
[0.006] [0.006] [0.006] [0.025] [0.024] [0.025]
Total Reserve (as % of
GDP) 0.083 -0.04 0.078 0.031 0.047 -0.002 -0.414 -0.268 0.147
[0.051] [0.054] [0.032]** [0.040] [0.058] [0.023] [0.196]** [0.201] [0.126]
Monetary Independence
(M1) -0.018 -0.035 0.027 0.041 -0.308 -0.182
[0.016] [0.017]* [0.013]** [0.018]** [0.061]*** [0.063]***
MI x reserves 0.009 0.089 -0.066 -0.117 1.911 0.527
[0.081] [0.090] [0.065] [0.097] [0.314]*** [0.338]
Exchange Rate Stability
(ERS) 0.017 0.021 -0.041 -0.04 0.113 0.065
[0.008]** [0.008]*** [0.007]*** [0.006]*** [0.032]*** [0.031]**
ERS x reserves -0.11 -0.12 -0.006 0 -0.751 -0.24
[0.048]** [0.047]** [0.038] [0.034] [0.186]*** [0.183]
KA Openness -0.012 -0.005 -0.002 -0.009 -0.036 -0.003
[0.009] [0.008] [0.009] [0.006] [0.032] [0.031]
KAOPEN x reserves 0.066 0.035 -0.011 0.012 0.191 0.042
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Output volatility Real exchange rate volatility Investment volatility
1) ) 3) 4) (5) (6) (7) (8) 9)
[0.045] [0.039] [0.047] [0.028] [0.167] [0.153]
Net FDI inflows/GDP -0.115 -0.082 -0.13 -0.054 -0.125 0.022 -0.008 0.435 0.162
[0.098] [0.107] [0.104] [0.080] [0.116] [0.078] [0.379] [0.402] [0.406]
Net portfolio inflows/GDP -0.028 -0.02 0.026 -0.046 -0.155 -0.017 0.875 1.29 1.036
[0.130] [0.139] [0.136] [0.103] [0.148] [0.100] [0.503]* [0.523]** [0.531]*
Net 'other' inflows/GDP 0.031 0.03 0.028 -0.085 -0.088 -0.067 0.57 0.664 0.595
[0.034] [0.035] [0.034] [0.027]*** [0.037]** [0.025]*** [0.133]*** [0.132]*** [0.133]***
Short-term Debt -0.007 -0.004 -0.005 0.016 -0.003 0.013 -0.058 -0.053 -0.06
(as % of total external
debt) [0.017] [0.018] [0.018] [0.012] [0.017] [0.011] [0.067] [0.067] [0.068]
Total debt service 0.049 0.058 0.053 0.029 0.022 0.035 0.302 0.331 0.284
(as % of GNI) [0.040] [0.041] [0.040] [0.036] [0.050] [0.034] [0.154]* [0.154]** [0.156]*
Observations 159 159 159 159 159 159 158 158 158
Adjusted R-squared 0.32 0.29 0.31 0.66 0.36 0.67 0.59 0.42 0.38

Robust regressions are implemented. * significant at 10%; ** significant at 5%; *** significant at 1%. The dummy for Sub-Saharan countries is included in the regressions for
output and inflation volatility, so are the dummies for Latin America and Caribbean and East Europe and Central Asia in the regression for the level of inflation.

Source: Authors’ calculations.
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By comparing the results of these different specifications with different dependent variables, we
can make some interesting observations. First, the negative effect of monetary independence
on output volatility is consistent with its negative effect on investment volatility. However, if the
level of IR holding is above 15-23% of GDP, higher monetary independence leads to higher
volatility in investment. This may be because higher levels of international reserves could lead
to higher levels of liquidity, thus to more volatile movements in the cost of capital. Second, while
a higher degree of exchange rate stability could (unsurprisingly) induce greater real exchange
rate stability, it could also lead to more volatile investment. But as was the case with output
volatility, if the level of IR holding exceeds a given threshold, greater exchange rate stability
reduces investment volatility.?° Third, financial openness has a negative impact on both real
exchange rate stability and investment volatility. Hence, we can conclude that financial
liberalization could help reduce output volatility by making both real exchange rate and
investment more stable. The investment volatility regressions show that net portfolio and bank
lending inflows can be volatility-increasing, although banking lending inflows can reduce real
exchange rate volatility.

The fact that the results from the investment volatility specification has greater similarities with
the output volatility specification is not surprising. At the same time, different dynamics between
the trilemma configurations and real exchange rate stability we found suggests that the
international macroeconomic policy configurations can depend upon how much weight
policymakers place upon these two policy goals. For example, if policymakers put greater
weight on real exchange rate stability, it is better to pursue more exchange rate stability and
greater financial openness (or lower levels of monetary independence), which could be volatility
enhancing in terms of investment and output, although the answer depends on the level of IR
holding. More concretely, the results from model (4) in Table 2-2 show that greater (weaker)
monetary independence increases (decreases) real exchange rate volatility. The result from
model (7) indicates that the threshold of IR holding level (as a ratio to GDP) for greater (weaker)
monetary independence to have a positive (negative) effect on investment is 16% of GDP
whereas that for greater (weaker) exchange rate stability to have a negative (positive) effect is
14%. Hence, if an emerging market country holds a level of IR higher than 16%, and tries to
pursue a higher level of exchange rate stability and a lower level monetary independence (i.e., a
combination of greater exchange rate stability and greater financial openness), it could achieve
lower levels of not only real exchange rate stability, but also investment.”* This result may
explain why many emerging market countries, especially those which are more open to
international trade, tend to prefer exchange rate stability and holding a massive amount of IR
while also pursuing financial liberalization.

4. SOME PRELIMINARY ANALYSIS ON THE DETERMINANTS
OF OUTPUT LOSSES DURING THE CRISIS

The above investigation focused on the general relationship between the variables of our focus
such as the trilemma policy configurations, external finances, and output volatility. However, the
nature of the relationship may differ for the countries that are experiencing severe economic
hardships such as currency crises, banking crises, and other economic crises caused by socio-
political events. This kind of relationship may be obscured in a panel data analysis such as
recounted above, but it can still affect the decision making of policymakers even during

% The threshold levels of IR holding are 18% and 28% of GDP in models (7) and (8) in Table 3, respectively. They
are 14% and 26% in models (7) and (8) in Table 4, respectively.

%L This result can be obtained by assuming no interaction effects with IR in model (4) in Table 4.
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“tranquil” time periods. Furthermore, shedding light on such an extreme situation may provide
some useful insights for the current crisis. Hence, we will examine how the policy coordination
based on the trilemma can affect the performance of the economy that is experiencing some
extraordinary situation.

4.1 Measure of “Excessive Underperformance”

4.1.1 Construction of the Measure

The first effort we make here is to create a measure that quantifies the output cost of an
economic crisis. To construct our measure, we implement the following procedure. First, we
calculate the rolling standard deviations with five-year windows of the per capita growth rate for
the 1955-2007 period for the industrialized and developing country groupings. Then, if the
actual growth rate is below the rolling one standard deviation band, the gap between the actual
growth rate and the lower bound of the range is defined to be the measure of “excessive under-
performance (severe recession)”.? Last, if the state of “excessive under-performance” persists
more than one year, the gaps will be cumulated as long as the actual growth rate is below the
lower band.?® If recovery takes place for one year immediately after the period of excessive
underperformance, but is followed by another excessive underperformance period in the
following year, the one year of recovery is still considered to be part of the state of excessive
underperformance.? Thus, one value of the measure of excessive underperformance is given
per economic severity episode.

The state of “excessive under-performance” or simply “crisis” does not necessarily mean either
a currency crisis or banking crisis, but rather an unpredictable decline in per capita output
growth. Therefore, the “crisis” in this exercise includes not only currency and financial crises, but
also economic collapse induced by domestic political disorder, social unrests, and civil wars.
One merit of this index is that it is strict on identifying an economy as a crisis economy when
many other ones are also experiencing a crisis because it has to experience an output loss
whose magnitude is greater than a threshold that incorporates the variation of the output growth
on a global scale. Lastly, due to data limitations, the current global financial crisis is not
captured by this measure.

4.1.2 Summary Statistics

With this measure of “excessive underperformance,” we estimate that between 1955 and 2007,
there are 93 crisis episodes among industrialized countries and 411 among less developed
countries. Figure 4 presents summary statistics of the measure for both industrialized and
developing countries.” In the figure, we can observe that there is a significant difference in
terms of the size of the crises between industrialized countries and developing countries. After
peaking in the 1970s, both the size and the duration of the crises have been in the declining
trend for less developed countries although such a trend is not observed for industrialized

2t it is above the upper bound, then it can be considered to be “excessive over-performance (boom)”. However, we
do not look into this issue in this paper.

% For example, if the actual growth rate is below the band for country X in 1992 through 1996, the gaps for the five
years will be added.

2 If the actual growth rate lies within the band in 1994 but below it in 1992-93 and 1995-96, the “crisis period” is
considered to be from 1992 to 1996.

% The episodes of excess underperformances are divided by the decade depending on the beginning year of the
episodes. For example, the size and the duration of the Japanese 1990s recession (that continues up to 2006) is
included in the 1991-2000 period. As a matter of fact, the Japanese experience is an outlier in terms of both its
size and duration. Therefore, the subsample average without Japan is also shown.
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countries. In the 2000s (before the current crisis), developing countries experienced the least
number of crises with shorter durations on average. Figure 5 shows that the number of crises
has been on the decline trend since the mid-1980s.
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Figure 4. Summary Statistics of the Measure of “Excessive Underperformance”
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(b) Less Developed Countries
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Figure 5: Number of “Crises” Among the Sample Countries
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4.2 Preliminary Regression Analysis on the Effect of the Trilemma
Configurations on the Output Underperformance

Using this measure of severe economic underperformance, we estimate the determinants of the
crises while focusing on the impact of the trilemma configurations. The estimation model is
defined as:

SIZE _CRISIS, =a, + &, TLM, + @, IR, + o (TLM, xTR,)

2).

+ X 'B+@DUR_CRISIS; +D,'® + g, @
The dependent variable SIZE_CRISIS; is the measure of “excessive underperformance” of
country i in year t. Higher values mean more severe output losses. TLM;; and TR;; are vectors of

two trilemma indexes and the ratio of IR holding to GDP, respectively. (TLM, xTR,) is a vector

of the interaction terms between TLM; and TR;.. Control variables are included in the vector X,
and they are relative per capita income level (to the US), its squares, GDP growth rate, and
fiscal procyclicality (correlations of detrended real government spending and real GDP series).
These control variables are included as the averages over three years prior to years of the first
year of underperformance (or just “crisis”) — we use the time notation of (t — 1) for brevity.?®
DUR_CRISIS; is the number of years of underperformance.?’

% The variable for fiscal procyclicality is calculated as the correlation between the de-trended series of real output
and real fiscal expenditure over five years since three years are not long enough to provide the general
characteristics of fiscal policy.

27 Other control variables that persistently turned out to be insignificant and are therefore removed include: change in
the US real interest rate, TOT shocks, trade openness, real exchange rate overvaluation, regional dummies, and
the GDP growth rate of industrialized countries during the crisis.
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Additionally, the dummies for banking and currency crises as well as the dummy for civil wars
were tested, but they are not significant and therefore removed. The currency crisis is based on
the exchange rate market pressure (EMP) index as in the precious regressions, and the banking
crisis dummy is based on Caprio and Klingebiel (2003). Another dummy for internal and
external military conflict based on the Center for the Study of Civil Wars (CSCW) index on
armed conflict was also tested. However, this index turned out to be an insignificant factor, and
therefore was removed from the estimation.?

As was in the case with the previous exercise, we focus on the impacts of the trilemma indexes,
namely, MI, ERS, and KAOPEN, and IR holding as well as the interactions between IR and the
trilemma indexes. These variables are included in two ways. In one set of models, these
variables are included as the averages over three years prior to the underperformance as an
effort to capture the impact of these variables as “precrisis conditions"—we again use the time
notation of (t-1) for brevity. As another way of inclusion, we include them as the averages over
the years of underperformance so as to examine the during-crisis conditions—we use the time
notation of (t).

We use the sample of country-year episodes of excessive underperformance. In other words,
the number of observations equals the number of “crises” among less developed countries. We
conduct two sets of ordinary least squares (OLS) regressions, one with precrisis conditions of
the trilemma configurations, Mlq.1y, ERS(.1), KAOPEN(.1), IR(.1), and their interactions, and the
other with Mly), ERS(y), KAOPEN, IR and their interactions.

The reason why we have these two separate models is as follows. The model with the precrisis
conditions would control for endogeneity and may yield some results about how precrisis
conditions affects the size of the crisis. The model with the during-crisis variables may entail the
risk of endogeneity, but may provide some insights about how policy decisions made during the
crisis can affect the size of the crisis.

4.3 Estimation Results

Table 5 presents the estimation results for the regression on the output cost of economic crises.
The first six columns of the table show the results of the estimation models with precrisis
trilemma configurations, whereas the next six columns report those of the estimation models
with the trilemma conditions during the economic crisis. We implement the OLS estimation, and
report heteroskedasticity-consistent standard errors.

% The CSCW index is not a perfect dummy for armed conflicts. It tends to be a little too inclusive. For example, the
United Kingdom had been for many years until recently considered to be a country with “internal armed conflicts”
because of the Irish Republican Army’s activities, although the country as a whole did not appear to be one with
“internal conflicts.” The Philippines has been also a country with internal conflicts due to occasional anti-
government movements by Muslim insurgencies.
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Table 5: Regressions on the Output Losses of Economic Crises

Aizenman, Chinn, and Ito

@ @ @ | @ | ©® | @ @ ® © w | ay | qa»
Relative Income -0.117 -0.134 -0.131 -0.139 -0.11 -0.13 Relative Income -0.14 -0.129 -0.138 -0.117 -0.136 -0.146
(t-1) [0.065)  [0.068]*  [0.068]*  [0.068]*  [0.064]*  [0.066p* | T~ D [0.069]* [0.067]* [0.069]* [0.068]* [0.069]*  [0.069]**
Relative Income, 0.262 0.271 0.271 0.276 0.258 0.275 Relative Income, 0.278 0.28 0.276 0.268 0.278 0.29
sg. (t—1) [0.077]*  [0.081]** [0.077]** [0.080]** [0.075** [0.080]* | SO- (t—1) [0.078]*+ [0.075]***  [0.076]**  [0.076]**  [0.076]**  [0.077]***
GDP growth 0.255 0.26 0.224 0.227 0.244 0.24 GDP growth 0.24 0.222 0.228 0.21 0.232 0.224
(t-1) [0.108]*  [0.110]**  [0.111]*  [0.110]*  [0.107]*  [0.106]** | (t—1) [0.108]* [0.110]*  [0.108]** [0.109]* [0.104]*  [0.104]*
Fiscal Procyclical. 0.011 0.013 0.013 0.013 0.013 0.014 Fiscal Procyclical. 0.012 0.009 0.013 0.01 0.012 0.013
(t—1) [0.008] [0.009] [0.008] [0.009] [0.008] [0.009] | (t—-1) [0.008] [0.008] [0.008] [0.009] [0.008] [0.008]
Duration of the 0.03 0.03 0.03 0.03 0.03 0.03 Duration of the 0.03 0.031 0.029 0.031 0.03 0.03
Crisis [0.006]***  [0.006]***  [0.006]***  [0.006]***  [0.006]***  [0.006]*** | Crisis [0.006]*** [0.006]***  [0.006]***  [0.006]**  [0.006]***  [0.006]***
Trade openness -0.028 -0.03 -0.028 -0.028 -0.025 -0.022 Trade openness -0.022 -0.022 -0.025 -0.027 -0.018 -0.015
(t-1) [0.010]** [0.010]** [0.010]**  [0.011]* [0.010]*  [0.011p=* | (=1 [0.010]** [0.010]*  [0.010]*  [0.010]**  [0.011]* [0.011]
Private Credit -0.014 -0.011 -0.009 -0.006 -0.013 -0.009 | Private Credit -0.016 -0.02 -0.008 -0.015 -0.015 -0.013
Creation (t - 1) [0.015] [0.015] [0.015] [0.016] [0.015] [0.016] | Creation(t-1) [0.015] [0.015] [0.015] [0.016] [0.015] [0.014]
Rt 1) -0.011 -0.05 0.005 0.135 -0.008 -0.07 IR (9 -0.029 -0.315 -0.011 -0.283 -0.026 -0.006
[0.022] [0.093] [0.022] [0.103] [0.023] [0.091] [0.019] [0.101]*+ [0.020] [0.097]*+ [0.020] [0.067]
MI (- 1) -0.017 -0.008 0.004 0.032 MI 0 -0.005 -0.081 0 -0.077
[0.030] [0.035] [0.029] [0.034] [0.026] [0.039]* [0.025] [0.039]*
MIX IR (t— 1) -0.082 -0.251 MIX IR () 0.612 0.609
[0.161] [0.179] [0.222]** [0.220]**
ERS (t— 1) -0.031 -0.045 -0.028 0045 | cpg -0.026 -0.034 -0.026 -0.03
[0.017]* [0.023]* [0.016]*  [0.022]** [0.012]* [0.015]+ [0.012]** [0.016]*
ERS X IR (t— 1) 0.149 0.164 ERS x IR (1) 0.05 0.019
[0.108] [0.120] [0.057] [0.067]
KAOPEN (t — 1) -0.022 -0.017 -0.02 0016 | | AoPEN () -0.019 -0.029 -0.017 -0.009
[0.016] [0.022] [0.016] [0.024] [0.018] [0.023] [0.018] [0.021]
KAO X IR (t— 1) -0.038 0053 | a0 xIR () 0.031 -0.064
[0.103] [0.107] [0.068] [0.077]
# of Obs. 139 139 139 139 139 139 # of Obs. 139 139 139 139 139 139
Adjusted R2 0.35 0.35 0.34 0.34 0.36 0.36 Adjusted R2 0.35 0.36 0.34 0.35 0.36 0.35

Notes: Robust standard errors in brackets. * significant at 10%; ** significant at 5%; *** significant at 1%. These control variables are included as the averages over three
years prior to years of the first year of underperformance (or just “crisis”). For the sake of brevity, we use the time notation of (t — 1) for the variables that refer to the precrisis

conditions and (t) for those which refer to the conditions during the crisis

Source: Authors’ calculations.
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The macroeconomic control variables behave as theory predicts. A country with a higher level of
per capita income experiences a smaller output loss once it experiences a crisis, though its
effect is nonlinear. A country that enters a crisis after experiencing an economic boom tends to
experience a larger output loss in a crisis. The tendency among developing countries to have
procyclical fiscal policy is often noted as one of the weaknesses of these countries’
macroeconomic management, and we find that procyclical fiscal policy does indeed lead to
greater output losses among crisis economies. The estimated coefficient on the duration of the
crisis is found to be significantly positive, indicating that if a crisis lasts for one more year, the
output loss will be larger by about 3 percentage points.

The estimated coefficient on financial development is persistently negative, though never
statistically significant. An economy more open to international trade prior to the crisis tends to
weather the crisis well. This result is consistent with the experience of the economies that were
affected by the Asian crisis of 1997-98.

Among the trilemma variables, in terms of the precrisis conditions, only the extent of exchange
rate stability seems to matter for the size of output loss for crisis economies. An economy with a
greater extent of exchange rate stability tends to experience a smaller output loss once it
experiences an economic crisis. The level of IR holding prior to the crisis does not seem to
matter as much. Financial openness seems to be an output loss reducer, but it is not statistically
significant.

In the regressions incorporating the during-crisis conditions, the amount of IR holding does now
matter. The greater the level of international reserves a crisis country retains even after a crisis
breaks out, the smaller the resulting output loss. The variable for exchange rate stability does
again enter positively to the estimation model but this time with greater statistical significance. It
appears that a country that can sustain the stability in its exchange rate movement can signal to
the investors in both domestic and international capital markets, so that it should not have to
lose its access to the markets. Also, an economy with a stable exchange rate can avoid facing
high volatility in the prices of goods and services.?

The effect of monetary independence in the midst of crises is also found to be significant, but is
a little more difficult to interpret. It is found to be a negative factor to the cost of economic crisis,
but only up to the threshold of IR holding as 14-15% of GDP. Above it, the impact of greater
monetary independence will be positive. The negative impact of greater monetary
independence is easier to interpret, as we found in the regression for output volatility, because it
reflects the stabilizing function of monetary independence. Using the results from model (8) in
Table 6, we can conjecture that, for the countries that hold IR greater than 14-15% of GDP, to
reduce the cost of output losses from experiencing an economic crisis, it is better to retain
higher levels of exchange rate stability and lower levels of monetary independence.®® Pursuing
both weaker monetary independence and greater exchange rate stability means the country of
concern must pursue a higher level of financial openness since these three policy goals need to
be linearly related. Considering that the level of IR holding as 14-15% of GDP is well below the
average of IR as a ratio to GDP as of 2008 (it is about 21%), the countries with the level of IR
holding above the threshold must be relatively more open economies. For those economies, it

% One reviewer pointed out that the finding that exchange rate stability and holding ample IR could help reduce the
size of output loss sounds tautological, because crises usually lead to output loss through the balance sheet effect.
It could be tautological if we were focusing on the currency crises. However, as we mentioned previously, our
definition of the “crises” is more general so that it includes not only currency or banking crises, but also dire
economic situations caused by other, potentially non-economic factors. Hence, as long as our identification crisis is
not limited to currency crises, the above finding is not tautological.

%0 Since 1996, the average ratio of IR to GDP among developing economies has been about 14%. As of 2008, it is
about 21% after dropping from the highest level (24%) of 2007.
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seems to be better to pursue greater financial openness rather than retaining greater monetary
independence and exchange rate stability.
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Table 6: Results of the Mean-Equality Tests with the Trilemma Indexes Before and After the Crises

1970- 2007
# of Monetary Independence (Ml) Exchange Rate Stability (ERS) Financial Openness (KAQO)
Obs. Up (%) Down (%) Up (%) Down (%) Up (%) Down (%)
FULL 230 53 0.230 62 0.270 34 0.148 29 0.126 39 0.170 32 0.139
IDC 49 8 0.163 20 0.408 12 0.245 4 0.082 15 0.306 5 0.102
LDC 151 36 0.238 34 0.225 18 0.119 21 0.139 20 0.132 23 0.152
EMG 49 13 0.265 12 0.245 6 0.122 13 0.265 11 0.224 9 0.184

1970s-1980s

# of Monetary Independence (Ml) Exchange Rate Stability (ERS) Financial Openness (KAO)

Obs. Up (%) Down (%) Up (%) Down (%) Up (%) Down (%)
FULL 123 32 0.260 30 0.244 21 0.171 21 0.171 21 0.171 13 0.106
IDC 25 6 0.240 10 0.400 9 0.360 3 0.120 6 0.240 1 0.040
LDC 73 18 0.247 14 0.192 9 0.123 14 0.192 13 0.178 8 0.110
EMG 27 9 0.333 4 0.148 2 0.074 9 0.333 7 0.259 4 0.148

1990s-2000s

# of Monetary Independence (Ml) Exchange Rate Stability (ERS) Financial Openness (KAO)

Obs. Up (%) Down (%) Up (%) Down (%) Up (%) Down (%)
FULL 107 21 0.196 32 0.299 13 0.121 8 0.075 18 0.168 19 0.178
IDC 24 2 0.083 10 0.417 3 0.125 1 0.042 9 0.375 4 0.167
LDC 78 18 0.231 20 0.256 9 0.115 7 0.090 7 0.090 15 0.192
EMG 22 4 0.182 8 0.364 4 0.182 4 0.182 4 0.182 5 0.227

Source: Authors’ calculations.
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4.4 Policy Discussions

The above finding seems to contradict our previous finding that greater exchange rate
stability leads to greater output volatility unless the economy of concern holds foreign
exchange reserves. However, we must keep in mind that the above empirical analysis is
only conducted for the sample of crisis economies; the two sets of regression analyses are
conducted on two different samples. The finding that greater exchange rate stability can be
helpful in a crisis situation, and the finding that exchange rate stability could be output-
reducing can be consistent as they apply to different periods.

We can connect this interpretation with the well-known “fear of floating” thesis. That is, while
greater exchange rate stability can be output volatility enhancing in tranquil times, it can help
countries once they experience economic crises. Therefore, countries can be discouraged to
adopt more flexible exchange rates.

We have previously seen that the output volatility enhancing effect of greater exchange rate
stability can be mitigated by holding levels of IR higher than certain thresholds. Furthermore,
we have also seen that many countries do not attempt to adopt a policy combination of
exchange rate stability and IR holding enough to lessen output volatility. However, Figure 2
shows that developing countries, especially non-emerging market developing countries,
continue to maintain high levels of exchange rate stability, which can be evidence of the fear
of floating.

The analogy to the peso problem is clear. Even if economic crises are not that frequent,
policymakers are motivated to prepare for costly crises, by maintaining exchange rate
stability. Pursuing pure exchange rate stability can make countries prone to higher output
volatility because the exchange rate cannot function as automatic stabilizer. However, if a
country holds a higher level of foreign reserves, it can mitigate the absence of the automatic
stabilizing function of the exchange rate. In addition, we find in Table 3 that having a higher
level of IR can allow a country to prepare for an economic crisis as well. Hence, countries
that hold high levels of IR can afford to adopt more flexible exchange rates. This may explain
why emerging market countries, most of which are large IR holders, have adopted more
flexible exchange rates than non-emerging market developing countries.

45 Does a Regime Change in the Aftermath of a Crisis?

As we write this paper, the global crisis is still far from over. Although there are some s