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Abstract

This paper investigates the role of exchange rate regime choices in the determination of
capital controls in transition economies. We first use a simultaneous equations model to
allow direct interactions between decisions on capital controls and on exchange rate
regimes. We find that exchange rate regime choices strongly influence the imposition or
removal of capital controls, but the feed-back effect is weak. We further estimate a single
equation model for capital controls with exchange rate regime choices as independent
variables, and we find that there is a hump-shaped relationship between exchange rate
regime flexibility and capital control intensity.
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1 I ntroduction

The turbulence in the internationa financial markets and the reoccurrence of currency crises
in the 1990s have once again sparked a debate on the merits of increased international
capital mobility. The fact that international capital movements played an important role in
recent financial and currency crises has lead many academic researchers and policy advisors
to reassess the implications of capital mobility, especially for the viability of various
exchange rate regimes. Some authors argue for a “bi-polar” solution for the choice of
exchange rate regimes and recommend adjustment of exchange arrangements to the new
environment of heightened capital mobility (Eichengreen, 1994; Fischer, 2001). Other
authors warn against the excessive volatility in the financial markets associated with free
capital movements and advocate imposing capital controls to limit capital mobility. With
capital movements under check, intermediate exchange arrangements (conventiona pegs,
crawling pegs or bands, and target zones) remain a viable and attractive option for many
countries (Wyplosz, 2001; Williamson, 2000).

These two strands of research both rely on the proposition that exchange rate
stability and monetary policy autonomy are not jointly achievable under free capital
mobility, the so-called “impossible trinity,” but they look at it from different angles. The
“bi-polar” view emphasizes the trade-off between exchange rate stability and monetary
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autonomy given free capital mobility and questions the viability of intermediate exchange
rate regimes without the support of capital controls. An implication of thisview is a possible
hump-shaped relationship between the flexibility of exchange rate regimes and the intensity
of capital controls: While fixed and flexible regimes can live with high capita mobility,
intermediate regimes are expected to be associated with higher intensity of capital controls.
The views favoring capital controls challenge the desirability of unrestricted international
capital movements in the first place. They argue that restrictions on capital mobility may be
required to achieve second-best solutions in the face of capital market distortions, and that
the choice of the exchange rate regime should take existing restrictions into account.

The empirical literature has so far neglected the interdependence between the choice
of exchange rate regimes and restrictions on capital mobility as well as the possibility of a
non-monotonic relationship between the two. In this paper we attempt to fill this blank in an
analysis of the determination of capital controls in transition economies during the 1990s.
In order to integrate the analysis of the two topics, we construct a simultaneous equations
model to describe the joint determination of capital controls and the choices of exchange
rate regimes. After establishing the recursive structure of that model empirically, we
estimate a single-equation model for capital controls, which explicitly alows for a non-
monotonic effect of the rigidity of exchange rate regimes on the intensity of capital controls.

The rest of the paper is organized as follows. Section 2 provides a brief review of the
theoretical underpinnings of capital controls as well as the existing empirical evidence.
Section 3 discusses the measurement of capital controls and explains their determinants. The
simultaneous equations model for both capital controls and exchange rate regime choices is
introduced in Section 4, while the single equation model for capital controls is presented in
Section 5. Some conclusions are summarized in Section 6.

2 Capital Controls: Theory and Evidence

2.1  Theoretical Arguments’

Preexistence of Distortions and the Second-best Argument

Traditional literature justifies the imposition of capital controls on the grounds of
preexisting distortions in the capital market such as asymmetric information and limited
rationality (Mathieson and Rojas-Suarez, 1993). “Throwing sand in the wheels’ of the
financial markets, such as imposing capital controls, can reduce financial market volatility
caused by such distortions (Eichengreen et a., 1995). Another distortion is that, due to
political instability and poor protection of property rights (Tornell and Velasco, 1992;
Mathieson and Rojas-Suarez, 1993), countries may be subject to high country risk premia
when borrowing in international capital markets. Capital controls help prevent capital
outflows and retain domestic savings in the economy to avoid the high cost of foreign
financing. Another distortion is connected to inefficiencies of the tax system, especially the
inability of the authorities to tax income from foreign sources, which may motivate capital
outflows for tax evasion (Razin and Sadka, 1991). In the context of such distortions, capital
controls are viewed as policy instruments to achieve a second-best solution.

! The transition economies under investigation are Albania, Armenia, Azerbaijian, Belarus, Bulgaria, Croatia,
Czech Republic, Estonia, Georgia, Hungary, Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Macedonia,
Moldova, Poland, Romania, Russia, Slovak Republic, Slovenia, Tajikistan, Turkmenistan, Ukraine, and
Uzbekistan.

2 See Dooley (1996) for an excellent survey of the relevant literature on capital controls.



Multiple Equilibria and First-Best Arguments

Recent studies on self-fulfilling currency crises imply that capital controls can even be first-
best solutions, since they limit the ability of private agents to attack fundamentally sound
exchange rate pegs in the first place. Without the protection of capital controls, a fixed
exchange rate, though consistent with economic fundamentals, may not be sustainable, if
market perceptions of its viability change (Obstfeld, 1986; Dooley, 1996). The existence of
multiple equilibria in foreign exchange markets with the same set of fundamentals justifies
the imposition of capital controls to make sudden changes in private expectations less likely.

Political Economy

Research in the tradition of political economy relates the imposition of capital controls to
partisan conflicts and public finance considerations. If Leftist parties draw support mainly
from the labor class, while Rightist parties tend to receive support from capital owners, |eft-
wing governments are more likely to tax capital incomes and, for this purpose, to impose
capital controls than right-wing governments (Quinn and Inclén, 1997; Epstein and Schor,
1992). Since capital controls help maintain the tax base for both capital levies and the
inflation tax, governments with difficulties in financing their expenditures from other
revenue sources may find them useful in managing public finance.

2.2 Empirical Evidence®

Many empirical studies consider only the presence or absence of capital controls and
capture it by adummy variable (Alesina et a., 1994; Grilli and Milesi-Ferretti, 1995). Some
studies use a more refined measure of capital account openness proposed by Quinn (1997),
which is based on a careful reading of national regulations on international capital
transactions and a differentiated coding of various degree of capital control intensity (Quinn
and Inclan, 1997; Dailami, 2001). Most recent studies take advantage of a much more
detailed classification of capital transactions by the IMF, and use the disaggregated
information about the existence of controls on each category to construct aimost continuous
indices for the intensity of capital controls (Johnston and Tamirisa, 1998).

Severa studies include variables reflecting partisan conflicts as determinants of
capital controls and find that left-wing governments and majority governments are more
likely to impose capital controls (Alesina et a., 1994; Quinn and Incldn, 1997). Many
studies find that distortions in the tax system, especialy its low efficiency, are a common
determinant of capital controls (Milesi-Ferretti, 1998; Dailami, 2001). Large governments
and heavy debt burdens are found to make the existence of capital controls more likely
(Grilli and Milesi-Ferretti, 1995; Berger et al., 2001). As far as economic institutions are
concerned, central bank independence is found by some studies to be positively associated
with capital account openness, supporting the view that an independent central bank makes
it difficult for the government to generate seignorage revenue and, hence, less necessary to
impose capital controls to secure the tax base for inflation taxes (Alesina et a., 1994;
Epstein and Schor, 1992). From the perspective of crises prevention, countries with higher
risk of currency crises due to pegged or tightly managed exchange rates or high current
account deficits are found to be more prone to impose capital controls (Johnston and
Tamirisa, 1998; Berger et a., 2001).

There are two methodological problems in this empirical literature. One is the
roughness of measuring the intensity of capital controls. Since refined measures of capital
controls are available only for a limited number of countries (e.g. Quinn's index) or for

® Eichengreen (2001) reviews the literature on the measurements, causes, and effects of capital account
liberalization. Also see Dooley (1996).



some particular years (e.g. Johnston and Tamirisa' s measure for the post-1996 period), most
studies rely on a ssimple dummy variable to capture the presence of capital controls.

The other problem is the likely endogeneity of exchange rate regimes to capital
controls, since some studies find that capital controls make pegged exchange rate regimes
more likely to be adopted and more sustainable (Edwards, 1996; Berger et a., 2000).
Treating exchange rate regime choices as exogenous variables could create a simultaneity
bias in the estimation.

3 M easur ement and Deter minants of Capital Controls
3.1 AnlIndex of Capital Controls
Measuring the intensity of capital controls is difficult (Eichengreen, 2001). While a dummy
variable for capital controls is ssimple but rough, more sophisticated measures have much
smaller country and time coverage, which limits their usage substantially. In this paper, we
construct our own index of capital controls for 25 transition economies in the 1990s, based
on information from the IMF's Annual Report on Exchange Arrangements and Exchange
Restrictions (AREAER). Starting with the 1997 AREAER (for 1996), the IMF began to
provide information about the presence or absence of controls on ten or eleven types of
capital transactions.* Based on this disaggregated information, our measure of capital
controls is derived by dividing the number of capital transactions subject to controls by the
total number of capital transactions considered in the analysis.® For the early 1990s, we use
the relevant information from earlier issues of AREAER to construct the measure in the
same way. This approach produces an index of capital controls (CAP) for the empirical
analysis. Higher values denote more intensive controls on capital transactions.® The index is
continuous and allows for more convenient treatment in empirical analysis. It captures not
only the existence, but also the intensity of capital controls, albeit in an indirect way. In
practice, restrictions on one type of transaction can be circumvented through other
transactions not subject to controls. Therefore, the effectiveness of each control measure is
larger, if other types of transactions are subject to controls as well. A larger value of our
index thus does not merely reflect more types of control being imposed, it is aso a proxy for
higher degree of intensity of the existing controls.

Figure 1 shows the distribution of our index of capital controls (CAP) in 25
transition economies during 1990-1999. In the upper panel the index is shown in its original
form. The horizontal axis shows the index values, ranging from O for fully open capital

* The 1997 AREAER identifies ten categories of capital transactions that may be subject to controls. They are
controls on (1) capital market securities, (2) money market instruments, (3) collective investment securities,
(4) derivatives and other investments, (5) commercia credits, (6) financial credits, (7) guarantees, sureties, and
financial backup facilities, (8) direct investment, (9) liquidation of direct investments, and (10) real estate
transactions. Starting with the 1998 AREAER an additional type of control isidentified, namely controls on
personal capital movements.

> For some countries or years information on some types of controls are missing, or the existing information is
inconsistent. We treat these transactions as subject to controls. While this treatment certainly biases the
measure toward more closed capital account, it isjustified by the observation that these transactions are less
developed and less important in the relevant countries, possibly due to less developed capital market. Thisisin
turn consistent with a more closed capital account.

® Johnston and Tamirisa (1998) also use the detailed information from IMF's AREAER to construct measures
for the intensity of capital controls, which are defined as the number of existing controls, both for overall
capital account and for each type of capital transactions. The only difference between their measure and our
index is that we normalize the number of observed controls by the total number of potential controls. This
normalization is appropriate for our data due to changing number of types of capital transactions, while
Johnston and Tamirisa (1998) only consider one single cross section for 1996, so the change in the number of
potential controlsis not an issue.



accounts to 1 for fully closed ones. The vertical axis reports the sample share of various
realizations of the index. The figure shows that 11 percent of the total of 206 country-year
observations have very open capital accounts (index values not exceeding 0.1.) At the
opposite end, 38 percent of all cases have largely closed capital controls (index values
between 0.8 and 0.9). Another 26 percent of cases has amost full capital controls with index
values above 0.9. It is clear from Figure 1 that the index is dominated by the observations
with nearly closed capital accounts.

Figure 1: Distribution of the Index of Capital Controls (CAP)
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Since the index by construction is bounded between O and 1, it cannot be used
directly as a dependent variable in regression analysis. To solve this issue we first replace
the boundary values 0 with 0.01 and 1 with 0.99, respectively, and then transform the data
according to the formula log[x/(1-x)].” The sample distribution of the transformed index is
depicted in the lower panel. This transformed CAP will be used in the following empirical
analysis.

3.2  Determinantsof Capital Controls
The literature has identified various potential determinants of the choice of capital controls.
Detailed definitions and data sources of the variables are given in Appendix I.

" We also experiment with other aternatives, e.g. replacing 0 (1) with the mean between 0 (1) and the second
lowest (highest) index value before the transformation. The empirical results with this type of transformed
index, however, are very similar to those reported here, showing that our results are robust to different ways of
transformation.



Exchange Rate Regimes

We define exchange rate regimes (ERR) on the basis of the IMF's classification,
which distinguishes eight different regimes.® For each country, the exchange rate regime
prevailing at the end of a year is used as the regime for that year.’ To simplify the analysis
of the simultaneous determination of capital controls and exchange rate regime choices, we
aggregate the 8 regimes into three groups. fixed, intermediate, and flexible regimes.
Obvioudly, this aggregation involves some degree of arbitrariness, as the division between
any two adjacent regime groups is not always conceptually clear-cut.’® Making use of the
full classification of eight regimes, however, is difficult in the empirical analysis, as some
cells would end up having very few observations. In the empirical work below, the choice of
ERR is represented by an index variable assuming values of one, two, and three, with higher
values for more flexible exchange rate regimes.™

Institutional and Sructural Features

Within this group of explanatory variables, the first important feature identified by the
empirical literature is the degree of central bank independence (CBINDEP). With a
dependent central bank, the government can easily influence the monetary policy stance and
is more likely to rely on seigniorage revenue, which requires capital controls as necessary
compliments. The data on CBINDEP for the transition economies is an index of the legal
independence of the central banks constructed by Cukierman et al. (2000), with higher
values assigned to more independent central banks.

A second institutional determinant for capital controls is a country’s acceptance of
Article VIII of the IMF's Articles of Agreement. The acceptance of Article VIII signifies the
opening of the current account, which may lead to the loosening or removal of some capital
controls, especially those on trade-related capital flows. Moreover, maintaining current
account convertibility opens some legal channels for private agents to circumvent the
existing capital controls, reducing their effectiveness. All these suggest that an Article VIlI
status may be more conducive to capital account liberalization. A dummy variable (ARTS)
Is designed to capture this effect. It takes a value of one in the year when a country accepts
the Article V111 obligation and after, and zero otherwise.

The third variable measures the health or fragility of the financial institutions. With
strong and well-functioning financial markets, countries are better equipped to cope with
flows of capital and more able to benefit from free capital movements. In contrast,
underdeveloped or weak financia institutions, a legacy of past financial depression in the
transition economies, need more intensive protection against foreign competition, which
calls for capital controls to buy time for financial reform. Our proxy for financia fragility in
the transition economies (FINREF) is the index of financia reform compiled by the
European Bank for Reconstruction and Development (EBRD). The higher the EBRD index,

8 These are official exchange rate regimes reported by the national authorities to the IMF. Due to space limit
we do not report results based on de facto exchange rate regimes, which are generally consistent with those
reported here, especialy when the determination of capital controlsisinvestigated.

® An alternative is to use the “main” exchange rate regime, which lasts at least six monthsin a given year, as
the exchange rate regime for that year. The difference between the “main” exchange rate regimes and the end-
of-year regimesis generally ignorable, and empirical results with the*main” regimes are almost identical to
those reported here. Moreover, the identification of the “main” regimeis difficult if a country changesits
exchange rate regime exactly in the middle of ayear, e.g. the Bulgarian switch from an independent float to a
currency board arrangement on July 1, 1997.

19 For example, whether the conventional fixed-but-adjustable pegs should be classified as fixed or
intermediate regimes is a debatable issue.

' Johnston and Tamirisa (1998), for example, include an exchange regime index in their analysis. The index
takes integer values from 1 (for fixed regimes) to 5 (for free floating regimes).



the better the quality of financial institutions measured by the standard in matured market
economies, and the less protection required in the form of capital controls.

Public Finance Considerations

Countries with inefficient tax systems or narrow bases may wish to impose capital controls
to alow the government to collect sufficient revenues. This suggests that tax system
efficiency and the size of the government should be considered as determinants of capital
controls. Because the efficiency of the tax system is difficult to measure in a straightforward
way, we use the share of tax on income, profits, and capital gains in total tax revenue
(INCOMTAX) as a proxy. A higher share of income taxes reflects not only an enlargement
of the tax base, but an improvement of efficiency in taxation as well. The larger the
government, the stronger incentive to maintain or intensify capital controls to secure
sufficient government revenues. We use the share of general government expenditures in
GDP (GOVEXP) as a measure for the government size.

External Payments
Large current account deficits increase the desirability of capital controls to avoid balance-
of-payments difficulties and to ensure that sufficient foreign exchange resources be retained
domestically (Grilli and Milesi-Ferretti, 1995). Current account balances (CURRACCT) are
measured in percent of GDP, with positive (negative) values denoting surpluses (deficits).
Another variable here is externa indebtedness, measured by the ratio of external
debt to GDP (DEBT). Heavy external debt may force the government to impose capital
controls to ensure the retention of foreign exchange revenues for debt-servicing purpose
(Berger et a., 2001).

4 A Simultaneous Equations Model for Capital Controls and Exchange
Rate Regime Choices
4.1  Mode and Estimation Procedure
The structural form of our simultaneous equations model consists of two equations: ™
CAP = ERR*gi+ Xqby + uy, (1)
ERR* = CAsz + Xobo + U, (2)
where CAP is our (transformed) capital control index and ERR* is the latent variable
associated with ERR, the observed discrete exchange rate regime (ERR) choices. X; is a
row vector of determinants of capital controls, and X, contains determinants of exchange
rate regime choices. The error terms, u; and up, are both independently and identically
distributed (i.i.d.) normal with zero mean and finite variance and are independent of each
other. The first equation describes the choice of capital controls, the second the choice of the
exchange rate regime. A fundamenta difficulty is that the latter is a discrete choice.
According to our model, this choice depends on the unobserved variable ERR*, which can
be thought of as a measure of exchange rate flexibility. The latent variable ERR* is linked
to the observed choice of exchange rate regime by the following rule:

ERR=3 for floating regimes, if ERR* >c (c>0), (33
ERR =2 for intermediate regimes, if 0<ERR* £ c, (3b)
ERR=1 for fixed regimes, if ERR* £0. (3¢c)

Here c is a positive threshold differentiating between flexible and intermediate regimes. The
threshold differentiating between intermediate and fixed regimes is normalized to zero.

12 For ease of exposition, the country and time subscripts are omitted.



It might be tempting to include the observed exchange rate regime choices ERR in
(1) instead of its latent counterpart ERR*. But this would lead to a logical inconsistency of
the model. As shown in Appendix Il, if ERR is used in (1), consistency requires that either
CAP is exogenous to ERR*, or ERR* exogenous to CAP, or both. This would exclude the
interdependence of the two decisions suggested by the theoretical literature, which we wish
to test for in the empirical analysis.

As discussed in Heckman (1978), the structura parameters in the model
characterized by (1), (2), (38)-(3c) are identifiable (up to some proportionality), if thereis at
least one variable in X; not included in X, and at least one variable in X, not included in
X1. But the system is over-identified if, say, more than one variable in X; are not included in
Xo. Over-identification implies that the estimators are not unique. To assure unique and
consistent estimation, Heckman (1978) suggests a two-stage estimation procedure, which
we follow in our empirical analysis. To save space we only briefly sketch the estimation
procedures here, detailed explanations can be found in Appendix I1.

At the first stage we create appropriate instruments for the endogenous variables
appearing on the right-hand side (RHS) of the structural equations. For the continuous index
of capital controls, OLS can be applied; for the discrete exchange rate regime choices, we
use probit maximum likelihood (ML) estimation. We use the fitted values of CAP and
ERR* based on consistent estimates of the reduced-form coefficients as instruments.® At
the second stage we replace CAP and ERR* in the structural equations by their respective
instruments, and estimate the model with OLS or probit ML method to obtain consistent
estimates of the structural coefficients.

The row vector X; contains the following explanatory variables for capital controls:
centra bank independence (CBINDEP), Article VIII acceptance (ARTS), fragility of
financia institutions (FINREF), tax system efficiency (INCOMTAX), government size
(GOVEXP), current account balance (CURRACCT), and external debt stock (DEBT). Since
the last five variables might be endogenous to capital account liberalization, these variables
are instrumentalized by using their own one-year lagged values as instruments. Also
included in X; are dummies for country groups and time periods. We construct three
country-group dummies to account for group-specific fixed effects:* EUCAND1 for the
first-round EU accession candidates, EUCAND?2 for the second-round candidates, and CIS
for the member countries of the Commonwesdlth of Independent States (CIS)."> The
remaining three countries (Albania, Croatia, and Macedonia) are therefore used as the
reference group. Because accession to the European Union (EU) requires liberalization of
capital accounts, we expect EU candidates, especially those advanced in this process, should
have less capital controls than other transition countries. The time dummies are for the
period 1990-1993 (PERIOD1) and 1994-1996 (PERIOD?2).'® The most recent period (1997-
1999) is used as the reference. The first period corresponds roughly to the starting stage of
transition, while the last one to the period of recurrent financial crises.

The row vector X has the explanatory variables for the choice of the exchange rate
regimes. The relevant literature (see von Hagen and Zhou (2002) for a review) suggests that
the choice of exchange rate regimes depends on a number of country characteristics and

3 For ERRY, it is actually the fitted value of the normalized latent variable. See Appendix |1 for details.

4 We use group dummies instead of country dummies for two reasons: to detect groupwise heterogeneity and
to save degrees of freedom.

!> The differentiation between EUCAND1 and EUCAND?2 is now less relevant, as most of the candidates will
jointhe EU in May 2004. For the period under our investigation, however, this differentiation makes sense,
since two groups of countries are usualy different in their reform efforts and the speed of transition.

'8 Introducing annual dummies for each calendar year is inappropriate for our sample due to lack of data for
some countries in the early years.



policy variables. Specifically, the size of the economy measured in terms of rea GDP
(GDP), the degree of openness (OPENNESS), and the commodity concentration
(COMCON) play a role in the choice of an exchange rate regime. Since many of the
countries in our data set have the EU as their main trade partner, we also use openness to the
EU as an explanatory variable. Furthermore, our earlier empirical work (von Hagen and
Zhou, 2002) shows that this choice is affected by the degree of financial market deepening
measured in terms of the ratio of broad money (M2) to GDP (MONEY) and the availability
of international reserve assets (RESERVE). We also include dummies for country groups
and time periods. Except for the dummy variables, the explanatory variables are all
instrumentalized by their own one-year lagged values to attenuate potential ssimultaneity of
these variables.

4.2  Results

Table 1 reports the empirical results with three ordered exchange rate regime choices
(ERR). Three specifications are estimated: (1) both currency boards and conventional pegs
are treated as fixed regimes, both managed floats and free floats are regarded as floating
regimes, and al the other regimes form the intermediate group; (2) conventional pegs are
reclassified as intermediate regimes, others being unchanged; (3) both conventional pegs
and managed floats are reclassified as intermediate regimes, others being unchanged. As can
be seen from Table 1, for both dependent variables, the results change little across
specifications, showing that our findings are robust to the alternative classifications of some
controversial regimes.

It is clear from Table 1 that ERR choices strongly influence the choice of capital
controls. The coefficient on ERR* is always positive and highly significant, showing that
the intensity of capital controls increases in the desired flexibility of exchange rate regimes.
This finding is consistent with the implication of the “impossible trinity” in the sense that, if
countries switch from fixed regimes to intermediate ones, capital controls will be intensified
to help sustain the exchange rate regimes. But our finding predicts a further tightening of
capital controls when more flexible regimes are adopted. While this is not demanded by the
“impossible trinity”, it is consistent with the “fear-of-floating” phenomenon, the observation
that many developing and transition economies declare floating rates as official regimes, but
in practice control or manage the exchange rates heavily to avoid large volatility (Calvo and
Reinhart, 2000). Countries following this practice still resort to capital controls to help
manage their exchange rates. Moreover, a positive association between flexible exchange
rates and capital controls could arise, when countries are driven off afixed regimein acrisis
during which capital controls are instituted to help manage the situation while the exchange
rate is floated.”’

Our results also show that greater central bank independence and the liberalization
of current account contribute to the removal of capital controls, but larger size of the
government and larger external debts make capital controls more intensive. These results are
consistent with our expectations. Tax system efficiency does not seem to be an important
determinant of capital controls in transition economies. The positive coefficients for
FINREF and CURRACCT suggest that countries with stronger financial institutions or
current account surpluses tend to have more closed capital accounts, which is against our
expectations. A suggestive explanation of the former is governments in transition economies
have imposed capital controls as part of a strategy to develop new financial institutions and
markets under some protection from foreign competition and the volatility of international
capital movements. Such a strategy would lead to a positive association between FINREF

7 We thank an anonymous referee for pointing out this possibility.



and CAP during the reform process. The positive coefficient on CURRACCT may reflect
reverse causality even after using lagged variables as instruments. If capital account
liberalization leads to net capital inflows due to improved confidence of foreign investors in
the recipient countries, lower-level capital controls could be associated with current account
deficits.

Table 1. Results of the Simultaneous Equations M odel

Coeff. t-Ratio| Coeff. t-Ratio| Coeff. t-Ratio

CAP
ERR* 0.36 *** 425| 0.35 *** 417 0.34 *** 3.86
CBINDEP -2.81 ** -2.20| -2.70 ** -2.12| -3.00 ** -2.34
ARTS -1.19 ** -2.80| -1.08 ** -247| -1.26 *** -2.90
FINREF 1.10 ** 224 112 ** 227 114 ** 2.28
INCOMTAX 0.87 0.40| 1.18 0.53| -0.44 -0.20
GOVEXP 7.88 *** 442 7.70 *** 422 745 *** 4.05
CURRACCT 8.06 ** 222| 8.28 ** 2.26| 8.80 ** 2.37
DEBT 1.08 ** 2.39| 1.23 *** 270 0.85 * 1.94
EUCAND1 -1.17 * -1.97| -1.07 * -1.80| -0.62 -1.01
EUCAND?2 -0.68 -1.34| -0.64 -1.24| -0.40 -0.71
CIS 0.75 1.29| 0.73 125 118 * 1.89
PERIOD1 -0.35 -0.50| -0.40 -0.58| -0.84 -1.16
PERIOD2 -1.19 *** -3.31| -1.16 *** -3.24| -1.46 *** -3.93
R’-adjusted 0.27 0.27 0.27
F-value 5.57 *** 5.52 *** 5.45 ***
ERR
CAP -0.17 -1.08| -0.04 -0.23| -0.05 -0.29
OPENNESS -0.23 -0.62| -0.81 ** -2.25| -1.36 *** -3.69
OPENTOEU? 5.46 *** 3.09| 441 ** 255| 6.03 *** 3.16
COMCON 6.13 ** 252| 6.40 ** 255| 6.28 *** 2.68
GDP 0.08 0.54| -0.15 -0.87| -0.18 -1.10
MONEY 2.29 *** 2.95| 3.11 *** 3.98| 3.20 *** 3.74
RESERVE -0.70 *** -3.14| -0.65 *** -3.34| -0.55 *** -2.62
EUCAND1 -1.24 * -1.89| -1.19 * -1.73| -2.05 *** -2.67
EUCAND?2 0.04 0.08| -0.20 -0.40| -0.25 -0.45
CIs 2.72 *** 3.85| 236 *** 3.89| 210 *** 3.13
PERIOD1 0.44 0.92| 0.59 1.10| 1.47 *** 2.77
PERIOD2 -0.02 -0.12| 0.02 0.05| 0.72 *** 2.79
Log-likelihood -109.5 -94.1 -83.3
Correct pred. (%) 72.2 74.1 75.9
Observations 158 158 158
Ho: az =0

LR 1.19 0.06 0.09

Wald 1.17 0.05 0.09

LM 1.28 3.02 * 1.19

Note: *, **, and *** indicate significance at 10%, 5%, and 1% level, respectively. For CAP
determination, heteroscedasticity-consistent variance-covariance matrix is used. The ERR
choices are ordered (thresholds not reported). Each model is estimated with constant terms
for both structural eguations.
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The results for the country group dummies confirm our expectations that the EU
candidates maintain more liberal capital accounts than other transition economies. This is
particularly true for the first-round candidates, which had to open their capital accounts as
part of the accession process. The coefficients on the period dummies suggest that the most
recent period (1997-1999) witnessed an increase in the intensity of capital controls in
transition economies, which might be related to the frequent occurrence of financial crises
during this period.

Turning to the model for ERR choices, the first important result is that the choice of
capital controls does not seem to influence the ERR choice significantly. Since a formal
Hausmann (1983)-type exogeneity test is impossible due to the unobservability of the latent
variable ERR*, we run likelihood-ratio (LR) tests, Wald tests, and Lagrange multiplier
(LM) tests for the null hypothesis that &=0. The bottom panel of Table 1 shows that the test
statistics are insignificant in amost al cases. Only the LM statistic for the second
specification is marginally significant.

We conclude that empirically the choice of exchange rate regimes does not depend
significantly on the intensity of capital controls. In view of the result that the choice of
capital controls does depend significantly on the choice of exchange rate regime, the
empirical model has a recursive structure. The interpretation is that the choice of exchange
rate regimes precedes the choice of capital controls, and that governments tend to use capital
controls to help manage their declared exchange rate regimes. The methodological
implication is that we can treat ERR* as a predetermined variable in equation (1).

The results regarding the remaining variables are largely consistent with those in von
Hagen and Zhou (2002). Countries which are highly open to foreign trade, diversified in
commodity structure of trade, and have sufficient international reserves are more likely to
adopt fixed-rate regimes. On the contrary, very high trade openness to the EU as well as
financial deepening tend to make countries to select flexible exchange arrangements.
Moreover, the CIS countries show a stronger preference for more flexible regimes than the
other transition economies, while the first-round EU candidates seem to be more interested
in stable exchange rates. As far as the evolution of exchange rate regimes is concerned,
there is weak evidence only showing that exchange regimes are gradually evolving toward
arrangements with more stable exchange rates.

5 A Single Equation M odel for Capital Controls

The recursive structure of the model estimated in section 4 allows us to analyze the choice
of capital controls using a single-equation model. In this section we use such a modd to
pursue the possibility of a non-linear relationship between the ERR choice and the intensity
of capital controls.

51  Three Specifications of the Model
The first specification of a single equation model relates capital controls to exchange rate
regime choices and other explanatory variables through the following equation:*®
CAP = ERRé4; + ERR?4, + X8+ § (4)

where ERR is defined as before and dis an i.i.d. normal error term. If governments choose
low levels of capital controls for both very rigid and very flexible ERR, but high levels of
controls for intermediate regimes, & should be positive and & negative.

The second specification of the model substitutes the observed regime choice (ERR)
with its latent counterpart (ERR*). That is,

'8 For ease of exposition, the country and time subscripts are all omitted.
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CAP = ERR*4 + ERR*?4, + X18+ § (5)
This specification captures the idea that it is the desired exchange rate flexibility, which
influences the intensity of capital controls. Here, ERR* is the latent variable estimated from
our model developed in section 4, using equation (2) with &=0.

Specifications (4) or (5) can detect a non-linear relationship, but do not directly point
out which regime is associated with the most intensive capital controls. To achieve this
objective we construct dummy variables for each regime, and allow them to assert different
influences on capital control intensity. This leads to the third specification:

CAP=SN'ERD; &+ X8+ 8§ (6)
where ERD; is the dummy for the i-th regime and § the corresponding coefficient. Since we
include a constant term in X, one regime dummy must be excluded to avoid perfect
multicollinearity. The excluded regime is then used as the reference regime. For our anaysis
the exchange rate regimes are classified based on the IMF s eight-regime scheme, and we
do not observe cases of currency unions in the transition economies in the 1990s, so we set
N=7 and use managed floats as the reference regime.

52 Results
Table 2 reports the empirical results.

Table 2. Results of the Single Equation Model

Coeff. t-Ratio | Coeff. t-Ratio| Coeff. t-Ratio
ERR 3.22 ** 2.18
ERR? -0.67 * -1.85
ERR* 0.62 *** 2.97
ERR*? -0.11 * -1.76
CBA -1.98 *** -3.36
PEG -0.65 -1.42
HB -0.26 -0.53
CP 0.30 0.52
CB 0.61 1.25
FF 0.05 0.10
CBINDEP -1.75 -1.36| -2.29 * -1.80| -1.74 -1.45
ARTS -1.48 *xx -3.35| -1.28 *** -2.04| -1.37 *** -2.87
FINREF 0.66 1.35| 079 * 1.65| 0.58 1.22
INCOMTAX -0.80 -0.37| 1.03 046| -1.55 -0.72
GOVEXP 7.16 *** 3.96| 5.91 *** 3.49| 6.67 *** 3.95
CURRACCT 12.36 *** 2.96| 7.43 ** 1.98| 11.88 **x* 2.78
DEBT 1.02 ** 2.07| 1.15 *x* 258| 0091 * 1.82
EUCAND1 -1.38 *x* -2.35| -1.51 ** 247| -1.28 ** -2.39
EUCAND2 -0.80 -1.64| -1.27 ** -2.37| -0.56 -1.11
CIS 0.65 1.18| -0.22 -0.33| 0.65 1.14
PERIOD1 -0.75 -1.06| -0.39 -0.57| -0.82 -1.21
PERIOD2 -1.30 *** 2346 -1.21 *** -3.26| -1.24 *** -3.13
CONSTANT -3.38 ** -2.19| -0.20 -0.18| 0.67 0.59
R*-adjusted 0.26 0.27 0.28
F-value 5.2] *** 5,02 *** 4,39 *xx
Observations 168 157 168
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Note: *, ** and *** indicate significance a 10%, 5%, and 1% level, respectively.
Heteroscedasticity-consistent variance-covariance matrix is used.

The first point to note is that the exchange rate regime choices do influence the
intensity of capital controlsin a hump-shaped way. For both observed and desired exchange
rate regime choices, the intensity of capital controls first increases in the flexibility of
exchange rate regimes, as evidenced by the positive coefficient for ERR or ERR*, but then
decreases when very flexible regimes are selected or intended, as can be inferred from the
negative coefficients for the two squared terms. The most intensive capital controls are
associated with intermediate regimes (ERR=2)."* This non-linearity is significant in the
data.

A closer look at the role of each exchange rate regime revedls that, compared to
managed floats, hard pegs are associated with significantly more liberalized capita
accounts, while crawling pegs and crawling bands require more intensive capital controls.
All these results are consistent with the “hollowing-out” hypothesis, which argues that only
hard pegs and very flexible regimes are viable if capital mobility is high. On the other hand,
they also explain why we seldom observe this phenomenon in transition economies, since
most countries with intermediate regimes maintain relatively more intensive capital controls
to enhance their viability.

The results with other determinants are similar to those of the simultaneous
equations model. Except for CBINDEP and FINREF, which lose significance in the first
and the third column, all the variables reflecting institutional and structural features, public
finance considerations, and external payments factors that are significant in Table 1 are still
significant in Table 2 with the same signs as before. The differences between country
groups detected by the simultaneous equations model are aso apparent in the current
framework. The time-profile for the intensity of capital controls shows that there is an
intensification of capital controls in the late 1990s, confirming the resultsin Table 1.

6 Conclusions

We have examined the role of exchange rate regime choices in the determination of capital
controls in transition economies. We develop a simultaneous equations model to account for
the interactions between decisions on exchange rate regimes and on capital controls. While
the exchange rate regime choices are discrete-valued variables, we develop a continuous
index to measure the intensity of capital controls. The discrete-continuous simultaneous
equations model is estimated using the two-stage estimation procedure suggested by
Heckman (1978). After finding that exchange rate regime choices are not affected by
decisions on capital controls, we develop a single equation model to analyze the non-linear
influence from exchange rate regime choices on the intensity of capital controls.

The results of the simultaneous equations model show a strong influence from
exchange rate regime choices on capital controls, while the feed-back effects from capital
controls on exchange rate regime choices are absent. The weak response of exchange rate
regime choices to capital account liberalization suggests that governments tend to utilize
capital controls to help manage the exchange rate regimes, rather than adjusting the latter
passively to accommodate the changing degree of capital mobility. This weak response also
implies that the exchange rate regime choices can be used as an exogenous explanatory
variable in the single equation model for capital controls.

19 The value of the quadratic term ax2+bx+c is maximized at x*=-b/(2a) if a<0. With a=-0.67 and b=3.22, we
have x*=2.4.
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The results of the single equation model provide evidence for a non-monotonic
relationship between capital controls intensity and exchange rate regime choices. The
overal evidences suggest that intermediate regimes are typically associated with the most
intensive capital controls, and hard pegs are associated with the most liberal capital
accounts.

Both models show that strong central bank independence and current account
liberalization are associated with substantially lower intensity of capital controls. In
contrast, advances in the development of financial institutions, current account surpluses,
and heavy burden of externa debt are associated with tighter capital controls in transition
economies. Turning to country groups, the EU accession candidates, especially those
advanced in this process, maintain much more open capital accounts than the non-accession
countries, most of them being member states of the CIS. There is aso evidence that the
crises-ridden late 1990s witnessed a slight tightening of capital controls in many transition
countries,

Appendix | : Definitions of Variables and Data Sour ces

.1 Exchange Rate Regimes

The exchange rate regime classifications are based on the eight-regime classification
scheme of the IMF. The eight regimes are: (1) currency unions, (2) currency board
arrangements, (3) conventional pegs, (4) horizontal bands, (5) crawling pegs, (6) crawling
bands, (7) managed floats, and (8) free floats. The first regime type is not applicable to the
transition economies. The ordered regime classification consists of three broad regime
groups: fixed group with regime (2) and (3); intermediate group with regime (4), (5), and
(6); floating group with regime (7) and (8).

Data on exchange rate regimes are from the following sources. the IMF,
International Financial Satistics (various issues), Annual Report on Exchange
Arrangements and Exchange Restrictions (1998), and Exchange Rate Arrangements and
Currency Convertibility: Developments and Issues (1999).

.2 Capital Controls

CAPisanindex of capital controls, defined as the ratio of the number of capital transactions
subject to controls to the total number of capital controls, transformed using the formula
x*=log[x/(1-x)] after replacing O with 0.01 and 1 with 0.99 in the original data series (x).
Data on capital controls are from the IMF, Annual Report on Exchange Arrangements and
Exchange Restrictions (various issues).

1.3 Explanatory Variables
ART8: Dummy for the acceptance of the obligations under Article VIII of the IMF's
Articles of Agreement. For each country it takes the value of zero when it does not accept
the obligations under Article VIII. If the acceptance is effected in the first half of a year, the
dummy assumes the value of unity for this year and after. If accepted in the second half of a
year, the dummy will begin to assume the value of unity in the next year. Data source is the
IMF, International Financial Statistics (various issues).

CBINDEP: Index for the lega independence of central banks. Data are from
Cukierman, Miller, and Neyapti (2000).

CIS: Dummy for the member countries of the Commonwealth of Independent States,
including Armenia, Azebaijan, Belarus, Georgia, Kazakhstan, Kyrgyz Republic, Moldova,
Russia, Tgjikistan, Turkmenistan, Ukraine, and Uzbekistan.
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COMCON: Commodity concentration of foreign trade, measured by the Gini-
Hirschman coefficient defined below. Commodities are first defined at the one-digit SITC
level (0-9) to create ten broad groups and then reclassified into seven main commodity
categories. Denote exports of commodity i from country j by Xj; and country j’s total export
by X;, the Gini-Hirschman coefficient for country j, G, is derived from C% = i(Xii/X;)>.
Data on commodity trade are from the International Trade Center.

CURRACCT: Current account surplus (+) or deficit (-) as a ratio of GDP. Data
source isthe IMF, International Financial Statistics (various issues).

DEBT: External debt stock, normalized by GDP. Data are taken from the EBRD,
Transition Report (1999) and the IMF, Country Report (various issues).

EUCAND1: Dummy for the first-round EU accession candidates, including the
Czech Republic, Estonia, Hungary, Poland, and Slovenia.

EUCAND2: Dummy for the second-round EU accession candidates, including
Bulgaria, Latvia, Lithuania, Romania, and the Slovak Republic.

FINREF: Index of financia reform, measured by the average of the EBRD indices
for banking reform and for non-banking financial institutions reform. Data source is the
EBRD, Transition Report (2000).

GDP: Gross domestic products in current prices, in billions of US dollars and then in
logarithms. Data are from the IMF, World Economic Outlook Database, September 2000.

GOVEXP: General government expenditures, normalized by GDP. Data are taken
from the EBRD, Transition Report (1999) and the IMF, Country Report (various issues).

INCOMTAX: Share of tax on income, profits, and capital gainsin total tax revenue.
Data are from the IMF, Government Finance Statistics Yearbook (2000) and Country Report
(various issues).

MONEY: Broad money, normalized by GDP. Broad money is the sum of “money”
and “quasi-money”. Data source is the IMF, International Financial Statistics (various
ISsues).

OPENNESS: Degree of openness to foreign economies, measured by the ratio of
total trade volume to GDP. Total trade volume is the sum of goods export (f.0.b.) and goods
import (c.i.f.). Trade data are from the IMF, Direction of Trade Satistics (various issues).
GDP data are from the IMF, World Economic Outlook Database, September 2000.

OPENTOEU: Degree of openness to the EU, measured by the share of trade with the
EU in total trade. Data source isthe IMF, Direction of Trade Statistics (various issues).

PERIOD1: Dummy for the period 1990-1993.

PERIOD2: Dummy for the period 1994-1996.

RESERVE: Ratio of non-gold international reserves to broad money. Data sources
are the IMF, International Financial Satistics (various issues) and Country Report (various
issues), and the EBRD, Transition Report (1999).

Appendix |I: Logical Consistency and the Two-Stage Estimation
Procedure

1.1  Thelssue of Logical Consistency

To understand the concern about the logical consistency of the simultaneous equations
model, we can rewrite the model, with ERR in place of ERR* in the first structural equation,
as:

CAP =ERR3; + X1b1 + uy, (A-la)

ERR* = CAPZ& + X3b, + W. (A-1b)
Substitute (A-1a) into (A-1b) for CAP, we have:

ERR* =ERRa + M +¢, (A-2)
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wherea = i, M = X101 + Xobo, and e = gpus + Up. Since both u; and u arei.i.d. normal,
eis aso normal with O(-) as the cumulative density function, then we have

Prob(ERR = 1) = Prob(ERR* £ 0) = O(-M-a),

Prob(ERR = 2) = Prob(0 < ERR* £ ¢) = O(c-M-2a) - O(-M-2a),

Prob(ERR = 3) = Prob(ERR* > ¢) = 1 - O(c-M-3a).
The logical consistency of the model requires that the three probabilities must sum up to
unity, which is equivalent to the condition

[O(-M-a) - O(-M-2a)] + [O(c-M-2a) - O(c-M-3a)] = 0. (A-
3)
Itisclear that, if a>0 (a<0), the results of both brackets will be positive (negative), so (A-3)
can be trueif and only if a = gugx = 0. This leads in turn to the collapse of the simultaneous
structure. Therefore, unless we assume that at least one variable is exogenous (g=0 and/or
®=0), the smultaneous equations system characterized by (A-1a) and (A-1b) is not
logically consistent.

Another case where the logical consistency can be a concern is the model with
exchange regime dummies appearing in the structural equation for capital controls. Since we
are interested in the possible non-linear responses of capital controls to exchange rate
regime choices, it is tempting to include dummies for fixed and flexible regimes in the
equation for capital control determination. That is,

CAP = ERR1411 + ERR3843 + X1b1 + Uy, (A-4a)

ERR* = CAP&, + Xbs + up, (A-4b)
where ERR; and ERR; are dummies for fixed and floating regimes respectively. Again
insert (A-4a) into (A-4b) to obtain

ERR* = ERR;a; + ERRzaz + M + 3 (A-5)
where a; = i@, as = i, and M and dare the same as before. Now the three probabilities
can be expressed as
Prob(ERR; = 1 and ERR3 = 0) = Prob(ERR = 1) = Prob(ERR* £ 0) = O(-M-ay),
Prob(ERR; = ERR; = 0) = Prob(ERR = 2) = Prob(0 <ERR* £ ¢) = O(c-M) - O(-M),
Prob(ERR; = 0 and ERRs = 1) = Prob(ERR = 3) = Prob(ERR* > ¢) = 1 - O(c-M-ay).
Logical consistency of the model requires that the following condition holds for any M:

O(-M-a,) - O(-M) + O(c-M) - O(c-M-a3) = 0. (A-6)
It can be shown that (A-6) will be true for any M if and only if a; = az = 0. The sufficiency
Is obvious. To prove the necessity, note that (A-6) implies the following relationship:

a;=-M - FYHOM) - Oc-M) + O(c-M-as)], (A-7)
which depends on M for given c if ag* 0. This is contradictory, however, to the fact that
both a; and a3 are constant parameters independent of M. As a result, as must be zero,
which means that a; must be zero, too. Since a; = az = 0 is equivalent to gu® = tisg = 0,
we reach the same conclusion drawn from the first case.

1.2  The Two-Stage Estimation Procedure
In the first stage, we derive and estimate the reduced form of the model, which consists of
the following two equations:
CAP =XP11+XoP1o+ni=XP1+ny, (A-8a)
ERR* = X1P 21 + XoP 2 + np = XP o + Ny, (A-8b)
where P = bll(l-g192), Pyp= g1b2/(1-g192), P, = gzbll(l-g1g2), Py = bz/(l-glgz), n, =
(utaw)/(1-a@), and ny = (@uitu)/(1-gg). X contains al the different exogenous
variables from X; and X, and P; and P, are the two vectors of the reduced form
coefficients.
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We estimate (A-8a) by ordinary least square (OLS) method to obtain a consistent
estimator of P 1, denoted by A, and estimate (A-8b) by probit maximum likelihood (ML)
method. If we denote the standard deviation of n, by s,, (A-8b) can be rewritten as:

ERR** = ERR*/s, = X(Pz/Sz) + Ny/so = XPo* + no*,
where Var(nz*) = 1. The consistent estimator for P »* is denoted by P [J,*Then we have CAR
= X} as the appropriate instrument for CAP and ERRF* =X P [J,for ERR**.

In the second stage we substitute the instruments for the endogenous variables on the
right-hand side of the structural model. The structural equation for capital controlsis now:

CAP= (@SQ)(ERR*/SQ) + X1by + U= (9152)ERR** + X1b1 + us.
Use EAR** as the instrument for ERR**, we can obtain OLS estimators for the structural
parameters: ¢S, and bi. The structural equation for exchange rate regimesis:

ERR*/s = (@/s)CAP + Xz(b2/s) + u/s,
where s denotes the standard deviation of u, so that Var(u./s) = 1. Applying CARas the
instrument for CAP, probit ML can generate estimators for the structural parameters. /s
and b/s.
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