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Abstract

This paper develops an empirical model of bilateral exchange rate volatility. We
conjecture that for developing economies, external financial liabilities have an important
effect on desired bilateral exchange rate volatility, above and beyond the standard optimal
currency area (OCA) factors. By contrast, industrial countries do not face the same set of
constraints in international financial markets. In our theoretical model, external debt tightens
financial constraints and reduces the efficiency of the exchange rate in responding to
external shocks. We go on to explore the determinants of bilateral exchange rate volatility in
a broad cross section of countries. For developing economies, bilateral exchange rate
volatility (relative to creditor countries) is strongly negatively affected by the stock of
external debt. For industrial countries however, OCA variables appear more important and
external debt is generally not significant in explaining bilateral exchange rate volatility.
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1. Introduction

What are the principal determinants of exchange rate volatility? This has been
perhaps the biggest research question in international finance over the last three
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decades. Despite hundreds of follow-up papers, the results of Meese and Rogoff
(1983) suggesting that movements in exchange rates are largely unpredictable
remain largely intact.

Our paper also focuses on exchange rate volatility. But we take an alternative
perspective to the literature that has directly followed in the tradition of Meese and
Rogoff. Rather than focusing exclusively on the time series properties of exchange
rates relative to a single large currency such as the dollar or the euro, we are
concerned with understanding what drives bilateral exchange rate volatility across
countries. Looking at a large cross section of both developing and developed
countries, we seek to identify the main determinants of bilateral exchange rate
volatility between country pairs.

Our starting point is the optimal currency area (OCA) hypothesis of Mundell
(1961). Mundell isolated the key economic factors that make two regions or
countries part of a common currency area. These factors include trade inter-
dependence and the degree of commonality in economic shocks. As in previous
work (e.g. Bayoumi and Eichengreen, 1998; Hausmann et al., 2001; Larrain and
Tavares, 2000), we use these as explanatory variables in modeling bilateral
exchange rate variability across countries.

But in addition to the standard set of OCA variables, we add a further set of
determinants measuring financial linkages between countries. Recent theoretical
literature suggests that these variables may be of key importance in understanding
exchange rate variability, especially for developing economies. Our central
hypothesis is that for developing countries, high levels of financial linkages with a
creditor country C (in the form of portfolio debt or bank loans) will, ceteris
paribus, be associated with a lower level of bilateral exchange rate variability
vis-a-vis country C.

This hypothesis is derived from a substantial recent body of work that points to
the importance of financial factors in understanding exchange rates in emerging
market economies. Many writers have questioned the neglect of financial market
structure in standard macroeconomic models. Bernanke et al. (1999) stress the
importance of balance sheet effects in understanding the properties of business
cycles. Among others, Krugman (1999), Cook (2000), Aghion et al. (2001),
Cespedes et al. (2000, 2001), Devereux and Lane (2001), Gertler et al. (2001) and
Eichengreen (2002), have extended these ideas to the open economy. All these
papers highlight a fundamental failure of the ‘Modigliani—Miller’ theorem:
balance sheet effects matter for macroeconomic outcomes and especially for the
exchange rate.

One conclusion of this literature is that, combined with these balance sheet
effects, the presence of external debt (denominated in foreign currency) may have
an important effect on the way in which movements in the exchange rate impact

'See also Alesina and Barro (2002).
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on an economy. Fluctuations in exchange rates, in the presence of large stocks of
un-hedged foreign-currency denominated debt may be important through its effects
on the financial sector and corporate balance sheets. This introduces a cost of
exchange rate variability quite separate from the traditional theory. Eichengreen
and Hausmann (1999) suggest that many emerging market economies may have
little ability to tolerate a high degree of exchange rate volatility against their major
creditors. The observation that many countries, especially emerging market
economies, display a ‘fear of floating’ (Calvo and Reinhart, 2002) offers
supporting evidence for the hypothesis that OCA factors alone cannot provide a
full account of the degree of bilateral exchange rate volatility that emerging market
economies experienée.

Accordingly, the central empirical hypothesis of the paper is that in addition to
the standard OCA factors, bilateral exchange rate volatility is related to the stock
of bilateral financial claims across countries. For the ‘rich’ countries that are not
constrained in international capital markets and can freely borrow by issuing assets
denominated in their own currencies, it is unlikely that international balance sheet
considerations have a large impact on their choice of exchange rate regime. But for
developing economies that are subject to various borrowing constraints and must
issue debt in foreign currency, exchange rate volatility may have an extra cost,
beyond that suggested by the standard OCA criteria. Accordingly, we test the
hypothesis that bilateral exchange rate volatility is especially negatively related to
bilateral financial claims for developing economies.

The paper begins by developing a simple model of exchange rate choice for a
small open economy vulnerable to external terms of trade disturbances. Exchange
rate policy matters due to nominal price stickiness. Our model allows for the
exploration of two separate cases. For an economy free of credit constraints, we
show that exchange rate adjustment is desirable, and the exchange rate should
respond to external shocks according to OCA theory. We then show that the
presence of credit constraints, in combination with external debt, leads to a
significant decline in the optimal response of exchange rates to shocks. If the credit
constraints are significant enough, it may be optimal to have essentially no
adjustment of the exchange rate in response to external shocks.

In our empirical estimates we examine the determinants of bilateral exchange
rate volatility in a broad cross section of countries, using a number of standard
OCA variables that have been employed in the literature, such as trade inter-
dependence, differences in economic shocks, and country size. We then add a
series of financial variables. One represents internal finance, capturing the degree
of financial depth within countries. A second set of variables measures external
financial factors. One of these comes from banking data (obtained from the BIS),

A related, but separate rationalization for ‘fear of floating’ is provided by Caballero and
Krishnamurty (2001). They stress the importance of internal versus external collateral during a
currency crisis.
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and represents exclusively creditor-currency denominated loans, so it captures the
importance of foreign currency liabilities. The second measure comes from the
IMF’s International Portfolio Survey, and represents bilateral portfolio debt
liabilities between countries.

Our empirical results find that financial variables do play a significant role in
explaining exchange rate volatility, in addition to the standard OCA set of
variables. For the most part, the results indicate that the effect of OCA variables
on exchange rate is consistent with standard theory. Greater bilateral trade reduces
bilateral exchange rate volatility, and economic size increases volatility. This holds
both for developed and developing countries. For the full sample, bilateral
exchange rate volatility is reduced by both internal finance and by external
financial linkages.

But the results are sharply different for developed economies and the developing
country sample. For developed economies, bilateral exchange rate volatility is
either positively affected by external financial linkages, or affected insignificantly.
By contrast, for the developing country sample, bilateral exchange rate volatility is
significantly reduced by external financial linkages. Thus, the dichotomy between
developed and developing economies suggested by the model is supported by our
empirical results. In fact, we see the same dichotomy with respect to internal
finance; this variable tends to increase exchange rate volatility for developed
economies, but reduces it for the developing economies.

The paper is organized as follows. The next section develops a simple model of
the optimal exchange rate policy for a small economy, following in the tradition of
the recent ‘new open economy macroeconomics’ literature. Section 3 outlines the
data and the empirical strategy used in the paper. Section 4 discusses the empirical
results. Some conclusions then follow.

2. An illustrative mode

We first outline an illustrative model of optimal exchange rate volatility in a
small open economy. Here we give an intuitive description of its main elements.
There is a single small economy, where all households are alike, consuming an
imported good and a non-traded good, and supplying fabor. The economy
produces a non-traded good and an export good. Prices of both import and export
goods are determined in the rest of the world, but non-traded goods prices are
determined domestically.

®This is a very simple version of a ‘new open macro’ model (see Obstfeld and Rogoff, 1995, 2000;
Lane, 2001).
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Household preference is separable in labor supply and aggregate consdmption.
Demand for the non-traded good and imported goods is

Py 7
CN=aF C

cM=(1—@<2¥>wc,

respectively, whera is the weight on non-traded goods in aggregate consumption,
andp is the elasticity of substitution between import goods and non-traded goods.
P represents the non-traded good price, &ydis the import good’s price. The
foreign currency price of import goodB;;, is determined abroad, so the domestic
price must satisfyP,, = SP}y,, where S is the nominal exchange rate. The
household’s implicit labor supply is given by =»P,C’H/, where o and ¢
represent the inverse of the elasticity of inter-temporal substitution in consump-
tion, and consumption-constant elasticity of labor supply, respectively.
Firms in the non-traded sector employ only labHy,), using one unit of labor
per unit of output. Firms choose prices in advance to maximize expected profits.
In the export sector, firms must use both labor and an intermediate import good.
The typical exporting firm has a fixed proportions production function given by

vymmin]
x =M 1= w) |’
whereV = H, represents value-added, equal to employment. The export price is

given by P, = SP}. Intermediate imports are provided by a separate importing
sector, at pric. Let g= Q/P,. Then free entry in export goods implies

and

PX
(11— w) =W (1)

Firms in the intermediate input sector purchase inputs from abroad and sell them
to exporters. These firms may face credit constraints in the purchase of inter-
mediate inputs. The rationalization is as follows. Intermediate importers initially
borrow an amounB* from foreign banks to finance the purchase of intermediate
inputs. Then intermediate importers may purchase imports from the foreign
suppliers at pric&*. Due to default risk, the intermediate importers are required

“Let utility be defined as
3 Cl*(r 7]
Tl-0 14y

1+y
H

U

For simplicity, we focus on a static economy.
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to pay an extra ‘risk-premium’ per unit of imported intermediate inputs. Following
Bernanke et al. (1999), assume that the risk premium is an increasing function of
the amount borrowed, relative to net worth. Thus, the total variable cost for the
intermediate importing firm, in domestic currency terms, is givenQy¥1(1 +

Z(¢)), where

$*
=5

denotes the ratio of borrowing to net wofth. Assume that net worth of the
intermediate input sector is fixed in terms of the non-traded good, and therefore for
simplicity we can normalize it to unity. The functiarfe) satisfiesz’(¢) > 0.

The key feature is that the balance sheet position of intermediate input firms
determines the sensitivity of the risk premium to the exchange rate. The elasticity
of the intermediate input’s price with respect to the exchange ratetig,where

__ZAe) Z(e)e
T 1vde) Ae)
and ¢ denotes the ratio of debt to net worth. As an example, take

2
2(p) = Q%.

where s is a constant. Then it is clear that is increasing ing. For the rich
economies, we would anticipate thai would be very small, and hence
negligible. But for developing economies, we might expect higher valugsafd
hencey.

With free entry into the intermediate importing sector, the price of intermediate
imports charged to export producing firms must then be

Q=Q*1 + Z¢)). (2)

Without loss of generality, we take the exchange rate as an exogenous policy
variable that can be chosen by the domestic monetary authority. The only external
shocks in the model are those to the terms of trade. The terms of trade can be
described as the export price, relative to a composite of import prices (prices of
both consumer good imports and intermediate good imports). Holdi{ig
constant, we allow for shocks 1} and toQ*.

In equilibrium, output in the non-traded goods sector must equal demand

Ho=a( ) e 3)

At the end of the period, the bond is repaid to the foreign creditor, so there are no net flows of
capital into the country.
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Equilibrium in the balance of payments requires that value added in the export
sector equals imports

P.Hy Pu) "
-7;%1—m1—w»:(r—aa(7;) C. 4)

Finally, from the zero profit conditions in the export sector, combined with the
equilibrium wage, and labor market clearing € H, + H,), we get

%(1 —0(1— w)) = pPC7(Hy + Hy)". (5)

Given the policy rule for the exchange rate, and the predetermined non-traded
goods price, these three equations can be implicitly solved for consun(tiemnd
employment in each sector, andH,.

The model can be solved by linearizing Egs. (3)—(5) around an initial steady
state. Lowercase letters represent log deviations from the steady state, so that for
any variableX, let x=In (X/X). From (3), we have

hy=p(1—a)s+ec. (6)

Non-traded output is an increasing function of consumption and the nominal
exchange rate. From Eq. (4), using also (2) we have

(1- w) (1-w)
o " T

s= —pas+cC. (7)

The left hand side represents the net value-added in the export sector, which
includes the direct effects of the terms of trade shock, the effect of increased
employment, and finally, the impact of the exchange rate on real income through a
tightening of the credit constraint. The right hand side of (7) then just represents
changes in the demand for imported goods.

A linearization of (5) gives

1-w 1-w
DI

s+ p% s=(1—a)s+ ac + Y(ah, + (1 — a)hy).

(8)

The left-hand side represents the change in the value of the marginal product of
labor in the export sector, including direct exchange rate effects, the terms of trade,
and indirect exchange rate effects through the credit constraints. The right hand
side just represents the change in the nominal wage.

The domestic authorities choose the optimal exchange rate rule to maximize
domestic expected utility, which may be written as (see Woodford, 1999)

A-o) . A+d_,
2 o 2 | - |

EU =
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whereh = ah + (1 — a)h, represents aggregate employment. We assume that the
exchange rate rule is chosen before the external shocks are known, but that the rule
allows the authorities to respond directly to the realizations of the shocks.

2.1. Optimal exchange policy without credit constraints
First we look at the case without credit constraints, so that the risk premium

term v, is set to zero. We may then solve Eqgs. (6)—(8) for consumption and
employment:

a I+A-ay)( , (Q-w)

Cor T oty (pt -5 %) )
a (1-(1-aa(, (-

h:o_+¢,a 0'+1,[/ ( X_Tq ) (10)

Substituting (9) and (10) into (the approximation of) expected utility, it is easy
to then show that the optimal exchange rate rule is:

(1-w)

w

S= —pxt qr. (11)

The exchange rate is adjusted to fully respond to terms of trade disturbances and
shocks to the real price of intermediate inputs. Intuitively, a positive shock to the
terms of trade requires a real exchange rate appreciation. In face of sticky
non-traded goods prices, the real appreciation is achieved by nominal appreciation.
In fact (11) replicates the equilibrium of the economy where the non-traded goods
price is fully flexible.

2.2. Optimal exchange policy with credit constraints

When the intermediate inputs sector is subject to a credit constraint, the policy
maker must take into account that movements in the exchange rate affect the real
cost of the intermediate input, through the response of the risk-premium. Again
using (6)—(8), we obtain the response of consumption and employment as:

(a- "0 ya-a) A lan (o))

€= o+ s+ g+ X w
(12)
1_
_(a— ¥ ww)_(l—g-(l—a))> (1_(1_a)0)( . (1-o) *>
h= oty ST oy xT e 1)

(13)
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Contrasting with Egs. (9) and (10), we see that the effects of a terms of trade
shock on consumption and employment are as before. But exchange rate
depreciation may have a perverse impact on aggregate consumption, since it
reduces output in the traded goods sector, and reduces the marginal product of
labor in traded goods.

We may use Egs. (12) and (13), in conjunction with the objective function, to
derive the optimal exchange rate rule. The optimal rule may be written as

[(1- )o@ 36) — (L+ P)osa—38)]( . (1)
- - Ricl _ ) (4
T T - o)a- 3 — (1+ p)a— )] ( S) o

where
(1-w)

0,=1+1-ay), 6,=1—-o0(l-a),andy= Y.
In general, it is not possible to determine the sign of the exchange rate response.
When y =0, (14) implies a full offset of shocks as in Eq. (11). To explore the
impact of the credit constraint more generally, we calibrate the model. Let the
share of non-traded goods in GDP be 50%,as00.5 (see Devereux and Lane
(2001) for justification). Assume that the share of intermediate inputs in export
production is 40%, so thab = 0.6. Let the elasticity of labor supply be unity, so
¢ = 1. Finally, following the benchmark of recent literature, det= 2. Calibrating
for v is more difficult. But from the definition given above, when thiinction is
assumed to be quadratic, there is a monotonic relationship betwesmmd the
risk-premium. So we illustrate the optimal policy under a variety of different
values for the risk premium.
Fig. 1 illustrates the dependence of the exchange rate rule on the risk premium

Risk Premium

Fig. 1. Optimal exchange rate response.
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under this calibration. As the risk premium rises, the optimal exchange rate
response to terms of trade or intermediate input price shocks falls. At a risk-
premium of 30%, the optimal exchange rate response is zero. Thus, as the credit
constraints in international financial markets become increasingly important, the
direct benefits of adjusting the exchange rate to terms of trade shocks are offset by
the indirect costs, in terms of a rising risk-premium (cost of intermediate inputs),
which is itself sensitive to movements in the exchange rate. This reduces the
optimal exchange rate response to external shocks. Fig. 1 also shows the case of
o=1.5. In this case, because policy-makers are more willing to accept consump-
tion volatility, the optimal monetary rule is more activist, and the risk premium at
which the exchange rate response is zero rises t0°60%.

These results thus support our view that financial market distortions may offset
the direct stabilization properties of exchange rate policy in developing economies.

3. Data and empirical methodology

We have argued that standard OCA variables should be augmented with
consideration of financial factors in understanding the benefits and costs of
exchange rate fluctuations, especially in regard to developing countries. Accord-
ingly, a key part of our empirical approach is to introduce a measure of
international financial dependence as a potential determinant of exchange rate
volatility.

We examine bilateral nominal exchange rate volatility for a large set of
countries. The closest antecedent to our work is Bayoumi and Eichengreen (1998).
Bayoumi and Eichengreen examine the empirical determinants of bilateral
exchange rate volatility for a group of industrial countries, focusing on standard
OCA factors as explanatory variables. Our sample includes a wider set of
countries, including developing countries. In addition, we address the role played
by financial linkages in determining exchange rate volatility. Larrain and Tavares

*These results are not sensitive to variations in the parameter values. As lenis darge enough
(greater than 1.5), the policy maker will put sufficient weight on consumption variation in the objective
function so as to reduce exchange rate variability in response to terms of trade shocks, for empirically
plausible values of the risk-premium.

"As in Bayoumi and Eichengreen (1998), we assume that at least part of bilateral exchange rate
volatility can be represented as an endogenous policy choice conditioned on underlying OCA and
finance-related variables. An alternative would be to include some indicator of the overall ‘exchange
rate regime’. However, a growing recent literature (e.g. Levy and Sturzennegger, 2002; Calvo and
Reinhart, 2002; Reinhart and Rogoff, 2002) stresses the difficulty that arises when the degree of
exchange rate flexibility is assigned from official classifications, due to the substantial differences
between de jure classification and de facto exchange rate behaviour. These papers also tend to assign
exchange rate policy based on observed exchange rate variability. Moreover, the bilateral dimension
allows us to identify against which currencies country X values stability—for a developing country, our
point is that financial links in addition to trade links determine attitudes regarding bilateral volatility.
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(2000) and Engel and Rose (2000) consider determinants of real exchange
volatility but again do not consider financial factors. Alternatively, Poirson (2001)
does consider financial factors (specifically, the ability to issue international debt
in domestic currency) but studies multivariate exchange rate volatility and only for
a limited number of countries.

The bilateral approach is an essential part of our methodology. Firstly, to
adequately assess the importance of conventional OCA theory in explaining
exchange rate volatility, it is essential to look at pairwise volatility between
countries with different characteristics. But a bilateral perspective is also important
for assessing the effects of financial interdependence, since the cost of exchange
rate volatility is likely to be greater against those countries with which the country
has substantial debts, particularly debts denominated in creditor country curren-
cies. In the regressions below, we also report results when we restrict the analysis
to a small group of creditor country/currencies.

Our empirical specification is to model exchange rate volatility by

VOL" = a + BX; + yFIN, + cEXTFIN; + pFIN; X EXTFIN; + &

where VOLiEjR is the level of bilateral nominal exchange rate volatility between
countriesi andj, X; is a set of standard OCA variables, FIN is the size of the
domestic financial sector and EXTF|N is a measure of the financial dependence
of country j on countryi. We measure bilateral exchange rate volatility as

VOL{" = STDEV[d(log (s;)]

where s; is the nominal exchange rate between countiiasd i’ This is

constructed using monthly data over 1995.1 to 2000.9, drawn from the IMF
International Financial Satistics CD-ROM? Table 1 reports summary statistics
for this variable for (i) the full (FULL) sample; (ii) the set of industrial (IND)
countries (Table 2); and (iii) the set of developing (DEV) countries (Tabi& 3).

®Appendix A provides more details on data construction and sources.

°Measuring exchange rate volatility over a relatively short period runs the risk of ‘peso problems’, in
which the results are particularly sample-dependent. However, since our data on external finance is
limited in time, we are constrained on this dimension. In fact, it makes little difference if we take the
average over a longer period such as 1990.1 to 2000.9 but the more recent period allows the inclusion
of more transition countries. For the euro-zone members, volatility after 1999.1 is equal to volatility for
the euro but the results would be unchanged if we had measured volatility for these countries until
1998.4.

*The IND countries are the OECD members: Australia, Austria, Belgium, Canada, Denmark,
Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Luxembourg, Netherlands, New
Zealand, Norway, Portugal, Spain, Switzerland, Sweden, United Kingdom, United States. The IND
sample is the set of bilateral observations between the ‘creditor’ countries in Table 2 (see below) and
the industrial countries listed in Table 3. The DEV sample is the set of bilateral observations between
the ‘creditor’ countries in Table 2 (see below) and the developing countries listed in Table 3.
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Table 1

Exchange rate volatility: summary statistics
FULL IND DEV

Mean 4.21 2.04 459

S.D. 5.99 1.06 45.4

N 3026 442 2584

Exchange rate volatility is measured as the standard deviation of the log first difference of the
bilateral exchange rate over 1995.1-2000.9. The IND countries are the OECD members: Australia,
Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan,
Luxembourg, The Netherlands, New Zealand, Norway, Portugal, Spain, Switzerland, Sweden, United
Kingdom, United States. Source: IMFIsternational Financial Statistics CD-ROM.

We observe that both the mean and standard deviation of exchange rate volatility
is much higher for the DEV sample than the IND sample.

Since each observation of our dependent variable is a countrypair, the
guestion of spatial correlation between observations arises. This might reduce the
significance of our estimates. As noted by Bayoumi and Eichengreen (1998)
however, spatial correlation presents less of a problem for regressors expressed in
second moment terms. While the change in the exchange rate between cirrency
and currencyj is correlated with the change in thek exchange rate, this is not
automatically true of the covariance betwdef) andi—k rates.

Regarding the standard OCA variables included in the analysis, Trade is the
sum of exports and imports betweerand j, expressed as a ratio to countyis
GDP:* It is included for the standard logic that the benefit of a floating nominal
exchange rate is inversely related to the level of trade with a given partner country.
Cycle is the degree of business cycle asymmetry: it is the standard deviation of the
growth rate differential between countriésand j, measured over 1975-1958.

This indicator is included to proxy for asymmetric shocks, which should increase
the desirability of a flexible exchange rate as an adjustment mechanism. Size is the
log of the product of the GDPs df and j. Size is intended to proxy for the

Table 2
List of creditor countries

United States, United Kingdom, Japan, France, Germany, Austria, Belgium, Ireland,
Italy, Netherlands, Spain, Sweden, Switzerland, Finland, Hong Kong
Portfolio debt data missing for Germany, Hong Kong.

“We enter Trade in log form.
This interval is longer than the period over which we measure exchange rate volatility but we only
have annual data for GDP. We obtain similar results if we calculate Cycle over 1990-1998.
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Table 3

List of debtor countries

121

Debtor countries

United States
United Kingdom
Austria
Denmark
France
Germany
San Marino
Italy
Netherlands
Norway
Sweden
Switzerland
Canada
Japan
Finland
Greece
Iceland
Ireland

Malta
Portugal
Philippines
Thailand
Vietham
Djibouti
Algeria
Angola
Botswana
Burundi
Cameroon
Cape Verde
Cent. Afr. Rep.
Chad
Comoros
Congo, Rep.
Congo, Dem. Rep
Benin

Eqg. Guinea
Ethiopia
Gabon
Gambia, The

Spain
Turkey
Australia
New Zealand
South Africa
Bolivia
Brazil
Chile
Colombia
Costa Rica
Dominican Rep.
Ecuador
El Salvador
Guatemala
Haiti
Honduras
Mexico
Nicaragua
Paraguay
Peru
Ghana
Guinea-Bissau
Guinea
Cote D’lvoire
Kenya
Lesotho
Libya
Madagascar
Mali
Mauritania
Mauritius
Morocco
Mozambique
Niger
Nigeria
Zimbabwe
Rwanda
Sao Tome
Seychelles
Senegal

Uruguay
\enezuela
Barbados

Dominica

Grenada
Guyana
Belize

Jamaica

St. Lucia

St. Vincent

Suriname

Trin.&Tobago

Cyprus

Iran
Iraq

Israel
Jordan

Kuwait

Oman
Qatar

Sierra Leone

Sudan
Swaziland

Tanzania
Togo
Tunisia
Uganda

Burkina Faso
Zambia

Solomon sl
Fiji
Kiribati

Papua NG
Armenia

Albania
Georgia

Kazakhstan

Kyrgyz Republic

Bulgaria

Russia

Saudi Arabia
Syria
UAE
Egypt
Afghanistan
Bangladesh
Bhutan
Brunei Dar.
Myanmar
Cambodia
Sri Lanka
Taiwan
India
Indonesia
Korea
Laos
Malaysia
Maldives
Nepal
Pakistan
Tajikistan
China
Turkmenistan
Ukraine
Uzbekistan
Czech Republic
Slovak Republic
Estonia
Latvia
Hungary
Lithuania
Mongolia
Croatia
Slovenia
Macedonia
Bosnia&Herz.
Poland
Romania

microeconomic benefits of exchange rate stability: smaller countries should be

more reluctant to tolerate fluctuations in the nominal exchange rate.

The size of the domestic financial sector Finance is measured as the ratio of
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liquid liabilities to GDP.> We include this proxy for domestic financial develop-
ment since the financial frictions we emphasized in the theoretical model are likely
to be less important, the more sophisticated is the domestic financial sector.

We consider two measures of the financial dependence of cojmnycountry
i. In Tables 4 and 7, we set EXTFINALLD ; where ALLD;; = BISAD;; + PD;
is the sum of the own-currency bank claims and the portfolio debt claims of
countryi on countryj.* The former is based on internal BIS data and is measured
as an average over 1995.1 to 2000.12; the latter is taken from the International
Monetary Fund’dnternational Portfolio Survey and is measured at end-1997. As
such, this variable is a broad measure of the debt liabilities owed by coprndry
countryi. However, the IMF data on portfolio debt holdings do not identify the
currency denomination of these claims. This is a limitation: for instance, most
Latin American bond debt is denominated in US dollars while the industrial
nations bonds are often denominated in domestic curréncy.

For this reason, we try an alternative measure in Tables 5 and 8 by setting
EXTFIN = BISAD;;. By focusing only on bank claims, this permits the inclusion
of a greater number of data points and consists entirely of own-currency'loans.
This may better capture the notion of foreign-currency liabilities: if courry
borrows money from country but in the currency of country, then countryX
may care more about exchange rate stability vis-a-vis couhthan countryY. By
looking at just own-currency liabilities, we restrict attention to debts owed by
country X to countryY in the currency of countryy.

We include the interaction term ExtfinFinance since we expect external
financial dependence to be less relevant for exchange rate policy, the more
sophisticated the domestic financial sector—recall that external financing only
matters in our theoretical model if financial frictions (the risk premium) are
important.

**This measure is the most widely available indicator of financial development. Other indicators such
as the ratio of private credit to GDP or stock market activity are available only for a smaller number of
countries.

“We enter EXTFIN in the form of log (¥ EXTFIN/GDR). This takes into account the presence of
zero values for EXTFIN and facilitates the specification for the instrumental-variables estimation
procedure that we describe below. Unfortunately, we do not know the currency breakdown of portfolio
debts.

**We convert both variables into constant 1995 US dollars.

**Since our model suggests the importance of foreign currency liabilities in affecting the risk-
premium, we would ideally like data on the aggregate amounts of portfolio debt owed by each country
in each currency. But we do not currently have such data. The IMF data are based on surveys of the
creditor countries: it is possible that there is variation across reporting countries in terms of the quality
of the information but this should not vary systematically across the debtor countries.

“Importantly, restricting attention to bank debt permits the inclusion of Germany as a creditor
country (the IMF Portfolio Survey does not include Germany). For the United Kingdom, BISAD refers
to all-currency debt, since this country does not separately report the domestic-currency component.
The data should be reasonably uniform, since these are based on information from BIS-reporting banks.
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We include GDP per capita (in PPP units) as an extra control variable. This is
intended as a general check for potential omitted variable bias, since external
finance may systematically vary with the level of development and so may just
proxy for other economic and institutional developments associated with a rising
per capita income.

Trade, Cycle and Extfin are potentially endogenous to exchange rate volatility.
For this reason, we report instrumental-variables estimates in Section 4.2.

4. Empirical results
4.1. OLS estimation

We begin with a basic specification in Table 4, with EXTEMLLD. The full
sample is included in column (1); the IND subsample in column (2); and the DEV
subsample in column (3). Further splits of the DEV subsample are considered in
columns (4)—(6): only observations vis-a-vis the major currencies (US, UK, Japan,
France, Germany) are included in columns (4)—(6); observations with AEQD

Table 4
Volatility regressions I. OLS estimation
(1) (2) (3) (4) (5) (6)
C -0.1 —0.12 —0.14 —-0.14 —0.15 —0.18
(5.7)*** (4.6)*** (6.4)*** (3.11)*** (2.97)*** (3'1)***
Trade -0.2 —0.22 -0.2 —0.22 -0.3 —0.38
(4.04)*+* (4.14)*= (3.74) (1.36) (1.52) (1.83)*
Cycle —0.05 0.49 —0.09 —0.09 -0.11 -0.15
(2.33)* (5.41)** (4.1)%** (1.99)** (2.23)* (2.84)*
Size 0.41 0.27 0.45 0.44 0.48 0.55
(9.9)*** (7.8)*** (9.45)*** (4'11)*** (4.17)*** (3'93)***
Finance —-0.018 0.004 —0.026 —0.034 —0.038 —0.004
(6.39)*+* 2.7y (6.11)* (3.52)*** (3.48)*+* (3.1)+*
Extfin —0.26 0.14 -0.37 -04 -0.44 -0.42
(3.16)*+* (2.25)** (3.43)* (3.02)*** (3.07)* (2.88)***
Extfin 0.24 -0.1 0.5 0.63 0.76 0.77
X Finance (2.24)* (1.42) (2.64)** (2.73)*** (2.97)** (2.84)***
GDP -0.85 -0.35 -0.53 -0.45 -0.64 -0.67
per capita (7.73)+* (1.29) (4.01)+* (1.71)* (1.92)* (1.82)*
R? 0.15 0.43 0.14 0.15 0.16 0.17
N 1087 198 889 250 209 186

EXTFIN=ALLD. OLS estimation, with White-corrected standard errdrstatistics in parentheses.
Full sample in column (1); rich country sample in column (2); developing country sample in columns
(3)—(6). Only observations vis-a-vis the major currencies (US, UK, Japan, France, Germany) included
in columns (4)—(6); observations with EXTFHN further excluded in columns (5)—(6); observations
with mean depreciation rates above 3% further excluded in column (6). ***, **, *denote 1%, 5% and
10% levels of significance.
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are further excluded in columns (5)—(6); observations with mean bilateral
depreciation rates above 3% are yet further excluded in column (6).

Across columns (1)—(6), the standard OCA variables work reasonably well: in
particular, Trade and Size have the expected signs. The latter is always significant
but the former does not reach standard significance levels for some of the DEV
country subsamples in columns (4)—(5). For the IND sample, Cycle has the
expected sign and is quite significant; for the FULL and DEV samples, it is
actually significantly negativeé.

For the IND sample, Finance enters with a significantly positive coefficient:
more financially sophisticated industrial countries are able to tolerate a higher level
of exchange rate volatility, all else equal. However, Finance is actually sig-
nificantly negative for the FULL and DEV samples. Among the developing
countries, this suggests that domestic financial development helps to stabilize the
exchange rate, for instance by facilitating intertemporal smoothing by households
and firms or adding liquidity to financial markets (including the foreign exchange
market).

A sharp difference between the IND and DEV countries is also evident for the
Extfin variable. For the FULL and DEV samples, Extfin has a significantly
negative association with exchange rate volatility. In contrast, Extfin is actually
significantly positive for the IND countries. This pattern in fact broadly matches
our theoretical priors. Financial frictions are more important in developing
countries than in the industrial nations and, as in our theoretical model, the former
group will do more to minimize exchange rate fluctuations, the greater the reliance
on external finance. That Extfin is positive for the IND sample is consistent with
the idea that industrial countries most active in international asset trade are best
placed to absorb a more volatile exchange rate.

The behavior of the interaction term ExthitiFinance provides further support-
ing evidence. The interaction term is significantly positive for the FULL and DEV
samples: the greater is domestic financial depth (the smaller are financial frictions),
the less important is external financial dependence in determining the appropriate
exchange rate policy. The interaction term is actually negative for the IND sample,
suggesting again an underlying nonlinearity in the relation.

With respect to economic magnitude of the impact of external financial
dependence on bilateral exchange rate volatility, we take the point estimates for
the direct and interaction effects in column (6) of Table 4 for illustrative purposes.
Taking a country-pair with a level of bilateral exchange rate volatility equal to the
subsample mean of 4%, a five percentage point increase in the ratio of external
liabilities of country | vis-a-vis countryi (as a fraction of GDP) implies a decline

**The simple correlation between Cycle and Vol is quite positive at 0.43, 0.47, 0.41 for the FULL,
IND and DEV samples, respectively, suggesting that the negative sign for the FULL and DEV sample
regressions is the result of collinearity with the other regressors.
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in volatility to 2.86% if Finance=0.25 but an increase in volatility to 4.79% if
Finance=0.75'° This is an intuitive partition: for developing countries with weak
domestic financial systems, higher external liabilities is associated with lower
exchange rate volatility. For countries with stronger financial systems, the relation
even turns positive.

Additional explanatory power is provided by GDP per capita for the FULL and
DEV samples: richer countries tend to have more stable exchange rates. Again, this
effect is not important if we confine attention to the IND sample. Finally, we note
that the overall explanatory power is relatively poorer for the developing country
subsample than for the industrial nations.

Table 5 repeats the analysis for the second measure of external financial
dependence: EXTFINBISAD. As noted, more observations are available for this

Table 5
Volatility regressions Il. OLS estimation
(1) (2) (3) (4) (5) (6)
C -0.1 —0.09 -0.14 -0.15 -0.17 —-0.19
(6.5)*** (3_5)*** (7_3)*** (4_7)*** (4_5)*** (4_5)***
Trade —-0.23 —-0.22 —-0.22 -0.21 -0.24 -0.29
(5.3)*** (5.3)*** (4.6)*** (|8)* (18)* (21)**
Cycle -0.04 0.37 -0.08 —0.04 -0.03 -0.04
(2.42)%* (5.7)% (4.4)% (1.4) (1.0 (1.2)
Size 0.39 0.25 0.45 0.46 0.53 0.58
(11.4)%** (7.9)** (10.9)*** (6.0)*** (5.8)** (5.6)**
Finance —-0.017 0.003 —0.024 —0.025 —0.029 —0.028
(7.3)*** (24)** (7.1)*** (4.2)*** (4.2)*** (3'9)***
Extfin —-0.18 0.035 —-0.26 —0.26 —-0.28 -0.27
(3.0)*** (1.3) (3.1)*** (2.8)*** (2.8)*** (2.7)***
Extfin 0.2 0.5 0.32 0.31 0.39 0.4
X Finance (3.3)x* (0.2) (3.0)*** (2.85)**= (2.8)*** (2.7)%x*
GDP —0.86 —-0.41 —0.58 —0.55 —-0.75 —-0.82
per capita (9.2)** (1.8)* (5.2)%* (2.7)%* (3.1)%* (3.1)%*
R’ 0.14 0.36 0.13 0.13 0.14 0.15
N 1560 279 1281 443 377 349

EXTFIN=BISAD. OLS estimation, with White-corrected standard errtisatistics in parentheses.
Full sample in column (1); rich country sample in column (2); developing country sample in columns
(3)—(6). Only observations vis-a-vis the major currencies (US, UK, Japan, France, Germany) included
in columns (4)—(6); observations with EXTFNO further excluded in columns (5)—(6); observations
with mean depreciation rates above 3% further excluded in column (6). ***, ** *denote 1%, 5% and
10% levels of significance.

*The turning-point in the relation between external finance and bilateral volatility is at Firance
0.55. (The subsample median value of Finance is 0.35.) The turning point when we use the alternative
measure of external finance (EXTHNBISAD) is 0.68 (column (6) of Table 5). The IV estimates in
Tables 7-8 for the sample specifications give turning points of 0.52 and 0.71.
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measure and it also permits the inclusion of Germany among the creditor
countries. The downside is now that only bank liabilities are considered. However,
in contrast to the portfolio debt data, at least we know that these bank liabilities are
denominated in the currency of the creditor coufitry. This is closer to the type of
financial liability that should matter for currency behavior, according to our
theoretical model. The results are very similar to Table 4. The main exceptions are
that Trade is now significant for the DEV subsamples (at the 5 or 10% levels) and
Cycle is no longer significant for these subsamples.

4.2. Estimation

As noted earlier, the OLS results may not be reliable if some of the regressors
are endogenously determined by the level of bilateral exchange rate volatility. We
consider four variables to be potentially affected by this problem: Trade, Cycle,
Extfin and the interaction term ExtfiFinance. Our instruments for these three
variables are: log (distance) and its square; a common language dummy; a colonial
dummy; a regional trade agreement dummy; log (GDP) and its square for home
and partner countries; and log (GDP per capita) for home and partner countries.
Bayoumi and Eichengreen (1998) use a similar list in instrumenting for Trade and
Cycle—the recent literature on ‘gravity and capital flows’ suggest that these are
also good instruments for Extfif.

As a prelude to the instrumental-variables estimation, Table 5 investigates the
relevance of the instrument list. Shea (1997) provides a methodology for
investigating relevance when there are multiple potentially endogenous
regressors  Following this approach, we regress each regre§sam the
instrument vectoZ. We calculat@( as the fitted value. We also regress exgton
the other regressor¥ to form the re3|dua)( We next regresKLon X, whereX
are the fitted values for the other regressors, to form the reskile report the
partial R* from a regression o)'( on X, and anF-test for the significance of, in
explamlngX

The results in Table 6 show that tiketests are always significant for the four
endogenous regressors across the various samples, even if theRfavidlies are

*With the exception of the United Kingdom, as already noted.

#'On the determinants of bilateral financial relations, see Buch (2001), Ghosh and Wolf (2001),
Honohan and Lane (2000), Kawai and Liu (2001), Portes and Rey (2001) and Warnock and Mason
(2001).

*When there is a single endogenous regressor, instrument relevance can be shown by reporting the
R® or F-test for the first-stage regression. For each of our candidate endogenous regressors, these
first-stage regressions have quite strong explanatory power.
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Table 6
Relevance of the instrumental variables
(1) (2) (3) (4)
Trade Cycle Extfin Extfiex Fin
ALLDY,FULL Partial R® 0.29 0.06 0.06 0.05
F-statistic 364.2 56.1 45.6 55.5
ALLDY,DEV Partial R 0.32 0.03 0.12 0.13
F-statistic 340.4 97.5 104.7 19.0
BISADY,FULL Partial R 0.11 0.02 0.02 0.01
F-statistic 165.1 24.9 11.2 29.9
BISADY,DEV Partial R® 0.24 0.02 0.03 0.02
F-statistic 219.0 32.9 20.0 17.3

Following Shea (1997), we regress each regreXsam the instrument vectct. We calculatef(1 as
the fitted value. We also regress ea¢hon the other regressobé to form the residuak,. We next
regressX, on X, whereX are the fitted values for the other regressors, to form the resikiuale
report the partiaR® from a regression of(1 on X, and anF-test for the significance of, in explaining
X,.

relatively low in a number of cases. Across the subsamples, the pRftizlues
are typically highest for Trade and lowest for Cycle. Shea (1997) does not provide
a formal methodology for establishing a threshold level of acceptability for the
partial R* value. However, the low values in some cases suggest the need to
improve the identification of the endogenous regressors, to better establish lines of
causality. This mixed evidence on instrument relevance indicates that the IV
results should be interpreted with due caution.

The IV results are given in Tables 7 and 8. Estimation is by GMM with
White-corrected standard errors. Thestatistics are typically insignificant, imply-
ing that the overidentifying restrictions tests are not rejetted. At a qualitative
level, the results are broadly similar to those in Tables 4 and 5. Given our focus,
we note that the magnitude of the coefficient estimates for Extfin is increased for
the developing country subsample in columns (3)2{6). The results in Table 8 are
of particular interest. Comparing columns (3) with (4), we find that for IND
countries, exchange rate volatility is determined by conventional OCA variables
alone. But for DEV countries, both Finance and Extfin play a critical role in
explaining exchange rate volatility, in addition to the OCA variables Trade and

#The only exception is for the IND country sample in column (2) of Table 8. Our primary focus is
on the DEV subsamples.

*That the IV result for EXTFIN is stronger than the OLS estimate is indeed consistent with a reverse
causality channel running from the level of exchange rate volatility to the degree of international asset
trade. A similar point applies for the increased coefficient estimate for TRADE.
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Table 7
Volatility regressions lIl. 1V estimation
1) (2) (3) 4) (5) (6)
Cc -0.28 —0.08 -0.33 —-0.18 -0.16 -0.15
(6.5)*** (1.0) (6.74)*= (2.8)x* (2.2)** (1.63)
Trade -0.27 —0.49 —0.49 -0.38 -0.39 -0.64
(2.1)* (1.3) (3.49)*** (0.72) (0.62) (0.9)
Cycle 0.81 -0.1 0.63 0.23 0.116 -0.39
(4.6)** (0.2) (2.45)** (0.85) (0.29) (0.51)
Size 0.63 0.17 0.74 0.44 0.46 0.48
(9.2)%* (0.91) (8.72)** (3.39)** (3.26)*** (2.88)***
Finance —0.031 0.04 —0.039 —0.059 -0.071 —0.083
(3.92)*** (2.1)* (4.12)*** (2.99)*** (2.9)x+* (2.48)**
Extfin -19 4.1 -20 -1.16 -1.39 -1.39
(3.41)+* (2.45)** (3.55)*** (2.46)*** (2.63)** (2.63)***
Extfin 291 -5.12 3.82 2.05 251 2.66
X Finance (3.26)*** (2.21)* (3.1)*x* (2.35)** (2.43)** (2.32)*
GDP -0.49 -0.48 —0.58 -0.07 -0.35 -0.34
per capita (2.56)** (0.78) (3.21)** (0.23) (0.81) (0.70)
J-statistic 8.83 7.57 5.44 8.44 9.86 9.02
(0.64) (0.67) (0.91) (0.49) (0.36) (0.44)
N 901 194 707 222 186 164

EXTFIN=ALLD. IV-GMM estimation, with White-corrected standard errorstatistics in parenthe-
ses. J-statistic is test of overidentifying restrictionB-yalues in parentheses). Full sample in column
(1); rich country sample in column (2); developing country sample in columns (3)—(6). Only
observations vis-a-vis the major currencies (US, UK, Japan, France, Germany) included in columns
(4)—(6); observations with EXTFINO further excluded in columns (5)—(6); observations with mean
depreciation rates above 3% further excluded in column (6). ***, ** *denote 1%, 5% and 10% levels
of significance.

Size. Again, as suggested by the theory, volatility is negatively significantly
negatively related to Extfin.

Overall, the results support the contention that both financial factors and OCA
variable play a role in determining bilateral exchange rate volatility. Moreover,
financial dependence matters for the emerging market economies but not for the
rich economies that have stronger balance sheets and are able to issue debt in
domestic currency.

5. Conclusions

Rather than repeating our results, here we emphasize some of the outstanding
guestions raised by our analysis. We have stressed some of the limitations of the
empirical results arising from the lack of data. For instance, as emphasized in
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Table 8
Volatility regressions IIl. 1V estimation
1) (2) (3) (4) (5) (6)
C -0.24 -0.17 -0.29 -0.2 -0.2 -0.21
(4.1)*** (3_3)*** (6.1)*** (3_49)*** (3.0)*** (3_0)***
Trade -0.23 -0.57 -0.43 —0.55 -0.27 —-0.36
(1.04) (1.9)* (2.0)** (1.72)* (0.71) (0.94)
Cycle 0.56 0.93 0.48 0.21 0.14 0.025
(2.55)** (5.28)*** (1.6) (0.86) (0.44) (0.07)
Size 0.6 0.41 0.7 0.48 0.58 0.58
(6.54)*** (5.48)*** (8.45)*** (4.18)*** (3.76)*** (3.4)***
Finance -0.03 —0.013 —0.048 —0.051 —-0.072 —0.066
(2.44)* (1.58) (3.66)*** (2.58)** (2.74)*** (2.13)*
Extfin -2.03 -0.13 —2.49 —1.03 -1.67 -1.48
(2.51)* (0.25) (3.06)*** (1.76)* (2.35)** (1.99)**
Extfin 2.83 0.81 4.63 1.55 2.44 2.07
X Finance (2.7)* (0.89) (2.19)** (1.51) (1.89)* (1.52)
GDP -0.61 -0.82 —0.68 -0.27 —0.55 —0.50
per capita (4.22)*** (1.76)* (4.12)*** (1.01) (1.52) (1.29)
J-statistic 15.85 26.4 15.69 14.28 13.86 15.76
(0.15) (0.003) (0.153) (0.161) (0.18) (0.11)
N 1321 275 1046 386 330 303

EXTFIN=BISAD. IV-GMM estimation, with White-corrected standard errarstatistics in paren-
thesesJ-statistic is test of overidentifying restrictionB-¢alues in parentheses). Full sample in column
(1); rich country sample in column (2); developing country sample in columns (3)—(6). Only
observations vis-a-vis the major currencies (US, UK, Japan, France, Germany) included in columns
(4)—(6); observations with EXTFINO further excluded in columns (5)—(6); observations with mean
depreciation rates above 3% further excluded in column (6). ***, ** *denote 1%, 5% and 10% levels
of significance.

footnotes 8 and 10, we must attribute at least part of the observed bilateral
exchange rate volatility to policy decisions. In addition, we must remain concerned
about endogeneity in explanatory variables. In future work, it would be useful to
further investigate the link between international financial linkages and exchange
rate behavior. In this regard, examining the role of finance in determining
exchange rate regime decisions (de jure and de facto) and considering alternative
measures of volatility would be interesting. Data permitting, it would also be
desirable to examine volatility over longer time spans, and to find better
instruments for bilateral financial trade in order to minimize endogeneity concerns.
Related to this point, the forthcoming publication of the second IMF Portfolio
Survey will provide new financial data that may permit a panel estimation
approach. Although our empirical results are preliminary, the findings so far
suggest that economists may have to extend the list of variables important for
understanding bilateral exchange rate volatility beyond those suggested by
traditional optimal currency area theory.
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Appendix A

Nominal exchange rate volatility: standard deviation of the log first difference of
the bilateral exchange rate over 1995.1-2000.9. Source: INifte national
Financial Satistics CD-ROM.

Trade: ratio of bilateral exports and imports relative to host coujigyGDP in
1997. Source: IMF'Direction of Trade Satistics CD-ROM.

Cycle: standard deviation of GROWTH- GROWTH,, where output growth is
the log first difference of GDP (in PPP terms) over 1990-1998. Source: World
Bank’s World Development Indicators CD-ROM.

Size: log (GDPX GDP) in constant US dollars in 1995. Source: World Bank's
World Development Indicators CD-ROM.

Finance: ratio of liquid liabilities to GDP in host countijyin 1995. Source:
Levine—Loayza—Beck Data Set on World Bank websitg://wwww.worldban-
k.org/research/growth/11bdata.htm.

BISAD: own-currency bank claims of countryon countryj, in constant dollars
over 1995.1 to 2000.4. Augmented by all-currency bank claims of the United
Kingdom on countryj. Expressed as a ratio to host couniiy GDP. Source: Bank
of International Settlements, by permission.

PD: long-term debt securities of countty held by countryi, at end 1997.
Expressed as a ratio to host counjrg GDP. Source: IMF'sResults of the 1997
Coordinated Portfolio Investment Survey.

ALLD: sum of BISAD and PD.

GDP per capita: GDP per capita, in PPP terms for 1995. Source: World Bank’s
World Development Indicators CD-ROM.

DIST: log of bilateral distance. Sourchttp://www.haas.berkeley.edurose.


http://wwww.worldbank.org/research/growth/11bdata.htm.
http://wwww.worldbank.org/research/growth/11bdata.htm.
http://wwww.worldbank.org/research/growth/11bdata.htm.
http://wwww.worldbank.org/research/growth/11bdata.htm.
http://wwww.worldbank.org/research/growth/11bdata.htm.
http://wwww.worldbank.org/research/growth/11bdata.htm.
http://wwww.worldbank.org/research/growth/11bdata.htm.
http://wwww.worldbank.org/research/growth/11bdata.htm.
http://wwww.worldbank.org/research/growth/11bdata.htm.
http://wwww.worldbank.org/research/growth/11bdata.htm.
http://wwww.worldbank.org/research/growth/11bdata.htm.
http://www.haas.berkeley.edu/~arose
http://www.haas.berkeley.edu/~arose
http://www.haas.berkeley.edu/~arose
http://www.haas.berkeley.edu/~arose
http://www.haas.berkeley.edu/~arose
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COMLANG: common language dummy. Sourcehttp://www.haas.ber-
keley.edu/arose,augmented by CIA World Factbook.

COLONIAL: dummy for colonial relationship. Sourcétttp://www.haas.ber-
keley.edu/arose,augmented by CIA World Factbook.

RTA: dummy for common membership of a regional trade agreement. Source:
http://www.haas.berkeley.eduArose,augmented by data on WTO website.
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