Aggregate Effective Currency Mismatch

Our preferred definition of currency mismatch—that is, the sensitivity of
net worth or of the present discounted value of net income to changes in
the exchange rate—is indeed much harder to measure than original sin.
But it offers better guidance to what one should try to measure. Although
no single measure captures all the relevant features of currency mis-
matches throughout the economy, we believe it is possible to get useful
rough estimates of mismatch both across countries and for a given country
over time by relying jointly on a number of available mismatch variables
as well as by constructing a new measure of aggregate effective currency
mismatch. Moreover, other potentially valuable indicators of currency
mismatch could be obtained in the future—particularly for the corporate
sector—if data collection for them were accorded higher priority.

As discussed earlier, empirical work suggests that the ratio of short-
term external debt to international reserves has been a useful leading
indicator of the probability of getting into a currency crisis. A recent IMF
study (Aturupane et al. 2004) reports, inter alia, that virtually all emerg-
ing economies with access to international capital markets, which expe-
rienced a crisis during the January 2000-December 2002 period, had a
ratio of short-term debt to reserves of greater than one. The ratio of broad
money balances (M2) to reserves also appears to have value in signaling
currency crises. These short-run liquidity measures are available for a
large group of emerging economies.

Other indicators of currency mismatch—encompassing both sectoral
and aggregate measures—are also worth monitoring because they can
reveal sectoral mismatch vulnerabilities that may be submerged within
the aggregate, or because they permit one to control for factors (like local
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Figure 4.1 Foreign currency balance sheet of a partially
dollarized economy
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Source: Reinhart, Rogoff, and Savastano (2003a).

currency—denominated bonds and bank loans and the responsiveness of
noninterest income flows to a change in the exchange rate) that ought to
affect the severity of crises, or because they cover a wider range of for-
eign-currency assets and liabilities.

Figure 4.1, taken from Reinhart, Rogoff, and Savastano (2003a), shows
components that would ideally make up sectoral foreign-currency bal-

38 CONTROLLING CURRENCY MISMATCHES



Table 4.1 Australia: Foreign-currency exposure by financial
sector, end-June 2001 (billions of Australian dollars)

RBA Other Other Total
and financial General resident all
Instrument Banks CBAs corporations government sectors sectors

Foreign currency—
denominated financial -69.8 -36.9 -33.6 -5.5 -10.6 -156.5
debt assets

Foreign currency—

denominated debt 186.5 8.8 61.4 41 60.1 321.0
liabilities
equals
Net debt position 116.7 -28.1 27.8 -1.4 49.5 164.5

Principal of foreign
currency—derivative
contracts in a bought
position

-435.3 -11.3 —69.8 -0.4 -31.7 -5484

Principal of foreign

currency—derivative
contracts in a sold

position

325.8 321 61.8 8.9 349 4634

equals

Net debt position
unhedged after 72 7.4 19.8 7.2 52.6 79.5
derivatives

Foreign-equity assets -30.7 0.0 -84.0 0.0 -113.9 -2285

equals

Foreign-currency 234 74  -64.1 7.2 612 —149.0
exposure

RBA = Reserve Bank of Australia
CBAs = State and Territory Central Borrowing Authorities

Source: ABS (2001).

ance sheets. The rub is that, while data for some of these components (like
international reserves, foreign-currency bank deposits held at home, and
external foreign-currency debt) are now available for many emerging
economies, data on other components (such as foreign-currency cash hold-
ings, foreign-currency credit extended by banks to domestic households
and firms, and foreign currency-linked domestic debt) are in much more
limited supply.

Tables 4.1 and 4.2—the former for an industrial country (Australia)
and the latter for an emerging economy (Thailand)—illustrate how sec-
toral balance sheets (usually taken from national sources) can be used to
gauge currency mismatches and vulnerabilities.
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Table 4.2 Thailand: Intersectoral asset and liability position,
end-December 1996 (millions of dollars)

Holder of the liability (creditor)

General
government Rest
Issuer of the and Bank of Commercial Nonbank of the
liability (debtor) Thailand banks sector world Total
General government
and central bank
(Bank of Thailand)
Domestic currency 2,394 11,885 14,279
Total other liabilities 5,555 5,152 10,707
Short term 3,6162 34 3,650
Medium and long term 1,9392 5,118 7,057
Commercial banks
(including BIBFs)
Total liabilities 10,327 139,299 48,790 198,417
Deposits and other
short term: 9,366 131,866 28,858 170,090
In foreign currency 448 28,189 28,637
In domestic currency 9,366 131,417 669 141,453
Medium and long term: 961 7,4342 19,932 28,327
Equity (capital) 23,439
Nonbank sector
Total liabilities 206,715 61,701 268,416
Short term: 5552 18,831° 18,831
Medium and long term 31,542° 42,870° 42,870
Equity (capital) 4,745 136,252
Rest of the world®
Total liabilities 38,694 7,029 45,723
Currency and short term 38,694 2,580 41,274
Medium and long term 4,449 4,449
Equity 481

BIBFs = Bangkok International Banking Facilities

a. In domestic currency.
b. In foreign currency.

Source: Allen et al. (2002).

Table 4.1 provides data on sectoral foreign-currency exposure for
the Australian economy as of end-June 2001. The Australian Bureau of
Statistics (ABS) collected the data, with the assistance of the Reserve Bank
of Australia, as a supplement to the Survey of International Investment.
According to the ABS (2001), the aim was to capture quantitative and
qualitative data about Australian enterprises’ foreign-currency exposure
and the risk management practices associated with that exposure. More
than 230 resident enterprises with significant foreign-currency exposure
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were approached (including general government entities), and the response
rate was 77 percent. Information was requested about foreign-equity assets,
foreign currency-denominated assets and liabilities, the notional value
of derivative contracts with a foreign-currency component, the policies
enterprises adopted on hedging foreign-currency exposure, and foreign
currency—denominated receipts and payments expected from trade in
goods and services in the following year (i.e., in the 12 months to end-
June 2002).

Several results in table 4.1 are worth highlighting. The general gov-
ernment sector was the only one with a net foreign currency liability expo-
sure, after accounting for hedging activities and foreign-equity positions;
its net foreign currency liability position was A$7.2 billion. Although the
“banks” subsector had considerably larger foreign currency—-denominated
financial debt liabilities (A$186.5 billion) than its foreign currency—denom-
inated financial assets (A$69.8 billion), its hedging activities in the deriva-
tives markets plus a sizable foreign-equity asset position turned its total
foreign-currency exposure into an A$23.4 billion net asset position. Sum-
ming the sectoral exposures, Australian resident enterprises had an aggre-
gate net foreign-currency asset position of A$149 billion.

The Australian sectoral balance sheet drives home the point that in
countries where residents are widely using derivatives markets to hedge
foreign exchange exposures, it is highly desirable to try and obtain infor-
mation on those hedging activities to measure currency mismatch.! The
Australian example likewise illustrates the valuable information that can
be retrieved from surveys on foreign exchange exposure (including expo-
sure in the nonbank and government sectors), if more governments were
prepared to conduct them.

Table 4.2, taken from Allen et al. (2002), provides a picture of sectoral
asset and liability positions in Thailand just before its 1997 crisis (end of
December 1996). While short-term liabilities to the rest of the world were
very small ($34 million) in the government sector, short-term liabilities in
foreign currency were huge for commercial banks (almost $29 billion) and
the nonbank sector (almost $19 billion). Thailand’s aggregate short-term
foreign-currency debt was therefore on the order of $48 billion. On the
asset side, the monetary authorities—the Bank of Thailand (BOT)—held
roughly $39 billion in foreign reserve assets, although the BOT already
had some forward and swap obligations not shown in its balance sheet.
Table 4.2 also shows that the banking system’s foreign assets were just
over $7 billion. Allen et al. (2002) estimate that of the $207 billion in claims
of the commercial banking system on the domestic nonbank sector, about

1. The ABS (2001) study also includes a detailed breakdown of derivative contracts by type
(i.e., forwards, interest rate swaps, futures, and currency options) and by sector, as well as a
disaggregation of hedging activities by instrument (i.e., foreign-equity assets, debt liabilities,
and fixed-income assets).
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$32 billion was denominated in foreign currency. In the end, these sec-
toral balance sheets permit Allen et al. (2002) to draw the following con-
clusions about Thailand’s currency mismatch: In December 1996, there
was a roughly $10-billion financing gap between the government’s for-
eign reserves and the country’s total external foreign-currency liabilities
falling due in the short term; the maturity and currency mismatches of
commercial banks vis-a-vis nonresidents were enormous (on the order of
$26 billion if none of the short-term liabilities was rolled over); and non-
bank corporations and households had perhaps even larger mismatches
than the commercial banks. The sectoral analysis also shows that currency
risk was essentially being passed on from the commercial banks to the
nonbank sector; since the latter had relatively little foreign currency—
denominated revenue, the large devaluation that subsequently occurred
was sure to generate large-scale insolvencies in the nonbank sector and
ultimately sizable loan delinquencies and a systemic banking crisis.

New Measure of Aggregate Effective
Currency Mismatch

At the aggregate level, a rough but nonetheless useful measure of aggre-
gate effective currency mismatch (AECM) can be constructed using the
international banking statistics of the Bank for International Settlements
(BIS), the IMF’s data on the international liquidity position of the mone-
tary authorities and on the claims and liabilities of financial institutions,
and some estimates of the currency composition of the total bond and
banking markets. The main purpose of such a measure is to provide a
shorthand stress test of the consequences for the domestic economy of an
aggregate currency mismatch—if there were a large depreciation of the
local currency. Our AECM measure has three components: net foreign-
currency assets, exports (or imports) of goods and services, and the foreign-
currency share of total debt.

Specifically, net foreign-currency assets (NFCA) are defined as
follows:

NFCA = NFAMABK + NBKA$ — NBKL$ — IB$ 1)

where NFAMABK is net foreign assets of the monetary authorities and
deposit money banks, from line 31 of the monetary survey in the IMF’s
International Financial Statistics; NBKAS$ is foreign-currency assets of non-
banks (cross-border) held with BIS reporting banks; NBKL$ is foreign-
currency liabilities of nonbanks (cross-border) to BIS reporting banks; and
IB$ is international debt securities (bonds) outstanding, denominated in
foreign currency.

Note that NFCA can be either negative (denoting a net liability posi-
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tion in foreign exchange) or positive (denoting a net asset position in for-
eign currency); a smaller negative figure for NFCA therefore denotes a
smaller currency mismatch. When NFCA is negative (positive), a depreci-
ation of the local currency will decrease (increase) net worth. In this book,
we are mainly interested in crisis vulnerability, so we concentrate most of
our attention on emerging economies with a negative foreign-currency
mismatch.

Whereas data on nonbank exposures and international debt securities
are collected by currency denomination, those on net foreign assets (as
consolidated in the Fund’s monetary survey) are not. As such, one has to
assume that both foreign assets and liabilities are denominated exclu-
sively in foreign currency; this will tend to overstate foreign-currency lia-
bilities for those few emerging economies with relatively low shares of
foreign currency in external liabilities (e.g., the Czech Republic, Poland,
and South Africa). A second shortcoming of the data is the limited cover-
age of the foreign assets of corporations and households. The BIS statis-
tics pick up some assets held with banks abroad, but there are reasons to
expect that foreign-currency assets held abroad by corporations and
households exceed those figures.

Next, the foreign-currency share of total debt (FC%TD) is written as
follows:

NBKL$ + BKL$ + DCP$ + IB$ + DB$
FC%TD = @)
NBKL + BKL + DCP + IB + DB

Here, the suffix “$” refers to debt denominated in foreign currency, and
NBKL is liabilities of nonbanks (cross-border) to BIS reporting banks, in
all currencies; BKL is liabilities of banks (cross-border) to BIS reporting
banks, in all currencies; DCP is domestic credit to the private sector, as
reported in line 32 of the monetary survey in the IMF’s International
Financial Statistics; IB is international debt securities (bonds) outstanding,
in all currencies; and DB is domestic debt securities (bonds) outstanding,
in all currencies.

In the baseline calculations, all domestic bonds and domestic bank
loans (domestic credit) are assumed to be denominated in domestic
currency—that is, (DB$/DB) and (DCP$/DCP) = 0. FC%TD must fall
between zero and plus one.

Finally, let us denote the country’s exports and imports of goods and
services as XGS and MGS, respectively. These trade variables are a proxy
for the response of net-interest income flows to a change in the exchange
rate and for the country’s ability to service foreign-currency debts.

These elements can be combined to construct an overall currency mis-
match variable. Since we have not proposed a formal model of mismatch,
the choice of a specific functional form is to some extent arbitrary, in
particular the weights attached to each element. One possibility is simply
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to multiply the elements (NFCA, FC%TD, XGS, and MGS). Accordingly,
we define the AECM measure as follows:

AECM = (NFCA/XGS) (FC%TD); AECM < 0 (3a)

Equation (3a) says that an emerging economy’s (negative) AECM will be
lower if its export receipts are higher and the share of foreign currency in
total debt financing is lower. Observe also that equation (3a) is equivalent
to expressing the effective mismatch as the product of the ratio of net
foreign-currency assets to GDP, the ratio of GDP to exports, and the
foreign-currency share of total debt, and is written as

AECM = (NFCA/GDP) (GDP/XGS) (FC%TD) (4)

Equation (4) makes it clear that higher export openness (i.e., a low value
for GDP/XGS) lowers the effective mismatch.

While equations (3a) and (4) are appropriate where the economy has
a net liability position in foreign currency (AECM < 0), they need to be
modified slightly when the economy has a net asset position (AECM > 0).
When there is a net liability position, an exchange rate depreciation
induces a negative “balance-sheet effect” (net worth falls) and a positive
“competitive effect” (exports rise and imports fall); in other words, the
competitive effect offsets the balance-sheet effect and makes the effective
mismatch smaller. In contrast, when there is a net asset position in foreign
currency, the balance-sheet effect (net worth rises) and the competitive
effect (exports rise and imports fall) go in the same direction—that is, the
competitive effect reinforces the balance-sheet effect and makes the mis-
match larger. Replacing exports in equation (3a) with imports when
AECM is positive recognizes the different implications of exports and
imports for foreign exchange availability and allows an exchange rate—
induced fall in imports to make the mismatch larger;* as such, when
AECM is positive, the expression is written as

AECM = (NFCA/MGS) (FC%TD); AECM > 0 (3b)

Tables 4.3 to 4.6 show for a group of emerging economies over the 1993
2002 period key components of the AECM, the effective mismatch indica-
tor itself, and a modified version of the effective mismatch indicator that
takes account both of the (estimated) share of foreign currency in domes-
tic bank loans to the private sector and of the share of exchange rate-

2. This is in the same spirit of using the ratio of external debt to exports to track external
debt sustainability, while using the ratio of international reserves to imports to track
reserve adequacy.
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Table 4.3 Net foreign-currency assets, 1994-2002
(billions of dollars)

Region/country 1994 1995 1996 1997 1998 1999 2000 2001 2002
Latin America® -43.6 -51.1 -66.3 -85.5 —120.5 -131.7 -128.2 -169.8 -182.4

Argentina -16.7 —-24.6 -30.9 -41.2 -542 -62.6 -70.4 —-103.9 -99.9
Brazil 4.0 6.6 -19 254 -404 -471 -491 -642 -75.6
Chile 3.7 4.9 52 2.0 -03 1.3 05 -38 -6.6
Colombia 3.4 1.0 -14 =27 —4.4 —4.1 -3.0 -3.5 —4.4
Mexico -542 -57.2 -63.9 -454 -46.3 -438 -34.6 -18.2 -194
Peru 7.0 6.6 84 6.8 6.1 6.2 7.9 8.1 8.3
Venezuela 92 116 183 204 18.8 183 204 156 15.3
Asia, large

economies? 139.0 146.9 157.6 185.6 250.0 348.0 4429 559.6 671.7
China 355 520 84,5 137.0 155.7 1815 226.5 3044 3735
India 11.4 9.8 120 137 17.0 22.5 28.4 39.0 60.8
Korea -3.2 -10.7 -36.8 -58.4 -23.9 16.4 450 528 46.7
Taiwan 953 959 979 933 101.3 1276 143.0 163.3 190.7
Other Asia® 1.2 -131 -32.2 -78.0 -37.7 -5.3 53 20.1 28.4
Indonesia -135 -14.0 -145 -27.8 -19.8 -11.5 47 2.1 8.3
Malaysia 171 143 9.6 45 8.9 16.1 13.3 12.9 7.9
Philippines 3.4 19 -38 -122 -91 -93 -116 -128 -146
Thailand -5.8 -15.2 -23.5 -33.4 -17.8 -0.6 83 179 26.8
Central Europe? 0.7 16.8 18.6 18.2 254 284 314 395 394
Czech Republic 4.1 8.2 74 6.7 10.8 14.0 144 180 251
Hungary -95 -62 -64 -6.8 -6.2 -49 50 -23 -46
Poland 6.1 149 176 183 20.8 19.4 220 238 18.9
Russia 139 1141 3.6 -15.0 -343 -214 1.4 11.0 16.4
Israel 6.0 6.4 9.3 136 16.4 154 159 143 14.1
Turkey -123 -10.3 -11.5 -15.0 -19.0 -19.6 -37.2 -394 -46.2
South Africa -10.6 -10.8 -134 -114 -124 -61 58 -26 3.2

a. Sum of the countries shown.

Note: Net foreign-currency assets equal net foreign assets of the monetary authorities and
deposit money banks, from line 31 of the monetary survey in the IMF’s International
Financial Statistics plus foreign-currency assets of nonbanks (cross-border) held with BIS
reporting banks minus foreign-currency liabilities of nonbanks (cross-border) to BIS report-
ing banks plus international debt securities (bonds) outstanding, denominated in foreign cur-
rency; outstanding year-end positions shown.

Sources: IMF’s International Financial Statistics, national sources, and Bank for Interna-
tional Settlements.

linked instruments in domestic public debt.? For purposes of comparison,
table 4.8 provides Eichengreen, Hausmann, and Panizza’s (2002) calcula-
tions of original sin ratios for the same countries.

A reassuring feature of the estimates of net foreign-currency assets,
shown in table 4.3, is how large negative currency mismatches either lead

3. The time-series behavior of the export openness ratio is not shown, as it was presented
earlier in table 3.2.
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or are contemporaneous with currency and banking crises in this group
of emerging economies. In this connection, we draw attention to the
large negative net foreign-currency positions in Mexico in 1994-96, the
Asian-crisis countries (Korea, Indonesia, Malaysia, the Philippines, and
Thailand) in 1997-98, Russia in 1998, Argentina in 2001-02, Brazil in
2002, and Turkey in 2000-02. In terms of dollar values, the largest nega-
tive net foreign-currency position by far was Argentina’s imbalance in
2001-02 (at around $100 billion); next in line were Brazil ($76 billion),
Mexico ($64 billion), Korea ($58 billion), Turkey ($46 billion), Russia
($34 billion), Thailand ($33 billion), and Indonesia ($28 billion). It is also
evident from table 4.3 that some emerging economies have had positive
net foreign-currency positions consistently over the past decade and
that some others—including all the Asian-crisis countries except for the
Philippines—have turned negative net foreign-currency positions into
positive ones. In 2002, China and Taiwan were the economies with
the largest positive net foreign-currency positions (at $373 billion and
$191 billion, respectively).

Table 4.4 gives our (baseline) estimates of the foreign-currency share
of total debt, under the assumption that both domestic bank loans and
domestic bonds are exclusively denominated in domestic currency. Several
observations are in order. To begin with, the foreign-currency share of the
total debt market is much lower virtually everywhere than the foreign-
currency share of cross-border bank loans and international bonds (as
represented, say, in original sin ratios). For the larger Asian emerging econ-
omies taken as a group (China, India, Korea, and Taiwan), the foreign-cur-
rency share of the total debt market is estimated to be less than 5 percent
(in 2002). The second observation is that the foreign-currency share is
much higher in Latin America than in the other emerging-market regions.
Foreign-currency shares vary considerably within regional groups with,
for example, Argentina’s estimated foreign-currency share being higher
than others in Latin America; the same could be said of Russia among
European emerging economies and of the Philippines among the former
Asian-crisis economies. As regards trends over time, table 4.4 suggests
that the foreign-currency share has risen moderately (over the 1994-2002
period) in Latin America, fallen sharply in larger Asian emerging econ-
omies, and fallen less markedly in both the former Asian-crisis countries
and Central Europe. Foreign-currency shares have increased notably in
Argentina, Brazil, Chile, and the Philippines.

Table 4.5 presents the baseline AECM estimates. Since our estimates
of the AECM “normalize” the nominal net foreign-currency asset posi-
tions for variations in both export openness and the foreign-currency
share of total debt, they invite time-series and cross-country comparisons
of currency mismatch. Going back again to the most prominent crisis
episodes within our sample group, we observe that the size of the esti-
mated currency mismatch is typically larger in the run-up to and espe-
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Table 4.4 Foreign-currency share of total debt, 1994-2002
(percent)

Region/country 1994 1995 1996 1997 1998 1999 2000 2001 2002
Latin America® 229 253 269 26.8 25,6 293 29.2 28.7 329

Argentina 329 364 402 414 432 447 46.2 49.2 58.9
Brazil 15.1 15.8 16.6 171 14.3 18.4 19.6 19.0 23.7
Chile 17.8 173 18.7 228 233 237 22.7 244  26.8
Colombia 347 342 361 363 360 359 33.0 33.8 345
Mexico 26.8 39.4 46.3 405 444 401 37.0 33.9 338
Peru 38.6 405 440 387 345 29.2 26.3 23.1 24.6
Venezuela 446 387 445 47.4 483 48.4 41.6 384 479
Asia, large

economies? 10.2 106 114 121 9.0 7.3 6.2 5.5 4.8
China 10.6 9.6 9.0 8.3 6.5 4.8 3.8 3.1 2.1
India 7.5 8.1 8.3 9.2 8.7 7.4 6.3 5.1 4.6
Korea 16.0 181 219 315 193 159 14.3 12.9 11.5
Taiwan 5.0 4.7 4.5 4.8 4.6 3.9 3.1 4.0 5.5
Other Asia® 23.2 260 261 319 259 228 22.2 209 19.8
Indonesia 33.0 326 329 46.7 429 331 32.0 28.9 225
Malaysia 139 13.8 146 19.8 17.7 16.9 15.8 15.9 18.2
Philippines 124 134 177 253 26.1 291 31.9 33.0 352
Thailand 26.4 328 325 352 23.3 18.8 17.9 15.7 12.7

Central Europe® 19.2 196 18.0 195 19.2 20.1 19.8 18.0 16.9
Czech Republic 115 137 142 168 142 135 13.5 151 13.0

Hungary 302 338 318 325 345 372 34.9 31.8 25.1
Poland 11.8 10.6 89 113 120 133 14.6 124 13.9
Russia 3683 267 221 221 472 421 37.0 34.1 35.5
Israel 3.1 3.4 3.6 4.9 5.5 71 7.3 8.5 9.0
Turkey 406 356 330 335 312 312 31.4 246 229
South Africa 7.2 85 10.6 9.8 102 9.2 10.4 16.1 13.0

a. Calculated with aggregates of countries shown.
Note: See definition of foreign-currency share of total debt on page 43.

Sources: IMF’s International Financial Statistics, national sources, and Bank for Interna-
tional Settlements.

cially during the crisis; again, see Mexico in 1994-96; Korea, Indonesia,
Malaysia, the Philippines, and Thailand in 1996-98; Russia in 1997-99;
Argentina in 1999-2002; Brazil in 2001-02; and Turkey in 2000-02.
Comparing across crisis episodes, the effective mismatch in the recent
Argentine crisis was by a factor of ten the largest one is our sample.
Argentina’s effective currency mismatch in 2001-02 was huge because the
size of the net foreign-currency mismatch itself was so big relative to the
size of the economy, because the foreign-currency share of total debt was
significantly higher in Argentina than in other crisis episodes, and
because its degree of export openness was low (particularly before 2002)
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relative to that in most other crises.* But the estimates in table 4.5 actu-
ally understate the size of the effective mismatch in Argentina in 2001-02
because the actual foreign-currency share of total debt is even higher than
indicated by the estimates in the table. The next largest effective currency
mismatches were those for the Mexican crisis, the Brazilian crisis (2002),
and the Turkish crisis (2000)—all estimated to be roughly the same order
of magnitude. Interestingly enough, effective currency mismatches dur-
ing the Asian financial crisis are judged to have been significantly smaller
(except in the case of Indonesia)—reflecting those countries” high export
openness and relatively low foreign-currency share of total debt.” Korea’s
effective currency mismatch in 1997, for example, is estimated at less than
half the size of those during the Mexican, Brazilian, and Turkish crises. In
2002, the largest effective currency mismatch was in Argentina, followed
in descending order by Brazil, Turkey, and the Philippines.

In table 4.6, we revise our AECM estimates to reflect that domestic
bank loans and domestic bonds are not exclusively denominated in
domestic currency in all emerging economies. To get a fix on the share of
foreign currency in domestic bank loans going to the private sector, we
relied primarily on the estimates given in Reinhart, Rogoff, and Savastano
(2003a); for those emerging economies not represented in that paper, we
drew on the database in Arteta (2002, 2003). For China, Nicholas Lardy
provided us with an estimate of the share of bank loans denominated in
foreign currency which he put together from national sources. The five
emerging economies in our sample with the highest share of foreign cur-
rency in domestic bank loans (1994-99 average) were Peru, Argentina,
Turkey, Indonesia, and Hungary; among the economies with very low
shares were Brazil, India, Taiwan, the Philippines, Venezuela, Malaysia,
China, and Korea. To capture the share of foreign currency-linked instru-
ments in domestic government debt, we again leaned on the estimates in
Reinhart, Rogoff, and Savastano (2003a). Unfortunately, their estimates
cover only 10 of the countries in our sample; still, the countries covered
are generally considered to be the ones with the highest shares of linked

4. In some preliminary regression analysis, we found that, ceteris paribus, the lower the
country’s export openness, the higher the foreign-currency share of total debt. This is the
opposite of what one would expect to find if there were good risk assessment in place. It is
also opposite to what has been found in firm-level studies where firms that export tend to
have a higher share of foreign-currency debt. This negative correlation between the foreign-
currency share of debt and export openness is suggestive of economywide distortions (per-
haps related to the currency regime and/or the official safety net) that create the wrong
incentives for hedging currency risk.

5. In contrast, ratios of short-term external debt to reserves would suggest that the aggregate
mismatch in some Asian-crisis countries (Korea) in 1997 was larger than recent mismatches
in Latin America; this reflects, inter alia, the different nature of the two mismatch indicators,
with short-term debt to reserves signaling near-term liquidity strains and the AECM signal-
ing the severity of crises (contingent on a large change in the exchange rate).
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debt. Where data on exchange rate-linked domestic public debt were
missing, we assumed as a first approximation that the foreign-currency
share was zero. The five emerging economies with the highest shares of
exchange rate-linked domestic public debt were Argentina, Peru, Turkey,
Brazil, and Russia; those with relatively low shares were China, Thailand,
Venezuela, India, Korea, Malaysia, and South Africa.

As expected, the recognition of foreign-currency debt into both domes-
tic credit and domestic bonds serves to increase our estimates of both the
foreign-currency share of total debt and the size of the AECM—compare
the entries in table 4.6 with those in tables 4.4 and 4.5. What is perhaps
most interesting is the diversity of changes across countries from this
modification in assumptions about the currency composition of domestic
(bank and bond) debt. In three emerging economies (Argentina, Peru, and
Indonesia), the new assumptions produce a new foreign-currency share of
total debt that is equal to 50 percent or higher; indeed, in Argentina and
Peru, that share rises to 88 and 76 percent, respectively, while in Indonesia
it increases to 52 percent. With much higher foreign-currency shares, the
AECM rises as well: in Argentina, the (peak) AECM climbs (in 2002) from
208 to 310 percent of exports, while in Indonesia, the (peak) AECM in 1998
advances from 17 to 25 percent of exports. The change in assumptions also
has large consequences for Turkey: the foreign-currency share of total debt
increases from 23 to 47 percent, and the (peak) AECM almost doubles in
2000 from 24 to 42 percent of exports. In sharp contrast, the change in
assumptions produces very small changes in foreign-currency shares and
AECMs in India, Korea, Malaysia, Taiwan, Venezuela, the Philippines,
Russia, and South Africa. In the middle of the pack lie Brazil, Mexico,
Chile, Hungary, and Thailand, where the rise in peak AECMs is moderate.
And finally, in China, the Czech Republic, Poland, and Israel, the increases
in foreign-currency shares and AECMs are large but start from a rather
low level; these are also economies that have consistently run positive net
foreign-currency positions over the 1994-2002 period.

Modification of AECM

The estimates in tables 4.5 and 4.6 represent in our view a significant
improvement over what has been available heretofore on aggregate cur-
rency mismatch; nevertheless, our estimates of AECM should be re-
garded as only a “first pass” at what could be accomplished. They are
based on data that are available for all larger countries, from IMF and BIS
sources. National data sources will often be richer. In this connection, sev-
eral alternative formulations of the AECM could be explored further, four
of which are mentioned next.

First, we could attempt to incorporate cross-country and time-series
variation in leverage ratios into our mismatch indicator. As discussed in
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Table 4.7 Total debt as a percent of GDP, 1994-2002
Region/country 1994 1995 1996 1997 1998 1999 2000 2001 2002
Latin America® 73.0 679 710 751 838 837 782 865 86.7

Argentina 49.8 518 571 649 736 813 84.5 90.8 183.0
Brazil 843 757 842 917 1104 118.3 107.6 136.2 118.2
Chile 124.3 115.3 1153 1249 1306 1394 1421 1551 1624
Colombia 33.7 359 444 461 56.1 62.2 66.9 77.0 74.7
Mexico 816 782 645 619 565 56.7 50.3 50.6 51.6
Peru 174 191 21.0 294 33.6 412 40.1 41.5 39.3
Venezuela 58.3 444 384 358 36.7 36.9 35.4 40.3 50.5
Asia, large

economies? 1140 110.8 1173 112.6 146.3 150.9 1504 159.1 181.7
China 111.0 108.9 1157 127.8 148.0 1619 168.4 1729 205.6
India 70.7 637 704 64.8 70.0 76.3 78.8 83.2 91.2
Korea 108.9 108.5 1136 84.0 181.7 163.7 1519 176.7 201.6
Taiwan 186.5 184.9 194.0 181.0 2185 211.0 193.5 2054 206.0
Other Asia® 1049 108.8 118.3 101.7 172.8 1473 133.2 138.8 136.9
Indonesia 66.6 67.7 717 557 1198 9238 78.0 762 755
Malaysia 168.6 176.3 199.8 172.2 238.3 225.0 220.9 2384 236.7
Philippines 100.7 97.8 113.0 1024 1289 1183 1123 1194 116.7
Thailand 120.7 127.3 133.6 1204 201.3 177.7 150.7 153.7 1584

Central Europe® 90.0 816 775 758 835 819 81.9 86.4 985
Czech Republic 940 962 915 918 109.9 107.3 1082 1043 114.9

Hungary 1543 1413 1373 1239 1312 1215 1224 1234 136.7
Poland 61.3 549 531 546 598 606 62.2 703 792
Russia 241 327 381 494 36.8 493 38.7 359 39.6
Israel 203.9 187.0 188.9 183.0 1759 1922 184.3 1941 2137
Turkey 509 501 56.2 603 699 845 98.7 150.3 1341
South Africa 136.5 129.6 119.2 1232 128.6 133.6 121.3 99.7 148.7

a. Calculated with aggregates of countries shown.

Note: Total debt is equal to liabilities of nonbanks (cross-border) to BIS reporting banks, in
all currencies, plus international debt securities (bonds) outstanding, in all currencies, plus
domestic debt securities (bonds) outstanding, in all currencies, plus domestic credit to the
private sector, as reported in line 32 of the monetary survey in the IMF’s International
Financial Statistics. Outstanding year-end positions shown.

Sources: IMF’s International Financial Statistics, national sources, and Bank for Interna-
tional Settlements.

appendix A, a more general equilibrium treatment of the sensitivity of net
worth and net income to a change in the exchange rate would take on
board the possibility that the shock causing the exchange rate to change
(depreciate) might simultaneously affect (increase) the cost of borrowing.
Similarly, the authorities might react to an exchange rate depreciation by
increasing interest rates. In both cases, a high degree of leverage would
alter the effects of a change in the exchange rate. One would also expect
that, ceteris paribus, the larger the total debt relative to the size of the
economy, the larger the effect of a currency mismatch in debt markets.
Table 4.7 shows the ratio of total debt to GDP for our sample of emerging
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economies. It is evident that this debt ratio varies significantly across
countries and within countries over time. In some initial experiments, we
allowed the ratio of total debt to GDP to increase the mismatch indicator.
The main results can be inferred from table 4.7. On a regional level, the
relatively high leverage in Asian emerging economies tended to increase
their AECMs vis-a-vis less-leveraged economies in Latin America, offset-
ting to some extent regional differences in mismatches attributable to dif-
ferences in export openness. In Argentina, which has quite a low ratio of
total debt to GDP, the leverage adjustment narrowed the gap between the
peak mismatch and the rest of the field—for example, the leverage adjust-
ment considerably raised Thailand’s peak AECM (in 1997) and also those
for Korea (in 1997) and Brazil (in 2000-02). In contrast, Russia’s relatively
low leverage ratio reduced its peak AECM. In Turkey, the increase in the
total debt ratio over the 1994-2001 period contributed to the large aggre-
gate currency mismatch in 2000-01. The pattern of aggregate effective
mismatches increasing markedly remained in the run-up to and during
financial crises.

Second, instead of using the stocks of bank loans and bonds as weights
to derive the foreign-currency share of total debt, one could use financ-
ing flows to weight the various currency shares. This carries some attrac-
tion since the stocks of debt can sometimes produce a misleading impres-
sion of current financing opportunities—for example, when the domestic
banking system is experiencing serious problems, new financing from
banks may be close to zero or negative, even if the stock of bank loans
outstanding is very large. Some simulations were done along these lines
using the individual-country data on bond issues and new bank loans.
More often than not (at least for the 1997-2002 period), the flow weights
tended to produce somewhat lower foreign-currency shares of total debt
and hence lower AECMs, but a disadvantage of the flow formulation
was that the flows varied so much from year to year that they produced
high (time-series) variability in the foreign-currency share of total debt—
at least for those emerging economies where the foreign-currency share
was quite different across the various financing components. Perhaps
some combination of stock and flow weights may ultimately prove to be
useful.

Yet a third scenario would employ a different weighting scheme (as
between exports and GDP) to scale net foreign-currency assets. In this
connection, it could be argued that for larger emerging economies, exports
underestimate the share of tradables in GDP, and therefore a somewhat
broader scaling variable would be appropriate to capture the sensitivity
of noninterest flows to a change in the exchange rate. To cite one possi-
bility, net foreign-currency assets could be scaled by giving exports a
weight of two-thirds and GDP a weight of one-third.

Fourth, one could attempt to get a more comprehensive measure of
foreign-currency assets and liabilities than is available from our defini-
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tion of net foreign-currency assets in equation (1). For some emerging
economies, debt owed to BIS reporting banks is significantly lower than
total debt owed to foreigners; similarly, there are other foreign-currency
debt flows, such as trade credit extended by nonfinancial corporations,
that are not fully covered in our formulation of net foreign-currency
assets. One could obtain a more comprehensive measure by deriving
a currency-weighted transformation of a country’s net international
investment position (NIIP). The problem is that the NIIP data show only
liabilities /assets vis-a-vis nonresidents—not assets and liabilities broken
down by currency of denomination. Hence, assumptions about the cur-
rency composition of each broad component of the external balance
sheet would have to be made in order to derive an estimate of the aggre-
gate currency mismatch. Where available, data on the currency compo-
sition of external bond and banking flows and benchmarks from portfo-
lio surveys could be used to inform such estimates. Once each major
component of the NIIP is assigned a currency denomination, a weighted
average estimate of the aggregate currency mismatch could be derived
(where the weights are the value of each component in total foreign
assets or total foreign liabilities). According to Allen et al. (2002), 78
countries now include their NIIPs in their submissions to the IMF’s
International Financial Statistics; from mid-2002 on, all countries that sub-
scribe to the Fund’s Special Data Dissemination Standard are expected to
disseminate their NIIPs and publish quarterly external debt data. In
summary, the use of NIIP data can provide a valuable cross-check on the
mismatch variable defined here. One reason such a cross-check is impor-
tant is that there are major conceptual and statistical discrepancies
between debtor-based statistics (usually the international investment
position statistics) and creditor-based statistics (e.g., from BIS banking
statistics). Efforts to examine and document such discrepancies are
important.®

For purposes of comparison, table 4.8 presents the original sin ratios
(calculated by Eichengreen, Hausmann, and Panizza 2002) for the same
22 emerging economies listed in most of the earlier tables.” Recall that
when the foreign-currency shares of cross-border bank loans and interna-
tional bonds are both one, the original sin ratio is also one. The results in
table 4.8 and those in tables 4.5 and 4.6 paint utterly different pictures. In

6. For an exploration of this, see BIS (2002). The origin of this study was that the statistical
authorities in some emerging markets noted striking differences between their estimates of
external debt and the joint BIS-IMF-OECD-World Bank statistics on external debt, which
were heavily based on creditor data sources. For an overview, see von Kleist (2002). The vol-
ume contains a comparison of the data for Chile, China, the Czech Republic, India, Latvia,
Mexico, the Philippines, Poland, and Thailand.

7. We chose OSIN2 ratios from Eichengreen, Hausmann, and Panizza (2002) for table 4.7.
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Table 4.8 Original sin ratio in emerging economies
Region/country 1993-98 1999-2001

Latin America

Argentina 0
Brazil

Colombia

Mexico

Peru

Venezuela

8 0.97

1
1
1
1
1

Asia, large economies

China 1 1
India 1 1
Korea 1 1
Taiwan 1 0.62
Other Asia

Indonesia 0.94 0.98
Malaysia 0.99 1
Philippines 0.98 0.99
Thailand 0.98 0.87
Central Europe

Czech Republic 0.88 0.84
Hungary 1 0.98
Poland 0.95 0.89
Russia 1 0.98
Israel 1 1
Turkey 1 1
South Africa 0.91 0.76

Source: OSIN2 ratios from Eichengreen, Hausmann, and Panizza
(2002).

the original sin calculations, there is little suggestion either of large dif-
ferences in aggregate currency mismatch across emerging economies or
of sharp variations in these mismatches over time. These original sin
ratios certainly don’t hint that aggregate currency mismatches are larger
in the run-up or during financial crises, and there is no indication that
mismatches diminish in the recovery from the crisis.

Another difference is that the original sin calculations imply that
debtor countries must have negative net foreign-currency positions,
whereas our approach (as seen in tables 4.5 and 4.6) is consistent both
with some emerging-market debtors running consistently positive net
foreign-currency positions and with emerging economies switching from
negative to positive positions (or vice versa). Consider, for example, an
emerging economy with a negative NIIP (i.e., a debtor). Assume that the
bulk of foreign liabilities is direct foreign investment denominated in the
domestic currency. In that case, a net debtor might easily have a positive
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net foreign-currency position, especially if it had recently undergone a
sharp increase in its holdings of international reserves.®

To conclude on the measurement issue, it is possible to do a lot better
(than relying on original sin ratios) in measuring currency mismatches at
the aggregate level. Our proposed indicator of aggregate effective cur-
rency mismatch—shown in tables 4.5 and 4.6—is an attempt to buttress
that claim with some illustrative calculations. These estimates could be
improved further with a moderate increase in resource costs (at the inter-
national financial institutions) devoted to measurement and monitoring
of mismatches.

At the sectoral level, the lack of data on the corporate sector is the
biggest hole in the data needed to measure and assess currency mis-
matches. Better data on corporate balance sheets would permit a fuller
and more systematic analysis of sectoral currency exposures and vulner-
abilities. We therefore argue that the collection of such data ought to merit
high priority in efforts by the official sector to monitor and provide early
warnings of currency and banking crises. Some promising efforts to bring
mismatches in the corporate sector into clearer focus are already under
way. For example, Mulder et al. (2002) used the Worldscope database to
construct a ratio of corporate foreign debt to exports for 19 emerging
economies and found that this currency mismatch variable was helpful in
explaining both the probability and severity of currency crises over the
1991-99 period. In another example, Gray (2002) applied contingent claims
analysis already so popular in the pricing of corporate default risk in the
largest industrial countries to a growing set of emerging economies. One
attraction of contingent claims analysis is that because it relies heavily on
forward-looking price information (i.e., information on the value and
volatility of equity and junior claims), it is relatively parsimonious in its
data requirements for corporate balance sheets yet it can still generate
estimates of the vulnerability of various sectors (including the corporate
sector) to changes in the exchange rate. While Gray’s (2002) analysis is
currently available for only a handful of the larger emerging economies,
it could be extended to a wider sample.

8. In their latest paper on original sin, Eichengreen, Hausmann, and Panizza (2003e) now
acknowledge that a net debtor will have an aggregate currency mismatch when there is a net
debt to foreigners denominated in foreign currency (emphasis added); previously, they had
asserted (incorrectly) that “countries with original sin that have net foreign debt as devel-
oping countries are expected to have will have a currency mismatch on their national bal-
ance sheet” (Eichengreen, Hausmann, and Panizza 2002, 10). See appendix B.
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