ARE HIGH FOREIGN EXCHANGE RESERVES IN
EMERGING MARKETS A BLESSING OR A BURDEN?

OCCASIONAL PAPER NO. 6
MARCH 2007

BY RUSSELL GREEN AND TOM TORGERSON

DEPARTMENT OF THE TREASURY ¢ OFFICE OF INTERNATIONAL AFFAIRS



Department of the Treasury: Office of International Affairs
Occasional Paper No. 6
March, 2007

Are High Foreign Exchange Reserves in Emerging Markets a
Blessing or a Burden?

DISCLAIMER

By Russell Green and Tom Torgerson

This is the Sixth in a series of Occasional Papers from the Treasury Department’s Office of Interna-
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Economic policymakers in emerging market
countries have typically viewed foreign exchange
reserves as money in the bank —the more, the bet-
ter. Over the past three decades, a shift to flexible
exchange rate regimes and an ability to borrow
in domestic currency eased pressure on industrial
countries to accumulate reserves. Meanwhile,
emerging market and developing countries con-
tinued to struggle with maintaining adequate re-
serve levels. Only recently has the large scale of
reserve accumulation in emerging markets raised
questions about its necessity and even its wis-
dom.

This paper examines the motivations and costs
of foreign exchange reserve accumulation among
the world’s largest emerging market holders of
reserves. We consider the costs of holding re-
serves, including sterilization costs, opportunity
costs, and potential central bank balance sheet
losses. We find the top seven emerging market
reserve holders to have all exceeded standard re-
serve adequacy measures. Our analysis suggests
the net marginal return to additional reserves is
low, if not extremely negative, yielding scant sup-
port for the proposition that the largest reserve
holders are holding foreign exchange reserves ex-

clusively for precautionary purposes. The policy
implication is not about the allocation of existing
reserve stocks, but about further reserve accumu-
lation. What is needed is the removal of distor-
tions - such as limited exchange rate flexibility
— that lead to excess reserve accumulation in the
first place.

The most obvious reason for an emerging mar-
ket economy to hold a stock of foreign exchange
reserves is to insure against currency crises. How-
ever, countries hold reserves for a number of
other reasons.

¢ Central banks can use reserves for interven-
tion in non-crisis times. Countries with rigid
declared exchange arrangements such as
pegs or crawling bands — and, in fact, many
countries with flexible declared exchange ar-
rangements — intervene to reduce volatility
or maintain a target exchange rate.” If the
currency is fundamentally near equilibrium
but volatility remains high, intervention may
be in two directions, resulting in little net

"We wish to thank Marvin Barth, Andy Baukol, Bill Block, Gavin Buckley, Alain Chaboud, Joe Gagnon, Mike Leahy, Robert
Kaproth, Kurt Schuler, Mark Sobel, and Charlie Thomas for their insightful suggestions, though we bear responsibility for

all errors.

?Most analyses of the effectiveness of foreign exchange intervention conclude that intervention has at best modest and
transitory effects on the exchange rate and/or on exchange rate volatility. Disyatat and Galati (2005), for example, provide
a review of literature on the effectiveness of intervention in emerging markets.
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change in reserve holdings. Intervention can
also act as a tool against deflation, both by
mitigating nominal appreciation, and, un-
sterilized, by expanding the money supply.

¢ Central banks in dollarized financial systems
may need foreign exchange reserves to serve
as a lender of last resort to banks with high
levels of foreign currency liabilities. Central
banks may desire to provide liquidity to banks
in foreign currency outside times of systemic
crisis. Due to the unique nature of the risk
of bank runs, the mere presence of reserves
may ensure that the need to use them never
arises (Diamond and Dybvig 1983).

® Countries use reserves for day-to-day trans-
actions such as purchases of foreign goods or
payment of obligations to international or-
ganizations.

Fairly minimal reserve levels may be adequate
for these sources of demand outside a currency
crisis. Generally, non-currency crisis reserve de-
mand will not exceed demand for reserves to in-
sure against a currency crisis. In other words, the
marginal benefit of additional reserve holdings
for non-crisis purposes has already approached
zero by the time reserves reach levels sufficient to
insure against a currency crisis.

Alternatively, countries may be interested in re-
serve acquisition rather than reserve stocks. In-
tervention to respond to terms of trade shocks, to
fight deflation, or to support export-led growth
may result in stocks of reserves. Once acquired,
however, these reserves have limited use beyond
precautionary purposes. Consequently, we will
use insurance against currency crisis, or “precau-
tionary demand” for reserves, as the criterion to
assess reserve adequacy in emerging economies.

Country circumstances vary, and there is no pre-
cise level of reserves universally considered ei-
ther sufficient or optimal. Advanced economies
with highly liquid, floating currencies and stable
financial market access in domestic currency are
unlikely to derive any significant value from large
precautionary reserve holdings. Where curren-
cies are less liquid and market access less than
assured, reserves may reduce both the risk and
impact of current account shocks or capital ac-
count crises. There is an extensive literature that
attempts to define specific benchmarks for reserve
adequacy. We discuss four simple and commonly
cited ratios.

® Reserves to short-term external debt: The so-
called Greenspan-Guidotti rule — named
after Alan Greenspan and Pablo Guidotti, a
former Argentine finance official, who called
for developing countries to amass reserves
equal to all external debt coming due within
the next year — has become the most widely
preferred benchmark for measuring vulner-
ability to capital account crises.” This bench-
mark’s relevance to currency crisis preven-
tion also has the greatest empirical support
(Bussiere and Mulder 1999; Garcia and Soto
2004; Jeanne and Ranciere 2005).*

® Reserves to M2: Countries facing a risk of
capital flight may follow money-based mea-
sures, as reserve balances held against a
portion of the monetary base can increase
confidence in the value of local currency.
Given the difficulty in measuring capital
flight there is no conventional minimum ad-
equate level of reserves, but Wijnholds and
Kapteyn (2001), suggest reserves equivalent
to 5-20% of M2, depending on the exchange

*A few observers have suggested also holding reserves to cover at least a small fraction of foreign holdings of equity securi-

ties.

*The results of Jeanne and Ranciere (2005), in fact, support the Greenspan-Guidotti rule as the optimal rather than merely
adequate level of reserves for countries with relatively low external interest rates.
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rate regime, as an appropriate buffer. Wijn-
holds and Kapteyn argue that the risk that
residents will wish to convert domestic into
foreign liquidity will be greater for countries
with a currency peg than for countries with a
flexible exchange rate. Fixed exchange rates
rely in part on the credibility of the central
bank’s ability to maintain a specific parity.

® Reserves to imports: Import-based measures
can be useful for low-income countries with-
out significant access to capital markets and
vulnerable to current account shocks, such as
afallin the price of a country’s main export or
a drop in tourism receipts due to natural di-
saster. Reserves worth three to four months
of imports is perhaps the most frequently
cited benchmark.

® Reserves to GDP: This ratio is sometimes spu-
riously cited as an adequacy measure, with
little theoretical or empirical justification.
GDP does not represent a vulnerability that
must somehow be covered in a crisis, and
there is little reason countries should aim for
reserves to match some proportion of it. We
do not consider this measure in our analysis
below.

Some countries have acquired such high levels
of international reserves that the conventional
benchmarks for reserve adequacy have been met
several times over. Table 1 presents the ten econ-
omies with the largest absolute holdings of total
gross reserves minus gold, as measured by the
IMF. At the end of 2005 eight of the largest reserve
stockpiles were located in East Asia, with the oth-
er two held by major oil exporters. Japan tops the
list, but by the time of this writing in 2006, China

had become the largest reserve holder. Both hold
levels of reserves far greater than the rest.

Table 1: Top Ten Reserve Holders

Gross Change in
Reserves Rate of
Rank  Country - Reserves
minus Gold 2004-5 Increase
2005
(USD (USD
Billions) Billions)
1 Japan 834 0 0.0%
2 China 822 207 25%
3 Taiwan 257 29 1%
4  S.Korea 210 " 5%
5 Russia 176 55 31%
6 India 132 5 4%
7 Hong Kong 124 1 1%
8  Singapore 116 4 3%
9 Mexico 74 10 13%
10  Malaysia 70 4 5%
Source: IMF

Reserves have grown significantly in recent
years, and 2005 was no exception. Among the
top ten reserve holders, the fastest rates of in-
crease occurred in two countries that had explicit
exchange rate pegs (China and Malaysia, al-
though not Hong Kong) and among oil export-
ers.

In this paper we focus on the seven economies
in this list typically categorized as emerging mar-
kets, applying the standard benchmarks outlined
above.”® Figure 1 shows how the seven match
up to the Greenspan-Guidotti threshold for re-
serves/short-term debt. All hold several multiples
of their short-term debt in reserves, with China
far ahead of the rest at more than eleven times
short-term debt.

> As mentioned above, advanced economies with highly liquid currencies and stable financial market access are unlikely to
derive any significant value from reserve holdings as a precautionary fund. Accordingly, we omit Japan, Hong Kong and

Singapore from these benchmark comparisons.

®In these comparisons we use reserves held by the country. However, most of the adequacy standards were developed
before the meaningful development of multilateral swap arrangements such as the Chiang Mai Initiative. It may be ap-
propriate to add available reserves from swaps to actual reserves held to measure reserve adequacy, but in the absence of
experience or empirical guidance, and in the interest of making conservative assumptions, we omit them.
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Figure 1: Reserves/Short-term Debt, 2005
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Coverage of the money supply, M2, in Figure 2
shows a similar picture. On this measure all econ-
omies are adequately reserved. Russia and India
approach coverage of their entire broad money
supply. Even countries with a specific domestic
need for adequate reserves — China is liberaliz-
ing controls on outward investment while facing
a large, weak banking sector; India is consider-

ing liberalizing its capital account and has a large
budget deficit; and Mexico has a history of capital
flight into dollars — have reached levels of reserves
that appear more than adequate for protecting
against capital flight. Indeed, Mexico and India
should perhaps be measured against the low end
of the 5-20% benchmark range as countries with
a flexible exchange rate.

Figure 2: Reserves/M2

100%

e

1 LT TP TEECCLCEETRERE  FERFRRN

L e || B,

20% 4~ ------ - - - ] | R -
adequacy
benchmark
=5% - 20%

0% f t f t f f

China Taiwan S. Korea Russia

India Mexico Malaysia

Source: IMF and national sources.

oHe




As discussed, import coverage may be less rel-
evant for economies with capital market access.
Even so, none of the top reserve holders dem-
onstrate vulnerability in Figure 3. Mexico has the

lowest import coverage ratio at 3.8 months. Ev-
ery other economy is well beyond four months
of import coverage. In fact, half of the top reserve
holders have well more than a year of import cov-
erage.

Figure 3: Months of Import Coverage, 2005
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The comparisons presented thus far involve
benchmarks against single statistics, but another
approach is to consider a full range of fundamen-
tals by estimating the demand for reserves in a
multivariate setting. These estimates capture the
relative weight put on various sources of vulnera-
bility. This approach does not necessarily indicate
divergence from appropriate levels of reserves, as
countries may have followed suboptimal reserve
policies in the past. However, under the assump-
tion that countries generally hold adequate levels
of reserves relative to their fundamentals, the es-
timates can be used to determine whether out of
sample reserve levels are adequate.

® Aizenman and Marion (2003) measure re-
serve demand in a broad cross-section of
countries before 1997 and compare predicted

to observed reserves outside the sample peri-
od in 1997-9.They find reserve accumulation
exceeding that predicted by fundamentals in
China and South Korea, but not Malaysia.

e Edison (2003) performs a similar exercise
to predict reserve levels in 2002. She finds
observed reserve levels above predicted re-
serves for Mexico; Russia; and (aggregated
together) China, India, Hong Kong, and Ma-
laysia.

e Gosselin and Parent (2005) restrict their es-
timation sample to Asian emerging econo-
mies, which isolates any unique Asian pat-
tern of reserve demand, but find similar
results when predicting reserves in 2003-4.”

7Gosselin and Parent (2005) include China, South Korea, India, Singapore, Malaysia, Philippines, Indonesia, and Thailand

in“Asia.”
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The new pattern may reveal a previously unrec-
ognized need for reserves. Some have suggested
that after the Asian financial crisis Asian econo-
mies became less willing to rely on IMF lending
to supplement their reserves. If their calculus
for appropriate precautionary reserve levels had
previously included some degree of borrowing
from the Fund, then removing that buffer from
consideration would require expanding net re-
serves to meet the same precautionary target.
Table 2 explores this theory by comparing 2005
reserves with the year before the Asian financial
crisis (when reserves were presumably closest to
their pre-crisis target) in terms of IMF quota, the
benchmark for a country’s ability to borrow.?

Table 2: Post-Crisis Change in Reserves vs. IMF Quota

Change

flows continues to grow. However, all of these
economies except Mexico have reserve levels
that exceed — several times over for some — the
funds they could expect if they borrowed at the
level of the largest previous IMF programs.

Costs of “Excess” Reserves

Reserve growth of the largest holders has signifi-
cantly accelerated from previous patterns of ac-
cumulation, and in nearly all instances exceeded
standard benchmarks for reserve adequacy. Is
there a limit to gains from reserve accumulation,
or is more always better? The marginal benefit
of accumulating more reserves is sure to decline
at some point.” Furthermore, basic economics
reminds us of the need to match marginal returns
with marginal costs. Reserves are an expensive in-
surance mechanism, with costs coming from
many different — and often difficult to quantify
— sources.

e Sterilization costs: Sterilization neutralizes

Pre- Pre- in Quota? Reserve
Crisis Country Crisis Peak . Change/
Rank Reserves' Reserves in 2005 Quota

to 2005
(USD (USD (USD
Billions) Billions)  Billions)
China 144 678 9.2 73
4 Taiwan 91 166 n/a n/a
14 S.Korea 34 176 24 74
38  Russia 20 155 8.6 18
18 India 27 105 6.0 17
14 Mexico 29 45 3.8 12
16 Malaysia 27 43 2.2 20

the inflationary monetary impact of reserve
accumulation by offsetting the associated
increase in money supply with a domestic
money market operation, typically domes-
tic debt issuance. Two costs of sterilization
merit concern, the direct fiscal cost to the
monetary authorities and the indirect sys-
temic cost of preventing current account ad-

'China measured in 1998, Mexico in 1994. All others measured in 1997.

2Taiwan, P.0.C. is not an independent member of the IMF, so it has no quota.

To put this in perspective, Turkey and South
Korea hold the records for the largest programs
relative to quota at just over fifteen times quota
in 1999 and 1997, respectively. Of course, pre-
dicting the nature and response requirements of
future crises is difficult, and the volume of capital

justment, with the direct cost being the most
commonly considered. Fiscal cost represents
the difference between what the central bank
earns on international reserves and what it
pays on the domestic debt issued to steril-
ize the reserves. For a few economies with
low domestic interest rates, the fiscal cost
may even be negative. Poor data on hold-
ings of international reserves or the full ex-
tent and composition of sterilization make

$We use Mexican reserve levels as of 1994, though no similar sentiment has been postulated regarding either Mexico’s or

Russia’s views of Fund lending.

? For a well-behaved distribution of events that require use of reserves, events large enough to require use of the marginal
reserve dollar occur less frequently as total reserves increase. By bolstering confidence, additional reserves also shift the
distribution to the left, making their use even less likely (assuming other macroeconomic fundamentals and policies are
broadly sustainable — if not, additional reserves are no guarantee against a crisis). Hviding, Nowak, and Ricci (2004) find a
strong nonlinear effect of reserves to short-term debt on exchange rate volatility, implying diminishing marginal returns.
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fiscal costs difficult to measure consistently
fo the whole sample.”” Anecdotal evidence
indicates, however, that substantial steriliza-
tion has been taking place in East Asia over
the past few years (e.g. International Rela-
tions Committee Task Force 2006; Mohanty
and Turner 2005).

By stifling the monetary impact of foreign
exchange intervention, sterilization allows a
central bank to influence the real exchange
rate.'!  The practice of preventing upward
real exchange rate adjustment, made fea-
sible through sterilization, can be harmful
by distorting the price signal for resource
allocation. It can lead to overinvestment in
tradable sectors at the expense of non-trad-
ables. Expectations of eventual adjustment
can attract speculative capital inflows and
hence asset bubbles, although these flows
also tend to lower domestic interest rates
and therefore may lower direct fiscal costs.
Without capital inflows interest rates will
likely rise, potentially crowding out private
investment. Along with many other impor-
tant factors, prevention of real exchange rate
appreciation has recently contributed to a
global current account imbalance, one of the
IMF’s primary concerns for the world eco-
nomic outlook (IMF 2006).

Opportunity cost: The resources used to pur-
chase international reserves could be used in
a number of alternative ways.”? A govern-
ment could pay down its sovereign short-

term external debt, since the interest cost of
a given amount of short-term external debt
—though difficult to measure — likely exceeds
the earnings on an equivalent abount of re-
serves.’” Paying down sovereign short-term
external debt therefore has an equal vulner-
ability-reducing effect to holding reserves,
when following a Greenspan-Guidotti rule,
with a lower net cost.

A government could also spend the reserves
on investment projects, with the constraint
that reserves cannot be converted back into
local currency if authorities wish to avoid an
impact on the exchange rate. For example,
reserves could be used to purchase foreign
medical supplies or equipment. Most high
reserve countries have lower capital-to-labor
ratios than the industrial countries in whose
bonds reserves are held. Thus, the returns
from public investment may be significantly
higher than current earnings on reserves as
long as they are allocated efficiently. Some
monetary authorities have recently been
managing their reserves more actively in or-
der to improve their return.

A more efficient solution might be to forgo
some reserve accumulation, allowing the pri-
vate sector to determine the best allocation
of foreign exchange earnings. By acquiring
reserves, the central bank is essentially allo-
cating that portion of national income into a
particular form of savings. Absent some use
that requires public coordination — such as

10 Sterilization is sometimes approximated over a short time horizon by the difference between changes in net foreign
assets and net domestic assets, since sterilization aims to keep the money supply unchanged and the monetary base
accounting identity gives us AMonetary Base = ANFA + ANDA. Even in the absence of foreign exchange intervention,
however, the monetary base will not stay constant in a fast growing economy with a developing financial sector and active
monetary policy. Money supply growth to match natural growth in money demand introduces too much noise to reliably
identify even large-scale sterilization by this method. Even if sterilization rates were known, unavoidable imprecision in
interest differentials between reserves and sterilization instruments would strongly influence estimates.

" Intervention would ordinarily have a small impact on the real exchange rate because reserve accumulation raises the
monetary base and hence inflation. Inflation will tend to keep the real exchange rate constant as the nominal exchange
rate depreciates. Therefore, by eliminating an effect on the monetary base, sterilization allows a central bank to influence
the real exchange rate, which helps determine trade and capital flows.

12See Kletzer and Spiegel (2004) for academic treatment of the opportunity cost of reserves.

3This idea has been recently discussed by Genberg, et al (2005) and Rodrik (2006).
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crisis insurance or paying for public goods —
private sector allocation of foreign exchange
earnings would almost certainly be welfare
enhancing. It is difficult to imagine welfare-
maximizing behavior apportioning so much
income to savings, or holding a portfolio so
dominated by low-yield foreign government
bonds.

Various methods of approximating these for-
gone returns have been suggested, from se-
lecting market interest rates or liquidity pre-
mia to deriving the return from an assumed
national production function. In the absence
of a definitive method and with wide differ-
ences in results among methods, we follow

Summers’s (2006) admittedly ad hoc con-
struct and assume a 6% real return — net of
earnings on risk-free reserve assets in do-
mestic terms — on domestic infrastructure
investment, paying down short-term exter-
nal debt or portfolio diversification. We cal-
culate an approximation of the opportunity
cost in Table 3 by multiplying the 6% return
times those reserves held above adequacy
standards.'* By this calculation the annual
opportunity cost is substantial for almost all
of the largest reserve holders by almost any
measure of reserve adequacy.

Table 3: Calculated Annual Opportunity Cost of Excess Reserves (%GDP)

Reserve Adequacy Criteria

Country 100% of Short-term Debt 20% of M2 3 Months Import Coverage
China 2.0% 0.2% 1.9%
Taiwan 3.7% 1.9% 3.8%
South Korea 1.0% 0.1% 1.1%
Russia 1.1% 1.1% 1.2%
India 0.8% 0.7% 0.8%
Mexico 0.4% 0.0% 0.2%
Malaysia 2.2% 1.7% 2.2%

Note: Annual opportunity cost is the foregone return every year on reserves held above the adequacy criteria, assuming a 6% net return on alternatives.

Source: IMF and Economist Intelligence Unit

Central bank balance sheet risk: Foreign ex-
change reserves, just like any other foreign
currency asset, can lose their value in local
terms when the exchange rate appreciates.
In cases where foreign assets form a large
share of a central bank’s balance sheet, the
institution faces the risk of significant loss-
es. Of course, a central bank may account
for these losses over several years, depend-
ing in part on the maturity profile of its for-
eign assets and on the pace of appreciation.

Furthermore, as long as interest margins and
cash flows remain positive, it may be feasi-
ble for central banks to operate with nega-
tive capital for a considerable period. How-
ever, leaving itself undercapitalized could in
time jeopardize the central bank’s credibility
and ability to target price stability, to inter-
mediate government foreign borrowing, to
act as lender of last resort, or to maintain a
domestic payments system. This represents
a particular risk for central banks with ex-
pectations of high future expenses, such as

1 Alternative opportunity cost scenarios are easily calculated because the cost varies proportionally with the assumed
return. For instance if the future marginal product of capital were different from our assumed return by 50%, the opportu-

nity cost would also change 50%.
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large interest-bearing liabilities or a potential
bank bail-out. Stella’s (2003) casual com-
parison found double the rate of inflation in
countries with financially weak versus strong
central banks.

Capital injections or recurrent loss coverage
from the national treasury generate fiscal
costs to the government and could undesir-
ably impact central bank indepen-
dence from the government. Even
if the central bank recapitalizes
from retained profits, those profits ~ China

represent revenue forgone by the  Taiwan
treasury. Thus the cost ultimately g Korea
impacts fiscal accounts.'® Russia
India
How would appreciation of the  pexico
domestic currency impact the bal- Malaysia

Appreciation of:
______________________________________________________________________________________|

points of GDP. Because balance sheet losses
are a potential cost rather than a current cost,
central banks should consider their marginal
discounted expected value when comparing
them with other marginal costs and benefits
of reserve holdings.

Table 4: Simulated Exchange Rate Revaluation Loss

on Central Bank Net Foreign Assets, 2005

% of Central Bank Capital % of GDP
10% 20% 30% 10% 20% 30%

2,542% 5084%  7625% 3% % 10%
303% 606% 909% 24% 48% T1%
1,851% 3,703%  5554% 3% 5% 8%
280% 560% 840% 2% 5% 7%
583% 1,166% 1,749% 2% 4% 5%
1,452% 2,903%  4,355% 1% 2% 3%
73% 146% 218% 5% 1% 16%

ance sheet of emerging market
central banks? Foreign exchange
reserves are invested in a number
of currencies, including the dol-
lar, euro, yen, and pound sterling. We do
not take a view on the projected movement
of individual exchange rates, but simply as-
sume for a simplified stress test that the
domestic currency appreciates by an equal
amount relative to all reserve currencies. We
present a range of currency movement mag-
nitudes, 10, 20, and 30 percent, which could
occur over any length of time."” We apply the
exchange rate to the valuations of the central
bank net foreign assets, presented in Table 4.

Even a 10 percent appreciation of their cur-
rency would completely wipe out the capi-
tal of every central bank except Malaysia.
On the high end of the range, the severity
of the simulated loss could require injections
of capital on the order of several percentage

Central bank capital includes provisions for losses.

Source: IMF, national sources, and Economist Intelligence Unit

® Other costs: Reserve accumulation may ren-

der a false sense of security, delaying nec-
essary reforms. While reserves may provide
some protection against external crises, oth-
erwise unsustainable policies cause undesir-
able distortions even when they do not end
in crisis. Large fiscal deficits, for instance,
may crowd out private sector investment or
create debt overhang problems. And these
vulnerabilities, if allowed to grow too large,
may overwhelm the insulating effect of re-
serves and surprise a country previously
considered secure. All measures of reserve
adequacy come with the proviso that other
fundamentals remain sound (e.g. Bussiere
and Mulder 1999).

15 See Stella (2002) for a review of the literature on the effects of central bank financial weakness. Stella (2003) and Frait
(2005) argue that reserve valuation losses need not immediately impact a central bank’s effectiveness, conditioned on
financial health and inflation roughly at desired levels. Risk arises when those conditions change.

16The fiscal cost diminishes or even eclipses gains from the lower value of foreign-currency public debt.

"The top of the range was chosen to match the magnitude used in the sensitivity analysis component of the IMF’s Debt
Sustainability Framework in Article IV reviews, although in our simulation the appreciation need not represent a“shock”in
the sense of a precipitous adjustment.
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Finally, reserve accumulation adds another
variable to the sometimes difficult formula-
tion of monetary policy under flexible ex-
change rates. The difficulty of coordinating
monetary policy with intervention and the
risk of being distracted from monetary goals
by exchange rate goals can result in undesir-
able volatility in macroeconomic variables.

Returning to the idea of matching marginal
costs to marginal benefits, we consider the
possible shapes of the curves. As mentioned
before, the crisis reduction benefits of addi-
tional reserves decline after a certain point.
Most of the marginal costs described above
rise as reserves grow: the cost of issuing ad-
ditional debt for sterilization, the opportunity
cost of diverted resources, and the potential
to impair central bank activity all rise faster
than one-for-one. Figure 4 illustrates pos-
sible curves, marking R* as the optimal level
of reserves. The key question is where actual
reserves lie relative to R*.

Figure 4: Possible Reserve Accumulation Marginal
Return and Marginal Cost Curves
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Some studies have attempted to use subsets of
the costs and benefits of reserves to explicitly es-
timate optimal reserve holdings. Garcia and Soto

(2004) match the precautionary benefits of hold-
ing reserves across a range of crisis costs against
the opportunity cost. They find reserve levels in
Korea and Malaysia in 2003 to be plausibly op-
timal, but China’s reserves were inconsistently
high. Jeanne and Ranciere (2005) examine similar
trade-offs using a model that allows for risk aver-
sion. They find Asian reserves in 2000 to be above
optimal levels, even at the limits of plausible in-
put values.™

The largest reserve holders have far exceeded
precautionary levels of foreign exchange reserves
by most reasonable measures. This would imply
that the marginal precautionary return to addi-
tional reserve accumulation is quite low. Mar-
ginal costs are potentially very high. In light of
the low, if not substantially negative, net return to
holding reserves, the idea that the largest reserve
holders are holding foreign exchange reserves
exclusively for precautionary purposes appears
difficult to support. Rather, most excess reserve
accumulation appears in countries with exchange
rates closely tied to the U.S. dollar, and the desire
to limit exchange rate flexibility likely underlies
much of the recent reserve accumulation. The
policy implication is not what to do with the ex-
isting stock of reserves, but the removal of dis-
tortions - such as limited exchange rate flexibility
— that lead to excess reserve accumulation in the
first place.

8 There are non-precautionary benefits which may be considered. Reserves may reduce the cost as well as the likelihood of
crisis, and lowering that likelihood may push external interest rates lower for domestic borrowers, although studies which
consider these effects do not find them to justify current reserve levels (Hauner 2005; Jeanne and Ranciere 2005).

¥ See, for example, Dooley, Folkert-Landau, and Garber (2003); Hanke (2005); or Lachman (2006).
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