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Abstract

ESSAYS IN INTERNATIONAL FINANCE

- POLICY AND PRACTICE -

by

Kenta Inoue

In the first chapter, I apply a new microeconometric technique, “the Synthetic Con-

trol method,” to construct a counterfactual JPY-USD exchange rate in the absence

of large-scale intervention by the Japanese monetary authority from the start of

2003 to March 2004, and evaluate the effect of foreign exchange intervention on

JPY-USD exchange rate as average treatment effects. I provide empirical evidence

suggesting that Japanese intervention may have forced the JPY to depreciate during

the first phase of the period, but the effects are likely to have been very small. On

the other hand, the final phase of the large-scale JPY-selling intervention from the

late 2003 to the first quarter of 2004 had no effect or opposite effects on the JPY.

In the second chapter, I deal with the return-chasing and risk-diversification

motives as determinants of cross border asset holdings, and estimate a financial

gravity equation to explain US investors’ behavior during the periods including the

recent financial crisis. A simple pooled OLS regression presents a correlation puzzle.

Once the riskiness of foreign asset holdings and the US business cycle are controlled

for in the fixed effect model, the correlation puzzle disappears on average for the

ix



foreign bond holdings by the US residents. On the other hand, the data support

the return chasing motive only for their foreign equity holdings.

In the third chapter, I investigate the currency diversification of interna-

tional reserves by monetary authorities. Apart from the mean-variance approach,

monetary authorities are likely to pay attention to the impact of the currency di-

versification on the anticipated liquidation of the outputs and reserves during the

sudden stop crises, as well as the expected higher returns of alternative reserve cur-

rencies. A model simulation indicates that industrial countries have little incentive

to diversify their reserve currency composition since their anticipated liquidation

costs under the sudden stop crisis are large. On the other hand, developing coun-

tries anticipate the higher excess returns of alternative reserve currencies, and have

stronger incentives for the currency diversification. Indeed, my empirical results

confirm this implication.
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Chapter 1

Does foreign exchange intervention

really work? - the Synthetic Control

approach -

1.1 Introduction

The most difficult challenge in a line of researches on the effect of foreign

exchange intervention is to find a counterfactual exchange rate path without in-

tervention. My contribution to the literature is to apply a new microeconometric

technique, the Synthetic Control method, in constructing a more reliable counter-

factual exchange rate trajectory in the absence of foreign exchange intervention, as a

convex combination of potential control currencies other than the treated currency.

My focus in this chapter is on the Japanese case from the start of 2003 to 2004 Q1.

Indeed, the Japanese government was one of the most aggressive official players in

1



foreign exchange markets among developed countries, especially from 2003 to 2004

Q1. Furthermore, Japan is a unique country which publicly releases a detailed data

set on official exchange intervention with the currency decompositions, as well as

daily intervention amounts. As far as I know, this is the first paper that applies

the Synthetic Control method to estimate the average treatment effects of foreign

exchange intervention on a country’s exchange rate.

1.2 Literature Review

To overview the literature from theoretical and empirical viewpoints, Sarno

and Taylor (2001) is a good starting point. They argue that there are three main

channels through which sterilized intervention works. The first channel is under the

portfolio balance model. Since sterilized intervention changes the composition of

agents’ portfolios, their rebalancing of portfolios is expected to affect the exchange

rate. Here, imperfect substitution of home and foreign assets and the non-Ricardian

equivalence are assumed. The second channel is the signaling. Foreign exchange

intervention affects an exchange rate by providing the market with new relevant

information, under the implicit assumption that monetary authorities have superior

information to other market participants and the authorities are willing to reveal

some information through intervention. Overall, the evidence on the effectiveness

of official intervention, through either the portfolio balance channel or the signaling

2



channel, is still mixing on balance.1 The third possible channel of the influence

of intervention is through its role in remedying a coordination failure in foreign

exchange markets, called “the coordination channel.” Once an exchange rate has

moved a long way away from the fundamental equilibrium, it may be difficult for

individual market agents to act to bring about a reversion of the exchange rate

because of the coordination failure, even though they may strongly believe the ex-

change rate to be misaligned. Then, publicly announced intervention operations can

be seen as fulfilling the coordinating role. Sarno and Taylor (2001) say that this

channel has received scant attentions so far in the academic literature.

Among these three channels, Watanabe (1994) focuses on the signaling

hypothesis of the effect of intervention. He argues that an intervention policy should

be correlated with a future monetary policy and effective intervention should not

be fully anticipated. Indeed, he shows that intervention data by the Bank of Japan

from 1973 to 1992 are consistent with his arguments for the signaling hypothesis.

Kaminsky and Lewis(1996) also provide evidence that central banks can signal more

contractionary monetary policies in the future by purchasing their domestic currency

today. Their explanation presumes that a central bank in fact backs up intervention

with subsequent changes in a monetary policy. Their empirical results show that

intervention provides significant information on the future changes of the monetary

policy, but the intervention policy was not necessarily consistent with the monetary

policy regime. They argue that predicted exchange rate movements are likely to

1Sarno and Taylor (2001) argue that the studies of the 1990s, which are largely supportive of
the effectiveness of intervention, should be given more weight.
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depend on the consistency between the intervention and the monetary policies.

Marsh (2011) takes a different approach by using order flow data to analyze

the effect of intervention. He examines the behavior of end-user (customer) order

flows obtained from the Royal Bank of Scotland during the large scale JPY-selling

interventions. He finds that on intervention days, corporate customers bought more

USD against the JPY in ways consistent with the intention of the Bank of Japan

(BOJ), but financial customers acted against the BOJ by buying more JPY. The

overall impact was that aggregate customer order flowed into the JPY more than

expected on the intervention days. Furthermore, the striking correlation between

end-user order flows and exchange rate changes disappeared on the intervention

days in the JPY-USD as well as the USD-EUR markets, though the reason is still

unclear.

The serious problem of the existing literature is that we cannot observe the

counterfactual (baseline) of an exchange rate path in the absence of intervention.

One recent article relating to my paper is Fatum and Hutchison (2010). They apply

the propensity score matching to evaluate the effect of intervention on the JPY-USD

exchange rate. They argue that intervention at any point of time may entail a self-

selection choice made by the authority, and no counterfactual can be observed. To

overcome this issue, they use the propensity score matching to estimate the average

treatment effect for daily official intervention in Japan over the January 1999 to

March 2004 period. Their results imply that only sporadic and relatively infrequent

intervention is effective.
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In my paper, I do not specify a model for a foreign exchange rate. Instead,

I construct the counterfactual JPY-USD exchange rate without intervention by a

convex combination of other currencies with appropriate weights. No need to have

a specific model for a foreign exchange rate in evaluating the effect of exchange rate

intervention is one of the advantages of applying the synthetic control method. On

the other hand, the previous works need to assume some exchange rate model and

central bank’s reaction function. A serious question is how reliable the exchange rate

model is. Cheung et al. (2005) show that comparing model performances with a

baseline random walk model, the specific model that works well in one sample period

does not necessarily work well in another sample period.2 Their argument implies

that it is also difficult to estimate the effect of foreign exchange rate intervention

since we cannot specify a well-defined baseline model of an exchange rate. Indeed,

the estimated effect of intervention must depend on the model performances. On

the other hand, assuming a random walk in evaluating the effect of intervention3

may be too simple. The data driven procedure of the synthetic control method

described below can overcome this difficulty.

2On the other hand, Engel et al. (2007) emphasize that models are likely to have a low fore-
casting power, and beating a random walk in forecasting is too strong a criterion for accepting an
exchange rate model. They point out as a theorem that if some conditions hold, an exchange rate
is approximately a random walk when a discount factor goes to one.

3The simplest way to evaluate the effect of intervention is assuming a random walk and taking
a difference between exchange rates before and after intervention.
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1.3 Empirical Methodology

My empirical methodology to obtain counterfactual exchange rates in the

absence of foreign exchange intervention is based on Abadie et al. (2007). They

originally apply their “Synthetic Control method” in evaluating the effect of the

California Tobacco control program on the Tobacco consumption. As an application

of the Synthetic Control method to cross-country data, they also use their technique

to estimate the economic impacts of the 1990 German reunification on the former

West Germany GDP.

The model in Abadie et al. (2007) is as follows. Suppose there are J+1

countries. For simplicity, the first country (j=1) is uninterruptedly treated for

intervention after an initial intervention period (T0 + 1). The other J countries

are potential controls. Then, I want to estimate the effect of intervention α1t for

t = T0 + 1, T0 + 2, ... by

α1t = Y I
1t − Y N

1t = Y1t − Y N
1t (1.1)

Since Y I
1t = Y1t are observable outputs, all need to do is estimate an unobservable

control unit Y N
1t .

Consider a vector W = (ω2, ..., ωJ+1)′ such that ωj≥0 for j = 2, ..., J + 1

and
∑J+1

j=2 ωj = 1. Each element of the vector W represents a country weight for a

potential synthetic control. The weights are chosen such that the synthetic control

unit most closely resembles the treated unit before intervention; hence, for the

6



preintervention period (t ∈ [1, T0]), W ∗ = (ω∗
2, ..., ω∗

J+1)
′ is determined such that

Y1t =
J+1∑
j=2

ω∗
j Yjt and Z1 =

J+1∑
j=2

ω∗
j Zj (1.2)

where Zjt is a vector of observed covariates not affected by intervention. Once W ∗

is determined, the effect of intervention at t ∈ [T0 + 1, ... , T ] is estimated as

α̂1t = Y1t −
J+1∑
j=2

ω∗
j Yjt (1.3)

The remaining issue is specifically how to assign weights for potential con-

trol units. The appropriate weight W ∗ = (ω∗
2, ..., ω∗

J+1)
′ can be exactly determined

if a system of equations (1.2) is solved for (ω2, ..., ωJ+1)′. However, it is often

the case that (1.2) cannot be solved exactly. Then, the synthetic control units

are selected such that (1.2) holds approximately. For the preintervention period

(t ∈ [1, T0]), suppose X1 = (Z1, Y11, ..., Y1T0)
′ for a treated unit i = 1, and X0 is

a (dim[Zj ] + T0)×J matrix for potential control units j ∈[2, J + 1] where the jth

column of the matrix is (Zj , Yj1, ..., YjT0)
′. Then, W ∗ = (ω∗

2, ..., ω∗
J+1)

′ is deter-

mined such that some distance between X1 and X0W is minimized;

min
W

‖X1 − X0W‖ (1.4)

More explicitly,

min
(ω2, ..., ωJ+1)′

∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥

Z1 −
∑J+1

j=2 ωjZj

Y1,0 −
∑J+1

j=2 ωjYj,0

...

Y1,T0 −
∑J+1

j=2 ωjYj,T0

∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥
(1.5)
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If the 2-norm is used to define the metric, then this optimization procedure

is reduced to a simple least squares problem. In practice, Abadie et al. (2007)

introduce a diagonal matrix V as follows to construct weighted 2-norm;

min
W

‖X1 − X0W‖V = min
W (V )

√
(X1 − X0W )′V (X1 − X0W ) (1.6)

where V is chosen in a data-driven manner among positive semi-definite and diagonal

matrices such that the mean squared prediction error of the outcome variable is

minimized over the control period. Each diagonal entry of V stands for the relative

importance of the predictor variable. The idea of this procedure is quite similar to

the weighted least squares problem.

1.4 Data description

My country choices for control units are based on countries included in

the narrow-based effective exchange rate provided by the Bank of Japan; hence, 15

countries4 are covered. Since Australia and New Zealand have no monthly CPI series

available, 13 countries (excluding Australia and New Zealand from 15 countries)

are actually used for the estimations using monthly data. Nominal exchange rates

and CPI are obtained from the IMF, “International Financial Statistics.” Short-

term interest rates are from the OECD, “Main Economic Indicators,” and some

missing data for interest rates are supplied from the IMF data and national statistic

agencies. I also use financial asset transaction data between the US and a destination
4Specifically, Australia, Canada, Taiwan, Denmark, EU, Hong Kong, Korea, Mexico, New

Zealand, Norway, Singapore, Sweden, Switzerland, UK and US.
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country j from the US Treasury TIC data. To normalize the USD-denominated asset

transactions, I use the US personal income (seasonally adjusted, Billion USD) from

the BEA.5

1.5 Empirical results

Using the methodology and data described in sections above, I estimate

the counterfactual trajectories (called the synthetic control units) of the JPY-USD

exchange rate changes (percent changes from 3 months before) by a convex com-

bination of other currencies. This is the time path of the JPY-USD exchange rate

which hypothetically assumes that the Japanese monetary authority would not have

intervened into foreign exchange markets during the large-scale intervention period

(from the start of 2003 to 2004 Q1).

Since the amount and frequency of intervention were remarkable from 2003

to 2004 Q1, this period can be treated as an “intervention period.” However, one

problem to be dealt with is that since 1991 (when official intervention data start to

be available) the Japanese monetary authority had intervened into foreign exchange

markets sporadically and sometimes very intensively, and there is no long enough

(say, more than 1 year) period before the treatment during which no foreign exchange

intervention was implemented; hence, it is difficult to find an appropriate control

period. Before the large-scale intervention from 2003 to 2004 Q1, the Japanese

monetary authority didn’t intervene into foreign exchange markets from March 1996

5I use the US personal income because monthly GDP is not available.
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to October 1997. However, because it is not realistic to assume that the economic

and expectation structure had been stable since then, the period seems too old to

evaluate the intensive intervention from 2003 to 2004 Q1. On the other hand, from

the middle of March 2004 to August 2010, the Japanese monetary authority didn’t

intervene into foreign exchange markets. Therefore, April 2004 or later can be seen

as a control period.

The measure of exchange rate changes is also important since the choice

determines how smooth the outcome variables are, and affects how well the synthetic

control unit duplicates the treated unit. Due to the high volatility of the JPY-USD

exchange rate, it is difficult to duplicate the counterfactual JPY-USD by month-

over-month changes. On the other hand, year-over-year changes are too smooth

and may lose dynamics of the JPY-USD exchange rate. Percent changes of the

JPY-USD exchange rate from 3 months before used in this paper have moderate

smoothness of the exchange rate changes.6

After setting a specific control period (described in detail later), I determine

weights on the potential control currencies such that 1) the standard macroeconomic

predictor variables of the JPY-USD exchange rate, such as the CPI inflation dif-

ferential, asset transactions and short-term interest rate spread, and 2) changes of

the JPY-USD exchange rates during the optimization window are well balanced be-

tween the synthetic control and the treatment units.

6Interestingly, regardless of which exchange rate change measure is chosen, I can still come to
the conclusion that the last phase of intervention had opposite effects on the JPY.
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Suppose JPYt is the JPY-USD percent change from 3 months before at

time t, St,j is a potential control currency (per the USD) percent change from 3

months before at time t, and rj,t is a short-term interest rate differential at time

t between the US and a country j. Assetj is a net asset transaction between the

US and a country j divided by the US personal income, and shows a positive sign

when capital inflows into the US exceed outflows. CPIj,t is a CPI-based inflation

spread at time t between the US and a country j. The upper bar on some variables

stands for a simple average over the chosen control period. Then, the optimization

problem for the determination of currency weights is as follows;

min
(ω2, ..., ωJ+1)′

∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥

¯CPIj −
∑

k=2 ωk
¯CPIk

r̄j −
∑

k=2 ωkr̄k

¯Assetj −
∑

k=2 ωk
¯Assetk

JPY0 −
∑

k=2 ωjSk,0

...

JPYT0 −
∑

k=2 ωjSk,T0

∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥∥

(1.7)

The data for optimization are monthly to obtain a sufficiently large sample size.7

The main issues in the optimization procedure are 1) stability and 2) ex-

planatory power of the estimated model. The stability is important since unstable

currency weights of the synthetic control unit imply the failure to achieve reliable

7As a robustness check, I also estimate the model by quarterly data, instead of monthly data.
The result looks performing well, but I cannot obtain stable currency weights over any sample
periods. Therefore, the result is unreliable and dropped from this paper. Moreover, the estimation
of the model using the level of nominal exchange rates did not work.
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estimates. The explanatory power of the model can be measured by the Root Mean

Squared Prediction Errors (RMSPE). The smaller RMSPE is, the more precise the

estimates are. To see whether these issues can be overcome, I run rolling optimiza-

tions to obtain currency weights over 1-, 2- and 3-year control periods starting from

April 2004, respectively. For one year control period, Figure 1.1 shows that the

weights are highly unstable over time and no reliable weights can be found, though

the Root Mean Squared Prediction Errors (RMSPE) are smaller than those over

2- and 3-year control periods. On the other hand, Figures 1.2 and 1.3 over 2- and

3-year control periods, respectively, show different pictures. Though the weights are

still unstable over the entire window in both Figures 1.2 and 1.3, the TWD and the

CHF have relatively stable weights over the control periods starting from the late

2004 and 2005, and the RMSPEs are also small. Looking for an appropriate control

period such that the RMSPE is minimized, I choose November 2004 and June 2004

as starting points of the control periods over 2 and 3 years, respectively.

The weights obtained for each currency are shown in the upper panel of

Table 1.1. In the case for the 2-year optimization window, the JPY-USD exchange

rate changes from November 2004 to October 2006 can be duplicated by the convex

combination of the Taiwanese Dollar (TWD), the Hong Kong Dollar (HKD), the

Norway Krone (NOK) and the Swiss Franc (CHF). For the 3-year optimization

window, the JPY-USD changes from June 2004 to May 2007 can be duplicated by

the convex combination of the same currencies: the Taiwanese Dollar (TWD), the

Hong Kong Dollar (HKD), the Norway Krone (NOK) and the Swiss Franc (CHF).
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Figure 1.1: Currency weights in synthetic JPY-USD (1 year control period)
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Figure 1.2: Currency weights in synthetic JPY-USD (2 year control period)
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Figure 1.3: Currency weights in synthetic JPY-USD (3 year control period)
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In both cases, the TWD and the CHF have dominating weights for the synthetic

control JPY-USD.8 9

Using the weights estimated above, I project “backward” changes in the

JPY-USD exchange rate to construct the synthetic control units. The lower panel

of Table 1.1 compares the predictors for the synthetic control units with those for

the treatment units.10 It shows that the CPI inflation differential, short-term in-

terest rate spread and changes in the JPY-USD exchange rate during the control
8AUD may be an important determinant of the synthetic JPY-USD since Australia is one of

the important exporters to Japan with the share to the total Japanese imports around 5 percent.
However, even when AUD is included into the sample by dropping CPI from the list of covariates,
the weight on AUD to construct the synthetic JPY-USD is still zero.

9To see whether the TWD and the CHF may be biased by their interventions, Figure 1.4 shows
changes in foreign exchange reserves held by Taiwan and Switzerland during the control period.
Since the data for these countries are stable during the chosen control periods, the estimated
synthetic units are likely to be free of bias coming from intervention by these monetary authorities.

10The first column is the results for the 2 year optimization, continued in the third column. The
second column is the results for the 3 year optimization, continued in the fourth column.
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Table 1.1: Currency weights and Summary statistics

Country Weights for Synthetic Control JPY

Country 2 Year 3 Year
Canada 0 0
Taiwan 0.378 0.435

Denmark 0 0
Euro area 0 0

Hong Kong 0.151 0.197
Korea 0 0

Mexico 0 0
Norway 0.230 0.132

Singapore 0 0
Sweden 0 0

Switzerland 0.236 0.235
UK 0.007 0.001

Notes  1. Weight is determined by minimizing
                 MSE over 2 or 3 years.
            2. 2 year starts from 2004/11.
            3. 3 year starts from 2004/6.
            4. AUD and NZD are dropped due to
                  no monthly CPI available.

Change in Yen

Change in JPY/USD(2year) Change in JPY/USD(3year) Change in JPY/USD(2yr,cont.) Change in JPY/USD(3yr,cont.)

Treated Synthetic Importance Treated Synthetic Importance Treated Synthetic Importance Treated Synthetic Importance

CPI -3.41 -1.91 0.0019 -3.14 -1.79 0.0023 d_NER(2005/11) 7.48 3.70 0 7.48 3.44 0

Short-term rate -3.98 -2.25 0 -3.82 -2.17 0 d_NER(2005/12) 4.26 1.69 0.0562 4.26 1.39 0

Asset/income -0.14 -0.04 0.0043 -0.16 -0.03 0.0090 d_NER(2006/1) 1.74 -0.88 0.1022 1.74 -1.40 0.0930

d_NER(2004/6) 3.91 0.13 0.0249 d_NER(2006/2) -2.83 -1.33 0.0548 -2.83 -1.52 0

d_NER(2004/7) 1.71 1.04 0.0743 d_NER(2006/3) -0.48 -1.71 0.0490 -0.48 -1.57 0

d_NER(2004/8) -0.77 1.73 0 d_NER(2006/4) -2.90 -2.06 0 -2.90 -1.29 0

d_NER(2004/9) 2.42 0.04 0.0740 d_NER(2006/5) -3.45 -5.04 0 -3.45 -4.10 0

d_NER(2004/10) -5.31 -2.71 0 d_NER(2006/6) -2.09 -2.54 0.2295 -2.09 -1.99 0.2067

d_NER(2004/11) -5.90 -6.89 0 -5.90 -5.90 0 d_NER(2006/7) 0.44 -0.07 0.0525 0.44 0.06 0.0784

d_NER(2004/12) -6.20 -6.71 0.1531 -6.20 -5.96 0.1409 d_NER(2006/8) 4.53 2.37 0 4.53 2.22 0

d_NER(2005/1) -2.01 -2.78 0 -2.01 -2.97 0 d_NER(2006/9) 2.48 1.88 0 2.48 1.57 0

d_NER(2005/2) 1.50 -0.51 0 1.50 -0.88 0 d_NER(2006/10) 2.48 2.50 0.0835 2.48 1.97 0

d_NER(2005/3) 3.10 1.25 0 3.10 0.59 0 d_NER(2006/11) -0.78 -0.51 0.0701

d_NER(2005/4) 1.82 -0.50 0.0436 1.82 -0.48 0.0425 d_NER(2006/12) 0.98 -1.66 0

d_NER(2005/5) 3.20 2.39 0 3.20 1.92 0 d_NER(2007/1) 3.42 -1.00 0

d_NER(2005/6) 2.84 2.80 0 2.84 2.45 0 d_NER(2007/2) 1.79 0.50 0.0360

d_NER(2005/7) 5.98 3.45 0 5.98 3.08 0 d_NER(2007/3) -1.09 0.42 0

d_NER(2005/8) 2.98 1.43 0.1017 2.98 1.55 0 d_NER(2007/4) -1.71 -1.01 0

d_NER(2005/9) 2.49 1.92 0.0676 2.49 2.20 0.1480 d_NER(2007/5) 2.65 0.22 0

d_NER(2005/10) 3.10 1.59 0 3.10 1.91 0 Root MSPE 1.6720 2.0360

Predictor Balance over control periods

d_NER(2005/10) 3.10 1.59 0 3.10 1.91 0 Root MSPE 1.6720 2.0360

Notes  1. NER(t) is nominal exchange rate at t and d_ stands for the change from 3 month before.

            2. CPI and Short-term rate are spread between country j and US, and Asset/income is a net Foreign purchase of US asset divided by US personal income.

            3. Importance is a relative importance of the variable and a normalized weight in constructing the synthetic control units.

            4. MSPE is a mean squared prediction error.
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Figure 1.4: Foreign Exchange Reserve minus Gold (year over year difference)
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periods are well balanced, and implies that the synthetic control units work well.

The column, “Importance,” in the table shows a normalized weight in constructing

the synthetic control units, representing the relative importance of each predictor

variable. In both 2-year and 3-year control periods, changes in the JPY-USD ex-

change rate are important variables in constructing the synthetic control units, as

compared to the other macro predictors.11

In Figures 1.5 to 1.8, by taking a difference between the actual treated and

synthesized units of the JPY-USD exchange rate changes, I calculate the estimated

average treatment effect (ATE) of foreign exchange intervention. The positive sign

of ATE stands for the effective JPY-selling intervention, and the negative sign means
11This result is not specific to this paper. In the original case study for the effect of the California

Tobacco control program on the Tobacco consumption in Abadie et al. (2007), the predictors other
than the past outcome variables (Tobacco consumptions at 1975, 1980, 1985 and 1988), such as
income, retail price and beer consumption, have only small weights.
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intervention has the opposite effect. With respect to the criterion to evaluate the

effect of intervention, some may argue that intervention doesn’t work when it cannot

change the direction of the JPY-USD exchange rate. However, this criterion may

be too strong, since it must be the effect of JPY-selling intervention that the actual

JPY appreciates less than the counterfactual. The argument below is based on this

weaker criterion for the evaluation, and will argue that JPY-selling intervention does

work as long as the actual JPY appreciates less than the counterfactual.

Figure 1.5: Synthetic control and Treated units for JPY-USD (2-year optimized)
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There are two important caveats in interpreting the empirical analyses be-

low. Firstly, I assume that the estimated relationship between the potential control
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currencies and the JPY-USD exchange rate is stable over the control period, and

continues to hold over the treatment period. In other words, only during a tranquil

period of foreign exchange markets can the synthetic control method estimate the

effect of foreign exchange intervention on the JPY-USD exchange rate. Secondly, I

cannot eliminate the effect of the JPY-selling foreign exchange intervention on the

synthetic control units through the triangular arbitrage in foreign exchange markets

(that is, through cross exchange rates).12 13 For example, foreign exchange interven-

tion in the JPY-USD exchange rate may affect the EUR-USD exchange rate through

the effect of the intervention on the JPY-EUR exchange rate. In this paper, I simply

assume that the intervention has no effect on the outcome after the intervention in

March 2004 (the last intervention in my sample), or that the cross exchange rate

effects are small compared with the direct effect of the intervention.

For the 2-year control period, Figure 1.6 shows that focusing on the time of

the largest intervention in March 2004, the gap between the treatment and control

units is negative, and the average treatment effect (ATE) is -3.3 percent. This

result means that the large-scale JPY-selling intervention by the Japanese monetary

authority in March 2004 did not work. Indeed, it appreciated the JPY by 3.3
12The third country effects seem potentially important. For example, Gerlach et al (2011) attempt

to estimate the effect of the JPY- and CHF-selling interventions on the USD and EUR real exchange
rates around the days of the first announced intervention (8 May 2003 for the JPY and 12 March
2009 for the CHF) and find that the USD appreciated by 0.07 percent in real effective terms around
the announcement day, while the EUR depreciated by 0.04 percent through the third country effects.

13One way to deal with this issue can be to use a minor currency as an outcome variable, such
as Turkish Lira and Mexican Peso. Interventions using these currencies are less likely to affect the
synthetic control unit through Triangular arbitrage since fluctuations of these minor currencies are
relatively independent of major currencies. Unfortunately, these attempts did not work well. The
possible problem is that the determinants of these minor currencies may be different from those
of the major currencies, and trajectories of minor currencies cannot be synthesized well enough by
potential control units composed of the major currencies.
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percent14 (14 percent on the annual basis) compared to the synthetic control JPY

in the absence of intervention. Dating back further, except for February 2004,

Japanese foreign exchange intervention had not worked from August 2003 to March

2004; hence, the JPY-selling intervention actually appreciated the JPY. On the other

hand, from January to July 2003, ATEs were sometimes positive. These results

indicate that Japanese foreign exchange intervention may have forced the JPY to

depreciate to some extent during the first phase of the intensive intervention, but

the effects are likely to have been very small. On the other hand, the final phase of

the large-scale intervention from the late 2003 to March 2004 had opposite effects

on the JPY. In the next section, I check whether these differences are significantly

different from zero.15

The findings here are consistent with those in Fatum and Hutchison (2010),

who argue that only sporadic and relatively infrequent intervention is effective. One

possible interpretation of this puzzling effect of the JPY-selling intervention is as

follows; during the first phase of the large-scale intervention, the intervention by

the Japanese monetary authority sent market participants some signal, indicating

that the Bank of Japan was willing to ease its monetary policy more aggressively by

selling the JPY. However, as the amount and frequency of intervention increased,

market participants may have interpreted JPY-selling intervention as the signal

indicating that the Japanese monetary authority intervened into markets without

14The percent change of the JPY-USD exchange rate in my empirical analysis is calculated as
the change from 3 months before.

15One way to deal with this issue is a placebo study in the next section.
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a limit in order to prevent the JPY from appreciating beyond the implicit target.

Then, speculators, who searched for profitable trading opportunities, may have been

induced to purchase the JPY until the Japanese monetary authority abandoned the

target. This speculation may have forced buying pressures on the JPY to exceed

the amount of JPY-selling intervention. This story can also be consistent with the

findings in Marsh (2011). He argues that on intervention days, corporate customers

bought more USD against the JPY in ways consistent with the intention of the

Japanese monetary authority, but financial customers acted against it by purchasing

more JPY.

Figure 1.6: Average Treatment Effects of intervention on JPY-USD (2-year
optimized)
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For the 3-year control period, Figure 1.8 shows the similar results are

obtained: at the time of the largest intervention in March 2004, the gap between

the treatment and control units is negative. The average treatment effect (ATE)

is -2.9 percent, and the large-scale JPY-selling intervention in March 2004 actually

appreciated the JPY by 2.9 percent (12 percent on the annual basis), compared

to the synthetic control JPY in the absence of intervention. Dating back further,

except for February 2004, intervention had not worked from August 2003 to March

2004. On the other hand, from January to July 2003, the ATEs were sometimes

positive, and the Japanese intervention may have forced the JPY to depreciate to

some extent.16 In summary, the Japanese foreign exchange intervention may have

somewhat succeeded in depreciating the JPY during the first phase of the intensive

intervention, but the final phase of the large-scale intervention from the late 2003

to March 2004 had opposite effects on the JPY.

1.6 Placebo study

One important question remains about the significance of the estimated

average treatment effect: whether the average treatment effect truly responds to the

effect of foreign exchange intervention or is just an artifact coming from the inability

of the estimated model to reproduce the trajectory of the JPY-USD exchange rate

in the absence of intervention. To address this question, Abadie et al. (2007) and

16Note that the patterns and magnitude of the estimated ATEs are similar under both 2-year
and 3-year control periods.
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Figure 1.7: Synthetic control and Treated units for JPY-USD (3 year optimized)
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Figure 1.8: Average Treatment Effects of intervention on JPY-USD (3 year
optimized)

0

1

2

3

4

5

6

7

-20 

-15 

-10 

-5 

0 

5 

10 

15 

03 04

% Trillion JPY

Notes   1.  Optimization is implemented such that Mean Squared Error is minimized over 3 year 

(from 2004/6 to 2007/5) 

2. Treatment is assumed to be given in 2004/3. Control period is assume to be

from 2004/6 to 2007/5

3.  ATE is obtained by taking difference between treated (actual) and control.

"+" signs of ATE stand for effective intervention and "-"  for not effective intervention.

ATE(lhs)

Interventions(rhs)
Effective

Counter
Effective

Effective interventions

Counter-effective
interventions

USD

Purchase

22



Abadie and Gardeazabal (2003) implement placebo studies. In the case of my paper,

a placebo study applies the synthetic control method to currencies other than the

JPY-USD exchange rate. The idea is to compare a time series path of the currency

with similar characteristics of the JPY-USD exchange rate but without experiencing

foreign exchange intervention (that is, placebo) to that of its synthetic version also

without intervention.

The possible subject of the placebo test among my sample currencies is the

CHF-USD exchange rate. The CHF-USD exchange rate has a similar time series

trajectory to the JPY-USD exchange rate (Figure 1.9) and has also been used as a

funding currency for carry trades due to the low interest rate. From 2009 to the first

half of 2010, the Annual Reports released by the Swiss National Bank reveal that

the monetary authority intervened into foreign exchange markets to fight against the

threat of the deflation in Switzerland. Before 2009, the last verifiable intervention

by the Swiss National Bank was in 1995.17 18 From 2001 to 2008, there was also no

description about intervention in several issues of the Annual Reports.

Figures 1.10 and 1.11 show the estimated average placebo effects. The

control period is set to be the same as the case of the JPY-USD exchange rate (over

the 3 years starting from June 2004). The synthetic control unit of the CHF-USD

exchange rate is estimated as a convex combination of the Sweden Krona (0.52), the

Norway Krone (0.26) and the Hong Kong Dollar (0.22), where weights attached to

17Gerlach et al (2011).
18Before 2001, there are intervention data for Switzerland available through the FRED data base

in the FRB of St.Louis website.
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Figure 1.9: JPY-USD and CHF-USD exchange rates
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the currencies are in parentheses. Figure 1.10 indicates that the fit of the synthetic

control to the actual CHF-USD exchange rate performs well over the control period,

and the Root Mean Squared Prediction Error of the synthetic control unit is only

1.35 over the placebo control period, which is smaller than that for the synthetic

JPY-USD exchange rate. More importantly, Figure 1.11 shows that the average

treatment effects of the placebo study on the CHF-USD exchange rate are zero on

average, though they tend to deviate from zero as the periods studied are away from

the control period.19 Given the artificial placebo effects no more than 3 percent in

the case of the CHF-USD exchange rate, the negative average treatment effects on

19According to Gerlach et al (2011), the Swiss National Bank had repeatedly mentioned the
possibility of intervening between 2002 and 2005 when interest rates had approached the zero
lower bound, but did not intervene. Therefore, the deviation of placebo effects from zero may
reflect the Swiss National Bank’s vigilance against the appreciation of the CHF without any actual
intervention.
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the JPY-USD exchange rate especially from September to November of 2003 are

more than twice as large as the possible placebo effects. Therefore, the estimated

negative effects of Japanese intervention are significantly different from zero.

Figure 1.10: Placebo study for CHF-USD (3-year optimized)

-200 

-150 

-100 

-50 

0 

50 

100 

150 

-20 

-15 

-10 

-5 

0 

5 

10 

15 

01 02 03 04 05 06 07 08

ATE(lsh) Reserve_minus_Gold (YOY, rhs)

Synthetic Control unit (lhs) Treated unit (lhs)

% Billion USD

Notes   1.  Optimization is implemented such that Mean Squared Error is minimized over 3 year 
(from 2004/6 to 2007/5) 

2. Treatment is hypothetically assumed to be given in 2004/3. Control period is assume to be
from 2004/6 to 2007/5

3.  ATE is obtained by taking difference between treated (actual) and control.
"+" signs of ATE stand for effective intervention and "-"  for not effective intervention.

ATE(lhs)

Change in Reserve (rhs)

Control Period

2004/6 to 2007/5 

Regardless of the currency characteristics, I next treat all currencies other

than the JPY-USD in my sample as the subjects, and implement the similar placebo

studies. Then, for fair comparisons to the case of the JPY, I limit the subjects for

the placebo study to the currencies for which the Synthetic Control method provides
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Figure 1.11: Average Treatment Effects of intervention in Placebo study for CHF-
USD (3-year optimized)

-200 

-150 

-100 

-50 

0 

50 

100 

150 

-20 

-15 

-10 

-5 

0 

5 

10 

15 

03 04

% Billion USD

Notes   1.  Optimization is implemented such that Mean Squared Error is minimized over 3 year 

(from 2004/6 to 2007/5) 

2. Treatment is hypothetically assumed to be given in 2004/3. Control period is assume to be

from 2004/6 to 2007/5

3.  ATE is obtained by taking difference between treated (actual) and control.

"+" signs of ATE stand for effective intervention and "-"  for not effective intervention.

ATE(lhs)
Change in reserve (rhs)

Effective

Counter
Effective

the root mean squared prediction errors (measure of explanatory power) equal or less

than the JPY-USD. As a result, CAD, TWD, KRW, MXN and NOK are dropped

from the placebo study due to the poor performance of the synthetic control method

during my sample period.

Figure 1.12 shows the estimated average placebo effects, where the same

model-specification, treated and control (over 3 years from June 2004) periods as

those of the JPY-USD case are applied to all currencies. This result implies that even

without intervention, the inability of the model to exactly duplicate the trajectory of

the treated unit may create some placebo treatment effects. Especially, the placebo

effects are large during the early 2003. This inability may be partly because the
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model estimated is likely to become less precise by construction as the control period

becomes further away from the treatment period, possibly due to the lack of stability

of currency weights. Nonetheless, since the negative average treatment effects on

the JPY-USD exchange rate during the late 2003 are more than twice as large as the

other possible placebo effects, the large scale intervention by the Japanese monetary

authority is likely to have significantly negative effects on the JPY-USD exchange

rate. Therefore, I can still conclude that the large-scale intervention from 2003 to

2004 Q1 had no significant effects on the JPY-USD exchange rate or had opposite

effects.

1.7 Final remark

In this chapter, I apply a new microeconometric technique, “the Synthetic

Control method,” in constructing a counterfactual JPY-USD exchange rate in the

absence of large-scale intervention by the Japanese monetary authority, from 2003 to

March 2004. I find that Japanese foreign exchange intervention may have somewhat

succeeded in depreciating the JPY during the first phase of the period, but the most

large-scale intervention, from the late 2003 to March 2004, had opposite effects on

the JPY.

As a final remark, I want to point out some caveats to my empirical anal-

yses. Firstly, my empirical strategy is different from that of Abadie et al. (2007)
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Figure 1.12: Placebo studies for all currencies except for JPY (3-year optimized)
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in a sense that I project the synthetic control “backward,” instead of forward, from

the post-intervention period to the intervention period. The backward projection

seems to be practically applicable in evaluating the effect of foreign exchange in-

tervention, but it may still be theoretically controversial. Secondly, the Synthetic

Control method also has some drawbacks. In Appendix A, I discuss the drawbacks

as well as the comparison with the other methods. Thirdly, it is also instructive to

think about a tradeoff between currency choices and the explanatory power of the

model. If all potential control currencies were included in the synthetic control unit,

the synthetic control unit could explain every fluctuation of the treated currency.

Fourthly, there are still some gaps between control and treated units over the control

periods. To fill in the gaps, I may need to find omitted variables, such as a stock

price and a yield spread of corporate bonds (to control corporate sector healthiness).

Re-estimate of the model including these variables is left for a future work. Finally,

finding a more appropriate control period (benchmark) to construct the synthetic

control unit is still one of the important additional issues I need to deal with.
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Chapter 2

Risk-diversification versus

Return-chasing Motives in Financial

Gravity

2.1 Introduction

The application of a trade gravity to financial asset transactions is one

of the active fields of research. One of robust results in a financial gravity is that

as two countries are farther away, they invest less in financial assets between each

other. This may seem counter-intuitive since financial assets have no weigh and

the recent evolution of technology can help us overcome the physical distance in

trading financial assets. This result is referred to as “distance puzzle.” The existing

literature shows that a physical distance between two trading countries can be a good

proxy for information friction (information asymmetry). For example, Coval and
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Moskowitz (1999) analyze a role of geographical proximity in determining mutual

fund manages’ behavior. Portes and Rey (2005) show a relationship of international

capital flows to distances between countries. Mondria and Wu (2011) introduce the

idea of the attention allocation theory to an asset allocation. Another interesting

result in the financial gravity literature is so-called “correlation puzzle.” Portes

and Rey (2005) and Aviat and Coeurdacier (2007) show that investors tend to

hold more foreign financial assets whose returns are highly correlated with his own

country’s one. This result is also at odds from a viewpoint of the asset pricing

theory, which argues that risk averse agents are willing to hold assets which likely

give unexpectedly higher returns when assets in a home country pay less. That is,

risk averse investors are supposed to diversify their asset portfolio so that they can

reduce their idiosyncratic risk by incorporating more assets with insurance value into

portfolio. The empirical findings in the existing financial gravity literature imply

that investors are more likely to take diversifiable risks, instead of diversifying them.

In this chapter, I focus on the correlation puzzle. My research question

is why the correlation puzzle is really puzzling. I suspect that one reason Portes

and Rey (2005) cannot obtain statistically significant effects of a risk-diversification

motive on asset trading comes from using the panel data set of only 14-country

bilateral gross equity flows. The data coverage of only 14 countries might not offer

opportunities sufficient to diversify risk in investor’s portfolio. Furthermore, other

omitted variables are also likely to cause the correlation puzzle. In fact, risk diversi-

fication is not a sole motivation for holding risky foreign assets. Another important
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factor encouraging investors to hold foreign assets is a return-chasing motive. If

holding a risky asset is well compensated by a sufficiently high return, investors are

likely to hold it.

I explicitly introduce these two motives in the financial gravity equation.

Specifically, controlling for observable and unobservable time-invariant country spe-

cific determinants of cross border asset holdings, and explicitly dealing with the

return-chasing as well as risk diversification motives in the financial gravity equa-

tion, I investigate cross border asset holdings by the US residents. Furthermore, I

decompose the covariance of returns (proxy of risk diversification motive in asset

holdings) with systematic and idiosyncratic components, and since only idiosyncratic

risk can be diversified, I include the estimated idiosyncratic risk into the financial

gravity equation.1 A simple pooled OLS regression still presents a correlation puz-

zle. I find that once the riskiness of foreign bonds is controlled for, the correlation

puzzle disappears on average. However, regardless of the degree of riskiness in the

bond holdings, the US investors do not care much about the excess return of foreign

bonds holdings, and indeed, lose the return chasing opportunities. On the other

hand, the US investors chase excess equity returns only during the US expansionary

periods, while the risk diversification motive for the US foreign equity holdings is

never operative.

1Idiosyncratic risk can be fully diversified and gives no excess return if asset markets are complete
and the transaction cost is small enough. On the other hand, systematic risk is related to the pricing
kernel and accounts for the excess return.
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This chapter is organized as follows. In section 2.2, I review the existing

literature from theoretical as well as empirical perspectives. Section 2.3 proposes a

theoretical model, following a simplified version of Martin and Rey (2004). Section

2.4 explains data set, and section 2.5 shows empirical strategies. In sections 2.6 and

2.7, I show empirical results and robustness checks. Finally, section 2.8 makes a

final remark.

2.2 Literature review

The basic model in this paper is based on an extension of Martin and Rey

(2004). They present a two-country endowment model, where risk-averse agents

live with endogenously determined investment opportunities for imperfectly substi-

tutable assets. In the first period, agents choose how much to consume, invest in

risky projects or spend to buy shares in a stock market. The cost of a new project is

assumed to be increasing with the number of projects an agent is performing. Then,

the equilibrium number of projects (assets) is determined such that the marginal

cost of the last project is equal to the asset price under a perfect competition in

the market for developing projects. On the other hand, imperfect correlations be-

tween asset payoffs encourage agents to diversify their idiosyncratic risk. Risk-averse

agents want to diversify their own risk so that their consumption can be smoothed

over time. However, since an incomplete asset market is assumed, it is impossible

to eliminate all risk. Martin and Rey (2004) argue that large countries benefit from
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higher asset prices, more financial assets and diversification opportunities than small

countries. They also show that an iceberg transportation cost for cross border asset

flows or imperfectly competitive asset markets can generate home bias.

Based on the general equilibrium model of Martin and Rey (2004), Portes

and Rey (2005) argue that a physical distance plays an important role as a barrier

to asset flows and reflects some degree of information friction. They show that a

so-called “distance puzzle” remains even if they estimate financial gravity equations

by explicitly controlling for information frictions, such as the degree of insider trad-

ing, telephone call traffic, the degree of overlap in trading hours and multinational

bank branched. This result means that the distance still captures or reflects some

other information frictions not controlled for. They also deal with an issue of risk

diversification, and conclude that the risk-diversification motive is dominated by

information frictions.

Aviat and Coeurdacier (2007) use the simplified version of Martin and Rey

(2004) under an assumption that the number of projects in each country is exogenous

and equal to the number of agents living in the country. Using banking sector’s asset

stock data, they estimate financial gravity equations and show the results similar

to Portes and Rey (2005), that is, both distance and correlation puzzles appear.

Furthermore, they emphasize that asset holdings in the banking sector and trade

in goods are complementary and a large part of the impact of physical distance on

bilateral asset holdings goes through its impact on goods trade. They also show that

addressing an omitted variable issue makes the effect of distance on asset portfolios
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dramatically reduced, though its effect is still not negligible.

Okawa and van Wincoop (2009) propose a new theoretical framework for

the financial gravity equation. Their model is based on the standard static portfolio

model with three types of assets (equities, risk-free asset and global asset). Under

an assumption that the global asset can be used to hedge global payoff innovations,

the remaining idiosyncratic risk is a main concern of agents. Similar to a role of the

homogeneous good in the trade gravity, the risk-free asset can be used by agents

to shift their investment from equities to risk-free asset, vice versa. Okawa and

van Wincoop (2009) derive asset demand equations which depend on the relative

financial friction, and obtain a gravity specification for bilateral asset holdings. They

argue that the relative financial friction has been omitted in the existing financial

gravity theory. Based on their theoretical model, they provide evidence suggesting

that a magnitude of international financial frictions is enormous.

As a literature dealing with the return-chasing motive, Bohn and Tesar

(1996) decompose the US net purchases of foreign equities into a portfolio rebal-

ancing effect and a return chasing effect, and test which effect actually works by

using US monthly data (from 1981/1 to 1994/11). The portfolio rebalancing effect

reflects a tendency for an investor to sell off winning stocks and maintain the bal-

anced weight of each asset, while the return chasing effect means that an investor

adjusts portfolio weights only if his expectations of excess returns are revised over

time. They show that the actual data reject the portfolio-rebalancing hypothesis and

only weakly support the return-chasing hypothesis. Interestingly, the return-chasing
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strategy resulted in a 15-basis-point lower mean return than the market-weighted

portfolio.

Finally, in the opposite direction of my paper focusing on US investors’

foreign asset holdings, Forbes (2010) attempts to explain why foreigners, and espe-

cially private-sector investors, are willing to invest large amounts of money into the

United States’ equities and bonds. She argues that the standard portfolio allocation

models do a poor job explaining patterns of foreign investments in the United States.

The poor performance is due to the lack of factors not incorporated in these models,

such as financial market developments, capital controls, return correlations with the

United States, and trade flows. Her empirical results suggest that 1) a country with

less developed financial markets tends to hold a greater share of its portfolio in the

United States, and the strength of this relationship is inversely related to an income

level of the country, 2) a country that trades more with the United States invests

relatively more of its portfolio in the US equity and debt markets, 3) a country

with fewer capital controls invests relatively more in the US equity market and 4)

foreigners do not invest more in the US markets if returns in their own markets are

less correlated with the United States, providing little support for a diversification

motive in foreign investments.
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2.3 Theoretical model

A theoretical model in this chapter is based on the general equilibrium

framework in Martin and Rey (2004). Here, I use a simpler version of their model

presented by Aviat and Coeurdacier (2007) under an assumption that the number

of projects in each country is exogenous and equal to the number of agents living in

the country. Every notation below follows Aviat and Coeurdacier (2007).

There are N countries with ni risk averse agents where i∈[1, N ]. In the

first period, each agent is endowed with yi units of traded goods and one risky

project. Then, the agents consume part of their endowments and trade shares of

projects with prices pj(1 + τij) where τij is an iceberg cost reflecting the frictions of

markets. Each project in country i run by agent h pays dividend δmhi
dhi

= δmhi
di

in state m where δmhi
= 1 if hi = m and zero otherwise.2 Assume the total number

of projects is smaller than L states of nature and financial markets are incomplete.

Then, an optimization problem of agent h in country i is to choose the first period

consumption (c1,hi
) and share holdings of project run by agent k in country j (xhi

kj
)

such that;

max
c1,hi

,(x
hi
kj

)1≤j≤N,1≤kj≤nj

ci,hi
+ βE(

c
1− 1

σ
2,hi

1 − 1
σ

)

subject to

c1,hi
+

N∑
j=1

nj∑
kj=1

pj(1 + τij)xhi
kj

= yi + pi

2For simplicity, a payoff of a project is independent of who runs it.
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Note that the dividends are the sole source of consumption in the second period.

σ is an inverse of the degree of risk aversion and assumed to be greater than 1.

Furthermore, assuming each project in country j is identical and xkj
= xj ,

max
c1,hi

,(x
hi
j )1≤j≤N

ci,hi
+

β

1 − 1
σ

E[
N∑

j=1

nj(djx
hi
j )1−

1
σ ]

subject to

c1,hi
+

N∑
j=1

njpj(1 + τij)xhi
j = yi + pi

An asset demand function of agent hi in country i for a share on each

project in country j is

xhi
j =

βσE(dσ−1
j )

[pj(1 + τij)]σ

Then, the aggregate asset holdings of country i from country j is following;

Assetij = ninjpj(1 + τij)xhi
j =

βσninj

(1 + τij)σ−1
[
E(dj)

pj
]σ−1

Here, E(dj)
pj

is an expected gross return on a project in country j, defined as E(Rj).

Finally, the following gravity equation for the aggregate asset holdings of country i

from country j is obtained;

log(Assetij) = log(ninj) − (σ − 1)log(1 + τij) + (σ − 1)log(E[Rj ]) + log(βσ) (2.1)

The first term is market sizes of both countries, the second term captures trading

costs, and the third term reflects a return chasing motive. The determinants of

transaction costs τij in financial markets are defined as follows;

log(1 + τij) = α + ρlog(Distij) + φZij + vij (2.2)
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where Distij is a distance between country i and j, Zij captures other friction terms,

and vij is an unobservable error term.

2.4 Data description

My country choices are based on countries included in MSCI World (23

Developed counties) and Emerging (22 Emerging countries). MSCI is a famous

benchmark index for equity investors to make investment decisions on their country

allocations. Specifically, institutional investors refer to the benchmark index, such

as MSCI, to decide how much more they invest in a particular country asset com-

pared with the benchmark. If the countries are not included in the index, it seems

uncommon for institutional investors to invest in these countries’ assets. Individual

investors, such as households, also are very difficult to invest in relatively minor

countries since few financial institutions can offer such trading opportunities.

For asset holdings, I use the International Monetary Fund, “Coordinated

Portfolio Investment Survey.” This is a rich data set on bilateral international asset

holdings and a comprehensive survey of external portfolio asset positions (equity,

long-term debt and short-term debt) every year since 2001 for 67 source countries

versus over 200 destination countries. From this data set, I use unilateral asset

holdings by the US residents.

GDP, short-term interest rates, stock prices, nominal exchange rates and

CPI are mainly from the International Monetary Fund, “International Financial
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Statistics (IFS).” Since some countries3 have no or some missing data in IFS, then

I refer to national data sources, such as the Bureau of Statistics in each country.

For countries which have no quarterly real GDP data in IFS, I calculate the real

GDP by deflating nominal quarterly GDP by quarterly GDP deflator or CPI. I use

deposit rates as short-term interest rates because they can be available for almost all

emerging countries as well as developed countries in my sample coverage. However,

especially for European countries, some recent data are missing. Then, I look for

other similar short-term interest rate series, such as time deposit and saving rate.

If these alternative rates are also unavailable, I construct the missing data series by

assuming that deposit rate fluctuates in a similar way another short-term interest

rate does, such as money market rate and Treasury bill rate. Specifically, I extend

some deposit rate series dt to the current period by using year over year changes of

different short-term interest rate series it available.4 I also use Moody’s long-term

debt rating (in domestic currency) from the Bloomberg. I assign each rating data

to one number from 0 to 20. For example, the highest rating, Aaa, is converted into

20, the second highest Aa1 into 19, Aa2 into 18, ... , and C into 0; hence, a higher

number stands for a higher long-term debt rating. Summary statistics for data is in

Table 2.1.

3For example, Taiwan.
4That is, missing data are supplied by dt =

dt−4it

it−4
.
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Table 2.1: Summary Table

Total (38 country pairs included in sample)
Variable Obs Mean Std. Dev. Min Max Developed Countries only Emerging Countries only

Obs Mean Std. Dev Min Max Obs Mean Std. Dev Min Max
Bond 369 20.4 40.2 0.0 286.5 198 33.0 51.3 0.4 286.5 171 5.8 6.7 0.0 32.4

Stock 369 65.0 107.9 0.1 714.9 198 100.5 134.6 1.2 714.9 171 23.9 32.1 0.1 180.3
Cov(dr)_id 369 -0.0 2.3 -24.0 4.1 198 0.4 0.9 -1.2 4.1 171 -0.5 3.1 -24.0 3.2
Cov(sr)_id 369 -3.7 217.0 -1,792 698.5 198 55.4 149.0 -645.9 698.5 171 -72.1 259.7 -1,792 373.7

Spread 369 3.73 9.10 -20.1 49.05 198 3.42 8.13 -14.94 29.48 171 4.10 10.11 -20.07 49.05
S_Spread 369 11.31 26.39 -74.0 195.69 198 5.37 15.33 -40.30 49.88 171 18.20 33.86 -73.97 195.69

Rating 369 2.72 0.34 1.5 3.00 198 2.95 0.08 2.71 3.00 171 2.46 0.33 1.50 2.83
Var(sr) 369 0.1 0.2 0.0 2.0 198 0.1 0.1 0.0 0.5 171 0.2 0.3 0.0 2.0

Distance 369 8.5 0.5 6.5 9.2 198 8.4 0.5 6.5 9.1 171 8.6 0.4 7.4 9.2

Table 1a : Summary Statistics

Variable Cov(dr)_id Cov(sr)_id Spread S_Spread Rating Var(sr) Distance

Cov(dr)_id 1.00
Cov(sr)_id 0.56 1.00

Spread -0.21 -0.15 1.00
S_Spread 0.05 0.05 0.28 1.00

Rating 0.41 0.49 -0.16 -0.26 1.00
Var(sr) -0.49 -0.77 0.05 -0.08 -0.47 1.00

Distance -0.04 -0.09 0.06 0.01 -0.21 0.11 1.00
Notes 1. Bond and Stock are nominal (in Billion USD).

           2. Cov(dr)_id and Cov(sr)_id are estimated idiosyncratic component of risk for bond 

                and equity returns, respectively
           3. Spread (%) is a deposit rate spread between investment destination country j and US
           3. S_Spread (%) is a stock return spread between investment destination country j and US
           5. Rating is a log of Moody's long-term debt rating assigned from 20 (for Aaa) to 0 (for C)
           6. Distance is a log of distance between capital of country j and Chicago in US (in miles)

Table 1b : Correlation Statistics

41



2.5 Empirical specification

First, I describe my empirical counterparts of equation (2.1) and (2.2). A

destination j asset holdings by the US residents, Assetus,j,t, is expressed as follows:

ln(Assetus,j,t) = ln(Mus,tMj,t)−(σ−1)ln(1+τus,j,t)+(σ−1)ln(Et[Rj,t+1])+ ln(βσ)

(2.3)

where M is a measure of economic mass, which is assumed to be nominal GDP in

the US dollar. Then, I define τus,j,t as follows;

ln(1 + τus,j,t) = α1ln(dus,j) + α2cov[rus,t, rj,t] + uus,j,t (2.4)

dus,j is a distance between the US and country j, and uus,j,t is an unobservable

transaction cost. cov(rus,t, rj,t) captures a risk-diversification motive proxied by a

covariance of returns over 3 years (described in detail later).

Then, the financial gravity equation for the destination country j asset

holding by the US residents is obtained by substituting (2.4) into (2.3);

ln(Assetus,j,t) = γ0 + γ1yj,t + γ2yus,t + γ3(cov[rus,t, rj,t])

+ γ4(spreadus,j,t−1) + γ5ln(dus,j) + uus,j,t (2.5)

yj,t is a nominal GDP of country j denominated in the USD, which captures a

market size effect. Larger financial areas are supposed to attract larger demands

for the assets and result in the higher asset prices. yus,t captures an income effect

of the US. To avoid an endogeneity problem, I replace an expected gross return of

a foreign risky project in equation (2.3) with a one-period lagged return differential
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between the US and destination country j (spreadus,j,t−1) in equation (2.5). Since

only systematic risk affects the asset price and creates the excess return, the excess

return of the destination country j asset over the US asset reflects a compensation

for taking systematic risk, and captures the return-chasing motive. As the model

specification in equation (2.5) also takes into consideration the funding cost of foreign

investments by the US residents as short-term return differentials, it can capture to

some extent the incentive of doing carry trades.

Since only idiosyncratic risk can be diversifiable, the risk diversification

motive proxied by cov(rus,t, rj,t) should represent an idiosyncratic component of

risk alone. To decompose the covariance of returns into idiosyncratic and systematic

risk, I run the following panel regression (2.6) of quarterly USD-denominated asset

returns (rj,t) on country and time fixed effects;

rj,t = αj + βt + εj,t (2.6)

An estimated time fixed effect (β̂t) is assumed to capture a global market return

reflecting global shocks in financial markets, and represents a compensation for tak-

ing a systematic component of risk. On the other hand, the sum of the residual

(ε̂j,t) and country fixed (α̂j) effect is supposed to capture a compensation for tak-

ing a diversifiable idiosyncratic component of risk.5 Here, I define idiosyncratic

risk (cov[rUS,t, rj,t]) as a covariance of compensations for taking idiosyncratic risk

(α̂j + ε̂j,t) in the US and country j over the past 3 years (12 quarters); hence,

5The standard CAPM assumes that a market return is associated with systematic risk and the
residual reflects idiosyncratic risk.
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cov[rUS,t, rj,t] ≡ cov[α̂US + ε̂US,t, α̂j + ε̂j,t].

Notice that since the theoretical founded gravity equation (2.1) requires

that the coefficients of GDP should be restricted to one, equation (2.5) is not con-

sistent with the theory described in the previous section. Imposing this restriction

and controlling additionally for the other time-invariant country specific factors,

such that language and other information asymmetries proxied by telecommuni-

cation costs and time zones, as well as time-invariant unobserved country specific

factors, I estimate the following equation with country fixed effects;

ln(
Assetus,j,t

yj,tyus,t
) = βj + γ3(covt[rus, rj ]) + γ4spreadus,j,t−1 + vus,j,t (2.7)

where βj is a destination country fixed effect, which captures all time-invariant

factors. Since my focus is on the coefficients of cov(rus,t, rj,t) and spreadus,j,t−1, not

on the effect of information frictions captured by distances, I allow country fixed

effects to absorb the impacts of distances as well as other unobserved frictions.

Equation (2.7) may still fail to deal with time variant country specific de-

terminants, except for proxies of the risk diversification and return chasing motives.

Okawa and van Wincoop (2009) argue that the existing financial gravity litera-

ture fails to capture a multilateral resistance term (“relative financial friction”),

which is time-dependent as well as country-specific. To capture as much variation

of time-varying country-specific determinants as possible, I include interaction terms

of country fixed effects with a linear time trend (αj,t = βj ∗ Time Trend);

ln(
Assetus,j,t

yj,tyus,t
) = αj,t + γ3(cov[rus,t, rj,t]) + γ4spreadus,j,t−1 + vus,j,t (2.8)
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My prior to test in the next empirical section is a negative coefficient

of the risk-diversification motive (γ3 < 0) and a positive coefficient of the return-

chasing motive (γ4 > 0). In words, my hypothesis is that the US investors are

willing to diversify their asset portfolio by incorporating into their portfolio more

assets by which they can reduce their own idiosyncratic risk of holding the US

assets. Furthermore, a higher excess return of a local asset over the corresponding

US asset attracts more investments from the US by inducing investors to take more

systematic risk.

2.6 Empirical results

Using the data described in the section 2.4, I estimate the gravity equations

by simple pooled OLS, fixed effect models with and without interaction terms of

country fixed effects with a time trend. Since I cannot include all MSCI world

and emerging countries into my sample due to the data availability, 41 investment

destination countries6 from the US are covered. Since IMF’s asset holding data are

annual and start without discontinuity in 2001, I use annual data on the unilateral

asset holdings by the US residents from 2001 to 2009. The empirical studies below

use data set of the same countries for bond and equity holdings.7 All return variables

6Specifically, Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany,
Greece, Hong Kong, Ireland, Italy, Japan, Netherlands, New Zealand, Norway, Portugal, Singa-
pore, Spain, Sweden, Switzerland, UK, Brazil, Chile, China, Colombia, Czech, India, Indonesia,
Israel, Korea, Malaysia, Mexico, Peru, Philippines, Poland, Russia, South Africa, Taiwan, Thailand,
Turkey.

7Though MSCI is a benchmark index for equity investors, countries covered by MSCI are those
with relatively well functioning capital markets and should be important investment destination
countries for bond investors, too.
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are converted into the USD denominated.

Table 2.2 below shows pooled OLS estimates in the first column and Fixed

effect estimates in the second column with respect to foreign bond holdings by the

US residents. The estimated coefficients of the risk diversification motive proxied by

estimates of idiosyncratic risk (Cov−dr−id) have insignificant or opposite signs to

those of my prior. In the cases of both OLS and Fixed Effect models, the estimated

coefficients of the return chasing motive proxied by a lagged bond return spread

(Spread(−1)) also have the opposite signs to those of my prior. Table 2.3 below

shows pooled OLS estimates in the first column and Fixed effect estimates in the

second column with respect to foreign equity holdings by the US residents. The es-

timated coefficient of the return chasing motives in the OLS results has the opposite

sign to that of my priors, while the estimated coefficient of the risk diversification

is insignificant. On the other hand, the estimated coefficients of the Fixed Effect

model have a significantly positive coefficient of the return chasing motive, though

the coefficient of the risk diversification motive still shows a different sign from my

prior. Even after expanding the sample coverage and controlling for country fixed

effects, the correlation puzzle still shows up.

One possible hypothesis of why the correlation puzzle still remains and

the sign of the return chasing motive is not necessarily consistent with my prior

is the possibility of time-varying coefficients on variables of interest. The time

variability of coefficients is especially likely to depend on the US business cycle and

accompanying changes in the US investor’s risk perception. In fact, the actual data
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Table 2.2: Estimation results for foreign bond holdings

Table 2: Estimation results : Bond
(1) (2) (3) (4)

Bond OLS Bond FE Bond FE Bond FE

Cov dr id -0.013 0.022* 0.108** 0.089**
(0.017) (0.012) (0.050) (0.042)

Spread(-1) -0.013** -0.011*** -0.027*** -0.016**
(0.006) (0.003) (0.008) (0.008)

Rating 0.072*** -0.094 -3.633*** -1.952
(0.015) (0.068) (0.901) (1.161)

US Cycle -0.344* -0.308*** -1.152* -0.560
(0.190) (0.060) (0.578) (0.701)

Cov dr×Rating -0.009* -0.011**
(0.004) (0.004)

Spread(-1)×Rating 0.001** 0.001
(0.001) (0.000)

Dist×Rating 0.408*** 0.220
(0.104) (0.133)

Cov dr×Cycle -0.074 -0.092***
(0.062) (0.034)

Spread(-1)×Cycle 0.010 0.023
(0.028) (0.015)

Dist×Cycle 0.098 0.019
(0.074) (0.085)

Cov dr×Rating×Cycle 0.005 0.012***
(0.007) (0.004)

Spread(-1)×Rating×Cycle -0.001 -0.001
(0.002) (0.001)

Dist×Rating×Cycle 0.000 0.001
(0.002) (0.002)

ln dist -0.764***
(0.102)

Year 0.058***
(0.011)

Constant -8.136*** -12.003*** -10.882*** 55.620***
(0.926) (1.090) (0.685) (13.150)

Observations 369 369 369 369
R-squared 0.156 0.170 0.256 0.576
Number of country 41 41 41
Country FE No Yes Yes Yes
Country-Time No No No Yes

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

R squared in FE is for within variations
Year is time trend

2
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Table 2.3: Estimation results for foreign equity holdings

Table 3: Estimation results : Stock
(1) (2) (3) (4)

Stock OLS Stock FE Stock FE Stock FE

Cov sr id -0.000 0.000* -0.000 -0.000
(0.000) (0.000) (0.000) (0.000)

S spread(-1) -0.004* 0.004*** 0.008*** 0.007***
(0.002) (0.001) (0.001) (0.001)

Var sr -1.047** 0.243 10.139*** 10.327**
(0.447) (0.184) (3.076) (4.580)

US Cycle -0.289* -0.429*** 0.402 0.546
(0.161) (0.047) (0.682) (0.708)

Cov sr×Var 0.000 -0.001*
(0.000) (0.000)

S spread(-1)×Var -0.008 -0.031**
(0.017) (0.015)

Dist×Var -1.173*** -1.254**
(0.351) (0.530)

Cov sr×Cycle 0.001** 0.001*
(0.000) (0.000)

S spread(-1)×Cycle -0.011*** -0.014***
(0.003) (0.004)

Dist×Cycle -0.099 -0.120
(0.080) (0.083)

Cov sr×Var×Cycle 0.000 0.001*
(0.000) (0.000)

S spread(-1)×Var×Cycle -0.001 0.003
(0.004) (0.005)

Dist×Var×Cycle 0.222*** 0.238***
(0.063) (0.061)

ln dist -0.022
(0.118)

Year 0.011
(0.007)

Constant -11.926*** -12.327*** -12.362*** -93.338***
(1.018) (0.019) (0.032) (8.280)

Observations 369 369 369 369
R-squared 0.064 0.251 0.367 0.677
Number of country 41 41 41
Country FE No Yes Yes Yes
Country-Time No No No Yes

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

R squared in FE is for within variations
Year is time trend

3
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show that the US residents reduced foreign equity and fixed income exposures during

the US recession periods. The left panel of Figure 2.1 is for foreign equity purchases

by the US residents, and the US investments fell remarkably during the US recession

periods (shadowed in the figure), especially the current recession. The right panel

is for foreign bond purchases by the US residents and shows the similar patterns.

Indeed, the view that the US investors’ behavior is likely to vary with the business

cycle can also be found in the literature, such as Calvo, Leiderman and Reinhart

(1993) and Albuquerque, Bauer and Schneider (2009) for the return chasing.8 To

deal with this fact, I estimate the model with interaction terms between the variables

of interest and US recession dummy based on the NBER business cycle date. My

hypothesis is that under the recession the US investors are likely to alter their

reactions to changes in both excess returns of assets and idiosyncratic components

of risk.

Furthermore, the possible factor to affect investors’ risk perception is

changes in country-specific riskiness of cross border investments, such as country

risk, poor fundamentals and financial infrastructure. To capture this factor, I con-

trol for the interaction terms of variables of interest with a proxy for country-specific
8Calvo, Leiderman and Reinhart (1993) present the stylized facts about the large capital inflow

to the Latin American countries during 1991. They argue that some of the renewal of capital
flows to Latin America results from external factors common to the region. Their correlation and
structural VAR analyses provide evidence suggesting that the foreign factors, such as a fall in the US
interest rates, stock market returns, real estate returns, and the US economic activity (or recession),
encouraged investors to shift resources to Latin America. Albuquerque, Bauer and Schneider (2009)
empirically show that the global private information explains approximately 30 percent of the US
investors’ foreign equity trading. The source of their global private information is the US factors
influencing the overall global economy, such as the information on the US business cycle, monetary
policy and market information like order flows and Merge and Acquisition activities. They suggest
that the US investors use their advantage of having superior private information and chase foreign
returns globally.
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Figure 2.1: Gross foreign securities purchases by U.S. residents
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riskiness of investments. As the proxy, I use long-term debt ratings for bond invest-

ments9 and historical variances of USD-denominated stock returns over the past 3

years (12 quarters) for equity investments.10 My hypothesis is that assets perceived

as riskier would force the US investors to have weaker risk-diversification and return-

chasing motives. For example, suppose a bond j has a low long-term debt rating.

Then, even though the proxy of idiosyncratic risk is negative and investments in the

bond can offer an opportunity for diversifying the risk of the US investor’s portfolio,

the US investors may not want to invest more in the bond j. Then, the negative

idiosyncratic risk proxy will have a smaller effect on the foreign asset transactions.

9For fixed income investments, I use long-term debt ratings from Moody’s. Ratings can seri-
ously affect decision making of investors, especially institutional investors, on foreign bond holdings
because their country allocations are strictly restricted to the countries with higher ratings. For
example, once the sovereign rating is downgraded, say, below Baa3, pension funds may not be able
to hold assets of the country.

10Vix index is another candidate proxy of investors’ risk perception. Vix measures market ex-
pectations about near term volatility through stock index option prices, and is a proxy of global
risk aversion. The higher the value of Vix index is, the more likely the market expectation is to
be pessimistic. However, the empirical results replacing variance of stock returns with Vix didn’t
work well.
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The similar argument can be applied to the return chasing motive as well as the

case of foreign equity holdings.

The first and second columns in Tables 2.2 and 2.3 show that the level

effects of the US recession dummy (US−Cycle) and the proxies of country-specific

riskiness of cross border investments (Rating or V ar−sr) are statistically significant.

However, they don’t resolve the correlation puzzle, and the inconsistent sign of the

return chasing remains.11 Estimation results in the third columns of Table 2.2 for

bond holdings and Table 2.3 for equity holdings add the interaction terms for all

variables of interest with the US recession dummy and risk proxies (long-term debt

ratings for bond holdings and stock return variances for equity holdings).12 In the

fourth columns, to capture the remaining variation of time-varying country specific

factors, the interaction terms of the country fixed effects with a time trend are

added.

From the third column of Table 2.2 for bond holdings, both the return chas-

ing motive represented by Spread(−1) and the risk diversification motive denoted

by Cov−dr−id have inconsistent signs. However, the interaction terms of the bond-

holding risk proxied by Moody’s long-term ratings13 with the risk-diversification

and return-chasing motives are statistically significant with signs consistent with

my priors. On the other hand, the interaction terms of the US business cycle with

11The most simplistic regressions of bond and equity holdings on distance, risk diversification
and return chasing motives also provide results inconsistent with my priors. To save spaces, I don’t
show the results.

12I also include the interaction terms of distance with the US recession dummy and risk proxies
because the time differential effects of distance cannot be captured by the country fixed effects.

13A higher rating is defined as a higher number of Rating.
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the two motives, and the interaction terms of both US business cycle and risk proxy

with two motives are statistically insignificant.

To show the economic meaningfulness of these results, I estimate the av-

erage effect of the risk diversification motive on the US foreign bond holdings (per

GDP) by using the coefficients estimated in the Fixed effect model of Table 2.2 and

the average estimated idiosyncratic risk (Cov−dr) over the whole sample; during

the US expansionary periods

[ 0.108∗∗︸ ︷︷ ︸
coef. Cov−dr−id

+ −0.009∗︸ ︷︷ ︸
coef. Cov−dr−Rating

∗ Rating ] ∗ −0.04︸ ︷︷ ︸
Ave. Cov−id

.

The F test shows that the coefficients of Cov−dr−id and Cov−dr−rating are jointly

marginally different from zero. On the other hand, for the US recessionary periods,

the average effect of the risk diversification motive is estimated as follows;

[ 0.108∗∗︸ ︷︷ ︸
coef. Cov−dr−id

+ −0.009∗︸ ︷︷ ︸
coef. Cov−dr−Rating

∗ Rating

+ −0.074︸ ︷︷ ︸
coef. Cov−dr−Cycle

+ 0.005︸ ︷︷ ︸
coef. Cov−dr−Rating−Cycle

∗ Rating ] ∗ −0.04︸ ︷︷ ︸
Ave. Cov−id

.

The F test indicates that the coefficients of Cov−dr−id, Cov−dr−Rating,

Cov−dr−Cycle and Cov−dr−Cycle−Rating are jointly statistically different from

zero.

Figure 2.2 presents the relationship between the average risk diversification

effects and the ratings. I define a reflection point of the long-term rating as a cutoff

point of indicating the puzzling investment behavior; hence, the reflection point is

the rating at which a sign for the average contribution of the risk diversification
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to the US’s foreign bond holdings changes from negative into positive. Figure 2.2

provides evidence suggesting that during the US expansionary periods, the risk

diversification motive works when the US residents invest in the foreign bonds with

Baa3 or higher ratings. Since the average rating of the overall sample countries is

A2, the correlation puzzle disappears on average when the riskiness of foreign bonds

is controlled for. During the US recessionary periods, the reflection point of the long-

term rating shifts to the left, and the correlation puzzle disappears when the rating

is Ba3 or higher. This result indicates that the US investors pay more attention to

the risk diversification in the foreign bond holdings during the US recession periods.

Furthermore, the slope of the relationship becomes flatter during the US recession,

indicating that the sensitivity of the degree of the risk diversification motive to

change in the rating is weaker during the US recession periods.

Similarly, I estimate the average effect of the return chasing motive on the

US foreign bond holdings (per GDP) by using the coefficients estimated in the Fixed

effect model of Table 2.2 and the average return spread (Spread) over the whole

sample; during the US expansionary periods,

[−0.027∗∗∗︸ ︷︷ ︸
coef. Spread

+ 0.001∗∗︸ ︷︷ ︸
coef. Spread−Rating

∗ Rating ] ∗ 3.733︸ ︷︷ ︸
Ave. Spread

.

The F test shows that the coefficients of Spread−dr−id and Spread−dr−rating are

jointly statistically different from zero. On the other hand, for the US recessionary

periods, the average effect of the return chasing motive is estimated as follows;
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Figure 2.2: Contribution of risk diversification to bond holdings
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+ : Risk diversification
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Under the US

expansionary periods
(jointly marginally significant)

Under the US recession
(jointly statistically significant)

Reflection point

shifts during 

the US recession

[−0.027∗∗∗︸ ︷︷ ︸
coef. Spread

+ 0.001∗∗︸ ︷︷ ︸
coef. Spread−Rating

∗ Rating

+ 0.010︸ ︷︷ ︸
coef. Spread−Cycle

+ −0.001︸ ︷︷ ︸
coef. Spread−Rating−Cycle

∗ Rating ] ∗ 3.733︸ ︷︷ ︸
Ave. Spread

.

For the recessionary periods, F test indicates that the coefficients of Spread−dr−id,

Spread−dr−Rating, Spread−dr−Cycle and Spread−dr−Cycle−Rating are also

jointly statistically different from zero. Figure 2.3 shows that regardless of the

degree of riskiness of the bond holdings, the return chasing motive doesn’t play an

anticipated role in the US foreign bond holdings. The effects of the positive average

54



spread on the foreign bond holdings are always negative for all ratings during both

the US expansionary and recession periods. In summary, the US investors do not

care much about the excess return of foreign bonds holdings, and indeed, lose the

return chasing opportunities. On the other hand, they pay attention to the risk

diversification when they invest in foreign bonds, especially during the US recession

periods.

Figure 2.3: Contribution of return chasing to bond holdings
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The same results can be observed from the fourth column of Table 2.2

(for bond holdings) with the interaction terms of the country fixed effects with a

55



time trend, except for several coefficients of interest. First, the estimated coefficient

on the interaction term of the US business cycle with the risk diversification motive

(Cov−dr−Cycle) becomes statistically significant with a negative sign.14 This means

that after controlling for as much time variation of time-varying country specific

factors as possible, the US investors are more likely to pay attention to the risk

diversification when the US economy is in recession. Second, the positive coefficient

on the interaction term of both the US business cycle and risk proxy with the risk-

diversification motive (Cov−dr−Rating−Cycle) is statistically significant, indicating

that the sensitivity of the degree of the risk diversification motive to change in the

rating is significantly weaker during the US recession periods.

From the third column of Table 2.3 for equity holdings, the return chasing

motive represented by S−Spread(−1) is still statistically significant, while the risk

diversification motive denoted by Cov−sr−id has a correct but insignificant sign.

As of the interaction terms, the interaction terms of the equity risk proxied by

a historical stock return volatility with the risk-diversification and return-chasing

motives are statistically insignificant. On the other hand, the interaction term of

the US business cycle with the risk-diversification motive is positive and statistically

significant. Moreover, the interaction term of the US business cycle with the return

chasing motive is significantly negative. The signs of these two coefficients indicate

that during the US recession periods, both risk-diversification and return chasing

14A dummy variable, Cycle, takes one when the US is in recession.
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motives of foreign equity holdings become weaker.

To show the economic meaningfulness of these results, I estimate the av-

erage effect of the risk diversification motive on the US foreign equity holdings (per

GDP) during the US recessionary and expansionary periods, separately. Then, I

use the coefficients estimated in the Fixed effect model of Table 2.3 and the average

estimated idiosyncratic risk (Cov−sr−id) over the whole sample. For the US expan-

sionary periods,

[ −0.000︸ ︷︷ ︸
coef. Cov−sr−id

+ 0.000︸ ︷︷ ︸
coef. Cov−sr−V ar

∗ V ar ] ∗ −3.685︸ ︷︷ ︸
Ave. Cov−sr−id

.

The F test shows that the coefficients of Cov−sr−id and Cov−sr−V ar are not jointly

statistically different from zero. On the other hands, for the US recessionary peri-

ods, the average effect of the risk diversification motive is estimated as follows;

[ −0.000︸ ︷︷ ︸
coef. Cov−sr−id

+ 0.000︸ ︷︷ ︸
coef. Cov−sr−V ar

∗ V ar

+ 0.001∗∗︸ ︷︷ ︸
coef. Cov−sr−Cycle

+ 0.000︸ ︷︷ ︸
coef. Cov−sr−V ar−Cycle

∗ V ar ] ∗ −3.685︸ ︷︷ ︸
Ave. Cov−sr−id

.

The F test shows that the coefficients for Cov−sr−id, Cov−sr−V ar, Cov−sr−Cycle

and Cov−sr−V ar−Cycle are jointly statistically different from zero. Figure 2.4

presents evidence suggesting that regardless of the US expansionary and recession

periods, the risk diversification motive for the US foreign equity holdings is never

operative.

Finally, I estimate the average effect of the return chasing motive on the

US foreign equity holdings (per GDP) by using the coefficients estimated in the
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Figure 2.4: Contribution of risk diversification to equity holdings
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Fixed effect model of Table 2.3 and the average stock return spread (S−Spread)

over the whole sample; for the US expansionary periods,

[ 0.008∗∗∗︸ ︷︷ ︸
coef. Sread

+ −0.008︸ ︷︷ ︸
coef. Spread−V ar

∗ V ar ] ∗ 11.31︸ ︷︷ ︸
Ave. Spread

.

The F test shows that the coefficients of Spread and Spread−V ar are jointly sta-

tistically different from zero. On the other hands, for the US recessionary periods,

the average effect of the return chasing motive is estimated as follows;
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[ 0.008∗∗∗︸ ︷︷ ︸
coef. Spread−id

+ −0.008︸ ︷︷ ︸
coef. Spread−V ar

∗ V ar

+ −0.011∗∗∗︸ ︷︷ ︸
coef. Spread−Cycle

+ −0.001︸ ︷︷ ︸
coef. Spread−V ar−Cycle

∗ V ar ] ∗ 11.31︸ ︷︷ ︸
Ave. Spread

.

The F test shows that the coefficients for Spread, Spread−V ar, Spread−Cycle and

Spread−V ar−Cycle are jointly statistically different from zero. Figure 2.5 presents

evidence suggesting that the US investors chase returns during the US expansionary

periods when they invest in foreign equities with the volatility of the returns smaller

than 0.97.15 Since the average variance of stock returns is 0.1, foreign equity in-

vestors in the US chase returns on average during the US expansionary periods. On

the other hand, during the US recession periods, they don’t chase returns regardless

of the volatility of the returns.

Similar results can be observed from the fourth column of Table 2.3 (for

equity holdings) with the interaction terms of the country fixed effects with a time

trend. In summary, during the US expansionary periods, the US equity investors

have an incentive to chase excess returns without much attention to risk diversifi-

cation. On the other hand, they don’t pay attention to either motive on average

during the US recession periods.

2.7 Robustness check

In this section, I show four robustness checks. Here, I use similar sample

and coverage of countries to those in the previous section as long as the data are

15V ar is a variance of percent stock returns divided by 10000.
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Figure 2.5: Contribution of return chasing to equity holdings
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available. One of the concerns on the robustness of the estimates obtained before is

that there still remains some uncontrolled source of variations for the US residents’

foreign asset holdings, and the omitted variables may bias the estimates of the re-

turn chasing and risk diversification motives. As the first robustness check, I run the

panel regressions by including as many covariates as possible. Then, I estimate them

with and without country and time fixed effects. To collect data similar to those used

in Portes and Rey (2005), I mainly use the World Bank, “World Development Indi-

cator.” Specifically, the data collected additionally are 1) the number of telephone
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lines (per capita, Tel−line−pop) and internet users (per capita, Internet−pop) in

the US’s investment destination countries as proxies for information friction; and

2) trade in computer, communications and other services from the Balance of Pay-

ment statistics in the investment destination countries (as an average of imports’

and exports’ shares to the commercial service exports and imports, Com−trade)16

as proxies for information and transaction technology. Furthermore, as a proxy of

sophistication of financial markets in the investment destination countries, I choose

stocks traded, total value as percentage of GDP (V ol−eq−trade). Due to the avail-

ability of these data, I drop Taiwan from the sample. Furthermore, as another

possible important determinant of the international asset holdings, I add foreign

exchange rate regimes or financial openness of investment destination countries into

the regression. Here, I include Chinn-Ito index (kaopen)17 into the regression.18

Finally, I include the CBOE volatility index (V ix) as a proxy of the global risk

aversion and the volatility of returns (var−dr) into the panel regression.19 As a

16According to the data description of “World Development Indicator,” the Computer, communi-
cations and other services as percentage of commercial service exports and imports include activities
such as international telecommunications, and postal and courier services; computer data; news-
related service transactions between residents and nonresidents; construction services; royalties and
license fees; miscellaneous business, professional, and technical services; and personal, cultural, and
recreational services.

17Chinn-Ito index is a de jure measure based on the IMF’s Annual Report on Exchange Ar-
rangements and Exchange Restrictions (AREAER) tabulation with the goal of incorporating the
extent and intensity of capital control. Their index is constructed as the first standardized principal
component of the four major categories in AREAER on the restrictions on external accounts. The
index takes on higher values as the country is more open to cross-border capital transactions. Chinn
and Ito (2009) provide the explanation of their index.

18Alternative measure for financial openness is provided by Schindler (2009), which constructs
measures of de jure restrictions on cross-border financial transactions for 91 countries with various
detailed sub-indices. However, this data set is from 1995 to 2005 and doesn’t cover my sample fully.

19The volatility of equity returns has been included already as a proxy of riskiness of foreign
equity holdings. Therefore, the volatility of bond returns (var−dr) is newly added into the Bond
regression.
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dependent variable, I use the US asset holdings normalized by GDPs of both the

US and investment destination countries, as the baseline panel regressions do.

Tables 2.4 and 2.5 show the results of these robustness checks. While some

covariates added to the panel regressions are statistically significant, the estimates of

the return chasing and risk diversification motives are quite similar to those obtained

in the previous section. This finding indicates that the empirical results obtained in

the previous section are likely to be robust and don’t suffer from the omitted variable

bias. On the other hand, the additional covariates provide additional explanatory

powers to the panel regressions, and it is worth to mention some results. Firstly,

financial openness (kaopen) works for the foreign equity holdings, but doesn’t for

the foreign bond holdings. This result indicates that capital control is likely to be a

significant barrier for the foreign equity holdings and increase the transaction cost of

the US equity investors. Secondly, proxies for information friction and transaction

technology, such as telephone lines, the Internet users and communication-related

trades, have positively significant coefficients especially for equity holdings by the US

residents. This result implies that the information friction does matter especially

for foreign equity holdings than bond holdings. Finally, the estimation methods

with or without fixed effects are not critical to identify the return chasing and risk

diversification motives in the US foreign asset holdings.

In the baseline panel regression, I follow Aviat and Coeurdacier (2007) and

normalize the US’s foreign asset holdings by both US and investment destination

country’s GDPs. However, normalizing twice by GDPs of two countries may make
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Table 2.4: Robustness check for foreign bond holdings
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Table 2.5: Robustness check for foreign stock holdings
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the variable non-stationary. As the second robustness check, I normalize the US’s

foreign asset holdings by the following variables. For equity holdings, I divide the

US’s foreign equity holdings by 1) the measure of Equity Home Bias (the market

capitalization of listed companies in the US stock market minus the US equity li-

abilities to foreigners) and 2) size of a stock market in an investment destination

country, respectively. For bond holdings, I divide the US’s foreign bond holdings

by 1) the measure of Bond Home Bias (the outstanding of the US bond market

minus the US debt liabilities to foreigners) and 2) the outstanding of a bond market

in an investment destination country, respectively. I obtain data for the market

capitalization of listed companies in the US stock market and other stock market

sizes from the World Bank, “World Development Indicator.” I use the IMF, “Co-

ordinated Portfolio Investment Survey,” for the US equity and debt liabilities to

foreigners. Finally, data for the outstanding of bond markets in investment destina-

tion countries are from the BIS, “Quarterly Review, Table 16A.” By using these new

dependent variables, I can explicitly control for the scale effects by including GDPs

of both the US and investment destination countries as explanatory variables.20

Tables 2.6 and 2.7 show the results for asset holdings of the US residents

normalized by the Home Bias measures. The results indicate that the estimates of

the return chasing and risk diversification motives are similar to those obtained in

the previous section. On the other hand, Tables 2.8 and 2.9 show the results for

asset holdings of the US residents normalized by the market sizes in the investment

20Though the theoretical model restricts the coefficients of GDP to be one, non unitary coefficient
may have to be allowed for scale effects or market size effects.
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destination countries. The results show that the estimates of the return chasing and

risk diversification motives become less precise with higher standard errors especially

for equity holdings, though the sign patters are still similar to those obtained in the

previous section. Therefore, the way to normalize the asset holdings by the US

residents doesn’t affect so much the estimates of the US return chasing and risk

diversification behavior. Furthermore, the coefficients on GDPs are not necessarily

greater than one, and the data don’t provide the evidence of the scale effects.

Thirdly, since the determinants of the US’s industrial country asset hold-

ings may be different from those of their developing country asset holdings, I divide

the US’s asset holdings into industrial and developing country assets, and estimate

the same regressions respectively (Tables 2.10 to 2.13). Though the small sample

size causes the standard errors of estimates to be larger and makes the coefficients

less significant, the sign patterns of the coefficients for the US’s industrial and de-

veloping country asset holdings are similar to those for the full sample.

Finally, due to the possible concern that the recent crisis may change the

behavior of the US investors, I drop data in 2008 and 2009 from my sample to

see whether the recent financial crisis affects my empirical results (Tables 2.14 and

2.15). Due to dropping the recent recession of the US, the new sample includes only

one recession period in 2001, and some interaction variables with the US business

cycle lose the statistical significance. However, the sign patterns are similar to those

for the full sample, and the main conclusion still holds.
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Table 2.6: Normalization by home-bias measure for Bond
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Table 2.7: Normalization by home-bias measure for Stock
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Table 2.8: Normalization by market size of Bond
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Table 2.9: Normalization by market size of Stock
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Table 2.10: Estimation results: Bond for Industrial Countries

71



Table 2.11: Estimation results: Bond for Developing Countries
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Table 2.12: Estimation results: Stock for Industrial Countries
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Table 2.13: Estimation results: Stock for Developing Countries
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Table 2.14: Estimation results: Bond (sample eliminating 08 and 09)
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Table 2.15: Estimation results: Stock (sample eliminating 08 and 09)
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2.8 Final remark

In this chapter, I explicitly deal with the return chasing and risk diversifica-

tion motives as determinants of cross border asset holdings, and estimate a financial

gravity equation to explain US investors’ behavior during the periods including the

recent financial crisis. A simple panel regression still presents a correlation puzzle

and suggests their weak return chasing behavior. Once the riskiness of foreign bonds

is controlled for, the correlation puzzle disappears on average. However, regardless

of the degree of riskiness in the bond holdings, the US investors do not care much

about the excess return of foreign bonds holdings, and indeed, lose the return chas-

ing opportunities. On the other hand, the US investors chase excess equity returns

only during the US expansionary periods, while the risk diversification motive for

the US foreign equity holdings is never operative regardless of the US expansionary

and recession periods.

Finally, I point out some future research topics not covered in this chapter.

Firstly, though I focus on foreign asset holding behavior of the US residents, risk

diversification can be achieved through purchasing equities of the US multinationals.

Investors also can diversify their portfolio by directly establishing foreign affiliates.

Incorporating FDI into a set of investment vehicles is one of important future re-

search topics.21 Secondly, reverse causality is also one of the possible concerns. It

is possible that countries who have more financial transactions with the US may

21As far as I know, there is no appropriate data set for analyzing this point. A relating literature
is Ramondo et al. (2010), which use a firm level data set to analyze firm’s choice between serving
a foreign market through exports or foreign affiliate sales under uncertain environments.
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have more correlating business cycles and smaller return differentials.22 I have not

addressed this issue yet. Thirdly, it is puzzling that the estimated coefficients for

the foreign equity holdings are smaller than those for the foreign bond holdings.

One possible explanation is that the intertemporal elasticity of substitution for eq-

uity investors may be smaller than that for bond investors. The coefficients of the

return chasing and risk diversification motives in equations (2.7) and (2.8) reflect

the intertemporal elasticity of substitution. Small coefficients for equity holdings

indicate that equity investors have a lower intertemporal elasticity of substitution

and are more risk averse than bond investors.23 Finally, I use long-term sovereign

ratings and variances of stock returns over the past 3 years as proxies for riskiness

in asset holdings. However, these proxies may not be appropriate to capture the

risk perception of the US investors. Finding more appropriate proxies can improve

the empirical results.

22The distance and correlation puzzles may also be interrelating since the less distant countries
are, the more financial asset transactions occur, at the same time the more likely business cycles
are to be correlated with each other. The distance puzzle may be also relating to the home bias
since information asymmetry proxied by distance can be a source of the home bias.

23Coeurdacier and Martin (2009) show that the effect of distance on bond holdings is larger than
the effects on equity holdings and bank assets.
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Chapter 3

Does it make sense to diversify

international reserve currencies away

from the USD?

3.1 Motivation

One of the most impressive economic observations in the last ten years is

a rapid international reserve accumulation. The bar chart in Figure 3.1 shows how

rapidly the international reserves have been accumulated. One of the big players

behind this phenomenon is Japan. The Japanese monetary authority intervened

into foreign exchange markets in an unprecedented manner from the start of 2003

to 2004 Q1, and purchased USD denominated assets in exchange of the Japanese

yen. Another big player is China. China still pegs its currency (RMB) to the USD.

Reflecting its huge current account surplus, China continues to intervene into foreign
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exchange markets to keep the RMB stable or prevent the RMB from appreciating.

Figure 3.1: Currency share of international reserve (all countries)
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This chapter focuses on the investment side of the accumulated reserves.

One of the research questions is in which assets monetary authorities should invest

their reserves. One line of the research is on delegating some of wealth to a special

investment body, called the Sovereign Wealth Fund, to search for yields in a similar

way to what private investors do (see Aizenman and Glick (2009)). Another line of

the research is about diversifying the currency composition of international reserves.

The line charts in Figure 3.1 stand for a share of each major currency in the total

international reserves for all reporting countries.1 The largest share is held as the

USD, and the share has been relatively stable so far between 60 and 70 percent.

1China’s reserve accumulation may not show up in Figure 3.1 since China is highly unlikely to
be a reporting country in IMF’s COFER statistics
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Though the USD has kept its top position, it is now faced with a new, potentially

strong rival who showed up in 1999: the Euro. Though a share of the Euro in

the total reserve holdings is still far below that of the USD, the share of the Euro

has gradually increased and reached about 30 percent.2 The increasing share is

likely to reflect the gradually expanding usage of the Euro in international markets.

For example, Figure 3.2 shows that while the amount of bonds and notes issued

in international financial markets has been increasing rapidly (shown by the bar

chart), a share of Euro-denominated bonds and notes (shown by the line chart) has

reached about 50 percent and already outstripped the USD.

The existing literature has discussed how monetary authorities make choice

of their international reserve currency composition. Papaioannou et al (2005) use

the mean-variance framework, and Beck and Rahbari (2008) use the variance mini-

mization framework to analyze their portfolio selection. However, these optimization

frameworks used for analyzing the portfolio choice of the private sector may not be

suitable for monetary authorities. For instance, the Ministry of Finance Japan re-

leased a press release in 2004 about the foreign asset investment policy of the Foreign

Exchange Fund Special Account.3 Its main purpose of the investment is declared

2The changes of reserve currency shares may well reflect the exchange rate fluctuation. To
separate the contribution of exchange rate fluctuation, I first convert the reserve currency holding
data (originally denominated in the USD) into the ones denominated in each reserve currency by
using nominal exchange rates at the end of period, and then change them again into the USD
denominated amounts by using the average exchange rates over the sample period (1996 to 2009).
The estimates (not shown) indicate that most of the recent increase in the share of the EUR-
denominated reserves reflects the appreciation against the USD. Nonetheless, the increasing share
of the EUR after the introduction in 1999 and the declining share of the USD in the reserve
currencies over the last 10 years are still research questions

3 http : //www.mof.go.jp/jouhou/kokkin/gaitametokkai 170404.htm
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Figure 3.2: Currency share of international bonds and notes amount outstanding

0 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

0 

10 

20 

30 

40 

50 

60 

95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10
Amount (rhs) USD EUR JPY GBP

% Billion USD

(Source) BIS "Securities statistics and syndicated loans"

as holding assets with sufficient liquidity, which can be used for intervention in the

future to keep the value of currency (the JPY) stable. Therefore, even if the Foreign

Exchange Fund Special Account refers to the portfolio optimization framework sim-

ilar to that of the private sector, it may deviate from the optimized portfolio due to

its preference of liquidity. Furthermore, monetary authorities are likely to take into

account which currencies are mainly used in international goods and asset transac-

tions by the residents in their countries. Depending on the share of the dominating

invoice currency, monetary authorities may deviate from the optimized portfolio in

order to hold a buffer stock in the case of a sudden stop crisis.

My research question is whether the currency diversification of interna-

tional reserves away from the USD makes sense under the risk of a sudden stop
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crisis. The main contribution to the literature is that apart from the mean variance

and variance minimization approaches used in the most existing literature, I analyze

the international reserve currency diversification under the risk of the sudden stop in

a different model framework, this based on Aizenman and Glick (2009). The model

simulation indicates that because of the lower liquidation cost of outputs during the

recent crisis and higher cost of holding reserves prior to the crisis, developing coun-

tries have stronger incentives to diversify their reserves away from the USD than do

industrial countries. The empirical analyses confirm this model implication.

The structure of this chapter is as follows. In the next section, I review the

existing literature about the international reserve diversification. Section 3.3 shows

the model which applies Aizenman and Glick (2009) to the international reserve

currency diversification. Then, Section 3.4 shows a simulation to give intuitions of

the model. Section 3.5 provides an empirical strategy to verify the intuitions of the

model. Then, data description and empirical results will be presented in Sections

3.6 and 3.7. After some robustness checks in Section 3.8, I make a final remark in

Section 3.9.

3.2 Literature Review

Papaioannou et al (2006) develop a dynamic mean-variance optimization

framework for a representative central bank with portfolio rebalancing costs, and
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estimate the optimal portfolio weights of the international reserve currencies. Mak-

ing various assumptions on expected currency returns and the variance-covariance

structure, they show that because the USD is regarded as a risk-free and reference

currency, the USD has the larger share in the central bank portfolio. Furthermore,

they argue that the actually observed allocation of the Euro is substantially greater

than the optimum. Performing simulations for the optimal currency allocations of

BRICs, they show that growth in issuances of euro-denominated securities, a rise in

the Euro zone trade with key emerging markets and an increase in the use of the

Euro for a currency peg would all work towards raising the optimal Euro shares,

with the last factor being quantitatively the most important.

Beck and Rahbari (2008) analytically derive the optimal central bank port-

folio in the minimum variance framework with two assets (the USD and the EUR).

They estimate the optimal USD and EUR shares for 24 emerging market countries,

and show that the optimal reserve portfolio is dominated by the anchor currency

under the exchange rate regime. They also find that EUR- and USD-denominated

bonds act as safe haven currencies during the sudden stops. The USD is a better

hedge for global sudden stops and regional sudden stops in Asia and Latin America,

while the EUR is a better hedge for sudden stops in Emerging Europe.

Apart from the mean variance or variance minimization approach, Aizen-

man and Lee (2007) compare the importance of precautionary and mercantilist mo-

tives in the hoarding of international reserves by developing countries. The precau-

tionary view regards the international reserve accumulation as self-insuring against
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costly liquidation of long-term projects when the economy is susceptible to sudden

stops. The Mercantilism views the reserve accumulation as a by-product of pro-

moting export-led growth through depreciating real exchange rate. They provide

empirical supports for the precautionary motive, though the the mercantilist motive

is still working to lesser extent. In particular, they show that a more liberal capital

account regime increases international reserves.

Jeanne (2007) constructs a simple small open economy model with vulner-

ability to the crisis, and conducts a cost-benefit analysis of reserve holdings. He

attempts to account for the large-scale reserve accumulation in emerging countries,

and evaluates the degree to which the recent reserve holdings are consistent with

the model prediction, especially in Asia, since 2000. Holding reserves yields benefits

in terms of crisis prevention and crisis mitigation, while the cost is measured as

the difference in returns between the international reserves and more profitable in-

vestment opportunities. He shows that the reserve accumulation in Asian emerging

market countries is difficult to justify in terms of self-insurance against capital flow

volatility and capital account crisis, unless the output cost of the crisis is assumed to

be unrealistically high. On the other hand, his model works well for Latin American

economies. The main reason for a small marginal return of holding reserves in Asia

is that their probabilities of crisis are estimated to be small.

Aizenman and Glick (2009) analyze the international reserve diversifica-

tion to the Sovereign Wealth Funds (SWF).4 They find that the countries which

4In the next section, I extend their theoretical appendix in their working paper version to the
case of the reserve currency choices by monetary authorities.
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run larger current account surpluses or specialize in fuel exports, are more likely

to have established their SWFs. Furthermore, the developing countries with SWFs

score significantly lower for various governance measures than do industrial coun-

tries. However, in comparison with the other developing countries without SWFs,

they display better governance. The SWFs tend to reflect their national norms of

governance: the SWFs displaying better accountability and governance behavior

tend to come from countries with better overall governance behavior. They also

observe that some of the largest SWFs, particularly in the Gulf area, are notably

less transparent than those in the other countries.

As the empirical literature, Chinn and Frankel (2007) estimate determi-

nants of the shares of major currencies in the reserve holdings of the world’s central

banks. Significant factors are size of the home country, inflation rate (or lagged de-

preciation trend), exchange rate variability, and size of the home financial center (as

measured by the turnover in its foreign exchange market). They find that the rela-

tionship between currency shares and their determinants is nonlinear, and changes

in the reserve currency composition are felt with a long lag. They also estimate

parameters for pre-1999 data and use them to forecast the EMU era. Under the two

important scenarios: the remaining EU members, including the UK, join the EMU

by 2020; or else the recent depreciation trend of the USD persists into the future,

the EUR may surpass the USD as a leading international reserve currency by 2022.

As an analysis on the investment strategy of reserve managers, Lim (2007)

tests whether the reserve portfolio managers respond to exchange rate changes by

86



a portfolio rebalancing strategy.5 He finds empirical support for the rebalancing

strategy; in particular, the USD depreciation and appreciation result in switches

vis-a-vis the EUR, and valuation changes in the relatively minor reserve currencies

(the GBP, the JPY and the CHF) tend to result in switches among themselves.

Furthermore, independent of exchange rate effects, the optimal portfolio has trended

in favor of the EUR at the expense of the JPY and probably also the USD. His

findings imply that currency diversifications in response to exchange rate changes

have so far tended to be “stabilizing” foreign exchange markets, and are unlikely to

add pressure to foreign exchange markets. His findings also help explain the relative

stability of the reserve currency shares as observed in data.

3.3 Model

This section shows the application of Aizenman and Glick (2009) to the

case of the international reserve currency diversification. Suppose there are two

kinds of reserves; the USD (D) and the EUR (E) at t = 0. Then, the total reserve

at t = 0 is

R0 = D0 + E0 (3.1)

A monetary authority chooses its allocation between the EUR and the USD

denominated reserves. Assume the USD yields a risk-free return rd, while the Euro

yields a stochastic return rd + e + δ, where e is an expected appreciation rate of

5The rebalancing strategy requires the purchase of depreciating currencies and sale of appreci-
ating ones.
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the Euro and δ is a zero mean stochastic return shock for Euro-denominated assets.

The total reserve at t = 1 becomes

R1 = D1 + E1 = (1 + rd)D0 + (1 + rd + e + δ)E0 = (1 + rd)R0 + (e + δ)E0 (3.2)

The model is basically two-period, but there are four sub-periods. The

time line is following;

• At t = 0, a monetary authority decides its allocation of reserves. Then, the

monetary authority borrows B0 to invest in reserves; hence, R0 = B0. Note

that B0 is historically given and denominated in the USD. This assumption

means that the model doesn’t intend to explain the level of reserve holdings

and instead focuses on the reserve currency shares, given the total reserve

holdings. At t=0, an exchange rate between the USD and the EUR is assumed

to be at parity. Once the monetary authority decides to diversify its portfolio

possibly by foreign exchange intervention which exchanges the USD into the

EUR, then a currency mismatch between assets and debts will show up in the

future time period.

• At t = 1, a stochastic return shock for the EUR (δ) is materialized.

• At t = 2, a sudden stop crisis may occur with the probability φ = φ(B1
R1

). Sup-

pose φ′(B1
R1

) > 0. Then, diversification from the USD into the EUR increases

the probability of a sudden stop if the economy experiences a substantially

large negative shock on the EUR and the international reserves decrease.
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• At t = 3, outputs are yielded, and both consumption and repayment of debts

are implemented. If a sudden stop crisis occurs, a premature costly liquidation

shrinks the outputs and reserves by τ , while the external debt repayment is

suspended.6 7 Then, the consumption is reduced to

C1 = (Y1 + R1)(1 − τ) (3.3)

Absent from a sudden stop crisis, the consumption is

C1 = Y1 + R1 − B1 (3.4)

In this one good economy, the relative price, or exchange rate USD/EUR,

is assumed to be 1 at t = 0. After δ is realized, the USD/EUR exchange rate8

becomes

1 + rd + e + δ

1 + rd
= 1 +

e + δ

1 + rd
(3.5)

at t = 1 onwards. Then, there are two scenarios depending on the realization of δ;

1. If the EUR appreciates due to an unanticipated positive shock on δ, the

value of the Euro denominated asset in terms of the USD increases.9 Then,
6As is the case in Diamond and Dybvig (1983), the model implicitly assumes that a representative

agent running an own bank borrows short-term funds from the international capital market and
finances a project to produce Y1 at the end of the period (the sub-period t = 3). If a sudden stop
crisis occurs, the short-term capital is immediately repatriated to the origin, which in turn causes
the costly liquidation of the project to shrink the outputs and reserves. Indeed, the private bank
does not play an explicit role in this model for the reserve currency diversification. Therefore, the
output production process can be simply seen as exogenous, and the sudden stop crisis with the
probability φ(B1

R1
) shrinks the outputs and reserves.

7In reality, when the countries default, their foreign assets should be confiscated. For simplicity
of the model, I ignore the confiscation and the countries hit by the sudden stop still can receive
excess returns from holding the EUR.

8This is a value of the EUR in terms of the USD at t = 1.
9Note that the USD-denominated asset is assumed to be risk free from the viewpoint of the

monetary authority. Therefore, the USD-denominated debt is always repaid as long as δ is positive.
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the monetary authority remains solvent and repays fully the debt obligation

B1 = (1 + rd)B0.

2. If the EUR depreciates due to an unanticipated negative shock on δ, the

opposite valuation changes occur. Then, if a sudden stop occurs, the monetary

authority may become insolvent due to liquidation of the outputs and reserves.

The solvency depends on the amount of the EUR reserve position.

The optimization problem is to maximize utility of a representative agent

such that;

maxD0,E0 V = E[(1−φ[B1/R1])U(R1+Y1−B1)+φ[B/R1]U((R1+Y1)(1−τ))] (3.6)

Given the initial amount of reserves or foreign debts (R0 = B0) and assum-

ing an interior solution, the first order condition with respect to E0 is10

E[(1 − φ(B1
R1

))∂U(R1+Y1−B1)
∂C1

(e + δ) + φ(B1
R1

)∂U [(R1+Y1)(1−τ)]
∂C1

(e + δ)(1 − τ)]

= E[
dφ

dE0
(U [R1 + Y1 − B1] − U [(R1 + Y1)(1 − τ)])] (3.7)

where dφ
dE0

= dφ
dB1/R1

dB1/R1

dE0
.

The equation (3.7) indicates that in equilibrium, the expected marginal

benefit of diversification should be equal to the expected marginal cost of diver-

sification.11 The expected marginal benefit of diversification is interpreted as the
10Note that ∂R1

∂E0
= e + δ given R0 = B0.

11Without any risk premium and sudden stop crisis, the following relationship similar to the
Uncovered Interest Parity can describe the reserve currency diversification;
(1 + rd)D0 + (1 + rd + e + δ)E0 − (1 + rd)B0 = 0
Since in this model described here the USD provides some form of insurance against a negative
shock on the global economy, the relationship above can deviate from zero due to the insurance
motive.
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expected marginal utility of the Euro premium (e + δ) associated with the Euro

denominated reserve holdings. The expected marginal cost of diversification is the

marginal increase in the probability of a sudden stop evaluated by the utility cost of a

sudden stop. The marginal increase in the probability of a sudden stop is associated

with the currency mismatch between foreign assets and liabilities. If the monetary

authority were not to diversify the reserves at all, then the currency denomination

of reserves would be all in the USD and no currency mismatch would be created.

Once the monetary authority determines the diversification, it will suffer from the

risk of the currency mismatch. Since the model described above may unduly sim-

plify the actual procedure of the international reserve currency diversification, there

are still several critical limitations on the model setup. The Appendix C discusses

the issues on the currency denomination of borrowing and valuation changes in the

gross liabilities held by monetary authorities. These topics are left for the future

research.

3.4 Simulation

To give intuitions of the model implication, I use an example similar to

that in Aizenman and Glick (2009). The Euro shock (δ) takes two values, either

−δ̄ or δ̄, with probability one half, respectively. Then, δ has zero mean and stan-

dard deviation δ̄. The utility function is assumed to be CRRA with the coefficient

σ. Then, I calibrate (3.7) to obtain expected appreciation rates of the Euro (e)
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as a function of volatility of the Euro-denominated asset returns (δ̄ = σ(δ)), such

that the average share of the Euro-denominated reserves over the period from the

start of 1999 to the second quarter of 2009 in IMF’s COFER data12 is duplicated.

Furthermore, I calculate the probability of a sudden stop (φ) as a function of the

expected appreciation rates of the Euro (e).

For the calibration, I assume that the functional form of a sudden stop

probability is the same as that in Aizenman and Glick (2009);

φ(
B1

R1
) = min[a(

B1

B1 + R1
)h, 1] (3.8)

Suppose R0 = B0 = 1, all reserves are financed by the USD-denominated debts at

t = 0, and the monetary authority can diversify its international reserve portfolio

by intervention in a foreign exchange market with a parity exchange rate at t = 0.

This setting implies that any diversification may cause a currency mismatch in the

future, depending on the realization of the EUR shocks (δ). Importantly, the actual

data show that foreign exchange reserve holdings by industrial countries relative

to GDP is only a tiny fraction, while developing countries has more than twice as

high an international reserve GDP ratio. To reflect this fact, suppose Y1 = 1000 for

industrial countries and Y1 = 500 for developing countries. The difference in the re-

serve GDP ratios between industrial and developing countries is critical in two ways.

First, the currency mismatch associated with the diversification weakens the crisis

prevention effects of reserve holdings on the sudden stop crisis probability; hence,
12 E

R
= 0.25 and 0.28, for industrial and developing countries, respectively.
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industrial countries with large outputs susceptible to a crisis may be more likely to

suffer from huge liquidation costs. Second, reserve holdings by developing countries

are so large compared with the sizes of the economies that developing countries are

likely to suffer from the cost of maintaining reserves prior to a crisis, such as the

carry cost of holding reserves.13 As Calvo et al. (1993) indicate, this tendency to

hold a large stock of reserves at the huge costs for preventing financial crises is more

likely for the developing countries with less flexible exchange rate regimes. As a

result, developing countries are more willing to search for yield by diversifying their

reserve currencies. To reflect this point into the simulation, I assume that devel-

oping countries need to pay a higher interest (premium) for borrowing the USD

than do industrial countries, but both groups are faced with the same return on the

USD denominated assets. Specifically, I assume that industrial countries can borrow

and invest in the USD asset with the same interest rate rd = 0.01, but developing

countries need to pay rdc
d = 0.02 for the USD borrowing. For the other parameters,

the CRRA coefficient (σ) is set to 0.5 such that my calibration exercises duplicate

the reality.14 The initial value for the expected appreciation rate of the Euro (e) is

set to be -0.1, though the different initial values generate similar results. Moreover,

a = 20, h = 12 and τ = 0.2 are used. Under this parameterization, the results of

the calibration exercises are presented in Figure 3.3.

13Other explanatory factors for costly holdings of reserves in developing countries are potential
valuation losses in case of the domestic currency appreciation or the USD depreciation; and the
cost of inflation due to the massive accumulation of reserves, which may be caused by insufficient
sterilization of foreign exchange intervention because of the incomplete function of domestic financial
markets.

14Aizenman and Glick (2009) set the CRRA coefficient equal to 2. However, the CRRA coefficient
larger than 1 does not work for my calibration exercises.
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The left three graphs are for industrial countries, and the right three graphs

are for developing countries. The top two charts are the plots of the relationship

between expected appreciation rates of the EUR and standard deviations of the

shock on the Euro-denominated assets (e and σ(δ)). The middle two charts are the

plots of the relationship between the sudden stop probability and the shock on the

EUR (φ and δ). The bottom two charts are the plots of the relationship between

the expected appreciation rates of the EUR and the sudden stop probability (e and

φ). All panels are plotted to duplicate the average EUR reserve ratio (0.25 and 0.28

for industrial and developing countries, respectively).

These graphs indicate the following implications of the model;

1. From the top two charts, the EUR is expected to depreciate as the stochastic

shock (δ) is more volatile. Unless at least the amount of risk premium corre-

sponding to the absolute value of the expected depreciation rate of the EUR is

paid, monetary authorities are not willing to hold EUR-denominated reserves.

Only when the risk premium is paid, holding the USD and EUR denominated

reserves become indifferent. The charts also indicate that to duplicate the

average share of the Euro in the total reserves over 1999-2009(2Q), develop-

ing countries expect less depreciation of the EUR (or, higher premium of the

Euro) than industrial countries, given the standard deviation of the shock on

the Euro. This result implies that developing countries have stronger incen-

tives to chase returns by diversifying their international reserves away from

the USD to the EUR. This finding may be because the outputs of developing

94



Figure 3.3: Simulation results
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countries are smaller than those of industrial countries and the expected liq-

uidation of developing countries’ outputs and reserves in the case of a sudden

stop are relatively small.

2. From the middle two charts, the anticipated sudden stop probability is slightly

higher for developing countries than industrial countries, given the stochastic

shocks on the Euro-denominated assets (δ). Developing countries are likely to

recognize that their diversification of reserves causes the currency mismatch in

their reserve portfolios and increases the probability of a sudden stop. How-

ever, they are willing to diversify their reserve currencies and chase returns

due to their higher costs of holding large reserves as well as their smaller ad-

justment costs of a (especially, recent) crisis than those of industrial countries.

On the other hand, industrial countries prefer keeping enough liquidity due to

the anticipated large liquidation costs in case of a (especially, recent) crisis.

Or, they don’t seriously suffer from the carry costs of holding reserves prior to

a crisis, and may not be induced to diversify their reserves. Their reluctance

to diversify reserves may be reflected in their anticipation of the low crisis

probability.

3. From the bottom two charts, the upward-sloping curves between the expected

appreciation rates of the Euro and the sudden stop probabilities indicate that

there exists a tradeoff in the reserve currency diversification between the an-

ticipated excess returns and the expected liquidation costs during a sudden
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stop crisis. As the probability of a sudden stop associated with the currency

diversification of international reserves is expected to be lower, a monetary

authority anticipates more depreciation of the EUR (or lower premium of the

EUR).

In the next section, I test these model implications empirically.

3.5 Empirical strategy

The calibration above is still missing one important aspect of currency

diversification of international reserves: currency choices based on international

trade of goods and assets. In fact, monetary authorities are likely to choose their

reserve currency compositions by taking into account a share of each invoice currency

used in international goods and asset trades. To test the implications of the model in

the previous section by reflecting this missing determinant, I estimate the following

equation;

Rj
i,t

Rj
t

= αi + β1(tradei,t) + β2(debti,t) + β3(ri,t) + β4(ri,t
Rj

i,t−1

Y j
t−1

)

+ γ(vari,t) + η(SSt) +
∑

k

Ii=kλk(SSt

Rj
k,t−1

Y j
t−1

) + µ(
Rj

i,t−1

Rj
t−1

) + εi,t (3.9)

where i, k ∈ (USD,EUR,JPY,GBP) and Ii=k is an indicator function15 which takes

15The reason for including indicator functions is that I suppose each currency has a different
role in international reserve holdings. The USD may be the safest currency and provide insurance
against the negative shock on the global economy. On the other hand, the EUR (or other currencies)
is supposed to be relatively safe but less than the USD. To compensate for the riskiness, the EUR
may provide higher returns. If indicator functions are not included in the panel regression, the

coefficient of the interaction term (SSt

R
j
k,t−1

Y
j
t−1

) is common across all currencies. Since this estimate

cannot test my prior, I identify the coefficient of the interaction term for each currency separately
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one if k = i.
Rj

i,t

Rj
t

stands for the currency i’s share in the total reserve holdings

by each country group j, where i ∈ (USD, EUR, JPY, GBP) and j ∈ (Industrial,

Developing). The right-hand side variables are mainly based on Chinn and Frankel

(2007). Y j
t is a GDP for a country group j. Rj

i,t is currency i international reserve

holdings by a group j. tradei,t is a share of trade volumes (export plus import

divided by the world export plus import) for a currency region i, and is intended

to capture a trade-related measure of exposures to the currency i. Here, currency

regions are represented by the US, Euro Area, Japan and UK. debti,t is a currency

i’s share in international bonds and notes outstanding, and is included to capture

a measure of exposures to the assets denominated in the currency i. ri,t is a SDR-

denominated return on a short-term government bond for a currency i region. vari,t

is a variance of a SDR-denominated nominal exchange rate i return over the past 3

years (12 quarters).

As a proxy for a sudden stop probability (SSt), vixt (CBOE Volatility

Index: Vix) is used for industrial countries. The Vix measures market expectations

about the near-term volatility through the US stock index option prices, and is seen

as a proxy of the global risk aversion. The higher value of the Vix index is, the more

likely the market expectations are to be pessimistic. This index is sometimes called

“fear gauge” and actually rose sharply during the past crises.

by interacting SSt

R
j
k,t−1

Y
j
t−1

with the indicator function.
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Though the Vix Index seems to be a good proxy for the sudden stop prob-

ability especially in industrial countries, the crisis episodes during the 90’s in devel-

oping countries indicate that country-specific factors may have predicted the sudden

stops better than the Vix. Therefore, the Vix may not be a suitable proxy of the sud-

den stop probability for developing countries. To reflect this point, I construct the

“Sovereign spread index” as a proxy of the sudden stop probability for developing

countries. Specifically,

spreadt =
∑
q

ωqspreadq,t (3.10)

where q∈(Brazil, Russia, South Africa, Thailand, Turkey).16 spreadq,t = rq,t − rUS,t

where interest rates are money market rates,17 and ωq = Yq,t

Yt
(where Yt =

∑
q Yq,t) is

a nominal GDP weight for each country. Figure 3.4 shows that the Vix and Sovereign

spread indices are not correlated with each other (Cor[vixt, spreadt] = 0.04). In the

following empirical section, I include both vixt and spreadt into all regressions to

see whether they are good proxies for the sudden stop crisis probability.

Each variable also can be interpreted from the viewpoint of the function of

money. As characteristics of the international currency, tradei,t and debti,t capture

the roles of the unit of account and the means of exchange. vari,t implies the store-

of-value property.
Rj

i,t−1

Rj
t−1

captures the inertia of the international currency usage,

and the parameter µ stands for the adjustment speed of the international reserve

16The country choice for the sovereign spread index reflects the following two points. First, I
choose a large developing country in roughly each continent. Second, my sample is from 1996 to
2009, and I want to include countries who experienced currency crises during this time period.

17While for some countries the Treasury Bill rates cannot be obtained without discontinuity,
money market rates are available without discontinuity and also have similar fluctuations to those
of the Treasury Bill rates.
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Figure 3.4: Vix and Sovereign spread index
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currency diversification. On the other hand, ri,t and SSt terms stand for a tradeoff

between the return chasing and the effect of the reserve currency diversification on

a sudden stop probability, as implied in the model above. Especially, an interaction

term ri,t
Rj

i,t−1

Y j
t−1

, whose coefficient is a differential effect of the return chasing behavior

on the reserve currency i share, given the exposure to the currency,18 is intended

to capture one of the implications of the previous simulation: a developing country

with a relatively high ratio of a reserve currency i to GDP in the previous period,

is more likely to respond to changes in the return of the reserve currency and chase

returns than an industrial country. On the other hand, SSt
Rj

i,t−1

Y j
t−1

, which captures

the currency i specific effect of a rise in a sudden stop probability on the reserve

currency i share, given the exposure to the currency in the previous period, is

18The exposure is supposed to be captured by the ratio of a reserve currency i to GDP in the
previous period.
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intended to test another model implication: taking into account the exposure to the

reserve currency i relative to the GDP in the previous period, a monetary authority

is willing to reduce holdings of the currency i when the currency i is seen as riskier

and a sudden stop crisis is more likely to affect the currency i and accompany output

liquidation. Here, to avoid the reverse causality problem, I control for the reserve

GDP ratio in the previous year. From the perspective of monetary authorities,

tradei,t and debti,t are exogenous since they are determined in the global goods

market. Moreover, because monetary authorities attempt not to have influences of

their investment activities on asset prices, vari,t, ri,t and SSt also are likely to be

exogenous. As the reserve GDP ratio (
Rj

i,t

Y j
t

) alone can be simultaneously determined

with the share of currency i in the international reserve holdings (
Rj

i,t

Rj
t

), I take one

year lag for the reserve GDP ratio.

The testable hypotheses are following;

H0 : all β > 0 ; γ < 0 ; η < 0 (3.11)

On the other hand, I do not have particular priors on the coefficients (λi) on

SSt
Rj

i,t−1

Y j
t−1

. If the USD is treated as relatively safe and the others reserve curren-

cies are seen as relatively risky, a higher probability of a sudden stop may increase

the USD share in the total reserve holdings, while it can reduce the other curren-

cies’ shares. Then, λUSD > 0 and the other λs < 0 are tested.19 In the following

section, the equation (3.9) is estimated for the aggregated world, industrial and

developing countries, respectively. The estimation methods are Paneled-OLS and
19This hypothesis implies the existence of the US’s exorbitant duty discussed below.
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Panel estimations with currency fixed effects.

The currency fixed effect introduced in the Panel estimation doesn’t only

deal with the other possible omitted variables, but also is expected to capture one

important role of the USD as a reserve currency. Gourinchas and Rey (2007) argue

that the United States has played a unique role as a provider of the international

currency and liquidity in international markets since the Bretton Woods system.20

Due to the fact that the United States has provided safe financial assets,21 holding

the USD as international reserves has historically helped prepare for the sudden

stop crises. Since this role is historically persistent and the USD is still likely to

be dominating in terms of the safety and liquidity, a fixed effect for the USD is

expected to capture the historically unique role of the USD.

3.6 Data

The currency decomposition of international reserves is from the IMF,

“Currency Composition of Official Foreign Exchange Reserves (COFER).” COFER

data for individual countries are strictly confidential, and the data are available only

in the aggregate measure for the world, industrial and developing countries. Some

20Gourinchas and Rey (2007) argue that due to the unique role of the USD, the United States
has enjoyed a so-called “exorbitant privilege.” They present a breakup of the exorbitant privilege
into a return effect (higher returns within each asset class) and a composition effect (the structure
of the balance sheet asymmetric with more low yielding instruments on the liability side) over the
postwar period. They find that the United States enjoyed a substantial premium on its gross assets
relative to its liabilities, and this premium has been increasing since the collapse of the Bretton
Woods system. They also argue that the major part of the exorbitant privilege comes from return
differentials between the US and foreign assets within each class of assets.

21Gourinchas et al. (2010) call it the US “exorbitant duty” during the crisis periods. They define
it as an implicit insurance contract provided to the rest of the world.
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participating countries do not report their reserve currency compositions to COFER.

In this chapter, I restrict my attention to “Allocated Reserves“, which is the data

category whose currency composition has been identified, and ignore the difference

between the total foreign exchange reserves and the allocated reserves. Since my

attention is on the shares of reserve currencies, “Allocated Reserves” seems suitable

for my analyses. Another issue is that this data set has a moving sample of countries

and the country coverage of the sample has increased. Especially, because countries

with sizable reserves either joined the sample (began reporting) or left the sample

(stopped reporting), the data in 1997 and 1998 are likely to have discontinuity. Since

I want to obtain as large a sample size as possible, I did not adjust this possible

discontinuity. As a robustness check in the subsequent section, I run the regressions

for the sample from 1999 to 2009, which excludes possible discontinuities in 1997

and 1998.

Trade data (exports and imports), GDP, foreign exchange rates (converted

into “per the SDR” as a numeraire)22 are from the IMF, “International Financial

Statistics.” Return data is the sum of a short-term interest rate from the OECD,

“Main Economic Indicators,” and a foreign exchange return calculated by year-over-

year percent changes in nominal exchange rates per the SDR. I use a short-term

return since central banks prefer to invest in short-term and less risky assets, rather

than long-term assets. Debt is a currency share in international bonds and notes

outstanding from the BIS, “Securities statistics and syndicated loans.” Specifically,

22Other data used in my empirical analyses are expressed in percentage terms: dividing the USD
denominated data by the aggregated total in the USD.
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three categories (Floating rate, Straight fixed rate and Equity-related bonds and

notes amount outstanding) from “Table 13B: International bonds and notes” are

aggregated for each currency and divided by the total outstanding. CBOE Volatility

Index (Vix), as a proxy for a sudden stop probability, is from St. Louis Fed’s Federal

Reserve Economic Data. Spread is a GDP weighted average of money market rate

spreads between large emerging countries’ and the US’s Money market rates, and

GDPs are from the IFS. These explanatory variables are averages over each year.

3.7 Empirical results

Table 3.1 shows the estimation results of the equation (3.9) for the world

aggregate data. The sample is annual from 1996 to 2009 and covers USD, EUR,

JPY and GBP as reserve currencies. The first two columns provide simple Pooled

OLS results, and the last two columns show the results for Fixed Effect regressions.

The first column for the OLS regression shows that the return variable

(Return) and the lagged dependent variable (R−share(−1)) alone are statistically

significant. When the interaction terms are introduced in the second column, Trade

and Spread×R/Y (−1) for the EUR also becomes statistically significant. The ob-

servable data in Figure 3.1 shown before indicate that the currency composition of

international reserves is relatively stable and changes only in a gradual way. The

significant coefficient on the lagged dependent variable (0.978 and 0.936 in the first

and second columns, respectively) captures the inertia, and duplicates this observa-
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tion well.23 Though many coefficients estimated are insignificant, the simple plots

of the dependent variable and each independent variable (not shown for the spacing

issue) show clear clusters for each currency. Therefore, to adjust a possible differ-

ence of the regression intercept for each currency, the currency fixed effects need to

be controlled for.

The third column shows the results for the Fixed Effect regression. Un-

fortunately, almost all the regression coefficients, except for Return×R/Y (−1), the

lagged dependent variable and the constant term, remain statistically insignificant.

On the other hand, the fourth column for the Fixed Effect regression excluding the

level effects of the return chasing (Return) and proxies of a sudden stop probability

(Vix and Spread) shows different pictures: given the ratio of a reserve currency i to

GDP in the previous period, both the return chasing motive and concerns about the

costly liquidation during a sudden stop crisis affect the currency diversification of

international reserves. Specifically, the positive coefficient of the return interacted

with the ratio of the reserve currency holdings to GDP in the previous period24

(Return×R/Y (−1)) shows that monetary authorities are willing to hold a larger

share of the currency i, if the reserve currency provides a higher expected return;

hence, the monetary authorities have an incentive to chase returns. Furthermore, the

23For example, the case of the USD in the second column shows that, over the period from 1996
to 2009,

0.936︸ ︷︷ ︸
Coef. of R−share(−1)

∗ 66.6 percent︸ ︷︷ ︸
Ave share of USD reserve

= 62.3 percent

is an estimated average share of the USD in the total reserve holdings attributed to the inertia or
the US exorbitant duty. The remaining small variation is associated with the contributions of the
other variables.

24In order to control for the exposure of monetary authorities to the currency, I interact the
variables of interest with the ratio of a reserve currency i to GDP in the previous period.
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interaction terms of the Vix index with the lagged USD- and EUR-Reserve GDP ra-

tios are statistically significant, with negative and positive signs, respectively. These

results mean that when sudden stop and financial crisis are more likely in industrial

countries, specifically in the US since the Vix mainly focuses on the US market,

monetary authorities are more willing to diversify away from the USD-denominated

to the Euro-denominate reserves. On the other hand, the positive coefficients of the

Sovereign spread term interacted with the lagged USD- and JPY-Reserve GDP ra-

tios, and the negative coefficients interacted with the lagged EUR- and GBP-Reserve

GDP ratios, are also statistically significant. These results indicate that as a sudden

stop is more likely in developing countries, monetary authorities prefer to hold safer

USD-denominated reserves, instead of EUR- and GBP-denominated reserves. The

JPY may also be regarded as a relatively safe currency, though the significance is

lost in the following panel regressions for industrial and developing countries.

These results are consistent with one of the implications of the model:

monetary authorities take into account the effect of the reserve currency diversifi-

cation on the probability of a sudden stop. Furthermore, they also imply that the

USD is treated as a relatively safe haven in the case of the sudden stop crises in

developing countries. This implication also is in line with the interpretation of the

country fixed effects: the estimated fixed effect for the USD is expected to cap-

ture the historically unique role of the USD in a sense that the United States has

been a provider of the international currency and liquidity in international markets.

Though the empirical result for the constant term of Table 3.1 just shows the aver-

106



age of individual currency fixed effects, the OLS regression with currency dummies

(not shown, and provided upon request) indicates that estimates for the currency

dummies are significant with -19.5 for the EUR, -26.9 for the JPY and -26.0 for

the GBP. Since the constant term for the OLS regression is 27.4 and statistically

significant, the currency fixed effects for each currency are 27.4 for the USD, 7.9 for

the EUR, 0.5 for the JPY and 1.4 for the GBP. A large positive constant term for

the USD is likely to capture the “exorbitant duty” of the United States, indicating

that monetary authorities prefer to hold the USD as a safe and liquid asset.

The country fixed effects (or constant terms for individual currencies) also

may explain why the usage and share of the currency in international trade and

financial transactions are not so statistically significant determinants of the inter-

national reserve currency choice. The choice of an invoice currency is likely to be

history-dependent. Furthermore, the measures of trades and debts used in the re-

gressions are just proxies due to the limited availability of the global invoice currency

data. Therefore, the effects of the currency share in international goods and asset

transactions on the currency choice of international reserves may be partly captured

by the constant terms for individual currencies.

Finally, the significantly positive coefficients of the lagged reserve share and

constant term indicate that the change in the reserve currency composition is gradual

as data imply, and the estimated equation reflects well the actual observation.25

25The case of the USD in the fourth column of Table 3.1 indicates that, over the period from
1996 to 2009,

27.4 percent︸ ︷︷ ︸
USD const. effect

+ 0.502︸ ︷︷ ︸
Coef. of R−share(−1)

∗ 66.6 percent︸ ︷︷ ︸
Ave share of USD reserve

= 60.8 percent

107



Table 3.2 provides the similar results of the regressions for industrial coun-

tries. The OLS regressions in the first and second columns and a Fixed Effect

regression in the third column show that almost all the coefficients, except for the

lagged dependent variable and Spread×R/Y (−1) for the EUR, are statistically in-

significant. However, once the level effects of the return chasing (Return) and proxies

of a sudden stop probability (Vix and Spread) are excluded, both the return chas-

ing and concerns about the costly liquidation during a sudden stop crisis affect the

currency diversification of international reserves. The sign pattern of the estimated

coefficients is similar to that in the previous table for the aggregate data. Therefore,

the monetary authorities in industrial countries diversify their international reserve

currencies by taking into account the tradeoff between the expected excess returns

and anticipated liquidation costs during a sudden stop crisis.

Table 3.3 provides the results of the regressions for developing countries.

The estimated coefficients become less significant, but the coefficient of

Return−R/Y (−1) is positive, regardless of whether the currency fixed effects are

controlled for (in the second and third columns) or the level effects of the return

chasing (Return) and proxies of a sudden stop probability (Vix and Spread) are

excluded (in the fourth column). Especially, the coefficient (0.057) of the return

chasing motive (Return−R/Y (−1)) is much larger than that for industrial coun-

is an estimated average share of the USD in the total reserve holdings attributed to the inertia or
the US exorbitant duty. The remaining variation is associated with the contributions of the other
variables.
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tries (0.036). Though the standard errors are different and the magnitude of the

coefficients cannot be compared directly, this result is consistent with the model

implication, in a sense that due to the relatively large reserve GDP ratio and high

carry costs, monetary authorities in developing countries are more likely to chase

excess returns over a safe asset; hence, monetary authorities in developing countries

have stronger incentives to chase returns than do authorities in industrial countries.

In summary, as the model simulation previously indicates, monetary au-

thorities take into account a tradeoff between the return chasing and the effect of

their diversification on a sudden stop probability. Especially, the return chasing is

a more important determinant of the reserve currency diversification by developing

countries.
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Table 3.1: Estimation results : the Global total

Table 1: Estimation results : the Global total
(1) (2) (3) (4)

w OLS w OLS w FE w FE
VARIABLES R share R share R share R share

Trade -0.025 0.550** 0.253 0.205*
(0.164) (0.261) (0.222) (0.068)

Debt 0.042 -0.105 -0.018 0.045
(0.044) (0.070) (0.077) (0.029)

Return 0.055** 0.054* 0.042
(0.022) (0.029) (0.037)

Return×R/Y(-1) 0.020 0.034** 0.040***
(0.027) (0.011) (0.002)

FX Var -0.001 0.010 0.005 0.004
(0.005) (0.008) (0.011) (0.009)

Vix -0.007 0.036 0.045
(0.031) (0.123) (0.169)

Vix×R/Y(-1) USD -0.011 -0.033 -0.017***
(0.030) (0.039) (0.002)

Vix×R/Y(-1) EUR 0.074 0.066 0.077**
(0.051) (0.059) (0.013)

Vix×R/Y(-1) JPY -0.706 -0.467 -0.120
(0.473) (0.970) (0.206)

Vix×R/Y(-1) GBP 0.172 -0.168 0.107
(0.333) (0.502) (0.051)

Spread 0.010 0.047 -0.194
(0.040) (0.150) (0.194)

Spread×R/Y(-1) USD 0.019 0.124 0.044**
(0.049) (0.063) (0.008)

Spread×R/Y(-1) EUR -0.376*** -0.170 -0.243***
(0.106) (0.086) (0.031)

Spread×R/Y(-1) JPY 0.010 0.975 0.130**
(0.598) (0.891) (0.032)

Spread×R/Y(-1) GBP -1.491 1.160 -0.669***
(1.080) (1.344) (0.065)

R share(-1) 0.978*** 0.936*** 0.467*** 0.502***
(0.012) (0.033) (0.050) (0.034)

Constant -0.341 -0.712 10.723*** 9.293***
(0.978) (1.384) (0.493) (1.487)

Observations 52 52 52 52
R-squared 0.997 0.998 0.877 0.866
Number of currency 4 4

Robust standard errors in parentheses.
R2 is within for FE.

*** p<0.01, ** p<0.05, * p<0.1

1
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Table 3.2: Estimation results : Industrial countries

Table 2: Estimation results : Industrial countries
(1) (2) (3) (4)

i OLS i OLS i FE i FE
VARIABLES R share R share R share R share

Trade -0.271 0.820** 0.097 0.136
(0.287) (0.394) (0.179) (0.254)

Debt 0.114 -0.162 -0.131 -0.119
(0.086) (0.096) (0.073) (0.053)

Return 0.024 0.033 0.040
(0.021) (0.037) (0.036)

Return×R/Y(-1) -0.002 0.021 0.036**
(0.033) (0.018) (0.006)

FX Var 0.000 0.007 0.007 0.008
(0.006) (0.007) (0.012) (0.011)

Vix -0.017 0.062 0.055
(0.046) (0.214) (0.246)

Vix×R/Y(-1) USD -0.031 -0.044 -0.027**
(0.064) (0.071) (0.006)

Vix×R/Y(-1) EUR 0.136 0.119 0.143***
(0.149) (0.140) (0.024)

Vix×R/Y(-1) JPY -0.618 -0.683 -0.403
(0.935) (1.188) (0.191)

Vix×R/Y(-1) GBP 0.063 -0.179 -0.051
(1.204) (1.394) (0.034)

Spread 0.029 0.017 -0.039
(0.074) (0.238) (0.267)

Spread×R/Y(-1) USD 0.043 0.108 0.093*
(0.067) (0.065) (0.029)

Spread×R/Y(-1) EUR -0.644** -0.544* -0.536***
(0.251) (0.227) (0.088)

Spread×R/Y(-1) JPY -0.095 0.551 0.288
(1.145) (1.090) (0.179)

Spread×R/Y(-1) GBP -1.577 -0.344 -0.475***
(1.602) (1.689) (0.054)

R share(-1) 0.976*** 0.954*** 0.644*** 0.622***
(0.018) (0.047) (0.046) (0.074)

Constant 0.415 -1.923 11.133** 11.166*
(1.589) (1.464) (3.343) (4.005)

Observations 52 52 52 52
R-squared 0.992 0.996 0.582 0.576
Number of currency 4 4

Robust standard errors in parentheses.
R2 is within for FE.

*** p<0.01, ** p<0.05, * p<0.1

2

111



Table 3.3: Estimation results : Developing countries

Table 3: Estimation results : Developing countries
(1) (2) (3) (4)

d OLS d OLS d FE d FE
VARIABLES R share R share R share R share

Trade 0.351** 0.371 0.363 0.432
(0.150) (0.250) (0.585) (0.368)

Debt -0.060 -0.143 0.435* 0.403
(0.043) (0.086) (0.183) (0.224)

Return 0.082* 0.028 0.021
(0.043) (0.037) (0.048)

Return×R/Y(-1) 0.058** 0.052** 0.057***
(0.027) (0.015) (0.007)

FX Var -0.007 0.007 0.002 -0.004
(0.008) (0.007) (0.006) (0.009)

Vix 0.018 0.188* 0.206
(0.033) (0.103) (0.226)

Vix×R/Y(-1) USD -0.025* -0.031 -0.002
(0.013) (0.034) (0.005)

Vix×R/Y(-1) EUR -0.021 -0.044 -0.001
(0.027) (0.043) (0.009)

Vix×R/Y(-1) JPY -1.055** -0.871 0.042
(0.400) (0.854) (0.124)

Vix×R/Y(-1) GBP -0.245* -0.166 0.164
(0.130) (0.276) (0.076)

Spread -0.020 -0.272** -0.313
(0.026) (0.118) (0.192)

Spread×R/Y(-1) USD 0.043* 0.057 0.008
(0.022) (0.036) (0.004)

Spread×R/Y(-1) EUR 0.083 0.128 0.004
(0.057) (0.086) (0.015)

Spread×R/Y(-1) JPY 1.022** 0.871 -0.131
(0.419) (0.816) (0.116)

Spread×R/Y(-1) GBP 0.450 0.421 -0.341*
(0.268) (0.472) (0.124)

R share(-1) 0.975*** 0.990*** 0.208 0.250
(0.018) (0.050) (0.219) (0.322)

Constant -1.493* -0.901 4.680 4.340**
(0.850) (1.293) (2.398) (1.151)

Observations 52 52 52 52
R-squared 0.996 0.998 0.935 0.926
Number of currency 4 4

Robust standard errors in parentheses.
R2 is within for FE.

*** p<0.01, ** p<0.05, * p<0.1

3
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3.8 Robustness checks

One of the concerns about the robustness of the estimates obtained in the

previous section is that there still remains some uncontrolled source of variations

for the international reserve currency diversification, and the omitted variables may

bias the estimates. Especially, if the currency returns are highly correlated with

each other, monetary authorities cannot receive the sufficient gains through hold-

ing the currency as international reserve, and are likely to reduce the share of the

currency. As a robustness check, I include the correlation of returns (sum of the

currency return and short-term interest rate) between reserve currencies into the

panel regression. Specifically, I control for the correlation of currency i and j re-

turns (i−Correl) and the interaction with the currency j Reserve GDP ratio in the

previous year (i−Correl×R/Y (−1)), where i and j ∈ (USD,EUR, JPY,GBP ).

i−Correl is a vector of correlations of currency i with all four currencies including

itself, and the coefficient of i−Correl indicates the direct effects of currency i re-

turn’s correlation with currency j return on the reserve currency j share. On the

other hand, the coefficient of the interaction term i−Correl×R/Y (−1) is intended

to capture the differential effects of the currency i’s correlation with currency j re-

turn on the reserve currency j share, given the exposure to the currency j in the

previous year.26 As the currency j reserve holdings relative to GDP is larger, mone-

26Here, I don’t interact i−Correl×R/Y (−1) with the indicator function. This is because I can
calculate the correlation matrix of currency returns and identify the coefficient of the differential
effect of each currency return correlation separately by including the term for the return correlation
of the currency i with the currency j interacted with the lagged Reserve currency j GDP ratio.
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tary authorizes are more likely to pay attention to the currency i’s return correlation

with currency j return. The coefficients of these terms are supposed to be negative.

Tables 3.4 to 3.6 show the results of panel regressions with these correlation

terms. While some correlation terms added to the panel regressions are statistically

significant, the estimates of the coefficients for the return chasing and concerns

about the costly liquidation during a sudden stop crisis are quite similar to those

obtained in the previous section. This result indicates that the empirical results

obtained in the previous section are likely to be robust and don’t suffer from the

omitted variable bias. On the other hand, the additional correlation terms provide

explanatory powers to the panel regressions. Especially, the interaction terms of

the EUR and JPY return correlations with the Reserve GDP ratio in the previous

year (i−Correl×R/Y (−1)) have significantly negative signs, while the GBP return

correlation terms have positive signs. Furthermore, the USD return correlation

terms have almost no significant effect on the reserve currency shares. These results

imply that monetary authorizes may pay attention to the correlation of returns

between non-USD currencies.

Another source of the bias is possible discontinuities of the international

reserve data caused by changes in the number of data reporting countries with

sizable reserves. To deal with this possibility, I drop samples in 1996, 1997 and

1998. The empirical results (Tables 3.7 to 3.9) show that due to high standard

errors, statistical significances of the variables are lost; especially, some coefficients

of the Sovereign spread index become insignificant with different signs. This result
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may be because the Sovereign spread index had large variations during the 90’s,

and dropping the samples in 1996, 1997 and 1998 would force the Sovereign spread

index to lose much variation.

Finally, it is possible that the recent crisis may affect the authorities’ behav-

ior in the international reserve currency diversification. Especially, other measures

of reserve holdings, such as the swap lines arranged between central banks, may force

the model to be inappropriate.27 Unfortunately, it is difficult to capture the effects

of the swap lines directly because the total limit of the swap lines does not show up

in the reserve holding data and only amounts of swap actually drawn may appear.

As a robustness check, instead of capturing the effects of the swap arrangements in

the regression analysis, I restrict my sample to that from 1996 to 200728 in order

to eliminate the effects of the swap arrangements on the empirical results. Tables

3.10 to 3.12 show that limiting my sample to that prior to the recent crisis doesn’t

change the main empirical results obtained under the full sample.

3.9 Conclusions

In this chapter, I investigate the currency diversification of international

reserves by monetary authorities. I provide the model implications and empirical

27The swap lines between several central banks and the Fed during the recent financial crisis
enabled countries hit by the crisis to set the credit lines of the USD borrowings in exchange of their
domestic currencies, and helped insure themselves against more devastating situations. Especially,
in cases of the ECB and the SNB, the swap lines were not only extended but also eventually became
unlimited.

28The Fed provided liquidity to the interbank market in December 2007, but the effects mainly
should show up in 2008 or later.
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Table 3.4: Robustness check with return correlation (Global Total)
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Table 3.5: Robustness check with return correlation (Industrial Countries)
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Table 3.6: Robustness check with return correlation (Developing Countries)
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Table 3.7: Results for Global Total under sample eliminating 96, 97 and 98
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Table 3.8: Results for Industrial Countries under sample eliminating 96, 97 and 98
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Table 3.9: Results for Developing Countries under sample eliminating 96, 97 and 98
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Table 3.10: Results for Global Total under sample eliminating 08 and 09
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Table 3.11: Results for Industrial Countries under sample eliminating 08 and 09
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Table 3.12: Results for Developing Countries under sample eliminating 08 and 09
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evidence suggesting that monetary authorities diversify their international reserve

currencies by taking into account a tradeoff between the expected excess return and

the anticipated liquidation costs of their outputs and reserves during a sudden stop

crisis. Especially, the monetary authorities in developing countries with relatively

higher reserve GDP ratio and carry costs of holding reserves are willing to chase

returns by diversifying their reserve currencies.

As a final remark, I point out several limitations of this analysis. One lim-

itation is that the reserve currency data are available only in the aggregated mea-

sure for industrial, developing and all countries. Dominguez (2011) and Dominguez,

Hashimoto and Ito (2011) use the new IMF data set, called the IMF Special Data

Dissemination Standard (SDDS) Reserve Template, to estimate interest incomes,

valuation changes and actively managed component of international reserves. How-

ever, the currency break down is still not available. They can only estimate holdings

of each reserve currency by using the COFER data from the IMF, which is the one

I use in this chapter. At this time, it is impossible to break down reserve currency

holding data into further more detailed country-level. Due to this data limitation,

I need to place several limitations on the model setup. I discuss some of the issues

in the Appendix C.

Secondly, the analysis in this chapter cannot explain the level of reserve

holdings and just focuses on the reserve currency shares, given the total reserve

holdings. Industrial countries as well as developing countries pay attention to both

their cost of holding reserves and benefit of self-insurance in case of a crisis. How-
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ever, the amount of reserve holdings by developing countries is much larger than

that by industrial countries.29 Therefore, the comparison of the reserve currency

diversification by industrial countries with that by developing countries is not of the

same order.

Finally, the applicability of the analysis in this chapter to industrial coun-

tries may be skeptical. Especially, industrial countries’ access to quite elastic swap

lines must be one source of the skepticism. Though I made a robustness check on

this issue in the previous section, I was not able to deal with the effects of the swap

lines directly. Another source of the skepticism may be an assumption I made that

industrial countries have higher adjustment costs than developing countries during

the sudden stop crisis. Industrial countries experienced more sluggish recoveries in

terms of their outputs after the recent crises, as Figure 3.5 indicates.30 However, it

is still suspicious for the argument to be true in the other past crisis episodes. Given

the limitations on my analysis mainly coming from the data availability, I may have

to say that the model used in this chapter is more likely to be suitable for developing

countries, not for the high income, OECD countries. Indeed, the Appendix C has a

case study for Chile as a benchmark country, providing several findings consistent

with the analysis in this chapter.

29This may be because industrial countries are subject to several restrictions, such as the trans-
parency of their public asset holdings as well as some political concerns. Since my focus is on the
diversification of the reserve currency, I do not deal with the issues of the level of reserve holdings
and their restrictions.

30Didier, Hevia and Schmukler (2011) study the cross-country incidence of the 2008-2009 global
crisis, and provide evidence suggesting that emerging economies initiated their “earlier and stronger
recover” than they did before as well as than advanced countries did. They also estimate the output
costs of the crisis, which are likely to be higher on average for advanced countries than developing
countries.
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Figure 3.5: Real GDP after financial crises
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Notes  1. The onset of crisis is normalized to t=0 on the horizontal axis.

2. Real GDPs denominated in domestic currencies at the onset of crisis are notmalized 

to 100 on the vertical axis. GDPs of US, Germany and Japan are from the FRED data base.

Other data are from IFS, and the seasonal adjustment is made by X-11 in RATS.

3. Sep 08 (Lehman bankrupcy) is used for the onset of the crisis in the US and Germany.

4. Nov 97 (Sanyo sec bankrupcy causing a default in call market) is used for the onset of

the financial crisis in Japan.

5. July  97 (Asian Crisis) is  used for the onset of the currency crisis in Thailand.

6. Nov 97, Nov 98 and Jan 99 (contagion of Asian Crisis) are used for the onsets of the crises

in Korea, Russia and Brazil, respectively.

7. Nov 94 is used for the onset of the Tequila crisis in Mexico.

8. All GDP data are quarterly, and the quarter including the onset of crisis is chosen as t=0.
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Appendix A

Comparisons of performances among

OLS, Synthetic control and Matching

methods

When the average treatment effect of intervention is estimated, a simple

comparison of the average JPY-USD exchange rate on the days of intervention with

the average JPY-USD exchange rate on the days of no intervention may suffer from

a selection bias; hence, the JPY-USD exchange rate on the days of JPY-selling

intervention is more likely to have appreciated without intervention than did the

JPY-USD exchange rate on the days of no intervention. The JPY-selling interven-

tion is unlikely to be assigned randomly because, for example, the news which may

force the JPY to appreciate (say, a strong economic indicator and policy announce-

ment) can trigger the JPY-selling intervention on the same day. To overcome the
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selection issue, a regression analysis controls for covariates in order to make the

assignment of intervention as independent of the sample selection as possible. With

the same motivation as that of the regression analysis, the matching method, such

as the propensity score matching, also controls for covariates. Angrist and Pischeke

(2009) argue that the difference between the regression and the matching estimates

is of little empirical importance,1 though weighting schemes to calculate the average

treatment effects differ.

The Synthetic control method constructs the control unit by a convex com-

bination of the currencies without intervention. The control unit is determined such

that it can preserve as much characteristics (in terms of predictor variables) of the

treated unit as possible, except for the experience of intervention. The objective is to

make the assignment of intervention independent of the sample selection. Note that

there exist some differences in methodology between the synthetic control and the

propensity score matching. The most important difference is the source of samples

in constructing the treated and the control groups (Figure A.1). In the propensity

score matching, one sample (or, realized series of the JPY-USD exchange rate) is

drawn from one population. The sample is divided into two groups: the treated

and the control groups. Then, the criterion to match the treated to the control

units is based on the estimated propensity scores of foreign exchange intervention;

hence, the control unit with the closest propensity score to that of the treated unit

is searched. On the other hand, in the synthetic control approach, the treated group

1Angrist and Pischeke (2009), p69-70.

129



Figure A.1: The idea of difference between Propensity Score matching and Synthetic
Control method
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(or, realized series of the JPY-USD exchange rate on the days of intervention) is

drawn from one population, while the control group is drawn from several popula-

tions other than that of the treated unit. Then, the synthetic control unit (that is,

the convex combination of the potential currencies) is matched to the treated unit

by choosing appropriate weights on the currencies, such that the characteristics of

the synthetic unit best reproduce those of the treated unit over the control period.

Since by construction the potential control units are not affected by intervention on

the treated unit, the synthetic control unit is unlikely to suffer from the selection

bias.

Another advantage of using the synthetic control method is that it is likely

to create better control units. Abadie et al. (2010) argue that relative to the
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traditional regression methods, the synthetic control method makes explicit 1) the

relative contribution of each control unit to the counterfactual of interest, and 2)

the similarities between the unit affected by intervention and the synthetic control,

in terms of preintervention outcomes and other predictors of postintervention out-

comes. They also argue that because the weights can be restricted to be positive and

sum to one, the synthetic control method provides a safeguard against extrapolation.

Methodologically, the synthetic control method can be seen as a weighted

pooled OLS estimation with restrictions. The restrictions are 1) currency weights

must be positive or zero, and 2) the sum of weights must be one. Abadie et al. (2010)

actually argue that the synthetic control method is an extension of the traditional

linear panel data framework, allowing the effects of unobserved variables on the

outcome to vary over time. More specifically, an unobserved synthetic control unit

Y N
i,t is constructed by the following factor model in Abadie et al. (2010);

Y N
i,t = δt + θtZi + λtµi + εi,t (A.1)

where δt is an unknown common factor with constant factor loadings across curren-

cies. Zi is a vector of observed covariates unaffected by intervention. θt is a vector

of unknown parameters. λt is an unknown common factor with varying factor load-

ings µi across currencies. εi,t is an error term and unobserved transitory shock on

the currency i with zero mean. This factor model is a generalization of the usual

difference-in-difference (fixed effect) model. A difference-in-difference model can be

obtained if λt is constant over time.2 On the other hand, the factor model used
2Then, the time-invariant unobserved confounders can be eliminated by taking time differences.
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in the synthetic control method allows the effects of confounding unobserved char-

acteristics to vary over time. Abadie et al. (2010) show that the synthetic control

method can approximately provide an unbiased estimator of Y N
i,t under the standard

conditions.

Simple pooled OLS results without any restrictions are shown in Table A.1

below. This regression generates an “unrestricted regression-based control unit,” in

a sense that the currency weights have no restrictions: weights can be negative and

not necessarily be summed up to one. Nonetheless, F tests cannot reject the hy-

potheses that the sum of coefficients is one. The first column for the OLS with a

constant term over the 2-year sample period starting from November 2004 shows

that the Norway Krone (NOK), the Great Britain Pound (GBP) and the constant

terms are highly significant. The third column for the OLS with a constant term

over the 3-year sample period starting from June 2004 shows that only a constant

term is statistically significant. The second and fourth columns for the OLS with-

out a constant term over 2- years and 3-years (starting from November and June

2004, respectively), show that the estimated currency weight of the Taiwanese dollar

(TWD) alone has a dominating and statistically significant positive weight. These

findings indicate that the simple pooled OLS does not give robust weights on poten-

tial control currencies in constructing the counterfactual JPY-USD exchange rate

in the absence of intervention.

Comparing the performance of the synthetic control method with that of

the OLS estimation, Figure A.2 shows that the synthetic control method and the
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Table A.1: OLS Estimation Results

ols 2 ols 2 nocons ols 3 ols 3 nocons
VARIABLES d jpy d jpy d jpy d jpy
d cad 0.143 -0.180 0.147 0.088

(0.155) (0.193) (0.128) (0.142)
d twd 0.192 0.757** 0.250 0.910***

(0.250) (0.300) (0.342) (0.272)
d dkk -3.323* -2.424 0.128 0.854

(1.533) (2.241) (1.770) (1.969)
d eur 2.606* 2.095 -0.005 -0.037

(1.204) (1.769) (1.512) (1.702)
d hkd 2.360 4.806 -0.875 2.769

(2.647) (3.800) (2.657) (2.584)
d krw 0.057 -0.443 0.140 -0.472*

(0.244) (0.307) (0.312) (0.243)
d mxn 0.051 -0.104 -0.096 -0.172

(0.137) (0.194) (0.176) (0.196)
d nok 0.648** 0.109 0.204 -0.235

(0.234) (0.280) (0.273) (0.248)
d sgd 0.538 0.161 0.249 0.182

(0.464) (0.670) (0.384) (0.431)
d sek 0.252 0.330 -0.306 -0.466

(0.334) (0.493) (0.298) (0.329)
d chf -0.699 0.268 0.356 0.661

(0.574) (0.764) (0.402) (0.435)
d gbp 1.101*** 0.238 0.038 -0.260

(0.336) (0.373) (0.288) (0.300)
Constant 2.726*** 1.768**

(0.699) (0.650)
Observations 24 24 36 36
R-squared 0.953 0.897 0.797 0.751

*** p<0.01, ** p<0.05, * p<0.1
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simple unrestricted OLS with a constant term track well the actual treated JPY-USD

exchange rate over the 3-year control period starting from June 2004. Projecting

backward using the estimated coefficients, the control units constructed by the OLS

regression with a constant are likely to lie above the synthetic control units over

the treatment period; hence, the OLS regression with a constant tends to estimate

larger depreciation rates in the absence of intervention than does the synthetic

control method. Figure A.3 shows that the average treatment effects estimated by

the synthetic control method is somewhere between those by the OLS regressions

with and without a constant.

Figure A.2: Comparison of performances between OLS and Synthetic Control
method
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Figure A.3: Comparison of Average Treatment Effects among OLS and Synthetic
Control method (3-year optimized)
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Appendix B

Some caveats to the Synthetic Control

In the section 1.5 for empirical results, the ideal experiment requires that

the control period without intervention should have similar characteristics to those of

the treatment period. In addition to this criterion, the control period for estimating

the synthetic control units has been chosen, such that the economic structure is

supposed to be stable in terms of stable currency weights for the potential control

currencies, as well as no intervention by monetary authorities. Then, I just gave an

eye-ball search to find these control periods. Looking at the periods chosen closely,

market participants were highly likely to anticipate intervention, but the Japanese

monetary authority did not intervene.1 2 3 Since careful attentions paid by market

1Though expectations cannot be observed, anecdote provides some evidence suggesting that
market participants probably anticipated intervention. Several market news vendors, such as the
Reuter and the Bloomberg, reported a possibility of intervention into markets whenever the JPY
appreciated sharply.

2Intervention in September 2010 seems to have been surprising to market participants, and can
be a better candidate for an exogenous treatment. However, this treatment cannot be properly
evaluated by the synthetic control method, since there is no stable control period available due to
the recent financial crisis.

3Another good case study can be the Euro after the introduction. The European Central Bank
intervened into foreign exchange markets coordinately with other central banks in September 2000,
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participants to search for a signal of JPY-selling intervention can cause some bias

toward a depreciation of JPY, the estimated treatment effects of intervention may be

a “lower bound” of the true effects. On the other hand, the expectation of investors

on intervention may help alleviate some criticism based on the Lucas critique. Since

market participants are likely to have expected the Japanese monetary authority to

intervene during both the control and the treatment periods, the optimal currency

weights reflect the common expectation of intervention.

It may also be suspicious why the Japanese monetary authority stopped

intervening into foreign exchange markets in the middle of March 2004. If some im-

portant changes had occurred in the Japanese economy and forced the authority to

stop intervening, there should have been a break between the control and treatment

periods. It would violate my assumption that the relationship between the potential

control currencies and the JPY-USD exchange rate was stable. To see the similarity

of the Japanese economic environment during and after the large-scale intervention,

Figure B.1 shows the CPI differential and short-term interest rate spread after 2000.

The CPI differentials were stably negative over the treatment and the control peri-

ods, and the JPY-selling intervention didn’t fuel inflationary expectations.4 On the

other hand, short-term interest rate spreads between Japan and the US widened

over the control period. The reason is the Federal Reserve started raising the fed-

and fought against a sharp depreciation of the Euro. The coordinated intervention seems to have
worked, and this case is left for a future research.

4Gerlach et al (2011) run a VAR analysis of the Japanese nominal effective exchange rate, the
import prices and the CPI from 1990 to the end of 2002, and show that the exchange rate has no
significant effect on domestic prices. This result implies that foreign exchange intervention is not
likely to affect the CPI through the import prices.
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eral fund rate since June 2004. Though market conditions may have been different

between the control and the treatment periods, the expansion of short-term spread

was not due to the factor specific to Japan. Since the US factor is common across all

currency pairs with the USD, it is likely to be offset by taking differences between

the treated and the synthetic control units when the treatment effects of intervention

are estimated. Furthermore, to see whether the Japanese foreign exchange interven-

tion may have affected the future economic outlook of market participants, Figure

B.2 shows statistics of consumers’ and enterprises’ confidential surveys.5 The data

show that both consumers’ and firms’ sentiments were on the trend of recovery over

my sample period (from January 2003 to 2004 March as a large-scale intervention

period and after April 2004 as a post intervention period). Finally, the business

cycle dating traced by the shadowed areas in Figure B.2 also shows that my sample

period was on the same recovery phase, though the signs of the recovery reflected in

data became much clearer in the post intervention period. Judging from these facts,

the characteristics of the treatment period from January 2003 to 2004 March are

not so different from those of the control periods (3 or 2 years starting from June

and November 2004, respectively) in terms of economic environments. Therefore,

it is likely to be appropriate to use my sample period for evaluating the effect of

intervention on the JPY-USD exchange rate.

5Consumers’ confidence is from “Consumer Confidence Survey covering all of Japan” by the
Cabinet office, while firm sentiment data is from “Tankan” by the Bank of Japan.
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Figure B.1: Japanese CPI and Short-term interest rate spreads
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Figure B.2: Japanese Consumers’ and Enterprises’ confidence
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Appendix C

The case study for Chile

The model described in the section 3.3 treats the USD as a safe and risk-

free currency, and all variables are denominated in the USD. Then, I simply assume

that monetary authorities borrow their international reserves (exogenously given)

in the USD and diversify their reserves away from the USD into the EUR through

foreign exchange intervention. This assumption means that I focus on the valu-

ation change in the foreign “asset” holdings by monetary authorities, and ignore

the change in the value of their gross “liabilities,” mainly caused by the fluctuation

of exchange rates against the USD. However, in reality, many monetary authori-

ties borrow in domestic financial markets by issuing short-term bonds denominated

in their domestic currencies before intervening into the foreign exchange markets.

Then, they accumulate foreign exchange reserves by exchanging the domestic cur-

rencies into foreign currencies though foreign exchange intervention. The currency

diversification of their international reserve holdings is the final step by converting
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the currency purchased through their intervention into another currency with an

expected higher return. In this actual procedure, valuation changes on both asset

and liability sides of monetary authorities’ balance sheets matter. Considering the

valuation change on the asset side alone is not sufficient.1 However, due to the data

limitation in a sense that the data set of individual countries’ reserve currency com-

positions cannot be available, my empirical analyses need to focus on the asset side

only. Specifically I cannot find a proxy of domestic currency-denominated borrow-

ing costs common across all countries. Therefore, there is no way to construct the

empirical counterparts of the model with the domestic financial market financing

intervention.2

In order to avoid the arguments associated with the valuation change in

gross liabilities of monetary authorities, this appendix provides a case study. My

focus is on Chile as a benchmark case. Chile is the largest producer of copper in the

world and can accumulate its international reserves through the export revenues.3

Hence, the Chilean monetary authority does not have to rely on the domestic funding
1Instead of the gross foreign asset holdings by monetary authorities, I may have to focus on

the valuation change of the “net” international reserve holdings in order to take into account the
valuation change in the gross liabilities.

2In the section 3.4 for the simulation exercises, on the other hand, I can take into account the
higher borrowing costs in developing counties. I actually impose their carry costs of international
reserve holdings. I use a SDR-denominated short-term interest return of each currency to capture
both short-term bond and currency returns. When monetary authorities are faced with higher
domestic borrowing costs, they are more likely to chase anticipated high returns of other reserve
currencies. Furthermore, when their domestic currencies are on the appreciating trend, fear of
depreciation of one reserve currency may induce monetary authorities to diversify more reserves
into other currencies, since they incur higher carry costs of holding reserves in terms of their
domestic currencies.

3The Chilean monetary authority accumulated part of reserves in the sovereign wealth fund
(called the Copper Fund, later transformed into the FEES since 2006) when the copper price rose
and its terms of trade improved, and liberated the reserve assets when the copper prices collapsed.
The case study of the Chilean sovereign wealth fund is detailed in Aizenman, Edwards and Riera-
Crichton (2011).
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to accumulate its international reserves, and I can ignore both the funding cost of

holding reserves and the valuation change of foreign liabilities. Moreover, given the

significant share of the USD-denominated borrowing by the private sector in Chile,

the central bank should pay much attention to the possibility of a sudden stop crisis.

In this sense, Chile can be a good benchmark country which is well represented by

the theoretical and empirical model in this paper. Chile is also a unique country who

releases the information on its reserve currency holdings, though such information is

usually confidential. Figure C.1 shows the amount of international reserves held by

the Chilean authority (bar chart) and the currency shares (line charts). The Chilean

monetary authority has diversified its international reserve currencies away from the

USD into the EUR aggressively for the last 10 years. To see the determinants of its

international reserve currency diversification, I run the panel regressions similar to

those in the section 3.7. The reserve currency data are available since 1998 4Q, and

the sample is annual from 1998 to 2009. Because much fluctuation of the Sovereign

spread index is lost in this sample period as one of the robustness checks in the

section 3.8 shows, I drop the Sovereign spread index from the covariates. Instead,

since I can control for the opportunity costs of holding reserves explicitly in this case

study, I include the short-term interest rate (op−costt) in Chile from the OECD,

“Main Economic Indicators.” Due to no data availability of the currency shares of

goods and assets trading between the Chile and other countries as far as I know, I

use the same proxies for goods and asset trading currency shares as those for the

aggregated data in the chapter 3. Finally, since the Chilean monetary authority
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didn’t hold the Japanese yen (JPY) as its international reserves in 2004, 2007 and

2009, I simply drop these 3 data points for the JPY, though this treatment may

cause a selection bias.

Figure C.1: Currency share of international reserve for Chile
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Table C.1 shows the results. My focus is on the fourth column as before,

which eliminates the direct effects of the return and self-insurance motives. The

coefficient of Debt is a significant determinant, and the expansion of the usage of

the Euro in the international bond markets can partially explain an increase in the

share of the EUR in Chilean international reserve holdings. Moreover, as a crisis in

industrial countries, especially in the US, is more likely as the Vix index implies, the

Chilean monetary authority is more willing to hold the GBP. However, the other
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covariates, especially the proxy of the return chasing, the constant, and lag of the de-

pendent variable representing the historical dependence of the currency shares, have

signs inconsistent with the model. To consider the currency-specific coefficients of

the opportunity costs and return chasing behavior, I next add the interaction terms

with currency indicator variables. The fifth column for the augmented panel regres-

sion shows two results worth mentioning. As the opportunity cost is higher, the

Chilean monetary authority is likely to increase holdings of currencies other than

the USD. The Chile is the largest producer of the copper in the world and can build

the international reserve by using the export revenues. Nonetheless, the Chilean

monetary authority pays attention to the opportunity cost of holding reserves, and

the higher cost induces it to hold currencies with anticipated high excess returns.

This finding is consistent with the one emphasizing on the importance of the carry

costs in the chapter 3. Moreover, though the coefficient of the interaction term

of the return chasing with the lagged ratio of the reserve currency to GDP is still

negative for the USD (Return−R/Y (−1)) and the JPY (Return−R/Y (−1)−JPY ),

the positive coefficient on the GBP (Return−R/Y (−1)−GBP ) indicates that the

holdings of the GBP-denominated reserves are more likely to increase as the GBP

return becomes higher. According to Banco Central de Chile (2011), which has

the detailed explanation of its reserve investment strategies, the Chilean monetary

authority actually diversifies its international reserves into several currencies as well

as the major 4 currencies (USD, EUR, JPY and GBP). Interestingly, the Chilean

monetary authority holds the Chinese yuan as international reserves, though the
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share is only a tiny fraction (0.3 percent of its internally managed portfolio). Hold-

ing the Chinese yuan, which has less liquidity and cannot be used in the case of a

sudden stop, is purely investment-oriented and intended to earn higher excess re-

turns. Though the return chasing behavior by the Chilean monetary authority is

not so significant in the panel regression, probably due to the small sample problem,

this case study for Chile suggests that sufficiently high expected returns of curren-

cies even with the limited liquidity are more likely to attract the investment from

the active monetary authorities, providing a positive support on the return chasing

behavior by the emerging country central banks.
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Table C.1: Results for Chile
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