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“It was quite a paradox that a country with Japan’s level of public sector
debt turned into a haven in a global market storm, but that was the case in
the first quarter of 2016. The sharp appreciation of the yen against the dollar,
despite negative policy interest rates, reversed the normal currency market laws

of gravity.” — Financial Times, April 6, 2016

1. Introduction It is believed that rising currencies are associated with a low debt-to-
gross domestic product (hereafter, GDP) ratio. As of 2016, the Swiss franc is an example
of a currency that is likely to remain well supported due to the low debt-to-GDP ratio of
34.40. As for the national debt of Japan, it has continued to grow since the early 1990s
and reached more than twice the annual GDP of Japan (see Figure 1). In the continued
expansionary fiscal policy, since 1999, the Bank of Japan (hereafter, BOJ) has developed
its so-called unconventional monetary policy by setting short-term nominal interest rates
to almost 0%. Until the European debt crisis in 2009-2012 led to negative interest rates in
Swiss and northern European countries closely linked to the Euro, nominal interest rates in
Japan have continued to stay at the lowest level since the late 1990s. In the coexistence of
the huge national debt and the extremely low nominal interest rates in Japan, the Japanese
yen has been regarded, not only as one of the most useful funding currencies, but also as
one of the safest haven currencies during risk-off periods.

Rogoff and Tashiro (2015) empirically demonstrated that while the yen has enjoyed
the safe haven effect, albeit with its sharp appreciation in a financial turmoil, Japan has
received highly positive excess returns as the world’s largest creditor nation in the extremely
low interest rate period since the late 1990s. They conceptualized such bright side of the
creditor nation as “Japan’s exorbitant privilege”, while stating that Japan simultaneously
has played a critical role in providing its safe haven currency with sharp appreciation during
risk-off periods.! In this paper, we propose a risk-based model of exchange rate and then

empirically examine why and how the yen sharply appreciates as the safest haven currency

1 'We can observe that the yen sharply appreciated in accordance with the increase in global financial
risks and after disaster shocks, for example, induced by the bankruptcy of Lehman Brothers in September
2008, the Tohoku earthquake in March 2011, the concern about China’s economic slowdown in August
2015, the Brexit in June 2016, and the concern about the Italian banking problem in July 2016.



in a financial turmoil, whereas Japan receives positive excess returns for the extremely low
interest rate period, albeit its huge natinal debt.

The risk-based view of exchange rate determination focuses on determination of cur-
rency risk premiums in currency carry trading. This analytical framework of currency risk
premiums pays attention to each country’s exposure to the common global financial risk,
or the carry trade risk. From this analytical view, Lusting et al. (2011) empirically demon-
strated that exchange rates are determined systematically depending on each country’s
exposure to the common global financial risk. Following this finding, previous literature
has attempted to explain why the countries’ exposures are different in terms of country’s
economic scale, policy preferences of currency authorities, and global economic disaster
shocks.

Martin (2011) and Hassan (2013) proposed theoretical models in which a super power
with larger nontradable sectors utilizes more risk diversification than a small power with
smaller nontradable sectors; thus, the super power receives more positive currency risk
premiums in compensation for its exposing more to the global financial risk. Given that
the economic scale of Japan (and also Swiss) is smaller than that of the U.S. and the EU.,
however, this story cannot well explain why the Japanese yen (and also the Swiss Franc)
earns more highly positive currency risk premiums in currency carry trading.

Backus et al. (2013) provided other theoretical explanation in which a central bank’s
preference subject to the Taylor rule is the key determination of currency risk premiums.
More concretely, if a central bank pays more attention to inflation in the Taylor rule,
nominal interest rates would stay at low levels and consequently, a positive currency risk
premium is generated. However, this model is not valid for explaining why the yen appre-
ciates during risk-off periods because the Taylor rule cannot explain the behavior of the
Bank of Japan (hereafter, BOJ) facing the zero lower bound since the late 1990s.

Gourio et al. (2013) and Fahri and Gabaix (2016) offered the most insightful approach
to elucidate why the yen earns highly positive currency risk premiums from foreign invest-
ment among currencies of developed countries. Their real business cycle models introduced
a global volatility risk as an economic disaster that leads to collapse in each country’s fun-

damental. Their approach opens the path to examine the mechanism in which a particular



currency receives risk premiums in response to the disaster shock. However, because their
theoretical models did not explain what economic structure in each country makes coun-
tries’ exposures to the disaster risks differentiated, we cannot make straightforward use of
their model to investigate the key determinant of risk premiums of the Japanese yen.

These previous research indeed suggests that countries’ exposures to the common global
financial risk could be attributed to some kind of difference in economic structure of each
country; however, it cannot answer our question of why Japan earns most highly positive
currency risk premiums among developed countries during risk-off periods, because it did
not specify the key driver, that could induce the difference in Japan’s and other countries’
exposures to the common global risk, from among differences in their economic structure. In
this paper, we focus on the difference in risk aversion of Japanese and foreign investors, each
facing common global risks such as global economic recession and the increase in global
financial-market volatility. Thus, we attempt to explain why the Japanese yen sharply
appreciates during risk-off periods, while it depreciates during risk-on periods.

Our analysis of the Japanese yen in terms of different risk aversions also contributes to
understanding the forward discount puzzle, which interest rate differentials between domes-
tic and foreign currencies are positively associated with excess returns from investment on
the foreign currency.> Verdelhan (2013) ran Fama regression for 13 currencies of developed
countries, and his estimation results suggest that the forward discount puzzle is the most
severe in the Japanese yen to US dollar exchange rate. This is consistent with the finding of
Fahri et al. (2014) that the Japanese yen is the currency that has the most highly negative
(positive) currency risk premium for foreign (Japanese) investors. Our theoretical model
to explain the yen’s currency risk premiums also can produce the forward discount puzzle.

Our theoretical model focuses on the difference in Japanese and foreign investors’ risk
aversion as a source of Japan’s excess returns and the currency risk premium of the yen.
Hence, our empirical strategy is to establish the difference in Japanese and foreign investors’

risk aversion. To this end, we adopt the following estimation method.

2 The forward discount puzzle has been explained in terms of the habit formation (Verdelhan (2010)),
heterogeneity in investors (Alvarez et al. (2009), Bacchetta and van Wincoop (2010)), country’s economic
scale (Martin (2011) and Hassan (2013)), the long-run risks (Bansal and Shaliastovich (2013)), and the
economic disaster risks (Gourio et al. (2013) and Fahri and Gabaix (2014)).



2. A Risk-based Model of Exchange Rate As discussed above, Rogoff and Tashiro
(2015) showed that Japan would earn an average excess return on foreign bonds at an
annual rate of 0.99% from 1996 to 2015 and thereby they stated the average excess return
as “Japan’s exobitant privilage”. In this section, we consider what duty Japan undertakes
in compensation for the Japan’s exorbitant privilege, in particular, in terms of the issue of
why the yen becomes a haven asset in the increase in global financial risks. To this end,

we propose a simple risk-based model of exchange rate. 3

2.1. Carry Trade Risk and Excess Currency Return Until negative interest rates
emerged in Swiss and northern European countries closely linked to the Euro after the
European debt crisis in 2009-2012, nominal interest rates in Japan continued to stay at
the lowest level in the world from the late 1990s. Accordingly, the Japanese yen has been
regarded as one of the most useful funding currency for currency carry trading and it is
well known that the yen drastically appreciated in risk-off periods.* In order to explain
why the yen appreciates (depreciates) in risk-off (risk-on) periods, we focus on the carry
trade risk in the global currency market and thus the currency risk premium. By doing so,
we provide a simple model of the currency risk premium.?

For simplicity, we assume that two countries-home (Japan) and foreign countries—
produce only nontradable goods and consume them; that is, the two countries do not
trade goods, and consumers in each country have a perfect home bias. This implies that a
real exchange rate is determined as the relative price of the nontradable goods in each coun-
try. © On the other hand, the international capital market is complete and hence investors
in the two countries carry out financial transactions through currency carry trading.

Through the following theoretical analysis, we use a superscript * to denote a foreign

variable. R, and R; denote risk-free gross real interest rates and (), is the real exchange

3 See Lusting and Verdelhan (2012) and Engle (2014) for theoretical surveys on the risk-based model of
exchange rate.

4 The yen appreciated in accordance with the increase in global risks, for example, induced by the
bankruptcy of Lehman Brothers in September 2008, the concern about China’s economic slowdown in
August 2015, the Brexit in June 2016, and the concern about the Italian banking problem in July 2016.

5 See Lusting et al. (2011) for the carry trade risk in the currency market.

6 This assumption of the perfect home bias is not necessarily unreasonable because real exchange rates
depend much on the relative prices of nontradable goods (see Fahri and Gabaix (2016)).

4



rates defined as domestic good per foreign good. M;;; and M/, ;) denote the stochastic
discount factor (hereafter, SDF) of the domestic and foreign investors: the marginal rate of
intertemporal substitution in consumption of each country. Thus, investor’s intertemporal
optimization and arbitrage trading make the following three conditions satisfied in the

international complete market:

Et[Mt+1Rt] - ]-7 (]')
E; [Mt*—i-lR:] = 1 (2)
Qt-i—l _ Mt*—l—l (3)

Qt MH—l ’

where E|-| denotes the expectation operator. Equations (1) and (2) indicate the Euler
condition for consumptions of the domestic and foreign countries. Equation (3) is the no-
arbitrage condition for contingent claims in the international complete market.” If we have
the SDF, we can obtain the three asset price, R, R*, (), from the three conditions. Note
that we define the change in nominal exchange rates in a similar fashion, using the ratio of
two nominal pricing kernels.

We use a lower case variable to denote the natural logarithm of the corresponding
uppercase variable (for example, r = log R), and we use A to denote the first difference
operator as AX;; = X1 — X Thus, we can transform equations (1)-(3) as in the

following;:

Ty = —Emig] — L(My), (4)
ri = —Emi,] — L(M,), (5)
Agr = m:ﬂ — My1- (6)

L(-) is an uncertainty measure called as the “entropy”, which measures the randomness
and volatility of a stochastic variable (see e.g. Alvarez and Jermann (2005), Backus et

al. (2014) and Campbell (2014) for the application of the entropy to asset pricing). The

7 Chari et al. (2002) derived the three conditions by specifying money and contingent claims in modeling
a household optimization problem. Burnside and Graveline (2012) demonstrated that equation (3) is not
satisfied in an incomplete market.



entropy of the domestic investor’s SDF is defined as follows:
L(Mt+1> = log Et[Mt—l—l] — Et[log Mt+1] > 0. (7)

The increase in the entropy is ascribed to the increase in the randomness and volatility of

the SDF: the uncertainty about future consumption facing by the domestic investor.® We

can also define the entropy of the foreign investor’s SDF, L(M ), in the same manner.
Thus, we can derive the excess return of the domestic investor from investment on

foreign bonds using the entropy:
rpy = 7‘: + Et[Aqt+1] — Tt = L(Mt_;,_l) — L(M:_,’_l) (8)

This shows that the excess return from foreign investment equals to the currency risk
premium paid for investor’s risk taking in carry trading (the first equality), and the ex-
cess return is represented as a difference in the entropy, or the uncertainty about future
consumption, faced by the domestic and foreign investors (the second equality). In other
words, the excess return and the currency risk premium is ascribed to how differently the
domestic and foreign investors evaluate the uncertainty about their future consumption
expressed in the entropy.

Now, let us assume that the home and foreign countries face the increase in a common
global risk such as global economic recession and the increase in global financial-market
volatility, and consider the issue of how the excess return responds to the increase in the
global risk. We also assume that investors of carry trading take short positions of a lower
interest rate currency and long positions of a higher interest rate currency. In this setting, if
the relative risk aversion of the domestic investor is larger than that of the foreign investor,
the entropy of the home country, L(M;y1), would become larger than that of the foreign
country, L(M;,,), in response to the increase in the global risk.

This is because the relative risk aversion determines variability in investor’s future

8 The logarithmic function log(-) is a strictly concave function; hence, from Jensen’s inequality, we can
show that the entropy L(-) takes a positive value as far as the SDF does not degenerate to one number.
Alvarez and Jermann (2005) and Backus et al. (2014) focused on the entropy as a uncertainty measure
defining the upper bound of an expected excess return on a risk asset.



marginal utility with respect to one-percent future change in consumption and hence the
domestic investor’s SDF, M, increases more that the foreign investor’s SDF, M}, does
because change in the SDF reflects change in investor’s future marginal utility. The domes-
tic investor therefore receives a positive excess return and a positive currency risk premium
in response to the increase in the global risk if she is more risk averse than her foreign
counterpart. This insight does not depend on the functional form of investor’s preference,
but we formalize below this insight through developing the above theoretical model with

the recursive preference suggested in Epstein and Zin (1989; 1991).

2.2.  Global Risk and Risk Aversion Without specifying households’, or investors’,
preference, we have described that the domestic investor would obtain a positive excess
return on foreign bonds if she is more risk averse than the foreign investor in risk-off
periods. In this subsection, we extend the theoretical model introduced above using the
recursive preference and thereby analyze whether or how Japan’s larger risk aversion can

induce the following characteristics of the Japanese yen as a low interest rate currency:

1. the Japanese yen earns positive currency excess returns on foreign bonds, as demon-

strated in Rogoff and Tashiro (2015),

2. the yen is more likely to sharply appreciate as a haven asset in global financial turmoil,

while it is more likely to depreciate in global financial stability.

We assume that the utility of home and foreign households follows the recursive prefer-
ences suggested in Epstein and Zin (1989; 1991) and the growth rate of home consumption,

g:, follows the stochastic process:

Gi+1 = g — UuUtl/2Ut+1 (9 >0,0,>0), 9)

Vy1 = VA oW (v > 0,0, >0), (10)

where w41, w41 ~ 4.4.d N(0,1).2 In equation (9), us; indicates the global recession shock

arising at time ¢ + 1. In equation (9), v;+1 and wyy indicate the global financial-market

9 Even if we incorporate autoregressive terms for g; 1 1 and v, into equations (9) and (10), our theoretical
conclusion does not change. Bansal and Yaron (2004), Colacito and Corse (2011), Bansal et al. (2012),
and Bansal and Shaliastovich (2013)



volatility and the global volatility shock at time t+41, respectively. Hence, the two equations
show that the domestic country is exposed to the global recession risk auvtl / QutH, in which
the global recession shock wu;,; increases through a given global volatility Utl /210 The
growth rate of foreign consumption, g;, can be describe in the same manner. Thus, under
the assumption that the domestic investor evaluates the global recession risk auvtl / 2ut+1

and the global volatility risk o,w;, we obtain the following SDF in the home country:

Et[mt+1] = —Moy— )\uEt[Uu(Ut)l/2ut+1]2 - )‘wEt[wat+1]2a (11)

mey — Efmi] = 0u0u(0)Pusgs + Ouwowwi i, (12)
where each parameter is defined as follows:

my = ~logfi—¢7g>0, (19
M= 0T == =0 > 167, (14)
0, = 7, (16)
b = (67 = NAo= Jh(p™ =)= 7)ot >0 7> 1567 a7)

1 1
Ay = 5(¢—1 — N1 =)(A2)* >0 if y>1>¢"", where Ay = k(1= v)o2, (15)

where (3, v, and ¢ denote the discount factor, the relative risk aversion coefficient, and the
elasticity of the intertemporal substitution in consumption, respectively. We suppose that
the relative risk aversion coefficient, v, is larger than the elasticity of the intertemporal
substitution in consumption, ¢, and both the parameters are larger than one, indicating

| denotes

that the domestic household prefers dispelling uncertainly as soon as possible.
a parameter for the linear approximation of the utility function with the recursive preference

(see Hansen et al. (2008), Backus et al. (2013) and Backus et al. (2014)). Note that

10 When the global volatility shock w; follows the normal distribution, the global volatility v; does not
necessarily take a positive value. However, as shown in Backus et al. (2014), it does not essentially matter
whether the global volatility takes positive or negative values in deriving our theoretical implications below.
We proceed theoretical analysis by assuming that v; takes a positive value for simplicity. In contrast to
our analysis, Bansal and Shaliastovich (2013) assume v; follows the gamma distribution and v; does not
takes any negative values.

11 Bansal et al. (2012) Bansal and Shaliastovich (2013)



parameters \,, Ay, 0, and 6,,, which is the so-called factor loading, depend on the relative
risk aversion coefficient ~.

A and A, in equation (11) is the “market price of risk”. The market price of risk
measures how negatively the domestic investor evaluates the global recession risk auvtl / QutH
and the global volatility risk o,w; because the two global risks decrease her future marginal
utility and thus decrease the SDF. Equation (14) shows to what extent that the realization
of the two global risk at time ¢4 1 increases investor’s marginal utility and SDF at that time
because of the resolution of uncertainty. The above analysis for the SDF is also applicable
to the foreign investor.

Supposing that all variables are i.i.d log-normally distributed, we can simplify the en-

tropy L(M,,1) as:
L(Myy1) = log Eilexp myy1] — Eymeya] = (1/2)Var[myy]. (18)
Hence, we can write out the entropy in our setting as follows:
L(Mir) = SAuElou(w) Pucnl? + ShuElowunn] (19)

Using equation (11), we can derive the following closed form of equation for the currency

excess return on foreign bonds, or the currency risk premium:

e = i+ EfAqa] — 1y,

1 1
= 5(93 — 02 Ei[ou(v)Pup ) + 5(9120 — 0:5) Eilowwen]”. (20)

This shows how the difference between the home and foreign countries’ risk aversions pro-
duces the difference between the home and foreign countries’ exposures to the global eco-
nomic fluctuation. If the domestic investor is more risk averse than the foreign investor, it
follows that 62 — 672 > 0 and 6% — 62 > 0; thus the domestic investor receives a positive
currency excess return from foreign investment as the global recession and volatility are

expected to be imminent.



From no-arbitrage condition (3) and equation (12), we have the following equation for

exchange rate dynamics:
At — Bi[Aqu] = (0 — 02)0u(v0) 2t + (0, — 02) 000,41 (21)

This shows that if the domestic investor is more risk averse than the foreign investor, the
exchange rate unexpectedly appreciates in response to the global recession and volatility
shocks. We can infer that Japan’s larger risk aversion is responsible for granting the
Japanese yen the status of a haven currency, particularly, during global recession and
financial turmoil.

The spread between the domestic and foreign real interest rates, which is a key driver

of currency carry trading, is given by:

rf =1 = {0u(7) = 0u(v)} Erlou(ve) Pupn] — {8u(7) = 0u(v")} Bilow(wer)?, (22)

where parameters d,(7y) and d,,(7) are determined depending on the relative risk aversion

coefficient, v, in the following:

02

5u0) = Z-d=3{1+7 -1} >0, ) >0 (23)
s = B =L - e s 0 (24

where Ay = k(1 — v)o2 and 6,(y) > 0 for v > 1. This equation implies that the real
interest rate in the home country with higher risk aversion becomes lower than that in the
foreign country with lower risk aversion in response to the increase in the global recession
and volatility risks. Accordingly, from equation (20), we can see that the low interest
rate country, which is the home country with higher risk aversion, receives positive excess

currency returns, as the global economy is expected to become unstable.

2.3. Imsight on Japan’s Exorbitant Duty and Privilege Our simple model shows
that if the domestic investor is more risk averse than the foreign investor, she receives

positive excess currency returns on foreign bonds, while the exchange rate appreciates,

10



during the period when global recession and volatility become severe. The backdrop of this
process is that the increase in global recession and volatility risks induces increasing the
market price of risk, A\, and A, in equation (11), due to larger variability in the marginal
utility and the SDF of the domestic investor with larger relative aversion (see equations
(8) and (18)). Such increase in the market price of risk leads to buying the home currency
and selling the foreign currency.

The insight of our model into Japan’s excess returns from foreign investment and the
dynamics of the yen is that Japan’s risk aversion plays the critical role in determining
them. According to our model, Japan’s larger risk aversion would be responsible for the
Japanese yen’s status of a haven currency during global recession and financial turmoil.
Japanese economy experienced a banking crisis in the late 1990s, and since then it has
faced a continuing stagnation and a pressure to reconstruct bank and firm balance sheets.
If the stagnation since the late 1990s increase Japan’s risk aversion, such increase in its
risk aversion would make the yen one of the most utilized low interest rate currencies for
the currency carry trading (see equation (22)). As a consequence, Japan has received
positive excess returns on foreign investment since the late 1990s, and the yen has has the
characteristic that makes it appreciate during global recession and financial turmoil.?

Therefore, due to Japan’s larger risk aversion, the international currency market would
require Japan playing a role in becoming a provider of a haven asset during global recession
and financial turmoil. This role would be “Japan’s exorbitant duty”, as pointed out by
Gouricnhas et al. (2010), while the reward of this duty would be “Japan’s exorbitant
privilege”, as pointed out by Rogoff and Tashiro (2015). In the next section, we will

empirically examine the theoretical implication derived in this section.
3. Empirical Analysis
3.1. Proxies for Global Risk and Risk Aversion

3.2. Impulse Response of The Yen to Global Financial Shock

12 More precisely, the yen has a cycle in which it appreciates during global recession and financial turmoil,
while it depreciates during global booming and financial stability, due to Japan’s relatively larger risk
aversion.

11



3.3. Global Risk and Japan’s Exorbitant Duty
4. Conclusions

Appendix I: Procedure for Deriving the Stochastic Discount Factor In this
appendix, we explain a procedure for deriving the closed form of the SDF discussed in
subsection 2.2. We assume that the home and foreign households have the same utility

function except for a risk aversion coefficient:

U, = {(1= B0 4 Blu(Uia) ) (A-1)

(Vi) = (B0} (A-2)

where 3 denotes the subjective discount factor and C; denotes consumption. Equation
(A-2) describes the certainty equivalence of the expected utility. 7 denotes the relative
risk aversion parameter and ¢ denotes the elasticity of the intertemporal substitution in

consumption. Thus, the SDF is given by:

Cit —1/¢< U >1/¢—v
=Gty (LG )T *3
e =0 Cy Mt(Utﬂ) ( )

The difference in the SDFs of the home and foreign households only lies in the risk aversion
parameter 7.
We prepare for the ratio of the utility to consumption as Z; = U;/Cy and then define

the following variable:

xy =log pu {(Cis1/Ch) Zpsa} = (1 — )~ log Eyfexp (1 — ) (grs1 + 241)]- (A-4)

Thus, following Hansen et al. (2008), Backus et al. (2013) and Backus et al. (2014), we
can derive a linear approximation of the household recursive utility expressed in equations

(A-1) and (A-2) as follows:

2z~ 2o+ kxy (0 <k <1), (A-5)

12



where parameters z; and k are not dependent on the risk aversion parameter . The

logarithmic transformation of the SDF in equation (A-3) can be expressed in the following:

M1 =log B — & girr + (671 — ) (gear + 2601 — T0). (A-6)

Thus, we below express the SDF as a linear function of an underlying risk factor. To this
end, we seek a guess solution of the utility-consumption ratio z; in the following function

of a state variable v;:
2t = Al + AQ'Ut. (A—?)

We substitute this equation into equation (A-4) and then, given equations (9) and (10), we

have the following equation:

—_

vy = Eyfgi + zea] + 5 (1 =) Vargge + 2e44]

N}

= (g+ A1+ Av) + %(1 i) {Uivt + (A2)2<7120} : (A-8)

We substitute this equation into equation (A-5). Thus, by comparing the resultant equation

with equation (A-7), we have equations for A; and As:

1
A = 1=k 2+k(Q—k) g+ A+ 5(1 — ) (Aj0n], (A-9)
1
Ay = 5k(1 — 7)o (A-10)
Given that g1 + ze41 — Filgis1 + ze1] = —0u(v) w1 + Asopwii1, we can derive the

expectation of the SDF in equation (A-6) as equation (11) in the maintext.

Appendix II: Computing Proxies for Global Risk and Relative Risk Aversion
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