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Abstract

It is well known that the uncovered interest parity conditaibes not hold em-
pirically, implying that investments in high-interesteaturrencies in foreign cur-
rency markets result in a positive expected excess retuendelhan (2010) suc-
cessfully explains this phenomenon by referring to exogsrmnsumption pro-
cesses and external habit formation. In this paper, | exténdchodel by using an
international real business cycle model (Backus, Kehog Kaymlland 1994) with
internal habit formation. When the production-based sastib discount factor is
used, this benchmark model, driven by total factor progitgtiaccounts for this
empirical evidence as well.
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1 Introduction

The termcurrency carry tradeaefers to an investment strategy in foreign exchange
markets in which an investor borrows from a low-interestency, such as the Japanese
yen, and uses the funds to invest in a high-interest curresuch as the Australian dol-
lar. Several studies have revealed that this strategy leasdmnsistently profitable over
the last three decades (Lustig and Verdelhan 2007; Burmeside 2010). However, ac-
cording to uncovered interest rate parity (UIP), this adge investment scheme should
not be successful. The UIP condition implies that two asgetsare identical in ev-
ery way except for their currency denominations should liaeesame returns, as the
interest differential between two assets should be offgehb expected change in the
exchange rate between the two countries.

In this paper, | study this discrepancy between the poséxmected currency ex-
cess returns observed in the empirical data and the zeesgxeturns implied by the
UIP condition, and | explore what accounts for this anomalforeign exchange mar-
kets. Verdelhan (2010) successfully explains the expeetedss returns by referring
to exogenous consumption processes and external habiafiorm His model is a
consumption-based asset pricing model and thus a partiglikegum framework in
the sense that the consumption process is exogenous andthetion sector is not
considered.

However, it would be worthwhile to investigate whether igtl facts regarding
both the foreign exchange markets and international basicgcles can be successfully
replicated in the general equilibrium framework. Motivditay this idea, | extend his
model by using a two-country, two-good international readibess cycle (IRBC) model
(Backus, Kehoe, and Kydland 1994, henceforth BKK) withiiné habit formation, and

| explore whether the benchmark model (the standard BKK mpldis internal habit



formation), which is driven by total factor productivity FP) shocks, can reproduce the
empirical evidence for both expected excess returns ingorexchange markets and
international business cycle properties.

For comparison purposes (the standard BKK model vs. thehmeak model), | set
the calibration parameters to be similar to those in BKK @99 he model simulation
results show that the standard BKK model cannot producexpeated excess return.
However, the success of the benchmark model is mixed. Wheoadhsumption-based
stochastic discount factor (SDF) is used, the benchmarkeirado fails to generate
the expected currency excess returns. However, when proddzased SDF is used, it
successfully generates the expected excess returns.

The role of the internal habit formation is essential in tle@dhmark model, thus
explaining the result of the expected excess returns bhmgsk premium. Intuitively,
the higher habit formation causes the investors to be mskeakierse, since a high level
of habit formation forces investors to smooth consumptidotaas they are averse to
volatility of consumption induced by TFP shocks. The savigitanalysis in Section
4.6 supports this intuition by showing that the propenstip¢ more risk averse caused
by higher habit formation yields higher expected excessmat This result implies that
the expected excess returns can be justified by the riskaretade-off principle.

Several recent papers have stated that the average execemscgueturns of the
carry trade are not temporary anomalies that can be arbdragyay. Lustig and Verdel-
han (2007) compare the performance of a levered carry-stadeegy with the perfor-
mance of an un-levered buy-and-hold strategy in the U.8kstarket. The carry-trade
strategy involves taking short positions in a portfolio @ivtinterest rate currencies and
long positions in a portfolio of high-interest rate curresc They show that the carry

trade consistently outperforms the stock market over thepgaperiod between 1971



and 2005.

Burnside et al. (2010) also present a similar result, shgwhat the Sharpe ratio of
the carry trade is substantially larger than that of the 9t&ck market from 1976 to
2008 (0.982 vs. 0.443, respectively). While the averagegxceturn of the U.S. stock
market is larger than the payoff of the carry trade (0.0650:850, respectively), the
excess returns of the U.S. stock market are much more \othtih the excess return of
the carry trade (0.148 vs. 0.051, respectively).

It is well known in the literature that these average excesseacy returns of the
carry trade are possible due to the violation of the UIP ciionli A negative slope
coefficient in the UIP regression implies that when an irdlnal currency has a higher
interest differential than its average, it tends to ap@teciather than depreciate. This
feature makes it possible for the carry trade return to béitplbde. Thus, one of the
purposes of this paper is to see whether the benchmark metleérd the negative

slope coefficient in the UIP regression.

1.1 Literature Review

There is a sizable amount of literature that examines thea®g currency excess
returns. Hansen and Hodrick (1980) is the first study to denirthe deviation from
the UIP hypothesis. Engel (1996) provides a comprehensimeeyg of the literature
and shows that the coefficient estimates in the majority gigoal studies on the UIP
hypothesis are significantly different from one and are exagative.

Fama (1984) argues that the forward bias may be caused byavéinging risk pre-
mium that is more volatile than the expected rate of currategyreciation. However,
Lewis (1995) states that the risk aversion level of agentsladvbave to be unrealisti-

cally high to explain the issue of the forward bias with a gskmium. In this sense,



the empirical anomaly can be seen as another version of thieygemium puzzle,

which is first discussed by Mehra and Prescott (1985). Thiammé¢hat the traditional
consumption-based asset pricing models face limitationsfail to explain the viola-

tion of the UIP condition and the forward bias puzzle. Seexeent studies, however,
allow for departures from traditional settings.

Moore and Roche (2002) examine whether stylized facts amdia and spot rates
can be reproduced by a standard Cash-in-Advance (CIA) ntbdeincorporates the
concept of external habit persistence proposed by CamabelCochrane (1999). Al-
though they are able to explain most of the volatility andsstence of forward and spot
rates, they fail to reproduce the negative Fama slope cizitic

Lustig and Verdelhan (2007) argue that the aggregate cqotsamrisk can explain
the carry trade premium on a large sample of countries oegpéiiod of 1952 to 2002.
By forming portfolios of currencies based on interest ratiesy find that the high in-
terest rate currency returns are strongly procyclical,leviuw-interest rate currency
returns are acyclical. Because high interest currencies@ee more with U.S. con-
sumption growth risk than low interest currencies do, thegua that higher interest
rate currencies expose U.S. investors to much more U.Suogston growth risk, thus
requiring that these currencies yield higher returns.

Verdelhan (2010) also incorporates external habit foromatd explain the carry
trade return. In his model, the risk premium is time varyingtsthat the risk premium
on foreign currency is high in bad times and low in good timBg.using the external
habit preferences proposed by Campbell and Cochrane (198@)elhan (2010) uses
time-varying countercyclical risk aversion and risk pramito explain the UIP puzzle.

However, in the literature, most of the studies use a pagtjailibrium framework

in that consumption process is assumed to be exogenlouis paper, however, | con-

Yn the literature, Farhi and Gabaix (2011) refer to rare stivarisks and Alvarez, Atkeson, and
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sider adding production sectors into the model to determinether the IRBC model
driven by TFP shocks is able to generate the expected cyrexess returns. In Sec-
tion 2, | present the benchmark model. In Section 3, | exptalibration parameters. In
Section 4, | discuss the simulation results and conducitsatysanalysis. In Section 5,

| summarize the main results and conclude the paper.

2 The Model

2.1 Suggestions for the Model

Before introducing the benchmark model, in this sectionpuld like to briefly ex-
plain why | study the currency excess return by using an IRB@dehwith internal habit
formation. First, as mentioned previously, Verdelhan'sdeias a consumption-based
asset-pricing model. It is a partial equilibrium framewankthe sense that the con-
sumption process is exogenous and the production sectot onsidered. However,
knowledge of whether stylized facts regarding the busiogste and the financial mar-
kets can be successfully replicated in the general equitibframework would be more
useful. For this reason, | adopt an IRBC model in which thesoomption process is
endogenously determined and the production sector isdedu Accordingly, while
consumption growth shocks explain the risk premium in \Wvale's consumption-
based asset-pricing model, TFP shocks explain the cureesss return in the general
equilibrium model. Moreover, it is intuitively more plabée that TFP shocks induce
counter-cyclical risk aversion and risk premium rathentb@nsumption growth shocks,

because TFP is regarded as the fundamental driver of maxroeuc fluctuations.

Kehoe (2009) use endogenously segmented markets to expéaiarward premium puzzle in a general

equilibrium framework.



Second, | follow Verdelhan (2010) in incorporating habitni@tion into the util-
ity function. The concept of habit formation implies thateats are averse to varia-
tions in habit-adjusted levels of consumption rather tlamariations in consumption
itself. Hence, small changes in consumption growth canmggaeery large variations
in habit-adjusted consumption growth, and it may conteltota resolution of the eq-
uity premium puzzle as formulated by Mehra and Prescott%L9%/hile the constant
relative risk aversion (CRRA) preference used in Mehra argddtt (1985) requires a
very high degree of risk aversion, resulting in a countedalchigh risk-free rate, habit
formation can help explain the currency excess return witkenate risk aversion. The
difference between the present study and that of Verde@hQ) is that, while he uses
external habit levels that depend on aggregate consumptiee internal habit levels
that depend on individual consumption. While external tlalvels can be interpreted as
a social externality, internal habit levels do not exert ariernality. Thus, the internal
habit assumption enables the social planner solution todatical with the decentral-
ized solution according to the second welfare theorem. Dle&kplanner solution is
useful in the computation of the model’s equilibrium.

Third, the IRBC model can be used to study both asset pricgdasiness cycle
phenomena. In this sense, my study is in part related to Jerifi®98); he combines
habit formation and capital adjustment costs in a standaedsector model and repro-
duces stylized facts related to the equity premium in stoaekkets and business cycle
statistics. Similarly, in this paper, | use habit formatemmd capital adjustment costs in
a standard IRBC model and study currency excess returnseigfoexchange markets
and business cycle properties.

| use the two-country, two-good IRBC model proposed by Backiehoe, and Kyd-
land (1994). The main difference between this and a starBlil model is that the



benchmark model includes habit formation in householdguegfces and capital ad-
justment costs in capital accumulation. Each country predwa different intermediate
good with its own specific technology. The intermediate gimads in a domestic coun-
try produce one good labeled while the intermediate good firms in a foreign country
produce another good labelédThe final goods in each country consist of bundles of
both intermediate goods andb from the two countries, and the final goods are used
for consumption and investment. In what follows, | mainlgdébe the domestic coun-
try, since it is assumed that the world economy consists ofsyyimmetric countries.

Foreign country variables are denoted by an asterisk.

2.2 Preferences

Each household derives utility from both consumption amllke. In addition, each
household has internal consumption habits that operatagget household consump-
tion. This is unlike external habits or the catching-uphatihe-Joneses specification
developed by Abel (1990), which assumes lags of aggregatsuoaption in utility. In
comparison with external consumption habit, internal comgtion habit does not exert
any externality. Under the internal consumption habit agstion, the period utility for
a household is given by:

U(Ch Croro 1 = L) = T2 [(Ch = WO (1 = L) 717, M
whereC} is consumption/, is labor,h is habit intensity;. is consumption share, and
is risk aversion. | assume complete asset markets in thieoaey so there are complete
contingent claims denominated in the units of one of the tesi tradable goods. In
each period, the economy experiences one eventc S in which S is a possibly

infinite set ands’ is the history of events up to time Let B(s', s;,1) be the quantity



of bonds purchased by households after histéthat pay one unit of good in period

t + 1 if and only if the state of the economyis, ;. LetQ(s’, s;,1) be the price in units
of gooda of these bonds. When markets are complete, a consumer’sastairces are
given by his or her factor income and his or her income fromdsorThen the budget

constraint for the representative household is:

C(s) + 1(s") +a"(s") D_ Q(s" s111) B(s", 5041)

= q"(s)[w(s") L(s") + (s K (s")] + ¢*(s)B(s"™, 50). (2)
whereq”(s') is the price of good.

The capital stocks evolve according to the following dynaequation:

Kign=(1-0)K;+I; — g(KtJrl — Kt)za (3)

wherel; is the investment, andis depreciation. The terr@(KtH — K;)? represents
the capital adjustment costs used by Mendoza (1991, 1985)eneral, these are in-
troduced to moderate the variability of capital accumolatiHowever, Jermann (1998)
states that they can also help improve asset-pricing irfpdics when habit formation is
used in the standard real business cycle model. Becausddmabation induces excess
smoothness in consumption, it is difficult to induce subsahmnisk premia (Rouwen-
horst 1995). This is because agents can easily alter thegtugtion plans to smooth
their consumption under a habit formation framework. Hoegvethe introduction of
some inflexibility into the production sector, such as a@djustment costs, resolves

this problen?

2To incorporate factor market inflexibility, which reducéetelasticity of capital supply, Jermann
(1998) uses convex adjustment costs, while Boldrin et aD02? assume two-sector technology with

limited inter-sectoral factor mobility.



The household in each country maximizes utility in Equaf@subject to the bud-

get constraint in Equation (4) and the law of motion for calgit Equation (5).

2.3 Technology

There are two sectors in each country: a traded intermegltatés sector and a non-
traded final goods sector. Each country specializes in theéyation of an intermediate
good? and households supply labor and rent capital to firms produiitermediate
goods. The intermediate good that firms produce is detedraceording to a Cobb-
Douglas production function that takes capital and labanpsats. The maximization

problem for intermediate good firms is given by:

E%Yt — wely — 1 K, (4)

subject to the production function:

Y, = KLY, (5)

wherekK;, is capital,w; andr; are wages and rental rates, ands TFP.

The law of motion for TFP is given by:

21 = Az + €41, (6)
where
2141
thrl = ) (7)
22¢4+1

3As mentioned before, the domestic country specializesérptbduction of an intermediate goad

while the foreign country specializes in the productionmirstermediate good.
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A= : 8
ag1 A2
€141
€41 = ) (9)
€2t4+1
0 01 012
€1 ~ N , : (10)
0 021 02

)

As seen in Equations (8) to (12), the technology shocks ®twlo countries follow
a first-order vector autoregressive (VAR) process.is an autoregressive coefficient
matrix, ande,,  is a bivariate vector of normal random variables with a zeean and
a variance-covariance matriX. The diagonal elements of determine the degree of
persistence in productivity, and the off-diagonal eleraaitA incorporate a spillover
effect between the innovations of the two countries. If tfi@@gonal elements di are
nonzero, this allows for correlation of contemporaneousks between two countries.

After intermediate goods are produced, households tradi@térmediate goods in a
frictionless international market. Some of the intermeglg@oods are used domestically
for the production of final goods, while the rest are expaftethe final good firms
produce their goods by combining domestic and foreign iméeliate goods using a
form of technology with constant returns to scale or an Agtom aggregator. The

maximization problem for the final good firms is given by:

max Fy — q;a; — qut, (11)

at,bt

subject to the production function:

4In Section (2.3)q* represents the domestic intermediate good exported t@tbgh country, while

b* represents the foreign intermediate good exported to theedtic country.
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Fy = [wal" D7 4 wpbl7 /o] (12)

wherew, determines the home bias in the composition of final goods. pEtametes
denotes the elasticity of substitution between interntediaods: andb. ¢¢ andq® are
the respective prices of goodsandb in units of the final good. The final goods can be

either consumed or invested.

2.4 Equilibrium

An equilibrium is an allocation and a set of prices forsland for allt > 0, such
that, given these prices, all agents and both types of firriswae their behavior, while
markets clear.

Market clearing for intermediate goodsindb requires that:

Y = a + af, (13)
Y = by + b (14)

Market clearing for final goods requires that:

F,=C+ 1, (15)
Fr=C;y + 1. (16)

In the complete market framework, market clearing for banedglires that:

B(St, St—l—l) + B(St, St-l—l)* = 0,\V/St+1 es. (17)

Because there are no distortions and the bond market is eben e social planner

solution is identical to the decentralized solution acowydo the second welfare theo-
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rem. Thus, the equilibrium allocation in this economy carcbmputed as the solution
to the social planner’s problem.

The planner’s problem can be written in recursive form as:

V(K K 2, %) = (18)

max {U(Ct, Co1, 1= L) +U(CE, CF 1,1 = L) + BEV (Kyq, Ky 211, Z:+1)]} ;

subject to:

KL = a; +af, (19)

S KOL0 = b, 4 b (20)

F,=Ci+ Ky — (1 - 6K, + g(Kt+1 — K,)?, (21)
Fr=Cr+ K, —(1-§K; + g(K;;l — K% (22)

where D, is the vector of the social planner’s control variables, aihare given by
{CL CF Ly, Ly Ky, Ky ag, a, by, by )

| now turn to the definition of the real exchange rate and fisk-rates to express
the expected currency excess rettiim. general, the real exchange ratés expressed

as:

SWhile most papers test the UIP condition on nominal varislese real variables, as in Verdelhan
(2010), for comparison purposes. According to Verdelhanent studies reveal that real variables are
more relevant in explaining the empirical evidence for tHe Jondition: Various measures of CPI in-
flation are unrelated to currency returns (Hollifield andora2003); real aggregate consumption growth

risk is priced on currency markets (Lusting and Verdelha®720
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StXP*

RERy =g = ——%—,

(23)

wheres; is the nominal exchange rate defined as units of domestig (£.8.) currency
per unit of foreign (e.g., Euro) currendy, is the foreign price of a foreign consumption
basket, and’; is the domestic price of a domestic consumption basketowolg Chari,

Kehoe, and McGrattan (2002), the real exchange rate canfinedas:

U(Cy,Cr oy, 1 = L)
Uc<Ct7 thlu 1-— Lt)

As seen, the real exchange rate in the model is the ratio ahtrginal utilities of

RER, = ¢, = (24)

consumption of households in the two countries. This retesthip is developed by the
no-arbitrage condition for bond holdings between domestitforeign consumers. Al-
though the law of one price holds, the real exchange rate mmtadentically equal one
because the consumption baskets differ across countriegsieconomy. An increase
in ¢; means that foreign goods become more expensive relativeSoddods. In this
case, the U.S. dollar experiences a real depreciationubedaouseholds need more
U.S. consumption baskets to purchase one foreign baskeila8y, a decline ing; is
described as a real appreciation of the U.S. dollar.

Next, to obtain risk-free rates, the domestic and foreigittsstic discount fac-
tors (SDF) are recovered from equilibrium marginal ratesudfstitution derived from

households’ first-order conditions as:

Uc(ct+17 Ct7 1-— Lt+1)

M, ; =
GO T L)

(25)

UC(C:—Hv Cikv 1- L:—i—l)

UC(Ct ) Ct—b - Lt)

t*+1:5
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and accordingly the domestic and foreign risk-free rateishvis yielded from risk-free

bonds held from periodto ¢ + 1 are defined as:

1
ry= ——, 27
" Eyf(Myya) (27)
1
e ——— (28)
" E(Mpy,y)

Finally, by using Equations (26), (29), and (30), expectedency excess returns

rxy,1 can be defined as:

TT1 = Aguyr + 17 — 13 (29)

Equation (31) implies that the domestic investor buyingftreign bond gains the
interest rate spread — r,. However, the investor experiences an expected loss if the
expected value af,,; decreases or the foreign currency is expected to depreéciaal

terms.

3 Calibration and Solution

Most of the parameters are set to be similar to those in thelatd BKK (1994)
model for comparison purposes (the standard BKK model ws.bdnchmark model).
As in BKK (1994), the preference discount factois 0.99, and the coefficient of rel-
ative risk aversion is 2. The share of consumptiom the habit utility function is
calculated at 0.3314, which is slightly different from 0.B4BKK (1994) due to the
habit formation in household preferences. The habit intgrisis set to 0.8, because

studies on asset pricing (Constantinides 1990, Jerman®, Bafdrin et al. 2001) find
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Table 1: Calibration

Preference

Technology

Estimated parameters

Discount factor
Consumption share
Risk aversion
Habit intensity

Capital share
Capital adjustment costs
Depreciation rate
Import share

Elasticity of substitution

between intermediate goods

B =0.99
p=0.3313
v =2
h=0.8

0 =0.36

¢ =0.285
0 =0.025
b/Y =0.15
oc=1.5

Armington aggregator weightsw; = 0.897

Productivity

Std Dev innovations

Corr innovations

wy = 0.282
0.906 0.088
| 0.088 0.906
o1 = 0.00852
oy = 0.00852
o1 = 0.2580
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that consumption habits characterized by values in theeran@.7 to 0.9 can help ex-
plain the equity premium puzzle. Hence, | chose the middleevaf the range. As
in BKK (1994), the capital share in production is 0.36, th@rmeiation rate is 0.025,
and the elasticity of substitution between domestic aneidorgoods in the Armington
aggregator is 1.5. The Armington aggregator weightandw, are calculated at 0.897
and 0.282, respectively, using an import shaf& = 0.15 andY = 1 at the steady
state. | present its calculation details in the Appendixe Parametes for capital ad-
justment costs is set to 0.285 so that the investment vityatil the benchmark model
is similar to that of the standard BKK model for comparisomgmses. Finally, | adopt
the estimated parameters for technology shocks used in BRB4). They estimate the
parameters of the technology process in Equation (10) (&ahgv residuals for the U.S
and for an aggregate of six European counttiés. presented in Table 2, shocks to pro-
ductivity are highly persistent:(;=a2,=0.906), and there is some evidence of spillover
effect (@12=a2,;=0.088). In addition, the innovations to productivity asjtively corre-
lated across countries{(», = 0.2580). With the parameter values reported in Table (2),

| solve the model numerically using second-order pertiwbanethods.

4 Results

4.1 Case of Consumption-Based SDF

In this section, | compare the standard BKK model with thedbemark model with
the habit formation regarding impulse responses to determwhich model is able to

successfully account for the empirical evidence for exgebeixcess returns.

5The six European countries are Austria, Finland, Germaaly, ISwitzerland, and the United King-

dom.
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4.1.1 Impulse Response Analysis

Figures (1) and (2) show the impulse responses of the inteagsspread; — r;
and the expected change in the real exchangeXate to a 1% increase in a domestic
country’s TFP shocks for each model.

First, consider whether the impulse responses are consistit the UIP condition
presented in Equation (1). In the case of the standard BKKaingitbwn in Figure (1),
the interest rate spreag — r; is positive at first and then negative, finally converging
at the zero line. Similarly, the expected change in the neecth@ge rate\q,,, is also
positive at first and then negative, finally converging atzém line.

These results show that the impulse responses in the BKK Inawdeconsistent
with the UIP condition, because when domestic interessrate relatively higher than
foreign interest rates, domestic currency is expected poetgate, and thus the interest
rate spreads are offset by the expected change in the rdwmeye raté.

The case of the habit formation model shown in Figure (2) aldabits that its
impulse responses are consistent with the UIP conditionveiter, the main difference
between this and Figure (1) is that the impulse responsés afterest rate spreag-r;
and the expected change in the real exchangeXate react contrary to a 1% increase
in a domestic country’s TFP shocks. In other words, when womion-based SDF is
used in the habit formation model, domestic interest ragéesime countercyclical. This
induces the interest rate spread- r; to be negative. Since the expected change in the
real exchange ratq; ,; is also negative, it supports the UIP condition by showirag,th

when domestic interest rates are relatively lower thanigorénterest rates, domestic

"WhenAg,, is negative, the real exchangeis expected to decrease at time 1 (foreign currency
depreciates). On the other hand, whkg ., is positive, the real exchangeis expected to increase at

timet + 1 (foreign currency appreciates).
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Figure 1. Impulse Responses for 1% Productivity Shock inrbgul (BKK with a

Consumption-Based SDFE,= 0 and¢ = 0)
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Figure 2: Impulse Responses for 1% Productivity Shock inf@igul (HABIT with a

Consumption-Based SDF,= 0.8 and¢ = 0.285)
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currency is expected to appreciate.

Both results imply that, when consumption-based SDF is irsagbroduction econ-
omy, it is difficult to generate the negative Fama coefficrexgardless of the existence
of the habit formation. The main reason is that the interast spread; — r; and the
expected change in the real exchange fajg ; move in the same direction for domes-
tic country’s TFP shocks. In the next section, however, |useluction-based SDF to

see whether the result is improved.

4.2 Case of Production-Based SDF

Under the general equilibrium framework, which is a contpatieconomy with
complete financial markets, it is well known that the marbnaae of intertemporal
substitution is tied to the marginal rate of intertemporahsformation. In this section,
| take advantage of this fact as the rationale for using prtdo-based SDF in the
model and attempt to generate the negative Fama coefficldms. motivation mainly
comes from Balvers and Huang (2007), and thus | follow thescedures.

In the social planner’s problem defined in Equation (18)fitts¢-order condition for

the capital is:

Uc(Cta Ct—h 1-— Lt) = ﬁEt[VK(Kt—}—la Kt*+17 Zt+15 ZZ(-}—l)] (30)

The envelope condition is:

VK(Kta Kt*azta Z;) = Uc(cta Ciq,1 — Lt)FK(Zta Ky, Lt)a (31)

whereF'x (2, Ky, L;) is the marginal product of capital and is equa&?%£ — 0.
Updating Equation (31) by one period and combining with Eigua(30) yields a

production-based SDF as:
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Mo — ﬁUc(CtH,Ct’l— Lig1) ( Vic (K1, Ky, 2e01, 2041) ) ( 1 )

1 — — .

" Uc(Cy, Coon, 1 — Ly) EVi (K, K3y, 241, ZZFH) Fr (2041, Kiv1, Liya)
(32)

4.2.1 Impulse Response Analysis

Figure 3: Impulse Responses for 1% Productivity Shock infdgul (BKK vs. HABIT
with a Production-Based SDF)
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Figure 4. Impulse Responses from VAR
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Figure 5: Impulse Responses from VAR
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After using the production-based SDF in Equation (32), thyatilse responses shown
in Figure (3) are not consistent with the UIP condition. Tierest rate spreag—r; is
positive at first and then negative, finally converging atzé line, while the expected
change in the real exchange réig;, ., — ¢; is at first negative and then converges at the
zero line. These results are compatible with the violatibime UIP condition, because
when domestic interest rates are relatively higher tha@idorinterest rates, domestic
currency appreciates rather than depreciates.

Because the interest rate spread r; and the expected change in the real exchange
rate Ag;,;1 move in the opposite direction for domestic country’s TFBc#s, the neg-
ative Fama coefficient is expected in this case. | confirm rstionship in the next
section.

As an additional analysis, | present the impulse resporsesli% TFP shock in
the U.S. from a vector autoregression (VAR) in Figure (4) é)d The VAR includes
the interest spread — r;, the expected change in the real exchange fatg ;, and
the Solow residuals in the U.S. data from 1999 to 28 Bix countries are selected for
this analysis: Austria, Finland, Germany, Italy, Switaad, and the United Kingdom.
BKK (1992) use these countries and the U.S. to estimate ttaaers for the bivariate
shock process.

Overall, these figures show that a positive TFP shock leadd 18. interest rate to be
relatively higher than that of its counterpart, and causes.t.S. currency to appreciate
against the foreign currency. Three countries includingdfid, Germany, and Italy

show that the behaviors of interest rates and exchange aatesonsistent with the

8All interest rate and exchange rate data are obtained frentRS and the Haver Analytics. | cal-
culate the Solow residuals in the U.S. with the data of GDRA(2ZF), Gross Fixed Capital Formation
(93E.RZF), and Employment (6 7E..ZF) from the IFS.
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violation of the UIP conditio¥These empirical results from the VAR suggest that TFP
shocks would be an important source in driving the U.S. e@gtrate and exchange rate,

and provide support for the benchmark model with the halbié&ion which is driven

by TFP shocks.

4.3 Fama Regression Coefficient

Table 2: Simulation Results of Fama Regression

BKK BKK  Habit Habit Verdelhan (2010)
C-based P-based C-based P-based

h 0 0 0.8 0.8
o) 0 0 0.285 0.285
i 0.34 0.34 0.3313 0.3313

plry — 7, Agssy) 1.000 0.996 1.000 -0.971

o(ry —ry) 0.0006 0.0006 0.0008 0.0005
o(Ag41) 0.0006 0.0006 0.0008 0.0008
o) 0.995 0934 0997 -1.546 -0.99

As shown in Equation (2), the slope coefficient in the Famaasgjons is

5= Cov(ry — 7}, @41 — Gr)
Var(ry —ry) '

(33)

This slope coefficient for each model is presented in Table A3 expected, only
the habit formation model with production-based SDF hasgative slope coefficient

(6 = —1.546), and this result confirms the validity of the impulse resgwanalysis

9The results are relatively robust to the ordering of vadat#xcept for the case where the variables

are ordered aAg; 1, the Solow residuals, ang — r}.
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described in the previous section. Since only this modelvsitbe native relationship
between the interest rate spread- r; and the expected change in the real exchange

rateAq,. 1, the corresponding consequence is the negative Fama cemffic

4.4 Business Cycle Properties

Table 3: Simulation Results of Business Cycle

Data BKK The benchmark model

h =20 h=0.8

=0 ¢ = 0.2565

pw=0.34 ©=0.3313
o(c) /o (ye) 0.49 0.49 0.39
o(iy)/o(y) 3.15 3.41 3.64
plye, ) 0.76 0.90 0.63
RORA 0.90 0.93 0.96
o(Ye, yy) 0.70 0.10 0.16
plee, ;) 0.46 0.81 0.90
ple/ct,qr) -0.39 0.92 0.62

Note: Business cycle statistics are from Backus, Kehoe aydlakd

(1994).

Table (4) shows the business cycle properties for the sterigléK and the bench-
mark models, respectively. Overall, the benchmark moddtihes the stylized facts
of the business cycle: The relative volatility of consuroptis less than that of invest-
ment, consumption and investment are both positively tated with GDP, and the

cross-country GDP and consumption correlation are pesitespectively.
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In comparison with the standard BKK model, the benchmarkehgdnerates some
different results: The benchmark model has smaller consiompolatility and smaller
correlation between consumption and GDRd|/o(y) = 0.39 and p(y,c) = 0.63).
However, the benchmark model has a higher cross-countrgucoption correlation
(p(c, ¢*) = 0.90) and a higher cross-country GDP correlatipfy( y*) = 0.16).

All of these results seem to arise from the presence of habidtion effects. In
the sensitivity analysis section, | discuss how this halyitfation affects business cycle
properties and helps generate the negative Fama coeffloyevdarying key parameter

values.

4.5 Interpretation

In this section, | discuss why the standard BKK model and #rechmark model
with the habit formation cannot generate the negative Farafiicient when consumption-
based SDF is used. The impulse responses of consumptiomlamdfbr each country
are presented in Figure (6) to facilitate our discussior hé&s mentioned before, the
main reasons are that the interest rate spread-; and the expected change in the real
exchange raté\q;, ; are positively correlated and that both of them are closethwith
the marginal utility of consumption.

First, consider the real exchange rate, which is defined wakon (24). In the
two-country economy with complete financial markets, it @lknown in the literature
that risk sharing induces a positive cross-country congiamgorrelation. Therefore,
when there are positive TFP shocks in the domestic courdngumption in both coun-
tries increases in similar pattern. However, labor supplysts differently such that
it increases in the domestic country but decreases in tlegioicountry, because the

domestic country is more productive than its foreign corpdd. Consequently, the
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Figure 6: Impulse Responses for 1%
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marginal utility of consumption in the domestic countryess$ than that in the foreign
country, and the real exchange raténcreases.

In the case of the BKK model, a positive TFP shock in the domesiuntry con-
tinues to increase expected consumption and labor supfgidomestic country com-
pared to those in the foreign country. Because expectedefumarginal utility in the
domestic country is less than that of the foreign countrliis expectation, the im-
pulse response of the expected change in real exchang&gateis positive, as shown
in Figure (1).

However, when the habit formation is added to the model, ikesaconsumption
very smooth and less responsive to a positive TFP shock iredtiercountry. Further-
more, with this horizontal consumption path, household®sk to spend more leisure
rather than supply labor. This logic is similar to Lettau aidlig (2000), who point
out that households with the habit formation do not have tlllwp the capital stock as
much to maintain the higher consumption as in the no-hab#.c&ince consumption is
less responsive and labor supply is reduced in the domestitiky, labor supply in the
foreign country is relatively more reduced in the two-coyr@conomy. As a result, a
positive TFP shock in the domestic country induces expéfciieae marginal utility in
the domestic country to be larger than that in the foreigmtguand thus the impulse
response of the expected change in real exchange\@te is negative, as shown in
Figure (2).

Second, consider the risk-free interest rates. When copisombased SDF is used,
the interest rate is defined as the inverse of the marginalafintertemporal substi-
tution. In the no-habit case in the BKK model, positive TF s in the domestic
country continue to increase expected consumption and &alpply. Because the cur-

rent marginal utility in this case is larger than the expédtgure one, the interest rate
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is procyclical, and the impulse response of the interessrspread; — r; is positive as
shown in Figure (1).

However, in the habit case for a positive TFP shock in the ddimeountry, con-
sumption is unresponsive and labor supply is reduced in gegsimay as that described
above. As a result, the current marginal utility is less thiam expected future one,
and the interest rate is countercyclical. The impulse nespof the interest rate spread
r, — r;} is negative as shown in Figure (2). All of these results abeisowhen there is
no spillover effect across countries.

The bottom line is that since the interest rate sprgadr; and the expected change
in the real exchange rat®q, ,, are positively correlated regardless of no-habit and habit
cases when consumption-based SDF is used, the model caameriage the negative
Fama coefficient.

This obstacle is able to be overcome through the use of theuption-based SDF,
because in this case the interest rate is modeled as themalgpgoduct of capital and
is procyclical. Thus, expected currency excess returnsbheaexplained in a similar
way as in Verdelhan (2010): When the domestic interest sli@ner than the foreign
interest rate, it implies that the domestic country expers worse times than its for-
eign counter part, and the domestic households are moraveske than their foreign
counterparts. Thus, the domestic household requires a@ossk premium.

As for the Backus and Smith puzzle (1993), the benchmark hrezgtenot fully ac-
count for the disconnection between the real exchange nateedative consumptions.
As seen in Table (4), the correlation between the two vaegis counterfactually high,
although the habit formation as non-time-separable yitidtluces the link between the
two variables compared to the no-habit case (0.62 vs. 028pectively). This tight link

is caused by the model structure in which the real excharigasaefined as the ratio
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of the marginal utility of consumption in the two countries.

4.6 Sensitivity Analysis

Table 4: Sensitivity Analysis

Large Elasticity Small Elasticity
o=2.5 oc=20.5
h=01 h=05 h=099 h=01 h=05 h=0.99

Business Cycle

o(c)/o(y) 0.52 0.47 0.08 0.58 0.52 0.07
o(i)/o(y) 273  3.05 3.21 3.21 3.56 4.59
p(y, ) 090  0.83 0.19 0.97 0.88 0.28
py, i 098  0.97 0.92 0.96 0.95 0.99
oy, %) 002 -002  -0.21 0.14 0.16 -0.50
ple, ) 0.74  0.80 1.00 0.57 0.65 1.00

Fama Regression

o] -0.930 -1.122 -1.552 -1.692  -2.156 -3.282

As discovered in the previous section, the habit formati@ysa significant role
in generating the negative Fama coefficient. However, thgnihade of the coefficient
seems to be small. According to the literature, it is knovat teducing the elasticity of
substitution between intermediate goadmcreases the volatility of the terms of trade
and thus the real exchange rate. In this section, | consio@rdinanges in the habit
intensityh and the elasticity of substitution affect the Fama coefficie

As shown in Table (5), the Fama coefficient becomes more ivegaheno is small

andh is larger. It is a straightforward interpretation that tbevlvalue ofo increases
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the volatility of Ag;,; and contributes to the more negative value of the Fama coeffi-
cient. The risk-return trade-off principle can explain httve high level ofh affects

the Fama coefficient. Intuitively, the higher habit fornoatinduces investors to be-
come more risk averse. Because a high level of habit formdticces the investors to
smooth consumption extremely, investors dislike volgtiin consumption induced by
TFP shocks. Thus, the response of consumption to TFP shecksies more muted as
the extent of habit formation increases. Table (5) veritigs intuition by showing that
wheno = 0.5, the relative volatility of consumption decreases fromld®0.09 as the
parameter for habit formation increases from 0.1 to 0.99.

The risk aversion caused by habit formation is related teetqul currency excess
returns. As discussed earlier, a higher expected returodioy trade is made possible
with a more negative Fama coefficient. Therefore, as thestove become more risk
averse, the Fama coefficient becomes more negative. Talgplayks this relationship.
This result is consistent with the risk-return trade offplgnng that higher risk aversion

is associated with higher expected returns for carry trade.

5 Conclusion

It is well known that the UIP condition does not hold empiligameaning that
expected excess returns result from investments in higgnast rate currencies in for-
eign currency markets. Verdelhan (2010) successfullyamplthis anomaly by using
external habit formation and exogenous consumption psodesthis paper, | explore
whether the international real business cycle model (Baidkehoe, and Kydland 1994)
with internal habit formation, which is driven by TFP shogckan also explain this phe-
nomenon in a general equilibrium.

As opposed to Vadelhan (2010), in which a consumption-b&2#d is used, the
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benchmark model with internal habit formation cannot gatesthe negative Fama coef-
ficient due to the countercyclical interest rates. Howewbgn production-based SDF is
used by taking advantage of the fact that the marginal ratet@ftemporal substitution
is tied to the marginal rate of intertemporal transformatithe model has procyclical
interest rates and the negative Fama coefficient. In this, @agected currency excess
returns can be explained in a similar manner as Verdelhab0j28uch that when the
domestic interest rate is lower than the foreign interdst the domestic households are
more risk averse than their foreign counterparts and regupositive risk premium.
Sensitivity analysis supports this risk premium argumegnhHdicating that the greater
tendency to be risk-averse caused by higher habit formgtedds higher expected cur-

rency excess return.
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6 Appendix

6.1 First-Order Conditions

The first-order conditions for the planner’'s problem are plately presented as

follows:

Cy: A = [(Cy — hCyg)M(1 = Ly) 7 H L

Cr— hCy,
— BhE, [[(Crry — BC)*(1 — L 1“17#), 34
90, ([(Coos = N1 = L) 1 2 39
* * * * *\1— — %
Cy: A =[(C; = hCE )M (1 = Lp) ! G he,
—BhE, ([(CF, — RO — LF, Y H 35
s ([Cooa = hCEP (1 = L) Pt ) @9
H 1-pl—y 1 Y
Li: (1= p)[(Cr = hCy )" (1 — Ly) "] 1.~ (1- 9)?7tL (36)
- t t
1 Y
i+ (1= (G = hCE ) (1= L) ) = = (=0, (3)
t

K M1+ ¢(Kpi1 — Ki)) = BE, (nm@? + A1 [(1 = 0) + (K2 — Kt+1)) )

(38)
K\ E ey;“ A — K;
t+1 - ( "‘¢( t+1 t)) BE; 77t+1 + t+1[( )‘i“b( t4+2 t+1) )
K

(39)

ag ;= MF /leagl/g, (40)

by sl = AF Twab, (41)

acn = NEY wa Ve, (42)

b = NFY T wg by (43)
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Mt : ZtheLg—e = a; + ay, (44)

o ZERLYT0 = b+ b (45)

)\t . Ft = Ct — Kt+1 + (1 — (S)Kt — %(Kt+l — Kt)27 (46)
* * * * * gb * *

N F=Cf - K[+ (1-0)K; —§(Kt+1—Kt)2. 47)

6.2 Steady-State Values

Because it is assumed that both countries are symmetricsie¢onomy, the steady
state value in a domestic country should be the same as tadbieign country. This
implies thate = b*, «* = b, andY = Y*. When the steady state value of Y is set to 1,

the ratioa /b can be expressed as:

s _ohpy a2
Plugging an import share of Y = 0.15 into Equation (48) yields:
a=0.85, (49)
b=0.15, (50)
a* = 0.15, (51)
b* = 0.85. (52)

To determine the parameterswof andws,, | set intermediate goods output equal to

final goods output in each country and divide Equation (40Eyation (42) to get:

(wla(ofl)/o _'_wzb(ofl)/o)a/(gfl) _ 1’ (53)
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and

Jun

<4y,
w1 \a*

(54)

Plugging the above results and= 1.5 into the equation (53) and (54) yields:

w; = 0.897,

wy = 0.282.

In the steady state, Equations (38) and (39) become:

AMl-B(1-6)] Y
Bnf K

N[L-(1-8) _ Y
B0 K

and Equations (40) and (43) become:

n= )\wla_Tl,
nt = )\*wlb*%.

Using Equations (57), (58), (59) and (60) yields:

K =10.256,

K* =10.256.

Lastly, in the steady state, Equations (46) and (47) become:
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(57)

(58)

(59)

(60)
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C=Y - K, (63)

C*=Y"—-0K", (64)

which yields
C' = 0.7435, (65)
C* = (0.7435. (66)

Therefore, the steady state values of all other variablestso be calculated using

the above results and the calibration parameters as fallows

6.3 Log-linearized Model

The following equations are the log-linearized first-ord@nditions around the steady-
state values. For example,refers toCt—cTC, where C denotes the steady-state value of
Cy.

Optimality conditions for consumption
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Table 5: Steady State Values

Home country

Foreign country

C,s = 0.743
Ly = 0.269
K, = 10.256
Yo =1
F,=1

ass = 0.85
bes = 0.15
Nss = 5.549
Ass = 5.549
res = 0.0101
I, = 0.256

QSS:]-

Cr, =0.743
L7, = 0.269
K}, =10.256
vi=1
Fr=1

ag, = 0.15
bi, = 0.85
Nss = 5.549
A5 = 5.549
ris = 0.0101
I, = 0.256




Optimality conditions for labor

1
1—~h

L R L
77t+yt—lt—,u(1—7)< Ct — l—thl) _[(1_7)(1_/”0_1]1—[/[“

(69)

for Sk T 1 K h’ K L Tx
m+y =i =pl—"7) (l—hct - l_hct—l) _[(1_7)(1_N)_1]1_L*lt7

(70)

Optimality conditions for capital

M + ONKEy (Kt — k)

Y R N . .
= B, <)\9?( 1+ Yo — K1) + (1= 0) A1 + GAK (k2 — kt+1)) , (71)

NN+ ON K By(kiyy — k),

* Y* Sk Sk A* k) 0\ ok * * A* A*
= BE; <)\ GK* (M1 + Ui — ki) + (L= NN + oA K (ki oy — kt+1)) ;
(72)
Optimality conditions for intermediate goods
o~ 11
e =X\ + — [t — —ay, (73)
g g
PO 1~ 1~
=X+ —ft — =0, (74)
g g
fos Tk 1 T 1/\*
77t:)\t+; Sy (75)
77t = >\t + ;ft - ;bt7 (76)
Resource constraints for intermediate goods
- ~ ~ a_. a*_,
Z+ 0k + (1 —0), = v+ 3a, (77)
Zt + ekt + (1 - G)Zt = Wbt + Wbt, (78)
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Resource constraints for final goods

~ (C. K~ K~
Je= 7 + fktJrl —(1- 5);%
T *A K*A* K*A*
ft = Fct + katJrl — (1 — 5)Fkt,

Production functions for final goods

o—1

Fo= (14 (wnfun)(bfa)5 )lat+ (1+(w1/w2)(a/b)"7‘1>13t,

o—1

Jr = (1 tonfuwn)@ 05 B + (14 ()0 a) 7 )

Real exchange rate

~

@:A:_)\ta

Real interest rates

Po=%+ (0= Dk + (1-0)L,
=24 (0 - Dk + (1 0)L},

Productivity shocks

-~ ~ A~k
Zt = P12i—1 + P2z t+ €,

5o o« ~ *
Zy = P2zt P12+ 6
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