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Abstract

The two-country monetary model is extended to include a consumption externality with
habit persistence. The model is simulated using the artificial economy methodology. The
‘puzzles’ in the forward market are re-examined. The model is able to account for: (a) the
low volatility of the forward discount; (b) the higher volatility of expected forward
speculative profit; (c) the even higher volatility of the spot return; (d) the persistence in the
forward discount; (e) the martingale behavior of spot exchange rates; and (f) the negative
covariance between the expected spot return and expected forward speculative profit. It is
unable to account for the forward market bias because the volatility of the expected spot
return is too large relative to the volatility of the expected forward speculative profit.
   2002 Elsevier Science B.V. All rights reserved.

Keywords: Artificial economy; Forward foreign exchange; Habit persistence

JEL classification: F31; F41; G12

1. Introduction

Campbell and Cochrane (1999) have proposed a preference specification in
1which there is both an aggregate consumption externality and utility is time-
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1See Abel (1990) and Duesenberry (1949).
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inseparable because of habit-persistence. They apply this to the ‘equity premium’
puzzle and show that their model can replicate the relevant ‘stylized facts’ for US
data. In this paper, we extend the Campbell and Cochrane (1999) preferences to
both a monetary and an international setting. The ‘puzzles’ associated with the
forward foreign exchange market are revisited in the light of the new theoretical

2framework.
Numerous writers (a good example is Backus et al., 1993) have shown that the

standard deviation of the forward discount is smaller than that of the expected
3forward speculative profit and is an order of magnitude less than that of the spot

return. We call this ordering of relative standard deviations thevolatility puzzle.
The standard cash-in-advance for goods model is unable to replicate this stylized
fact at levels of risk aversion that are commonly used in the literature. Bekaert
(1996) has argued that the standard for judging a successful theory of the forward
market is its ability to replicate thevolatility puzzle at plausible absolute levels of
volatility. Our model is not only able to replicate these relative volatilities but goes
most of the way in matching the absolute volatilities also.

A second feature of the data is that the forward discount is highly persistent
while the spot return is virtually white noise (see Bekaert, 1996). The standard
model is usually able to explain one of these but not both at the same time (see
Moore and Roche, 2001). This is thepersistence puzzle. Our model succeeds in
getting close to the stylized facts for every case we examine.

The best-known deficiency in our understanding of the forward market is the
unbiasedness puzzle: that the forward discount is a poor predictor of realized
future spot return. Indeed, the forward discount typically fails to even forecast the

4correct direction of spot exchange rate changes. The most challenging task of a
good theory is to replicate this ‘bias’. Since Fama (1984), it has been understood
that two conditions need to be met to replicate the bias. Firstly, there needs to be a
negative covariance between expected spot return and expected forward specula-
tive profit. This is the condition that has received most emphasis (see Alvarez et
al., 1999) and our model succeeds in satisfying it. Fama’s second condition has
received less attention in the literature. It requires that the volatility of expected
forward speculative profit must exceed the volatility of expected spot returns. In
this respect our model falls short. Ironically, its very success in explaining the
volatility of spot return is accounted for by an excessive increase in the volatility
of expected spot return. It is this feature of the model that prevents it from meeting
Fama’s second condition.

The plan of the paper is as follows. Section 2 provides a brief introduction to

2For discussions of forward market puzzles, see Bekaert (1996), Engel (1996) and Hodrick (1987).
3Expected forward speculative profits are often referred to as ‘the’ risk premium. This is, in general,

incorrect because of non-convexities: see Engel (1999).
4For a recent attempt to address the forward bias puzzle, see Obstfeld and Rogoff (1998). For a

thorough critique of that paper’s contribution to resolving the puzzle, see Engel (1999).
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Campbell and Cochrane (1999) preferences, develops the theoretical framework
and provides intuition for explaining our results. Section 3 summarizes the results
of simulating an artificial economy. The conclusion is in Section 4.

2. A theoretical framework

2.1. Background

Campbell and Cochrane (1999) have proposed a novel solution to the ‘equity
premium’ puzzle in closed economies. They introduce a simple and tractable

5modification to the utility function in the standard model. An external habit is
introduced. In their model the real risk-free rate is constant. This is achieved by
ensuring that precautionary savings effects and intertemporal substitution effects
cancel each other out. This removes the ‘risk-free rate’ puzzle (see Weil, 1989).
Campbell and Cochrane (1999) preferences overcome the irritating problem with
existing habit persistence models that marginal utilities can sometimes take on
negative values. The habit adjusts slowly in response to consumption. This differs
from the usual habit persistence specifications that model the habit as proportional
to past consumption choices. Campbell and Cochrane (1999) habit persistence
takes the form of an aggregate consumption externality, i.e., ‘Keeping Up with the
Jones’s’ effects along the lines of Abel (1990) and Duesenberry (1949).

Habit persistence preferences have already been proposed before as a solution to
the puzzles in the forward market. For example, Bekaert (1996) introduces habit
persistence into a conventional Lucas (1982) two-country model where equilib-
rium consumption in each good equals half of the current endowment. He is able
to match the observed volatilities of the spot return, the forward discount and
expected forward speculative profit but never at the same configuration of
parameters.

The reason why we believe that the Campbell and Cochrane (1999) framework
can help to solve the forward market puzzles is as follows. The standard cash in
advance model is able to match the stylized facts of the forward discount relatively
well. However, it is unable to account for the observed high volatility in spot
return. It is even more unsuccessful at explaining the volatility of expected forward
speculative profit. The trouble is that existing attempts to improve performance
with the latter leads to greatly increased volatility in the forward discount. This is
an international analogue to the equity premium and risk-free rate puzzles in
closed economy stock markets. Campbell and Cochrane (1999) preferences

5The Campbell–Cochrane model, like the one used here, is an exchange economy. Ljungqvist and
Uhlig (2000) have pointed out that there are problems in expanding this framework to a production
economy. ‘Consumption bunching’ rather than consumption smoothing becomes welfare optimal.
However, this only arises if the habit is internalised.
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provide the opportunity to ‘anchor’ the volatility of the forward premium because
it forces real risk-free rates to display low volatility. This is because the
intertemporal marginal rate of substitution (IMRS) is more volatile than the
standard case, because of the habit specification, while theexpected IMRS is
constant by construction.

2.2. A cash in advance model with habit persistence

The basic structure of the model is the well-known Lucas (1982) two-country,
two-good, two-money representative agent story. The households in both

6countries have the same intertemporal utility function. They maximize the
discounted expected value of lifetime utility:

1 1 (12g ) 2 2 (12g )` ` (C 2H ) (C 2H )it it it itt 1 2 t ]]]]] ]]]]]O b U(C , C )5O b 1 ,S Dit it 12g 12gt50 t50

i 5 1,2 (1)

whereb is the discount factor, 1 /g is the intertemporal elasticity of substitution,
jC is the consumption of goods and services of countryj by the household ofit

jcountryi andH is the subsistence consumption (or habit) of goods and services ofit

country j by the household of countryi. We reparameterize the utility function in
jterms ofX , the surplus consumption ratio of goods and services of countryj byit

the household of countryi:

j jC 2Hit itj ]]]X 5 , i 5 1,2, j 51,2 (2)it jC it

j j j jWhenC 5H , X 50: this is the worst possible state. By contrast, asC rises,it it it it

the surplus consumption ratio converges on unity.
The agent in the goods market faces the following cash-in-advance constraint:

j j jM $P C , i 5 1,2, j 5 1,2 (3)it t it

jwhereM is the amount of money of countryj held by the household of countryiit
jfor transactions in the goods market at timet and P is the price of countryjt

goods in terms of countryj money. If interest rates are positive the cash-in-
advance constraint will hold with equality. At the end of periodt (or the beginning
of period t11), the domestic households holding of domestic currency:

1 1 1 1 1M $P C 1B 2F G (4)1t11 t t 1t t t

6The superscript denotes country of origin and the subscript denotes country of use. Uppercase letters
denote variables in levels; lowercase letters denote variables in log levels, including growth and interest
rates. Greek letters without time subscripts denote parameters. Bars over variables denote steady states.
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is made up of proceeds from the sale of the endowment, the redemption of
jnominal discount bonds,B , and proceeds from forward contracts, whereF is theit t

one-period ahead forward foreign exchange rate expressed as the home price of
1foreign currency. NoteG .0 constitutes the number of long forward contractst

for foreign currency. The domestic household’s holding of foreign currency is:

2 2 1M $B 1G (5)1t11 1t t

Analogously the foreign households holding of foreign currency is:

2 2 2 2 2M $P C 1B 2G (6)2t11 t t 2t t

and of domestic currency is:

1 1 2M $B 1F G (7)2t11 2t t t

2where G . 0 constitutes a short position in forward foreign exchange for thet

foreign country.
The only role for the government is to have a central bank that engages in open

market operations. In each period the central bank of each country changes the
money stock by issuing one-period discount bonds. The bonds are redeemed at the
end of periodt (or the beginning of periodt 1 1). Equilibrium in the goods market
is given by:

j j jC 5C 1C , j 51,2 (8)t 1t 2t

Equilibrium in the money market given by:

j j jM 5M 1M , j 51,2 (9)t 1t 2t

Equilibrium in the forward foreign exchange market is given by:

1 2G 5G (10)t t

Each household maximizes Eq. (1) subject to Eqs. (3)–(10). Like Lucas (1982)
and Bekaert (1996) we assume that there is perfect international risk pooling in
equilibrium. Thus in equilibrium consumption of each good equals half of the
current endowment. There are four first-order efficiency conditions to each
household’s maximization problem. They are all well known in the international
asset pricing literature but differ from the standard model in the arguments of the
marginal utility function. The first two are Fisher equations and relate the
intertemporal marginal rate of substitution for each good to its country’s nominal

7interest rate and inflation:

7From this point the country of use subscript is suppressed for ease of notation.
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j j j 2g
dU /dC (C X )t11 t11 t11
]]] ]]]]j jP Pt11 t11j j]]] ]]]]E b(11 i ) 2 1 5E b(11 i ) 2 1 5 0t t j t t j j 2g
dU /dC (C X )t i t3 4 3 4]]] ]]]j jP Pt t

j 5 1,2 (11)

jwhere i , j 5 1,2, are the nominal rates of interest for the home and foreignt
8country, respectively. The intuition is the usual one that if the individual decides

jto decreaseM by one unit of currency this would decrease consumption spendingit

by one unit of currency. This money can be saved in the form of discount bonds
and used to buy goods in the next period.

The third efficiency condition is the purchasing power parity relationship. It
equates the real exchange rate with the marginal rate of substitution between
domestic and foreign goods and can be written as:

2 2 2 2 2gS P dU /dC (C X )t t t t t
]] ]]] ]]]5 5 (12)1 1 1 1 2gP dU /dC (C X )t t t t

whereS is the nominal spot exchange rate, measured as the home price of foreignt
1 2currency at timet. Note that, ifX 5X 51 in Eqs. (11) and (12), the conditionst t

9in a standard (no habit) model with addilog preferences hold. The final efficiency
condition is covered interest rate parity and is common to most models in
international finance:

1F 11 it t
] ]]5 (13)2S 11 it t

We define exogenous consumption and money growth as:
jC t11 j]]5 (11m ), j 5 1,2 (14)j t11C t

and
jM t11 j]]5 (11p ), j 51,2 (15)j t11M t

respectively. When we calibrate the model in Section 3 we will assume that
j jconsumption and money growth rates,m and p , follow vector autoregressivet t

j jprocesses with innovations to the stochastic processes denoted byn and u ,t t

8 jAs usual, the price of bonds is 1/(11 i ) j 51,2.t
9Throughout the remainder of the paper, the phrase ‘standard model’ or ‘standard addilog model’ is

jused to mean addilog preferences, i.e., Eq. (1) withH for i51,2 andj51,2.it
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respectively. We closely follow Campbell and Cochrane (1999) by assuming that
the log of the surplus consumption ratios evolve as follows:

j j j j j¯x 5 (12f)x 1fx 1l(x )(v ), j 51,2 (16)t11 t t t11

j¯wheref,1, is the habit persistence parameter andx is the steady state value for
jthe logarithm of the surplus consumption ratio for goodj. The functionl(x )t

describes the sensitivity of the log surplus consumption ratio to endowment
innovations. It depends non-linearly on the current log surplus consumption ratio.

jThe form of the sensitivity functionl(x ) is:t

]]]]j j¯122(x 2 x )œ tj j j]]]]]l(x ) 5 2 1 for x # xt j t maxX̄
j j (17)50 for x . xt max

j 2¯12 (X )j j¯ ]]]wherex 5 x 1 , j 51,2max 2
jX̄ is the steady state value of the surplus consumption ratio for goodj and is

defined as:
]]gj¯ ]]X 5s (18)jn 12fœ

We defines as the standard deviation of the innovation to the consumption ofjn

the jth good. The local curvature of the utility function with respect to goodj at
the steady state is:

]]]2 j 2
d U /d(C )g g(12f)it œj] ]]]] ]]]]5 2C 5 i, j 51,2 (19)j it j¯ s jX dU /dC nit

Note that this expression is positively related to the coefficient of relative risk
10aversion for the one good case.

The main difference between our specification and that of Campbell and
Cochrane (1999) is that we have two goods in the model. We assume that there is

11a separate habit in each good. There are three advantages to specifying the habit
along the lines of Eqs. (16)–(18). Two of them are sensible technical features.
Firstly, the habit is predetermined at the steady state. This means that it takes time

10Defining risk aversion in a multi-good model is not trivial (see Engel, 1992; and Moore, 1997). An
intertemporal model has as many goods as time periods. In addition, our model has two goods in each
time period. We evade this problem by only considering its value at the steady state.

11An alternative strategy would be to specify a single habit in a basket of home and foreign goods.
We explored this possibility but were unable to develop the Campbell–Cochrane property of constant
real interest rates. The main reason for this goes back to Lucas (1982) who pointed out that there is no
straightforward definition of the real interest rate in a multi-good context.
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for the consumption externality to affect an individual agents habit. The second
advantage avoids a possible difficulty with the first. If the habit were always
predetermined, a sufficiently low realization of consumption would mean that
habit exceeded current consumption. The arguments of the utility function (1)
would become negative. Our habit specification prevents this by ensuring that the
habit moves non-negatively with consumption everywhere. These two features are
illustrated in detail in Campbell and Cochrane (1999). The final and most
important advantage of our specification is that the real interest rate is constant.
This point is illustrated in the next sub-section.

2.3. A benchmark example

Under some simplifying assumptions on the forcing processes, we can derive
expressions for the forward discount, spot return and expected forward speculative
profit. This will provide some intuition for our simulated results. We assume that
consumption growth is a white noise process with a non-zero mean as in Campbell
and Cochrane (1999) and money growth follows a simple AR(1) process as in
Christiano (1991):

j j j j 2¯m 5m 1n , n |N(0,s ), j 5 1,2 (20)jt11 t11 t11 v

and

j j j j j 2¯p 5 (12r)p 1rp , u u |N(0,s ), j 5 1,2 (21)jt11 t t11 t11 u

respectively. The unconditional means of consumption and money growth in
j j¯ ¯country j are defined asm and p , respectively. The variances of shocks to

2 2consumption and money growth in countryj are defined ass and s ,j jn u
12respectively. We make the following simplifying assumptions: (i) the uncondi-

tional mean of consumption growth may differ from the unconditional mean of
money growth but the parameters are the same across countries; (ii) the variance
of shocks to consumption growth may differ from the variance of shocks to money
growth but the parameters are the same across countries; (iii) the covariances

13between all shocks are zero; (iv) the first-order autocorrelation coefficient for
money growth,r, is the same in both countries.

2The assumption ons implies that the steady state surplus consumption ratio isjn
1 2¯ ¯ ¯the same for both goods:x 5 x 5 x. In what follows we drop thej superscripts

on all steady state parameters.

12In principle all of the assumptions are relaxed for the calibrations of Section 3.
13Engel (1992) argues that the empirical covariance between real and nominal shocks is low or zero.
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jAs shown in Campbell and Cochrane (1999) the real interest rate,r , for
14country j is constant and is given by:

j
dU /dC t11j j ]]]ln(11 r )¯ r 5 2 ln E bF Gt j
dU /dC t

1
¯ ]5 2 ln(b )1gm 1 g(12f) (22)2

Thus both domestic and foreign real interest rates are constant and equal under the
specific assumptions of the last paragraph. The reason for this central feature of the
habit specification is as follows. If the surplus consumption ratio is low, the
marginal utility of consumption is high. Consequently, households wish to borrow
pushing up the real interest rate in the face of exogenous resource constraints, i.e.,
the intertemporal substitution effect. In contrast, when the surplus consumption
ratio is low, uncertainty is high; consumers wish to increase precautionary saving
and this pushes interest rates down. These two forces offset each other.

Similarly we can derive an expression for domestic and foreign nominal interest
15rates. Using Eq. (11) the nominal interest rate for countryj is given by:

1j j j j 2 j 2]i 5 r 1 [(12r)p 1rp 2m ] 2 (s 1 (12 2g(11l(x )))s ),t t u t n2

j 5 1,2 (23)

The first term is just the constant real interest rate that we have already
presented in Eq. (22). The second term is the expected rate of monetary growth
minus the steady state rate of real consumption growth. This term can be
interpreted as the expected rate of inflation. The final term is the risk premium.

jNote that ifl(x )5 0, this simplifies to the risk premium in the standard model.t

The habit specification adds an additional risk premium that has the following
jproperty. When surplus consumption is low, uncertainty (in the form ofl(x )) ist

high and the risk premium in the nominal interest rate is higher. In short, the lower
the surplus consumption ratio, the more consumers have to be compensated for
taking on inflation risk.

Taking logarithms of the covered interest parity Eq. (13) and using Eq. (23), it
is easy to obtain the following expression for the forward discount:

1 2 1 2 2 1 2f 2 s 5 i 2 i 5 r(p 2p ) 1 gs (l(x )2l(x ))f g f gt t t t t t n t t

14The proofs of expressions used throughout the paper are derived in a technical appendix that is
available from www.may.ie /academic/economics/pdf /N910799a.pdf.

15For proof, see Section B, Eq. (B2) in the technical appendix.
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or equivalently

X̄1 2 1 2]f 2 s 5 r(p 2p ) 2 g(12f) (x 2 x ) (24)f g F Gt t t t t tg

The second expression for the forward discount in Eq. (24) is obtained from a
j 16linearization ofl(x ) in Eq. (17). In the case of standard addilog preferences, thet

forward discount is simply the term in the first set of square brackets in both
1 2expressions in Eq. (24), i.e.,r(p 2p ). This is the home and foreign expectedt t

money growth differential. Habits add real influences in the form of the ratio
between the home and foreign expected IMRS. When the home country has a
lower surplus consumption ratio than the foreign country (i.e., uncertainty is
higher in the home country), the home currency is at a deeper forward discount.

Next we derive an explicit expression for spot return. Substituting the cash-in-
advance constraints from Eq. (3) into Eq. (12) gives:

g1 1 g21 1X C Mt t t
] ] ]S 5 (25)S D S Dt 2 2 2X C Mt t t

Thus spot return is given by:

g 2g1 g21 2 12g 1 2 21 1 2S C C M M X Xt11 t11 t11 t11 t11 t11 t11
]] ]] ]] ]] ]] ]] ]]5S D S D S DS D S D S D1 2 1 2 1 2S C C M M X Xt t t t t t t

(26)

Using Eqs. (14)–(21) in Eq. (26) we derive an expression for the logarithm of the
spot return:

1 2 1 2 1 2s 22 5r(p 2p )1 (u 2 u )2g(12f)(x 2 x )t11 t t t t11 t11 t t

1 1 2 2
2 ((12g(11l(x ))n 2 (12g(11l(x ))n )t t11 t t11

or equivalently
1 2 1 2 2s 22 5 [r(p 2p )1 (u 2 u )1 (12g )(n )]t11 t t t t11 t11 t11

1 2
1 [g(Dx 2Dx )] (27)t11 t11

The second expression in Eq. (27) is obtained from the first by noting that Eq.
(16) can be reparameterized as:

j j j j¯Dx 5 (12f)(x 2 x )1l(x )(n ), j 5 1,2 (28)t11 t t t11

The contribution of habits to spot return is straightforward. Under standard addilog
preferences the spot return is the first square-bracketed term in the second

16For proof, see Section A, Eq. (A6) in the technical appendix.
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expression in Eq. (27). It consists of the difference between home and foreign
money growth as well as a term that is proportional to the difference between
home and foreign real innovations. The remainder of the expression arises solely
because of the habit specification. It introduces differences in the changes in the
growth of home and foreign surplus consumption ratios.

It is clear that one of the main sources of variation in spot return is the ratio of
the IMRS of home and foreign goods. The volatility of this is typically very low,
leading to the conclusion by Flood and Rose (1999) that macroeconomics is
incapable of explaining exchange rate volatility. Our habit specification makes the
IMRS dependent on the change in the surplus consumption ratios, which are
volatile by construction. Consequently, the spot return is much more variable
under our habit specification than under the standard addilog case.

It is useful at this stage to introduce theexpected spot return conditional on time
t. Taking expectations of Eq. (27) at timet gives:

1 2 1 2E (s 2 s )5 [r(p 2p )] 2 [g(12f)(x 2 x )] (29)t t11 t t t t t

Like the forward discount in Eq. (24), the expected spot return is influenced (in
the same direction) by the home and foreign country’s relative uncertainty, as
measured by the difference between the home and foreign log surplus consumption
ratios. The expected forward profit is the expected return from taking a short
position in forward foreign exchange, i.e.,f 2E s . This can be derived as thet t t11

difference between the forward discount and the expected spot return: (f 2 s )2t t

E (s 2 s ), i.e., Eq. (24) minus Eq. (29).t t11 t

X̄ 1 2]( f 2E s )5g(12f) 12 (x 2 x ) (30)S Dt t t11 t tg

It is well known (see, for example, Engel, 1999) that the expected forward profit
consists of two elements: a risk premium and a non-convexity term. However
under the specific assumptions that we have made about the forcing processes in
this example, the non-convexity term is zero. In addition, the risk premium itself is

17zero under standard addilog preferences without habits. Consequently, Eq. (30) is
exclusively a risk premium that is attributable to habits. It is time varying and its
sign has two determinants. As in the cases of the forward discount and expected
spot return, it depends on relative uncertainty in the home and foreign countries, as
measured by the difference between the home and foreign surplus consumption
ratios. However, it also depends on the local curvature of the utility function at the

¯steady state functiong/X and in particular whether it is greater or less than unity.
It is straightforward to provide an interpretation of the time-varying risk

premium of Eq. (30) in terms of the properties of the pricing kernels that price

17For proof, see Section C in the technical appendix.
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18nominal assets in each country. Backus et al. (2001) show that for log-normal
pricing kernels such as ours, the risk premium is proportional to the difference
between the conditional variances of the log of the home and foreign pricing
kernels. It is clear that equation can be reparamaterized in those terms. It also
provides a new understanding of the surplus consumption ratio in this model: it is
proportional to the conditional variance of the pricing kernel.

2 jWe defines as the unconditional variance ofx , j 51,2. Given the definitionx t
¯of X in Eq. (18) it is easy to show that the unconditional variance of the forward

discount, spot return and expected forward profit using Eqs. (24), (27) and (30)
19are:

2 2
r s u 2 2]]var(f 2 s )52 1g(12f)s s (31)S Dt t 2 v x12r

2
2s gu 2 2 2 2]] ]var(s 2 s )52 1 (12f) g s 1s 12 (32)S DS Dt11 t 2 x v X̄12r

and

2X̄2 2 2]var(f 2E s )5 2(11f) g 12 s (33)S Dt t t11 xg

respectively. We now summarize the impact of the habit specification on relative
20and absolute volatilities in the following proposition:

Proposition 1. (Volatility)
Under the assumptions of (i) addilog utility for the standard case, (ii) the

forcing processes in Eqs. (20) and (21), (iii) that the mean surplus consumption
¯ratio X , 1 and (iv) the local curvature of the utility function at the steady state

21¯g/X . 2, Campbell and Cochrane (1999) habits:

(a) increase the absolute volatilities of (i) spot return, (ii) the forward discount
and (iii) expected forward profit

(b) increase the volatility of spot return by (i) more than the increase in the
volatility of the forward discount and (ii) more than the increase in the
volatility of expected forward profit

18See their Eq. (14).
19For proof see Section D in the technical appendix.
20For proof see Section D in the technical appendix.
21Assumptions (iii) and (iv) are not very restrictive, as the mean surplus consumption ratio is

typically a small positive fraction. For example, in Campbell and Cochrane (1999), it is approximately
0.08.
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(c) increase the volatility of expected forward profit by more than the increase in
the volatility of the forward discount.

Proposition 1 shows that the habit specification moves the three volatilities in
the desired absolute and relative directions. Whether this is enough to match the
data depends on the relative importance of real and monetary shocks. The less
volatile the monetary shocks, the greater the importance of habits.

The next proposition relates to the effect of the habit specification on the
persistence of the spot return and the forward discount. We measure persistence for
a time seriesy as covy y /var y , its first-order autocorrelation coefficient.s d s dt t t21 t

The first-order autocorrelation coefficient of the forward discount and the spot
22return are:
2 2

r s u 2 2]]r 1fg(12f)s s2 n x12r
]]]]]]]] (34)2 2

r s u 2 2]]1g(12f)s sS D2 n x12r

and
22s 1u 2 2 2 2]] ]r 1 s g(12f)(12g ) 2 1 2g (12f) sS S D D2 n xX̄12r

]]]]]]]]]]]]]]]]] (35)2
22s gu 2 2 2 2]] ]1 2 g (12f) s 1s 12S S D D2 x n X̄12r

23respectively. We are now ready to state Proposition 2:

Proposition 2. (Persistence)
Under the assumptions of (i) addilog utility for the standard case, (ii) the

2forcing processes in Eqs. (20) and (21), (iii)f .r and (iv) terms in s are smalln
2 2in relation to terms in both s and s , Campbell and Cochrane (1999) habits:û x

(a) increase the persistence of the forward discount
(b) decrease the persistence of the spot return.

Proposition 2 can be explained easily by reference to Eqs. (24) and (27). In the
standard addilog case, the only persistent element determining both spot return and
the forward premium is expected money growth differentials. Consequently, they
both share the first order autocorrelation coefficient of money growth,r. Under the
habit specification, the forward discount in Eq. (24) also depends on the log

22For proof see Section E in the technical appendix.
23For proof see Section E in the technical appendix.
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surplus consumption ratios. This is because the expected IMRS depends on the
level of the surplus consumption ratios. Since their first-order autocorrelation
coefficientf is close to unity, the persistence of the forward discount rises. By
contrast, under the habit specification, spot return in Eq. (27) depends on the
IMRS itself. The IMRS is a function of thechange in the log surplus consumption
ratio, the first-order autocorrelation coefficient of which is negative. Consequently,
the persistence of the spot return falls.

Backus et al. (1993) and Bekaert (1996) argue that the forward discount ‘bias’
can be summarized by the inability of the standard model to explain the high
volatility of expected forward speculative profit. The introduction of our habit
specification increases this volatility but is it enough? Backus et al. (1995) remind
us that the slope coefficient,b , from a regression of the spot return on the forward1

discount can be written as

cov(E s 2 s , f 2E s )1 var(E s 2 s )t t11 t 1 t t11 t t11 t
]]]]]]]]]]]]]b 5 (36)1 var(f 2 s )t t

Many studies report negative estimates of this coefficient and thus the ‘bias
puzzle’. For this to happen the covariance term must be (i) negative and (ii) larger
in absolute value than the variance term in the numerator. Point (i) is Fama’s first
necessary condition and point (ii) is equivalent to Fama’s second condition: that
the variance of expected forward profit exceeds the variance of the expected spot
return. Most writers concentrate on the first of Fama’s necessary conditions (see,
for example, Alvarez et al., 1999). In Proposition 3 below, we show that the habit
specification, unlike the standard addilog model, indeed delivers this result. The
reason for this is straightforward. In the standard model, the expected forward
profit is, in fact, a constant and therefore is uncorrelated with expected spot
returns. With the habit specification, both expected spot return, Eq. (29) as well as

1 2the expected forward profit, Eq. (30), depend onx 2 x , the difference betweent t

the home and foreign log surplus consumption ratios. It has already been
suggested that this measures relative uncertainty in the home and foreign
countries. When uncertainty is higher in the home country, a depreciation is
expected. The opposite happens to forward profit. The reason for this is embedded
in Proposition 1 (b) (i): spot returns are more sensitive to habits than the forward
discount. Consequently,f 2E (s ) is dominated by movements inE (s ),t t t11 t t11

which enters the expected forward profit with the opposite sign to which it appears
in E (s )2 s .t t11 t

However, we also show that the second of Fama’s conditions is violated by the
habit specification. This violation is so significant that it completely overshadows
the success in obtaining the negative covariance to the extent that the coefficient

24slopeb becomeslarger than unity. We are now ready to state Proposition 3:1

24For proof see Section F in the technical appendix.
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Proposition 3. (unbiasedness)
Under the assumptions of (i) addilog utility for the standard case, (ii) the

forcing processes in Eqs. (20) and (21), (iii) the local curvature of the utility
25¯function at the steady state g/X . 1, Campbell and Cochrane (1999) habits

imply that:

(a) the unconditional covariance between expected spot return and expected
forward profit is negative

(b) the unconditional variance of expected spot return is greater than the variance
of expected forward profit

(c) the slope coefficient from a regression of the spot return on the forward
discount exceeds unity.

The reason why this perverse result occurs is related to our success in increasing
the volatility of the spot return: too much of the increase is accounted for by the
volatility of the expected spot return. We require the volatility of spot return to
exceed the volatility of expected forward profit but this must, in turn, exceed the
volatility of expected spot return.

All of the results in this sub-section depend on the specific error processes in
Eqs. (20) and (21). In reality, home and foreign money and consumption growth
do not follow AR(1) processes with scalar variance covariance matrices. In the
next section, we calibrate the model to processes estimated from the data and
re-evaluate the results.

3. Empirical and model evidence

3.1. Some stylized facts about the forward exchange market

Hodrick (1987), Backus et al. (1993) and Bekaert (1996) present the stylized
facts for a number of bilateral exchange rates. In order to remind the reader of
these facts we present some quarterly statistics over the period 1973:1–2000:4 for
bilateral exchange rates between the US dollar, sterling and the yen in Table 1. In
Section 1 we discussed three sets of well-known facts about the forward exchange
rate market. The first is that the standard deviation of the forward discount is

26smaller than that of expected forward speculative profit and is an order of
magnitude less than that of the spot return. The second is that while the spot return
is not very persistent, the AR(1) coefficient of the forward discount is high. The

25Note that the condition on the local curvature of the utility function is less stringent than
assumption (iv) of Proposition 1.

26The expected forward speculative profit is calculated as the fitted value from regressing realized
profits on the lagged forward premium.
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Table 1
Properties of forward and spot exchange rates

US–UK US–Japan UK–Japan

Volatility
Spot return (%) 5.44 6.11 6.12
Expected forward profit (%) 1.75 2.85 2.58
Forward discount (%) 0.72 0.71 0.47

Persistence
Spot return 0.09 0.13 0.19

(0.09) (0.09) (0.09)
Forward discount 0.74 0.80 0.65

(0.08) (0.08) (0.10)

Unbiasedness
Point estimate ofb 21.43 23.00 24.421

(0.89) (0.76) (0.93)

The data are quarterly and obtained from Datastream.
The sample period for all spot exchange rates is 1973:1–2000:4.
The sample period for the US–UK forward exchange rates is 1976:2–2000:4.
The sample period for the Japan–US forward exchange rates is 1978:3–2000:4.
Volatility is measured by the standard deviation.
Persistence is measure by the first-order autocorrelation coefficient.
The expected forward profit is calculated as the fitted value from regressing realized profits on the
lagged forward premium. The coefficientb is estimated from regressing the spot return on the lagged1

forward premium.
HAC standard errors are in parentheses.

third fact is that the coefficient on the forward discount from a regression for
predicting spot return,b , is usually the wrong sign (negative).1

3.2. Calibration and results from baseline parameterization

There is no closed form solution for the first two non-linear stochastic rational
expectations efficiency conditions, i.e., Eq. (11). Thus we find an approximate
solution using a linear-quadratic method of undetermined coefficients, see Christ-

27iano (1991). This yields optimal linearised rules for domestic and foreign bond
prices (and thus nominal interest rates) as functions of the consumption and money
growth shocks and the log of surplus consumption ratio. Spot and forward
exchange rates can easily be calculated using Eqs. (3), (12) and (13).

We calibrate the model discussed in Section 2 and compare the moments
generated from the model with those typically found in quarterly data. Two
approached are adopted. First, we assume very simple AR(1) time series processes
for the exogenous consumption and money growth shocks, as in Section 2.3

27The linear-quadratic solution method is explained in Section G of the technical appendix.
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above. In this case the baseline parameters are taken straight from existing
literature. This allows us to show that the predictions from the simulated linear-
quadratic approximation are indeed what are theoretically derived in Section 2.3
above. Second, we use data on consumption and money growth for the US, UK
and Japan and estimate bivariate vector autoregressions. We calibrate the model
using a VAR from each bilateral relationship and compare the moments generated
from the model with those found with each bilateral exchange rate.

We present the baseline parameterization in Table 2. The discount rate,b, is
20.25assumed to be (1.03) which is based on an annual real rate of interest of 3%; a

value commonly used in the literature (see for example Christiano, 1991). This
parameter remains constant in the various experiments we simulate. The elasticity
of intertemporal substitution, 1/g, and the AR(1) coefficient of the log of the
surplus consumption ratio,f, have major effects in the habit persistence model. In
the baseline parameterization we set the elasticity of intertemporal substitution
equal to 5 (g50.2). The value ofg is low compared to Campbell and Cochrane
(1999): their lowest value for this parameter is 0.7. However, even withg50.2, it

¯is worth remembering that the local curvature of the utility function isg/X 5 13.8.
In Campbell and Cochrane (1999) this is 47.6. The AR(1) coefficient of log
surplus consumption equals 0.97, which is used in Campbell and Cochrane (1999).
Later in this section we perform sensitivity analysis and examine how the results
change when the elasticity of intertemporal substitution varies between 10 and 0.5
and when we change the AR(1) coefficient of the log of the surplus consumption
ratio from 0.9 to 0.99.

The parameters of the exogenous endowment and money growth rate AR(1)
processes are also taken from the literature. Campbell and Cochrane (1999) use
US real consumption expenditure on non-durables and services to proxy for
endowments. They assume that consumption growth is a white noise process with
a non-zero mean estimated to be 0.44% per quarter. They estimate that the
standard deviation of shocks to consumption growth is 0.56%. Christiano (1991)
estimates the mean of US base money growth to be 1.6% per quarter. He also
estimated the first-order autocorrelation coefficient to be 0.32 and the standard
deviation of the shock to money growth to be 0.38%. We simulated the standard

Table 2
Baseline parameterization

Discount factorb 0.9926
Curvature of the utility functiong 0.20
Persistence of the log 0.97
surplus-consumption ratiof

Consumption growth Money growth
Unconditional mean % 0.44 1.60
AR(1) coefficient 0.00 0.32
Standard deviation of shock % 0.56 0.38
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and habit models 1000 times generating 110 observations for each series. The
results from the baseline parameterizations for the moments of interest are
presented in Table 3. We present the mean of the simulated moment and its
standard error (in parentheses).

Compare the results in Table 3 to Proposition 1. The latter claims that the habit
specification increases the three volatilities, in absolute terms. A comparison of the
columns ‘habit preferences’ and ‘standard preferences’ shows that this is indeed
the case. In particular, note that the simulated volatilities have very low sampling
standard errors. Proposition 1 also claims that habits increase spot return volatility
by more than the other two and increases expected forward profit volatility by
more than the volatility of the forward discount. This clearly occurs and the
ranking of the three volatilities in the habit model is consistent with the stylised
facts in Table 1. Proposition 2 claims that Campbell and Cochrane (1999) habits
raise the persistence of the forward discount and lower that of the spot return.

Table 3
Moments in the theoretical economy using baseline parameterization

Standard Habit
preferences preferences

Volatility
Spot return (%) 0.84 9.85

(0.002) (0.216)
Expected forward profit (%) 0.07 1.50

(0.002) (0.041)
Forward discount (%) 0.18 0.82

(0.000) (0.024)

Persistence
Spot return 0.13 20.04

(0.003) (0.005)
Forward discount 0.30 0.77

(0.003) (0.006)

Unbiasedness
Covariance 0.00000 20.00048

(0.000) (0.00004)
Negative covariances (%) 48.50 93.50
Mean of b 0.94 3.361

(0.002) (0.062)

The results presented are the mean of 1000 replications of 110 observations using the baseline
parameterization in Table 2.
The standard error of the mean is reported in parenthesis.
Volatility is measured by the standard deviation.
Persistence is measure by the first-order autocorrelation coefficient.
The expected forward profit is calculated as the fitted value from regressing realized profits on the
lagged forward premium. The coefficientb is estimated from regressing the spot return on the lagged1

forward premium.
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From Table 3, the results from the simulations demonstrate that this occurs. A
comparison with the stylised facts in Table 1 shows that both the simulated AR(1)
coefficients are within two standard errors of the estimates. Finally, Proposition 3
argues that in contrast to the standard case where the covariance between forward
profit and expected spot return is zero, the habit specification delivers a negative
covariance. The row headed ‘Covariance’ in Table 3 shows the average simulated
value of this covariance and its standard error in the sample. The row headed
‘Negative covariances’ in Table 3 shows the percentage that is negative. In the
standard case, about one-half of the covariances are negative. By contrast, the
habit preferences deliver negative covariances more than 90% of the time. Finally,
as predicted by Proposition 3, Campbell and Cochrane (1999) preferences give
rise to a perverse result in the forward rate regression. The standard model
suggests that this slope is unity in contrast to the negative values that we see in the
data (see Table 1). Because of the fact that the volatility ofexpected spot returns is
so high in the habit model, the average simulated value of this slope is greater than
unity as demonstrated by Proposition 3.

It is worthwhile showing the effect of varyingg, the inverse of the intertemporal
elasticity of substitution on the exchange rate volatilities. This is illustrated in Fig.
1 where the elasticity varies from 10 (g50.1) to 0.5 (g52). As the elasticity of
intertemporal substitution falls, the lack of intertemporal substitution opportunities
means that it is more difficult to diffuse the effect of shocks over different time
periods. Consequently, all exchange rate volatilities rise.

Consider the effect of varying the habit persistence parameter. This is illustrated
in Fig. 2. The AR(1) coefficient of the log of the surplus consumption ratio,f, is

Fig. 1. The effects of changingg on the volatilities of exchange rates.
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Fig. 2. The effects of changingf on the volatilities of exchange rates.

allowed to vary from 0.9 to 0.99. Asf increases, the variability of thechange in
the surplus consumption ratio declines. Consequently, the variability of the
intertemporal marginal rate of substitution, and therefore the three exchange rate

28volatilities decline asf approaches unity. Another way of thinking about it is
¯that the steady state surplus consumption ratio,X, rises asf rises. As the steady

state surplus consumption ratio rises, the local curvature of the utility function,
¯g/X, falls and therefore exchange rate volatilities decline.

3.3. Calibration and results from alternative parameterizations

In this section we use data on consumption and money growth for the US, UK
and Japan to estimate parameters from bivariate vector autoregressions. We use
quarterly seasonally adjusted data on real consumption expenditure on non-
durables and services and the nominal monetary base. The data on consumption
and money are obtained from the Federal Reserve Bank of St. Louis for the US
and from Datastream for the UK and Japan. The sample period is 1973:1–2000:1.
The unconditional means of consumption and money growth for the US, UK and
Japan are presented in Table 4. We use these in further simulations of both the
standard and habit models. We estimated three versions of the following vector
autoregression:

W 5F 1F W 1U , U |MN(0,S ), (37)t11 0 1 1 t11 t11

28At f51, the steady state surplus consumption ratio is not defined. In effect, the habit model
converges on the standard model.
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Table 4
Unconditional means of consumption and money growth rates

Growth US UK Japan

Consumption (%) 0.75 0.58 0.69
Money (%) 1.89 1.70 2.02

Quarterly data on real consumption expenditure on non-durables and services and the money base are
obtained from the Federal Reserve Bank of St. Louis for the US and from Datastream for the UK and
Japan.
The sample period is 1973:1–2000:1.

1 2 1 2 1 2 1 29 9whereW 5 (m , m ,p ,p ) andU 5 (n ,n ,u ,u ). The three versions used datat t t t t t t t t t

for US–UK, US–Japan and UK–Japan consumption and money growth with one
lag in each of the variables. We performed likelihood ratio tests for various
restrictions on Eq. (37) for each country pair and presentp-values in Table 5. We
test the following three hypotheses on the coefficients inF : whether real growth1

variables affected nominal variables (and vice versa), whether domestic variables
affected foreign variables (and vice versa) and whetherF is diagonal. In the top1

half of Table 5 we allowS to be unrestricted and in the bottom half the covariance
matrix was restricted to conform to the restrictions onF .1

The UK–US data do not reject the restriction that the slope coefficients on
money growth in the consumption growth equations are zero (and vice versa) and
that the money growth shocks are uncorrelated with consumption growth shocks.
By contrast, the US–Japanese data do not reject the restriction that the slope
coefficients on foreign growth variables in the domestic growth equations are zero

Table 5
Probability values for likelihood ratio tests on a VAR(1) model of consumption and money growth

US–UK US–Japan UK–Japan

Unrestricted covariance matrix
VAR(1) with no real-nominal coefficients 0.335 0.750 0.030
VAR(1) with no cross-country coefficients 0.001 0.796 0.008
Simple AR(1) processes 0.007 0.858 0.016

Restricted covariance matrix
VAR(1) with no real-nominal coefficients 0.140 0.005 0.000
VAR(1) with no cross-country coefficients 0.000 0.742 0.005
Simple AR(1) processes 0.000 0.000 0.000

Quarterly data on real consumption expenditure on non-durables and services and the money base are
obtained from the Federal Reserve Bank of St. Louis for the US and from Datastream for the UK and
Japan.
The sample period is 1973:1–2000:1.
VAR(1) with no real-nominal coefficients is a vector autoregression where money growth does not
effect consumption growth and vice versa.
VAR(1) with no cross-country coefficients is a vector autoregression where domestic growth variables
do not effect foreign growth variables and vice versa.
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(and vice versa) and that foreign growth shocks are uncorrelated with domestic
growth shocks. Finally, we were unable to find any valid restrictions on the
UK–Japanese vector autoregression.

The remaining parameters in the simulations are given the same value as in the
baseline parameterisation. We use the estimatedF andS based on the restrictions1

29discussed in the above to simulate three versions of the model. The simulated
results are presented in Table 6. The results are very similar to those presented for
the baseline parameterization even though we use three different sets of parameters
for the exogenous processes. We note that the volatility of the forward discount

Table 6
Moments in the theoretical economies

Standard preferences Habit preferences

US–UK US–Japan UK–Japan US–UK US–Japan UK–Japan

Volatility
Spot return (%) 1.42 3.16 2.93 9.49 9.87 9.56

(0.004) (0.007) (0.006) (0.200) (0.205) (0.202)
Expected forward profit (%) 0.10 0.24 0.21 1.09 1.23 1.21

(0.002) (0.006) (0.005) (0.039) (0.041) (0.041)
Forward discount (%) 0.64 0.46 0.48 1.04 1.00 1.00

(0.002) (0.000) (0.000) (0.019) (0.022) (0.021)

Persistence
Spot return 0.36 0.11 0.08 20.01 20.02 20.04

(0.003) (0.003) (0.003) (0.005) (0.004) (0.001)
Forward discount 0.47 0.22 0.04 0.66 0.58 0.46

(0.003) (0.003) (0.003) (0.005) (0.007) (0.009)

Unbiasedness
Covariance 0.000 0.000 0.000 20.0004 20.0004 20.0004

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Negative covariances (%) 42.70 53.70 54.10 83.80 88.50 87.60
Mean of b 0.96 0.93 1.00 1.79 2.11 2.071

(0.006) (0.021) (0.018) (0.032) (0.036) (0.035)

The results presented are the mean of 1000 replications of 110 observations using parameters for the
forcing processes described in Section 3.
The standard error of the mean is reported in parenthesis.
Volatility is measured by the standard deviation.
Persistence is measure by the first-order autocorrelation coefficient.
The expected forward profit is calculated as the fitted value from regressing realized profits on the
lagged forward premium. The coefficientb is estimated from regressing the spot return on the lagged1

forward premium.

29For the sake of brevity the estimated coefficients and covariance matrix are omitted.
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increases relative to the baseline results. This is due to the fact that the real interest
rate is not constant.

4. Conclusion

This paper has proposed a modelling strategy that makes substantial progress
towards resolving many of the outstanding puzzles in respect of the forward
foreign exchange market. A model that combines habit persistence and a constant
real rate of interest in a monetary framework is capable of explaining most of the
volatility, persistence and forward bias puzzles. However, Campbell and Cochrane
(1999) habits ultimately fail to explain the forward bias puzzle because they make
the volatility of expected spot returns too high.

The main consequence of this failure is that the regression slope in the forward
market equation is greater than unity rather than negative as is empirically found.
It is interesting that Bekaert (1996) reports that he was unable to generate a single
simulation that gave rise to a negative estimate of this slope coefficient. Since he
was also modelling habit persistence it would be worth revisiting his work to
determine if he was also obtaining our perverse result. Backus et al. (2001) have
already noted the possibility that otherwise sensible models can be created where
this can occur. Interestingly, they find it in a two-currency version of Cox et al.
(1985).

Alvarez et al. (1999) claim to have resolved the forward bias anomaly. They
introduce trading frictions by relaxing the assumption of complete markets and by
allowing the extent of the trading friction to be endogenously determined. Their
strategy is as follows: asset markets and goods markets are segmented in the sense
that agents must pay a fixed cost to transfer money between the two markets. This
segmentation is endogenous because, in equilibrium, some agents chose to pay the
fixed cost while some do not. They derive sufficient conditions forone of Fama’s
necessary conditions for the forward premium anomaly viz., that the covariance
between expected forward speculative profits and expected spot rate changes be
negative. They do not determine the implication of their model for Fama’s second
necessary condition: that the variance of expected forward speculative profits
exceed the variance of expected spot rate changes. This paper shows the
importance of this condition. Overall, it is difficult to come to any definite
conclusion about their model at this stage because they do not simulate it.

A few research directions are immediately suggested. It would be interesting to
apply this approach tonominally denominated asset prices in closed economies.
There are many issues unresolved in international real business cycle theory, such
as the behaviour of real exchange rates. It would be worthwhile to examine
whether this model casts any light on them. A production sector could be included
in the models discussed in the paper. This is common in most international real
business cycle models. Rather than using binding cash-in-advance constraints
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money could be introduced into the model in a manner that does not impose the
30counterfactual unit consumption velocity of money. Finally, any future research

must focus explicitly on this issue: how can the highunconditional volatility of
spot returns be explained without excessively high volatility of expected excess
spot returns conditional on the forward discount? In other words, high spot return
volatility must come from high volatility in spot return surprises.
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