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23This paper shows that state-uncertainty preferences help to explain the observed exchange rate risk
24premium. In the framework of Lucas (1982) economy, state-uncertainty preferences amount to assuming
25that a given level of consumption will yield a higher level of utility the lower is the level of uncertainty
26perceived by consumers. Under these preferences we can distinguish between two factors driving the
27exchange rate risk premium: “macroeconomic risk” and “the risk associated with variation in the private
28agents' perception on the level of uncertainty”. Empirical evidence from three main European economies in
29the transition period to the euro provides empirical support for the model. The model is more successful in
30accounting for the observed currency risk premium than models with more standard preferences, and the
31general perception of risk by private agents is shown to be a more important determinant of risk premium
32than macroeconomic uncertainty.
33© 2010 Published by Elsevier B.V.
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38 1. Introduction

39 According to the standard uncovered interest rate parity condition,
40 the expected variation in an exchange rate should be equal to the
41 interest rate differential between foreign and domestic risk-free bonds.
42 Instead, empiricalworkusually shows that the slope coefficient fromthe
43 linear projection of the change in the foreign exchange rate on the
44 interest rate differential is often significantly negative, which implies
45 that the domestic currency is expected to appreciate when domestic
46 nominal interest rates exceed foreign interest rates. This is puzzling
47 because economic intuition suggests that international investors would
48 demand higher interest rates on currencies that are expected to
49 depreciate.
50 Among the explanations of this anomaly is that there exists a time-
51 varying risk premium in currency markets. Attempts to account for
52 the forward premium anomaly by time varying risk premium have
53 mostly focused on exploring dynamic, stochastic general equilibrium
54 models with identical consumers endowed with isoelastic expected
55 utility preferences. Engle (1982) provides an excellent survey of this
56 literature and shows that most of these models are unable to explain
57 the risk premiums observed in actual financial markets. The problem
58 resides in the smoothness of implied consumption growth, relative to
59 the volatility of the risk premium embedded in asset prices.
60 Inside the representative agent framework, several authors have
61 attempted to rationalize asset pricing through state-dependent pre-

62ferences. Examples include paperswhere theutility produced by a given
63level of consumption depends on the previous level of consumption
64(habit formation), (as in Constantinides, 1990 and Campbell and
65Cochrane, 1999), relative social standing (as in Bakshi and Chen,
661996), or stochastic subsistence consumption levels (Campbell and
67Viceira, 2002). We take an alternative avenue that considers the
68perception by consumers on the current level of uncertainty as the state
69variable in preferences. A given level of consumptionwould then yield a
70higher level of utility when the consumer feels relatively certain about
71his future income stream than in periods when the range of possible
72income streams is wider. Such preferences are bound to induce real
73effects from changes in the perception on the level uncertainty through
74shifts in aggregate demand.
75That this effect can improve the explanationof the observedbehaviour
76in currency premium relative to previous specifications is shownhere in a
77model taken from Lucas (1982). First order conditions for the time
78aggregate, expected utility maximization problem under standard
79distributional assumptions lead to an analytical expression that allows
80us to examine the effect on risk premium of both, private agents'
81perception on the level of uncertainty or state-uncertainty, and the
82uncertainty produced by the time evolution of macroeconomic aggre-
83gates. That way, we can discuss the relative importance of each type of
84uncertainty to explain excess returns in the exchange rate market.
85We take advantage of the unique experiment provided by the
86convergence process to a monetary union in Europe to test our model.
87Becoming a member of the currency union would suggest higher
88credibility, with low inflation and increased stability, the opposite
89being the case if the country does not enter the union.We assume that
90the level of uncertainty in the economy is adequately represented by
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91 private agents' perceptions about the probability of their country
92 entering the Eurozone. Changes in the perceived probability of that
93 event will alter the level of uncertainty on future economic policy and
94 hence, changes in the marginal utility of consumption and in the
95 allocation of resources throughout the economy. For robustness, we
96 also consider an alternative representation for state-uncertainty, in
97 which filtering techniques are used to construct a proxy for the
98 perception of uncertainty in the economy with no explicit link to the
99 possibility of becoming a member of the Eurozone.
100 We proceed as follows: we present the theoretical model in
101 section two, describing the relationships implied by optimality
102 conditions among risk premium, the volatility of fundamental
103 variables and the level of state-uncertainty. We also derive an
104 analytical expression for the risk premium that allows for statistical
105 tests to be performed. In the third section, we use our model to
106 account for the risk premium during the transition period to the
107 European currency. Section four presents the main conclusions.

108 2. Optimal decisions, the level of uncertainty and the foreign
109 exchange risk premium

110 Fama (1984) defines the foreign exchange risk premium, RPt+1
e , as

111 the difference between the market expectation of currency depreci-
112 ation and the current one-period forward premium, fptt+1:

RPe
t + 1 = Et st + 1

� �
−st

� �
−fpt + 1

t

= Et st + 1
� �

−st
� �

− f t + 1
t −st
h i

= Et st + 1
� �

−f t + 1
t

ð1Þ

113114 where st and ft denotes the logarithm of spot and forward rates. The
115 exchange rate risk premium can be interpreted as the excess return of
116 a domestic investor who borrows one unit of domestic currency, buys
117 1/St worth of foreign currency, lends it on the foreign market for one
118 period, and reconverts his earnings to the domestic currency.
119 Traditional families of preferences are generally incapable of
120 delivering enough volatility in consumption to explain the empirically
121 observed risk premium, but state-dependent preferences may be able
122 do so. In particular, preferences that depend on the general level of
123 uncertainty can deliver a significant and time-varying currency risk
124 even if the fundamental shocks have low variance. In fact, the goal of
125 this paper is to search for evidence on the role of private agents'
126 perceptions on the level of uncertainty to explain the currencymarket
127 anomaly in a basic representative agent, consumption-based asset
128 pricing model [Lucas (1982) and Hu (1997)]. The model considers
129 two countries (domestic and foreign) and two perishable commod-
130 ities. In each country, a different currency is used to pay for
131 transactions in their respective commodities. Each period t, the
132 domestic (foreign) country receives an exogenous stochastic endow-
133 ment YtD (YtF), and zero units of the other commodity. The domestic
134 (foreign) country also receives an exogenous stochastic endowment
135 Mt

D (Mt
F) of its own currency.

136 Consumers are identical in both countries. The model is written
137 from the perspective of the domestic country. The representative
138 consumer maximizes time aggregate, discounted expected utility:1

Ut = Et ∑
∞

s= t
βs�tU cDis;c

F
is;Zis

� �
0 b β b 1 ð2Þ

139140 where Et denotes the conditional expectation based on information
141 known at the beginning of period t. cis

D and cis
F represent the

142 consumption levels of the domestic and foreign goods by the

143representative agent of country i at period s, and Zis denotes the
144perceived level of uncertainty in country i, i=D, F, at time s. We
145assume the utility function U(., .) to be bounded, continuously
146differentiable, increasing in the consumption of domestic and foreign
147goods, decreasing in the level of uncertainty, and strictly concave. The
148cross derivative UCZ can take any sign, and β is the constant time
149discount factor.
150The equilibrium exchange rate, in units of domestic currency per
151unit of foreign currency, is:

St =
PD
t

PF
t
:
UcF

D
cDDt ;c

F
Dt ;Zit

� �
UcD

D
cDDt ;c

F
Dt ;Zit

� � : ð3Þ

152153
154Therefore, if we denote by qt+1

j the intertemporal marginal rate of
155substitution (IMRS):

qj
t + 1 = β

Uc j
D

cDDt + 1;c
F
Dt + 1;Zit + 1

� �
P j
t

Uc j
D
cDDt ;c

F
Dt ;Zit

� �
P j
t + 1

; for j = D;F: ð4Þ

156157
158Then the rate of change in the equilibrium foreign exchange rate is
159given by:

St + 1

St
=

qFt + 1

qDt + 1
: ð5Þ

160161
162Additionally, a forward contract specifies at date t the number of
163units of domestic currency Ft

t+1 to be exchanged at time t+1 for one
164unit of foreign currency. Forward contracts allow consumers to insure
165themselves against the uncertainty on the future purchasing power of
166their own currencies. This contract specifies a net flow of Ftt+1−St+1

167units of domestic currency at date t+1. Since it involves no payments
168at date t, the fair (absence of arbitrage) pricing relationship implies
169[see Backus et al. (2001)]:

Et qDt + 1 Ft + 1
t −St + 1

� �h i
= 0: ð6Þ

170171
172Dividing Eq. (6) by St and using Eq. (5), we obtain:

Ft + 1
t = St

� �
Et qDt + 1

� �
= Et qDt + 1 St + 1 = St

� �� �
= Et qFt + 1

� �
;

173174so that, we get for the forward premium fpt
t+1:

Ft + 1
t

St
=

Et qFt + 1

� �
Et qDt + 1

� � : ð7Þ

175176
177Thus, given Eqs. (1), (5) and (7) the risk premium RPt+1

e
becomes

178equal to the difference between “the expectation of the log” and the “log
179of the expectation” of the IMRS for the foreign and domestic goods:

RPet + 1 = Et logqFt + 1

� �
−Et logqDt + 1

� �
− log Et qFt + 1

� �� �
− log Et qDt + 1

� �� �h i
:

ð8Þ
180181
182As it is standard in the literature,2 we assume that, conditional on
183information available at time t, Ωt, stochastic discount factors follow a
184log–normal distribution: log qt+1

i /Ωt:N (μt+1
i ,σqt + 1

i
2 ), i=D,F. Then,

RPe
t + 1 = μF

t + 1−μD
t + 1 � μF

t + 1 +
1
2
σ2
qFt + 1

− μD
t + 1 +

1
2
σ2
qDt + 1

� 	� 	

=
1
2
σ2
qDt + 1

−1
2
σ2
qFt + 1

; ð9Þ1 This specification is in the spirit of formulations proposed for state-dependent
preferences with different rationalizations for the state variable. In Bakshi and Chen
(1996) the state depends on social standing, while Campbell and Cochrane (1999) use
state-dependent preferences with habits. 2 See Backus et al. (2001) and Alvarez et al. (2007), among many others.
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185186 showing that a currency risk premium will arise only under a
187 significantly different volatility on the inflation-adjusted intertem-
188 poral rate of substitution across countries
189 To analytically illustrate the link between the level of uncertainty
190 and the risk premium, we need to impose some additional assumptions
191 on the joint stochastic properties of real and nominal endowments, the
192 probability distribution of the state variable, and the utility function.

193 2.1. An analytical expression for the risk premium

194 We assume the utility function to be time separable as well as
195 separable in the consumption of domestic and foreign goods:

U cDit ;c
F
it

� �
=

cDit
� �1�α

1�α
ZλD

t +
cFit
� �1�γ

1� γ
ZλF

t α;γ≥0; λD
; λF≤0 and α≠1;γ≠1;

ð10Þ

196197 whereα and γ are intertemporal elasticity of substitution parameters,
198 Zt is the state variable measuring the perceived level of uncertainty,
199 and λj, for j=D, F, indicates the extent to which uncertainty affects the
200 utility of the consumption of domestic and foreign goods. Addition-
201 ally, it is necessary to make some assumptions on the joint stochastic
202 behaviour of real and nominal endowments, as well as on the
203 probability distribution of the level of uncertainty before obtaining a
204 tractable expression for the risk premium.
205 If we impose standard cash-in-advance constraints and exploit the
206 conditions for the perfectly pooled equilibrium in Lucas (1982) that
207 consumption is equal in each country to half of the domestic and
208 foreign production, the domestic and foreign IMRS from Eq. (4) under
209 our assumed preferences, become:

qDt + 1 = yDt + 1

� �1−α
mD

t + 1

� �−1
zλ

D

t + 1;

qFt + 1 = yFt + 1

� �1−γ
mF

t + 1

� �−1
zλ

F

t + 1;

ð11Þ

210211 where yt+1
i ≡Yt+1

i /Yt
i,mt+1

i ≡Mt+1
i /Mt

i, for i=D, F and zt+1≡Zt+1/Zt.
212 Togetherwith Eq. (9), these relationships allow us to relate the risk
213 premium to the main sources of uncertainty in the economy, coming
214 from the time evolution of macroeconomic variables, like money
215 supply and output, Mt+1

i ,Yt+1
i , i=D,F, or from alternative sources,

216 not reflected in observed variables, that we summarize in Zt+1. We
217 assume the rates of growth of output, the money supply and the level
218 of uncertainty to be conditionally jointly log–normal. From Eq. (11),
219 this is a sufficient condition for the log–Normality of IMRS. Taking logs
220 in Eq. (11), IMRS volatility can be seen to depend on the average
221 change in the perceived level uncertainty, given by σzt+ 1

, the size of
222 that effect being determined by λj, j=D, F:

σ2
qDt + 1

= 1−αð Þ2σyDt + 1
+ σ2

mD
t + 1

+ λD
� �

2σ2
zt + 1

−2 1−αð ÞσyDt + 1m
D
t + 1

+ 2λD 1−αð Þσzt + 1y
D
t + 1

−2λDσzt + 1m
D
t + 1

;

σ2
qFt + 1

= 1−γð Þ2σyFt + 1
+ σ2

mF
t + 1

+ λFð Þ2σ2
zt + 1

−2 1−γð ÞσyFt + 1m
F
t + 1

+ 2λF 1−γð Þσzt + 1y
F
t + 1

−2λFσzt + 1m
F
t + 1

:

223224
225 From Eqs. (9) and (11), the risk premium can be written in terms
226 of conditional variances and covariances of output growth, monetary
227 aggregates, and the level of uncertainty:

RPe
t + 1 =

1
2

1−αð Þ2σ2
yDt + 1

−1
2

1−γð Þ2σ2
yFt + 1

+
1
2
σ2
mD

t + 1
−1

2
σ2
mF

t + 1

+
1
2

λDð Þ2− λF
� �

2
� �

σ2
zt + 1

+ − 1−αð ÞσyDt + 1m
D
t + 1

+ 1−γð ÞσyFt + 1m
F
t + 1

+ 1−αð ÞλDσzt + 1y
D
t + 1

− 1−γð ÞλFσzt + 1y
F
t + 1

−λDσzt + 1m
D
t + 1

+ λFσzt + 1m
F
t + 1

;

ð12Þ

228229where σxt+1

i ≡vart (log(xt+1
i )) and σxt+1

i pt+1
i ≡covt(log(xt+1

i ), log(pt+1
i )).

230Theexpected riskpremium is determinedbymacroeconomic uncertainty
231through (i) the conditional variance of domestic and foreign output,
232(ii) the conditional variance of domestic and foreign money supply,
233(iii) the conditional covariance between output and money supply,
234(iv) the conditional variance of the uncertainty indicator, and (v) the
235conditional covariance between money supply and output with the
236uncertainty indicator.
237Conditions i), ii), and iii) capture the effect of macroeconomic
238uncertainty on the forward risk premium. As shown in Eq. (11), an
239increase in the volatility of money supply or real income in the
240domestic country or a decrease in the positive covariance between
241these two variableswill increase IMRS volatility andhence the forward
242the risk premium, from Eq. (9).3 An increase in the volatility of money
243supply or real income in the foreign country or a decrease in their
244covariance would lead to the opposite effect on the risk premium.
245Conditions iv) and v) have to do with the uncertainty indicator. Under
246the maintained assumption that |λD|N |λF|, an increase in the volatility
247of state-uncertainty changes will increase the difference between the
248volatility of the domestic and the foreign IMRS, and this effectwill raise
249the forward premium.
250Thus our model generalizes Hu (1997) with the exchange rate risk
251premium having a second source of risk associated to the private
252agents' perception on the level of uncertainty. This additional
253argument might provide the additional volatility needed to reproduce
254the empirically observed high currency risk premium without
255requiring unreasonable coefficients of relative risk aversion, which is
256the main goal of this paper. We are particularly interested in the
257evolution of the observed risk premiumduring the transition period to
258the European currency using bilateral exchange rates between the
259French franc, British pound, and Spanish peseta, all relative to the
260German mark, and we want to estimate the relevance of fundamental
261uncertainty, relative to macroeconomic uncertainty, to explain the
262observed risk premium.

2633. Testing the model

264We start the empirical analysis of Eq. (12) by4 estimating the
265conditional variances and covariances for the exogenous variables
266as well as by constructing proxies for the perception of uncertainty
267by private agents. To estimate the level of state-uncertainty we
268follow two different approaches: First, a structural approach that
269considers a specific type of uncertainty, emerging from the
270possibility of joining the Eurozone at the outset. The second
271approach is mostly empirical, and uses a filtering technique to infer
272the evolution over time of the perception of the general level of
273uncertainty in the economy. Since our main interest is to evaluate

3 This effect arises because, under the cash-in-advance constraint, the referred
changes in second order moments of money supply or income will increase the
conditional variance of the price level. It is this increase in future price volatility that
produces the increase in IMRS volatility.

4 We consider the bilateral relationships between Spanish peseta (SPA), Deutsche
mark (DEM), Sterling pound (GBP) and French franc (FRF). The sample starts on
January 1, 1986 after Spain became a member of the European Economic Community
and ends in April 1998. In May 1998 the European Council announced the countries
that would form the euro area on January 1, 1999. We use monthly data for Spain (SP),
Germany (GER), France (FR) and United Kingdom (UK). The industrial production
index (IP) is used as an indicator of economic activity and M2 as the monetary
aggregate. We also use interest rates on 3- and 10-year maturity swaps for all
countries, from 1992:1 to 1998:04. Finally, spot and forward exchange rates are taken
for the last day of the month. Preliminary data analysis using unit root tests and
intervention analysis [Box and Tiao (1975)] shows that all variables, except the risk
premium, are I(1). Therefore, all variables are differenced when estimating the model
for the conditional variance. These preliminary results are not reported here but are
available upon request.
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274 the importance of state-uncertainty, relative to macroeconomic
275 uncertainty, to explain the currency risk premium, it is especially
276 relevant that we check for the robustness of our results under
277 widely different approaches to estimating the unobserved level of
278 state-uncertainty.

279 3.1. A structural approach to estimating the perception of uncertainty

280 The main difficulty in estimating expression (12) for the exchange
281 risk premium is that the level of uncertainty is unobserved, and a
282 popular approach to dealing with this problem is to postulate a
283 specific law of motion for changes in the level of uncertainty. In our
284 model, Zt represents the type of uncertainty which is not already
285 captured by macroeconomic aggregates as industrial production or
286 the money supply. In consistency with that view, we identify Zt in this
287 section with the perceived level of uncertainty on the success of the
288 convergence process to the euro. It seems natural to assume that the
289 effect of unexpected news depends on the level of uncertainty in the
290 economy: in an economy where agents are almost sure that they will
291 enter the Eurozone, a piece of negative news will not induce
292 expectations of future policy changes, and hence, it will not alter
293 consumers' decisions. The same could be said about a piece of positive
294 news arriving to an economy where private agents are almost sure
295 that they will not join the euro area. In both situations, the level of
296 uncertainty is low. If, on the other hand, private agents believe that
297 there is a 50–50 chance that their country may join the euro, then any
298 piece of negative or positive news may have a large contribution to
299 the general level of uncertainty with a significant influence on
300 consumers' decisions.
301 We formalize this view by considering a regime indicator x to be
302 realized at time T, when the decision of joining the Eurozone is to be
303 made. At that time, xwould take a value of 1 if the economy enters the
304 euro system, being equal to 0 otherwise. At each point in time, the
305 representative agent in the economy associates a probability pt of
306 joining the euro area, i.e., to the event x=1, and a probability of (1−pt)
307 of being left out, i.e., to the event x=0. The probability pt should be
308 expected to change over time as a function of the information that
309 private agents receive on someeconomic indicators that agents consider
310 relevantwhen predicting future policy decisions. At time t, the expected
311 value of x is: Et(x)=pt, and its variance: (σt

x)2=vart(x)=pt(1−pt). The
312 variance of x indicates the level of uncertainty on the event of entering
313 the Eurozone.
314 To capture the possibility that the impact of a given piece of news
315 will be larger the higher the level of uncertainty prevailing in the
316 economy, we assume that changes in the level of uncertainty, zt , are
317 driven by:

zt + 1 = σx
t ξt + 1; ξt + 1 = pt ;pt−1; pt−2; ::: : N 0;κð Þ ð13Þ

318319 where ξt represents the arrival of new information regarding the
320 fulfillment of Maastricht criteria. The variance of zt+1, an indicator of
321 the expected size of changes in uncertainty, is:

σ2
zt + 1

= vartzt + 1 = κ σx
t

� �2 = κptð1� ptÞ: ð14Þ

322323
324 Therefore, the variance of zt+1 is zero when pt is either 0 or 1,
325 reflecting absolute certainty about being OUT or IN, a situation of zero
326 euro-uncertainty. The variance of changes in uncertainty reaches its
327 maximum value for intermediate values of pt. Whenever ptb1/2, an
328 increase in the probability of entering the Eurozone will increase the
329 level of uncertainty, whereas, for ptN1/2, an increase in the probability
330 of joining the euro would reduce the variance of zt+1, and the
331 opposite would arise for reductions in pt.

332Under this specification, adding the assumption that money
333supply and production are conditionally independent of the level of
334uncertainty, Z, Eq. (12) can be written:

RPe
t + 1 = λpt 1−ptð Þ + 1

2
σ2
mD

t + 1
−1

2
σ2
mF

t + 1
+

1
2

1−αð Þ2σ2
yDt + 1

−1
2

1−γð Þ2σ2
yFt + 1

− 1−αð ÞσyDt + 1m
D
t + 1

+ 1−γð ÞσyFt + 1m
F
t + 1

ð15Þ

335336with: λ = 1
2 λD
� �2− λF

� �2� �
κ.

3373.2. An empirical approach to filtering for the uncertainty in risk premia

338In our secondapproach,we start by extracting from the riskpremium
339the effect ofmacroeconomic uncertainty, represented by the conditional
340variances and covariances of money supply and income that we used in
341the previous approach. The residual from such a projection should be the
342sum of two elements: the level of unobservable uncertainty
3431

2 λDð Þ2 � λFð Þ2ð Þσ2
zt + 1

and the residual in Eq. (12), and we would like
344to identify both components. Luckily enough, the structure of our
345theoretical model provides us with identification restrictions, since the
3461

2 λDð Þ2 � λFð Þ2ð Þσ2
zt + 1

term is a conditional variance and hence, a
347function of state variables that are observable at time t. On the other
348hand, the residual in Eq. (12) should be an innovation with zero
349autocorrelation. This allows for the following identification strategy: we
350first compute the residual from a least squares projection of the risk
351premium on the conditional second order moments of macroeconomic
352indicators. That residual is then projected onto state variables known at
353t: lagged conditional variances and covariances of industrial production
354and money supply, lagged interest rates at 3 and 10-year maturities, all
355of them for the two countries, and one lag of the riskpremium itself.5 The
356fitted values are a function of information available at time t, so they can
357be safely interpreted as proportional to the conditional variance σzt+12

.
358The remainder is serially uncorrelated and it can be safely interpreted as
359the innovation term in Eq. (12). This procedure can only lead to
360underestimation of the level of uncertainty, since it could also
361incorporate an unpredictable component which our approach will
362include into the estimate of the innovation component.6

3634. Macroeconomic versus state-uncertainty in explaining the
364observed risk premium

3654.1. The structural approach

366The exchange rate risk premium in Eq. (15) depends on the
367perceived probability of convergence. To substitute for the unobserved
368probability assigned by the financial markets to the event that the
369country may belong to the euro area by January 1999, we use a
370procedure similar to the JP Morgan EMU calculator (J.P. Morgan, 1997). 7

371The basic feature of such a calculator is that the observed interest rate
372spread at time t, IR_SPR, is supposed to be a weighted average of the
373IN spread, IR_SPRIN, which would apply if the country adopts the

5 We are using information provided by the rest of the variables considered in our
analysis. One lag seems to be enough to capture the dependence of the conditional
variance on past information.

6 With a longer sample, we could try to implement a full filtering approach by
recursively estimating each time period the conditional second order moments for the
macroeconomic variables. The residual obtained every period from a linear regression
of the risk premium on those second order moments could then be projected on past
state variables to split it into the conditional variance component of zt and the serially
uncorrelated innovation. However, the shortness of our sample, with 52 observations,
does not allow us to estimate recursively with enough precision.

7 Extracting market expectations on a given event from asset prices is a question
that has attracted a great deal of interest [see Dillén and Edlund (1997), Favero et al.
(2000), as well as the review essays by Soderlind and Svensson (1997), and Bates
(1998)].
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374 single currency and the OUT spread, IR_SPROUT, corresponding to the
375 case when the country is out of the Eurozone. The weights are the
376 corresponding probabilities for each event,

IRXSPRt = ptIRXSPR
IN
t + 1−ptð ÞIRXSPROUT

t : ð16Þ
377378
379 In a monetary union, financial instruments from different
380 countries sharing the same maturity, liquidity and credit risk must
381 have the same yield. Hence, if a country fulfills the convergence
382 criteria8 in January 1999 and enters into the euro area, its riskless
383 interest rate should be equal to those in the other countries of the
384 monetary union. On the other hand, if the country does not enter into
385 the union, its interest rate will be determined by a variety of factors,
386 including its own monetary policy, and it will generally maintain a
387 positive spread relative to countries in the union. Hence, assuming
388 IR_SPRt

IN=0 and IR_SPRt
OUT=θN0 in Eq. (16), we can estimate the

389 probability assigned by the financial markets at time t to the event
390 that the country belongs to the euro area by January 1999:

pt = 1−IRXSPRt = θ: ð17Þ
391392
393 We estimate Eq. (15) under a more flexible functional form for pt,
394 using Eq. (17) just to suggest a negative relationship between the
395 convergence probability and the interest rate spread:

pt = α0−α1IRXSPRt ; ð18Þ
396397
398 Then, pt(1−pt)=(α0−α1IR_SPRt)−(α0−α1IR_SPRt)2,and Eq. (15)
399 becomes:

RPe
t + 1 = α0−α1IRXSPRtð Þ− α0−α1IRXSPRtð Þ2 +

1
2
σ2

mD
t + 1

−1
2
σ2

mF
t + 1

+

+
1
2

1−αð Þ2σ2

yDt + 1
−1

2
1−γð Þ2σ2

yFt + 1
− 1−αð ÞσyDt + 1m

D
t + 1

+ 1−γð ÞσyFt + 1m
F
t + 1

:

400401
402 Since fundamental variables are measured differently in each
403 country, their volatilities are not directly comparable and it is not
404 possible to estimate the model under the constraints imposed by
405 international symmetry. Therefore, in the next section we estimate a
406 regression version of this equation, using the “ex-post realized risk
407 premium”, RPt+1 as dependent variable:

RPt + 1≡st + 1
−f t + 1

t
= β0 + β1IRXSPRt + β2IRXSPR

2
t + β3σ2

mD
t + 1

+ β4σ2

mF
t + 1

+

+ β5σ2

yDt + 1
+ β6σ2

yFt + 1
+ β7σyDt + 1m

D
t + 1

+ β8σyFt + 1m
F
t + 1

+ ut ;

ð19Þ

408409 where the residual captures the forecast error in future exchange
410 rates. Probability estimates of entering the Eurozone can be recovered
411 by solving the system:

β0 = λα0 1�α0ð Þ; β1 = � λα1 1� 2α0ð Þ; β2 = � λα2
1; ð20Þ

412413
414 The quadratic polynomial in (IR_SPR) captures the effect on the risk
415 premium of the probability of joining the euro, whichwewill be able to
416 recover after estimation. To estimate the conditional variances (σmt+1

D
2 ,

417 σmt+1
F

2 , σyt+1
D
2 and σyt+1

F
2 and covariances (σyt+1

D mt+1
D and σyt+1

F mt+1
F in

418 Eq. (19) for each country we additionally assume that the dynamics of
419 real and monetary variables, money supply and industrial production
420 can be summarized by a VARMA model in logged differences with
421 GARCH innovations, which allows for some possible nonlinear

422dependence among them. Appendix A shows the specification and
423estimation of the conditional second order moments.9

424The unquestionable participation of Germany in the euro areamakes
425it reasonable to focus the analysis on interest rate differentials with
426respect to Germany. Under this convention, ourmodel predicts that the
427probability of a given country adopting the single currency at the outset
428of the Eurozone will be inversely related to the spread of interest rates
429withGermany. To accommodate the criticism in Favero et al. (2000), we
430work with two different sets of interest rates. We initially consider the
431spread in 3-year swap rates as a proxy to capture expectations of
432convergence to the euro area for a given country. Their behaviour is
433similar to those of the 5- and 10-year rates, while the 1-year rate is
434influenced by monetary policy decisions. We prefer them to interest
435rates for government bonds, that trade in often narrow and not very
436liquid markets, and is subject to a different tax treatment of returns
437across countries. The swap market is very liquid, contracts are
438standardized across currencies, including the tax treatment of returns,
439and it is not affected by default risk.
440Favero et al. (2000) remark the potential sensitivity of the J.P.
441MorganCalculator to the set of interest rates used. FollowingDeGrauwe
442(1996) Q1andWeidman (1996) Q2, these authors suggest using the differen-
443tial of instantaneous forward rates for December 31, 1998 relative to
444Germany, as an indicator of beliefs on the probability that a given
445country joins the euro. We follow their recommendation and follow
446their same approach by estimating a Nelson-Siegel specification for the
447zero coupon curve for each country at each point in time, to infer
448from it the instantaneous forward rate.10 For Germany, we used data for
4491-week, and 1 to 12-month LIBOR rates from the interbank market,
450together with interest rate swap rates for 2 to 10-year plus the 30-year
451rate. For France we use the same rates, except for the 30-year rate. For
452the UKwe used 1- and 2-week, and 1-, 3-, 6- and 12-month LIBOR rates
453from the interbankmarket, plus 2-, 3-, 4-, 5-, 7- and 10-year swap rates.
454For Spain we used the same rates as for the UK except for the two
455shortest maturities.
456Interest rate spreads with Germany using both, 3-year swap rates
457and instantaneous forward rates, are shown for France, Spain, and
458United Kingdom in Fig. 1 for 1994:01–1998:04 together with currency
459risk premia. In the three countries, the risk premium is clearly more
460volatile than the two interest rate spreads. Over 1994 and the first part
461of 1995, interest rate spreads were increasing for Spain, approaching 6
462percentage points, and reflecting the increased belief on the fact that
463the country could not possibly meet Maastricht convergence criteria.
464The situation drastically changed after the summer of 1995, when it
465experienced a continuous and rapid decrease in interest rate spreads,
466reflecting a growing probability that this country could adopt the
467single currency at the outset. The spread for France widened in the
468spring of 1995 from zero to about 1 percentage point, remaining at
469that level until the end of 1996, when it fell back to zero. This is
470consistent with a high probability of this country adopting the single
471currency from the beginning. On the other hand, the spread showed a
472positive trend since the beginning of 1994 for the United Kingdom,
473with the swap spread stabilizing after 1996 but without the sharp
474decrease observed for Spain and France.
475We start by examining in Appendix B Table 1 the explanatory power
476of swap interest rate spreads for the currency risk premium over the
4771994:01–1998:04 period, and for the three bilateral relationships with
478Germany, ignoring the potential effect frommacroeconomic uncertain-
479ty. We use risk premium data corrected from extreme values, which
480sharply decreases the evidence of residual autocorrelation. Estimated
481coefficients are significant and take the expected sign for France and

8 To enter into the Eurozone, the Maastricht Treaty indicated that candidates should
lower their inflation rate to within 1.5% of the lowest three in the European
Community, push budget deficits below 3% of GDP, and decrease debt-to-GDP ratios to
60%, while maintaining a stable currency.

9 To gain precision, VARMA-GARCH models are estimated with the longer 1986:1–
1998:4 sample.
10 In Nelson-Siegel model, zero coupon forward rates behave according to:
fkt = β0 + β1exp � k

τ

� �
+ β2

k
τ exp � k

τ

� �
; where k denotes maturity, so that instanta-

neous forward rates are given by β0+β1.

Q1,Q2
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482 Spain, suggesting that the linear probability termwould not adequately
483 capture all the information regarding the risk premium in that currency.
484 Estimated coefficients turn out not to be significant for the UK. The
485 negative sign for the Sterling pound is the consequence of an upward
486 trending interest rate spread with Germany over 1994–1998, together
487 with a slightly decreasing forward risk premium. Interest rate
488 coefficients are not statistically significant in this case due to colinearity.
489 In fact, the joint null hypothesis that the twocoefficients of thequadratic
490 polynomial are equal to zero is rejected at5%and10% significance levels.
491 Appendix B Table 2 presents the estimation results for the full
492 model, including macroeconomic uncertainty and the uncertainty on
493 convergence, over the 1994:01–1998:04 period, using data on interest

494rate swaps. Conditional second order moments of fundamental
495macroeconomic variables are not significant. On the contrary,
496uncertainty on convergence to the Eurozone, as captured by the
497quadratic function on the interest rate spread, is significant for France
498and Spain. The comparison of adjusted R2 coefficients in Appendix B
499Tables 1 and 2 suggests that the uncertainty on whether the country
500fulfils the Maastricht convergence criteria may be more important
501than the uncertainty on macroeconomic indicators to explain the
502exchange rate risk premium. However, this evidence arises only after
5031994,11 suggesting that it was the formal approval of the Maastricht
504criteria, more than the Maastricht agreement itself, the starting point
505for exchange rate markets to incorporate the uncertainty on the
506convergence process in the determination of the risk premium.
507Appendix B Table 3 presents the estimates obtained using instanta-
508neous forward rates. Results are very similar to those in Appendix B
509Table 2, in terms of the structure of signs in the quadratic polynomial
510on interest rate spreads as well as in terms of statistical significance of
511individual coefficients.
512We now have all the information needed to use Eq. (20) to
513estimate the probability attached by the market to the event that each
514country joins the European monetary union at a given date, as we will
515explain in Section 4.3.

5164.2. A filtering approach to measuring uncertainty

517As described above, our second approach tomeasuring uncertainty
518consists on filtering the residual from a linear least squares regression
519that explains the risk premium using the level of uncertainty in
520macroeconomic indicators. Our goal is to decompose that residual into
521a proxy for the conditional variance of the general level of uncertainty
522in the economy, not captured by fluctuations in macroeconomic
523indicators, and a pure innovation. The conditional variance that we
524obtain can be considered a proxy for the size of potential variations in
525the perceived level of uncertainty and hence, an indicator of the type
526of risk with non-macroeconomic origin. After that, we can project the
527risk premium onto this risk proxy, the indicators of macroeconomic
528uncertainty and the innovation. Since the three components are
529essentially uncorrelated, that projection will allow us to compute a
530decomposition of the variance of the risk premium that can be used to
531evaluate the relative importance of each component.
532Estimates for that projection in Appendix B Table 4 are fairly robust
533across currencies. The proxy for non-macroeconomic risk enters the
534risk premium equations with a coefficient close to one, and it is always
535statistically significant. Some conditional variance terms also turn out
536to be significant. The left panel in Fig. 2 presents the fitted and the
537observed risk premium, thereby providing a detailed view of the fit of
538the model in each country. The central and right columns show that
539the influence from macroeconomic uncertainty to the fitted risk
540premium (middle column) is less important than the effect of the
541proxy for non-macroeconomic risk (right column). That is also
542reflected in the linear correlations with the fitted risk premium,
543which are noticeably higher for the general perception of uncertainty
544in the economy (between 0.75 and 0.94) than for macroeconomic
545uncertainty (between 0.48 and 0.61).
546To compare the relative quantitative importance, we use the
547decomposition of variance of the currency risk premium, which is
548shown in Appendix B Table 4. The proxy for the perceived level of
549uncertainty accounts for about 25% of the variance in risk premium in

Fig. 1. Interest rate spreads and observed risk premium Sample: 1994:01–1998:04.

11 Using the longer available sample for interest rate swaps, 1992:02–1998:04, we
obtained a poor fit (not shown in the paper), probably because of including the period
prior to formal approval of the Union Treaty. Convergence criteria were part of the
European Union Treaty, which was approved at the European Council celebrated at
Maastricht in February 1992. However, their final approval at the level of the Congress
of each country took place in November 1993. Hence, even though governments could
consider in 1992 the possibility of implementing policy with a goal of achieving
convergence, it is just since 1994 that convergence criteria had a formal validity.
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550 the three currencies. Macroeconomic uncertainty plays a minor role,
551 with a weight between 6% and 17% in the variance decomposition.
552 Fig. 3 illustrates the relevance of the two types of uncertainty to
553 explain the currency risk premium. From left to right, each panel
554 compares the fitted risk premium and the components accounted for
555 by macroeconomic uncertainty, β3̂ σmt+ 1

D
2 + β̂4 σmt+ 1

F
2 +β5̂ σyt+ 1

D +β6̂

556 σyt+ 1
F + β̂7 σyt+ 1

D mt+1
D +β8̂ σyt+ 1

F mt+1
F and by state- uncertainty, β8̂

557 filtering uncertaintyt, with the observed risk premium.12

5584.3. Numerical estimates of convergence probabilities

559From estimates in Appendix B Table 4 we can recover estimates for
560the probabilities that France, Spain, and UK joined the euro area in
561April 1999. We take estimates for β0,β1,β2 to Eq. (20) obtained when
562using instantaneous forward rates13 and compute the implied values

12 Note that when we use filtering uncertainty as a proxy for the state-uncertainty
we estimate the next regression:

RPt + 1 = β1 + β2 filtering Uncertaintyt + β3σyFt + 1m
F
t + 1

+ β4σyDt + 1m
D
t + 1

+ β5σ
2

mD
t + 1

+ β6σ
2

yDt + 1
+ ut :

13 Estimates obtained using 3-year swap rate spreads lead to an increasing
probability of joining the eurozone for the UK, which does not correspond to reality.
But coefficient estimates are non-significant in this case, so a strict structural
interpretation is not justified. Probability estimates for France are similar under
instantaneous forward and 3-year swap rates, even though in the former case,
coefficients are non-significant.

Fig. 2. Scatter diagrams: fitted risk premium (horizontal axis) versus observed risk premium, macroeconomic and state-uncertainty contribution(a)(b)(c). Sample: 1994:01–1998:04.
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563 for α0,α1 in Eq. (18). Estimated probabilities of joining the EMU,
564 normalized so that pt [0,1], are shown in Fig. 4, and they look fairly
565 reasonable. For France, our estimated probability rapidly increased
566 since April 1995, while for Spain the probability increased very fast
567 from January 1996. The upward trend suggests the perception of an
568 increased probability that Spain and France would adopt the single
569 currency from the beginning. According to our estimates, the United
570 Kingdom was viewed at the beginning of 1994 to have a high
571 probability of entering the Eurozone, but that probability collapsed
572 during the general wave of pessimism on the future of the currency
573 union in the second part of 1994. After that, our estimate of the
574 probability of joining the euro area decreases until the end of 1997
575 suggesting, as it finally was the case, that the likelihood of this country
576 in joining the euro area was not considered to be particularly high.

5775. Conclusions

578We have proposed a general equilibrium model to characterize risk
579premium in the exchange rate market. The model has as a main feature
580the state dependencyof preferences on theperceived level of uncertainty.
581As a consequence, the excess return in exchange rates is a function of two
582factors: i) thevolatility of fundamental variables (moneyandoutput), and
583ii) the perception by private agents on the general level of uncertainty in
584the economy, or state-uncertainty. The stochastic discount factor is then
585connected to the properties of money, output and a broad uncertainty
586index, and the presence of the latter increases the sensitivity of the
587stochastic discount factor to even small variations in consumption.
588Therefore, our model does not rely as much as more standard models on
589consumption risk when explaining the currency risk premium.

Fig. 3. Observed risk premium versus fitted risk premium, macroeconomic and State-uncertainty(a)(b)(c) Sample: 1994:01–1998:04.
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590 Wehave used two different proxies for the private sector perception
591 of risk: a quadratic function of interest rate spreads meant to capture
592 euro uncertainty and a proxy obtained by filtering techniques. The first
593 approach is performed twice, using either swap interest rates or
594 instantaneous forward rates, to address some criticism that has been
595 raised in the literature. Both proxies suggest an acceptable explanatory
596 power for interest rate spreads in the 1994–1998 period, once national
597 Parliaments approved the Maastricht criteria. Regarding macroeco-
598 nomic uncertainty, the relevance of the conditional variances of money
599 supply and industrial production as well as the conditional covariance
600 between these two variables is rather limited, accounting for 7% to 15%
601 of the volatility in the currency risk premium. This is in consistencywith
602 results reached by other authors. Hence, it seems that forces other than
603 those from money and goods markets were important sources of
604 uncertainty during this period, a fact that was reflected in the exchange
605 rate risk premium. In fact, we have shown state-uncertainty to account
606 for up to 25% of the volatility in the currency risk premium. Hence, the
607 perception by private agents on the level of uncertainty is quantitatively
608 important for reproducing the observed risk premium along the
609 convergence process to the European currency union. Not only is
610 state-uncertaintymore relevant thanmacroeconomicuncertainty, but it
611 also achieves a significant gain in explanatory power compared to that
612 obtained in previous research under a more standard approach.
613 However, there is still some room for searching for additional
614 explanatory factors of the risk premium in currency markets.
615 Three western European countries in the EMS, United Kingdom,
616 Denmark and Sweden, belong to the European Union but have not yet
617 adopted the euro. Eight central and eastern European countries have
618 joined the European Union in recent years, and our model could be
619 used to explain the behavior of exchange rate risk premium in these
620 countries, as they moved towards joining the eurozone. A similar
621 analysis could eventually be applied if common currency areas in
622 Latin America or South East Asia are eventually approved.
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631Appendix A. Specification and estimation of conditional second
632order moments

633With regard to fundamental uncertainty we follow Hu (1992) Q3to
634assume that, conditional on available information, growth rates in
635fundamental variables (mi

t+1 and yit+1; i=D, F) follow a joint
636lognormal distribution. We assume that the dynamics of real and
637monetary variables, represented by the money supply and industrial
638production, can be summarized by a VARMA model in logged
639differences with GARCH innovations, which allows for possible
640nonlinear dependence among them.14

641Standard specification tools15 suggest a VARMA(1, 1) model for
642(ln(mt), ln(yt)) for Spain, a VAR(3) for Germany, a VAR (2) with a
643seasonal VAR(1) component for the UK, and a VAR (3)with a seasonal
644VAR (2) for France.16 All these models are special cases of:

I +
φ1
11 φ1

12

φ1
21 φ1

22

2
4

3
5 B +

φ2
11 φ2

12

φ2
21 φ2

22

2
4

3
5 B2 +

φ3
11 φ3

12

φ3
21 φ3

22

2
4

3
5 B3

0
@

1
A

× I +
Φ1

1 0

0 Φ1
2

2
4

3
5 B12 +

Φ2
1 0

0 Φ2
2

2
4

3
5 B24

0
@

1
A ln m

t

� �
ln y

t

� �
0
B@

1
CA =

=
λ1

λ2

" #
+ I +

θ111 θ112

θ121 θ122

2
4

3
5 B

0
@

1
A εmt

εyt

 !
;

ð21Þ
645646

εmt

εyt

� 	
= It�1∼N

0
0

� 	
;

σ2
mt

σmtyt

σmtyt
σ2
yt

0
@

1
A

0
@

1
A ð22Þ

647648with B being the backshift operator, and εt the innovation vector.
649As initial conditions,weusedestimatesobtainedunder theassumption
650of lack of heteroskedasticity. Lagrange multiplier and Ljung-Box statistics
651on the residuals point out to possible conditional heteroskedasticity in the
652money supply for France and the UK, as well as for an autoregressive
653structure for the covariance between themoney supply and the industrial
654production in France. These tests led us to specifying aGARCH(1, 1)model
655for the conditional variances and covariance in Eq. (22):
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656657
658We imposed diagonality constraints, so that σmt

2 , σyt
2, and σmtyt

2

659depend only on their own lags and lags of εmt

2 , εyt
2, and εmtyt respectively.

660These restrictions are made to avoid the numerical difficulties that
661would arise when estimating an over-parametrized model. For
662estimation, we used an alternative VARMA(1, 1) representation of the
663GARCH (1, 1) model: Let us considerer the 3×1 stochastic vector:

ξt = vech εtε
0
t

� �
−vechΣt ð24Þ

664665where vech (εtεt′)=(εmt

2 εmtytεytεyt
2)′, vech∑t=(σmt

2 σmtytσytσyt
2)′ and ξt

666is a white noise process.

Fig. 4. Probability indicator for Spain, France and the United Kingdom Sample:
1994:01–1998:04.

14 As proposed by Bollerslev (1986) and Baba et al. (1991), among many others.
15 Partial and simple autocorrelation functions as well as the criteria proposed by
Akaike, Hannan and Quinn, and Schwarz.
16 Evidence of seasonal components shows up in spite of using seasonally adjusted
time series data.
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667 Substituting Eq. (24) in Eq. (23) and rearranging:

I−
a11 + g11 0 0

0 a22 + g22 0
0 0 a33 + g33

2
4

3
5 B

0
@

1
A

ε2mt

εmt
εyt

ε2yt

2
6664

3
7775

=
μ1
μ2
μ3

2
4

3
5 + I −

g11 0 0
0 g22 0
0 0 g33

2
4

3
5 B

0
@

1
A ξmt

ξmtyt
ξyt

0
B@

1
CA

ð25Þ

668669 in which the presence of the sum aii+gii allows us to test for
670 stationarity in variance, whenever |aii+gii|b1 [Bollerslev (1986)].
671 In the estimated models (not shown in the paper), conditional
672 variances for the money supply and the industrial production actually
673 depend on their own innovations, while their conditional covariance
674 depends on innovations in both variables. Conditional heteroskedasticity
675 seems tobepresent in all countries. As suggestedby theprevious tests,we
676 estimated heteroskedastic effects for the money supply in France and the
677 UK and the covariance between the money supply and the industrial
678 production in France. We also obtained a statistically significant
679 autoregressive structure for the conditional covariance between both
680 variables in Spain and Germany. No conditional heteroskedasticity in the
681 variances of themoney supply or the industrial productionwas found for
682 these two countries.
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684
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Table 1
(a)Least squares estimation of the risk premium associated to euro-uncertainty. Sample:
1994:01–1998:04 RPt+1=γ0+γ1IR_SPRt+γ2IR_SPR2t+ut.

C ESP/DEM(e) FRF/DEM GBP/DEM

−0.0061* (−1.83) −0.0016 (−1.46) 0.0242 (1.25)
IR_SPR 0.465* (1.81) 0.876*(1.87) −1.531 (−0.80)
IR_SPR2 −10.017* (−2.33) −101.110* (−2.84) 6.358 (0.13)
Euro-Uncertainty(b) 0.022 0.002 0.022
R2 0.144 0.223 0.144
Adj. R2 0.109 0.192 0.109
COR(1)(c) 0.87 0.24 0.53
COR(12)(e) 0.90 0.59 0.30
ARCH(6)(d) 0.16 0.64 0.57

Notes: (a)t-statistics in parentheses. (b)p-value for F-statistics for the null hypothesis:
H0: γ1=γ2=0. (c)p-value for Breusch-Godfrey test statistics for residual serial
correlation up to lag order p. (d)p-value of LM test statistics for an ARCH structure of
order 6. (e)An asterisk denotes a coefficient significant at the 10% level.

Table 2
Least squares estimation of the risk premium equation(a) Interest rate swap rates
Sample: 1994:01–1998:04 RPt+1=β0+β1IR_SPRt+β2IR_SPRt2+β3σmt+ 1

D
2 +β4σmt+ 1

F
2 +

β5σyt+ 1
D
2 +β6σyt+ 1

F
2 +β7σyt+ 1

D mt+1
D β8σyt+ 1

F mt+1
F +ut.

ESP/DEM(g) FRF/DEM GBP/DEM

C −0.0080 (−1.62) −0.0003 (−0.05) 0.0074 (0.14)
IR_SPR 0.497* (1.88) 1.044* (2.00) −1.400 (−0.68)
IR_SPR2 −9.866* (−2.22) −98.427* (−2.56) −1.662 (−0.03)
σ̂yGERmGER 0.0121 (0.86) 0.0096 (1.11) 0.0263* (1.31)
σ̂miyi

2 (b) 0.0152 (0.39) 0.0409 (0.69)
σ̂mi

2 −0.0061 (−0.32) 0.1609* (1.31)
σ̂yi2 0.0176 (0.23)
Euro-Uncertainty(c) 0.076 0.040 0.156
Fundamental
Uncertainty(d)

0.636 0.666 0.420

R2 0.160 0.249 0.195
Adj. R2 0.089 0.167 0.103
COR(1)(e) 0.76 0.25 0.36
COR(12) 0.91 0.31 0.33
ARCH(6)(f) 0.21 0.76 0.40

Notes: (a)t-statistics in parentheses. (b)σ̂2
xi≡vart log xit + 1

� �� �
σxit + 1p

i
t + 1

≡covt log xit + 1

� �
×

�
log pit + 1

� �Þ, for i=FR, SP, UK. (c)p-value for F-statistics for the null hypothesis:

H0: β1=β2=0. (d)p-value for F-statistics for the null hypothesis: H0: β3=β4=
β5=β6=β7=β8=0. (e)p-value of Breusch-Godfrey test statistics for residual
serial correlation up to lag order p, in brackets. (f)Autoregressive conditional
heteroskedasticity test. ARCH(6) is the p-value of LM test statistics for an ARCH structure
of order 6. (g)An asterisk denotes a coefficient significant at the 10% level.

Table 3
Least squares estimation of the risk premium equation(a) Instantaneous forward rates
Sample: 1994:01–1998:04 RPt+1=β0+β1IR_SPRt+β2IR_SPRt2+β3σmt+ 1

D
2 +β4σmt+ 1

F
2 +

β5σyt+ 1
D
2 +β6σyt+ 1

F
2 +β7σyt+ 1

D mt+1
D β8σyt+ 1

F mt+1
F +ut.

ESP/DEM(g) FRF/DEM GBP/DEM

C −0.0079 (−1.18) 0.0067 (0.65) 0.0166 (−0.33)
IR_SPR 0.6497* (1.62) 0.2944 (1.21) −2.783* (−1.93)
IR_SPR2 −14.693* (−2.21) −11.308 (−1.03) 60.479* (1.70)
σ̂yGERmGER 0.0039 (0.26) 0.0164 (1.64) −0.0049 (−0.14)
σ̂miyi
2 (b) −0.0024 (−0.06) 0.1261* (1.78)

σ̂mi
2 −0.0268 (−1.25) 0.1677* (1.30)

σ̂yi2 −0.0286 (−0.31)
Euro- Uncertainty(c) 0.031 0.478 0.201
Fundamental
Uncertainty(d)

0.963 0.203 0.114

R2 0.191 0.164 0.146
Adj. R2 0.122 0.073 0.054
COR(1)(e) 0.513 0.407 0.196
COR(12) 0.944 0.845 0.340
ARCH(6)(f) 0.005 0.420 0.864

Notes: (h)t-statistics in parentheses. (i) ̂σ2
xi≡t log xit + 1

� �� �
σxit + 1p

i
t + 1

≡t log xit + 1

� �
×

�
log pit + 1

� �Þ, for i=FR, SP, UK. (j)p-value for F-statistics for the null hypothesis: H0:
β1=β2=0. (k)p-value for F-statistics for the null hypothesis: H0: β3=β4=β5=β6=0.
(l)p-value of Breusch-Godfrey test statistics for residual serial correlation up to lag order
p, in brackets. (m)p-value of LM test statistics for an ARCH structure of order 6. (n)An
asterisk denotes a coefficient significant at the 10% level.

Table 4
Least squares estimation of the risk premium equation(a) Filtering proxy for state-
uncertainty Sample: 1994:01–1998:04 RPt+1=β1+β2 filtering Uncertainty+β3σmt+1

D
2 +

β4σmt+1
F

2 +β5σyt+1
D
2 +β6σyt+1

F
2 +β7σyt+1

D m++1
D β8σyt+1

F mt+1
F +ut.

ESP/DEM(g) FRF/DEM GBP/DEM

C −0.0026 (−0.87) 0.0054 (1.07) −0.0713* (−3.24)
Uncertainty 1.026* (4.38) 1.016* (4.37) 1.0423* (3.96)
σ̂yGERmGER 0.0167* (1.60) 0.0138* (2.02) −0.0050 (−0.19)
σ̂miyi
2 (b) −0.0106 (−0.31) 0.0957* (2.36)

σ̂mi
2 −0.0228 (−1.49) 0.1331* (2.93)

σ̂yi2 0.1091 (0.95)
Euro-Uncertainty(c) 0.000 0.000 0.000
Fundamental
Uncertainty(d)

0.263 0.009 0.036

Variance decomposition
Euro-Uncertainty 26.5% 24.5% 20.9%
Fundamental
Uncertainty

6.1% 13.7% 12.7%

Remainder 65.5% 61.6% 66.3%
R2 0.348 0.386 0.346
Adj. R2 0.307 0.334 0.290
COR(1)(e) 0.62 0.76 0.48
COR(12) 0.51 0.81 0.09
ARCH(6)(f) 0.17 0.18 0.91

Notes: (a)t-statistics in parentheses. (b)σ̂2
xi≡vart log xit + 1

� �� �
σxit + 1p

i
t + 1

≡covt log xit + 1

� �
×

�
log pit + 1

� �Þ for i=FR, SP, UK. (c)p-value for F-statistics for the null hypothesis:
H0: β1=β2=0. (d)p-value for F-statistics for the null hypothesis: H0: β3=
β4=β5=β6=β7=β8=0. (e)p-value of Breusch-Godfrey test statistics for residual
serial correlation up to lag order p, in brackets. (f)Autoregressive conditional
heteroskedasticity test. ARCH(6) is the p-value of LM test statistics for an ARCH
structure of order 6. (g)An asterisk denotes a coefficient significant at the 10% level.

10 J.-Á. Jiménez-Martín, A.N. Cinca / Economic Modelling xxx (2010) xxx–xxx

ARTICLE IN PRESS

Please cite this article as: Jiménez-Martín, J.-Á., Cinca, A.N., State-uncertainty preferences and the risk premium in the exchange rate market,
Econ. Model. (2010), doi:10.1016/j.econmod.2010.04.005

http://dx.doi.org/10.1016/j.econmod.2010.04.005
Original text:
Inserted Text
"R2"

Original text:
Inserted Text
"R2"

Original text:
Inserted Text
"R2"

Original text:
Inserted Text
"t"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"F"

Original text:
Inserted Text
"H0"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"SPRt2 "

Original text:
Inserted Text
"m"

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"R2"

Original text:
Inserted Text
"R2"

Original text:
Inserted Text
"t"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"F"

Original text:
Inserted Text
"H0"

Original text:
Inserted Text
"β1 "

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"F"

Original text:
Inserted Text
"H0"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"R2"

Original text:
Inserted Text
"R2"

Original text:
Inserted Text
"t"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"F"

Original text:
Inserted Text
"H0"

Original text:
Inserted Text
"β1 "

Original text:
Inserted Text
"= "

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"F"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"t "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"1"

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"R2"

Original text:
Inserted Text
"R2"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"F"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"F"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"β"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"p"

Original text:
Inserted Text
"“"

Original text:
Inserted Text
"”, Economics Working Paper Series 89-57r"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
" = "

Original text:
Inserted Text
" ="

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
" = "

Original text:
Inserted Text
"+ "

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"- "

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
"= "

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
" %"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"-"

Original text:
Inserted Text
"(-"

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
" = "

Original text:
Inserted Text
"="

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
"statistic"

Original text:
Inserted Text
" %"



UN
CO

RR
EC

TE
D
PR

OO
F

698 Box, G., Tiao, G., 1975. Intervention analysis with applications to economic and
699 environmental problems. Journal of American Statistical Association 70, 70–79.
700 Campbell, J.Y., Cochrane, J.H., 1999. By force of habit: a consumption-based explanation
701 of aggregate stock market behaviour. Journal of Political Economy 107, 205–251.
702 Campbell, J., Viceira, L., 2002. Strategic asset allocation: portfolio choice for long term
703 investors. Oxford University Press Inc, New York.
704 Constantinides, G.M., 1990. Habit formation: a resolution of the equity premium puzzle.
705 Journal of Political Economy 98, 519–543.
706 Dillén, H., Edlund, M., 1997. “EMU expectations and interest rates”. Bank of Sweden,
707 Quarterly Review 2/97.
708 Engle, R., 1982. Autoregressive conditional heteroskedasticity with estimates of the
709 variance of U.K inflation. Econometrica 50, 987–1008.

710Fama, E., 1984. Forward and spot exchange rates. Journal of Monetary Economics 14,
711319–338.
712Favero, C.A., Giavazzi, F., Iacone, F., Tabellini, G., 2000. Extracting information from asset
713prices: the methodology of EMU calculators. European Economic Review 44,
7141607–1632.
715Hu, X., 1997. Macroeconomic uncertainty and risk premium in the foreign exchange
716market. Journal of International Money and Finance 16, 699–718.
717Morgan, J.P., 1997. The EMU calculator handbook. Technical note, London.
718Lucas Jr., R.E., 1982. Interest rates and currency prices in a two country world. Journal of
719Monetary Economics 10, 335–359.
720Soderlind, P., Svensson, L.E.O., 1997. New Techniques to extract market expectations
721form financial instruments. CEPR, London, UK. Discussion paper, no. 1556.

722

11J.-Á. Jiménez-Martín, A.N. Cinca / Economic Modelling xxx (2010) xxx–xxx

ARTICLE IN PRESS

Please cite this article as: Jiménez-Martín, J.-Á., Cinca, A.N., State-uncertainty preferences and the risk premium in the exchange rate market,
Econ. Model. (2010), doi:10.1016/j.econmod.2010.04.005

http://dx.doi.org/10.1016/j.econmod.2010.04.005
Original text:
Inserted Text
"nº "




