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Abstract: 
This paper introduces state-uncertainty preferences into the Lucas (1982) economy, 

showing that this type of preferences helps to explain the exchange rate risk premium. Under these 
preferences we can distinguish between two factors driving the exchange rate risk premium: 
“macroeconomic risk” and “the risk associated with variation in the private agents’ perception on 
the level of uncertainty”. State-uncertainty preferences amount to assuming that a given level of 
consumption will yield a higher level of utility the lower is the level of uncertainty perceived by 
consumers. Furthermore, empirical evidence from three main European economies in the 
transition period to the euro provides empirical support for the model 
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Introduction 
 

According to the standard uncovered interest rate parity (UIP) condition, the expected 

change in an exchange rate should be equal to the interest rate differential between foreign and 

domestic risk-free bonds. Instead, empirical work usually shows that the slope coefficient from 

the linear projection of the change in the foreign exchange rate on the interest rate differential is 

significantly negative, which implies that the domestic currency is expected to appreciate when 

domestic nominal interest rates exceed foreign interest rates. This is puzzling because economic 

intuition suggests that international investors would demand higher interest rates on currencies 

expected to fall in value. Among the explanations of this anomaly is that there exists a time-

varying risk premium in currency markets.  

Attempts to account for the forward premium anomaly (changes in spot exchange rate is 

inversely related to the premium forward rates over spot rates) by time varying risk premium have 

mostly focused on exploring dynamic stochastic, general equilibrium representative models with 

identical consumers endowed with an isoelastic expected utility preferences. Engle (1996) provides 

an excellent survey of this literature and shows that most of these models are unable to explain the 

risk premiums observed in actual financial markets. The problem resides in the smoothness of 

consumption growth, relative to the volatility of the risk premium embedded in asset prices. 

Inside the representative agent framework, several authors have attempted to rationalize 

asset pricing through state-dependent preferences. Examples include papers where it is postulated 

that the utility produced by a given level of consumption depends on the previous level of 

consumption (habit formation), (as in Costantinides, 1990 and Campbell and Cochrane, 1999), 

relative social standing (as in Bakshi and Chen, 1996), or stochastic subsistence consumption 

levels (Campbell and Viceira, 2001). We take an alternative avenue that considers the perception 

by consumers on the current level of uncertainty as the state variable in preferences. A given level 

of consumption would then yield a higher level of utility when the consumer feels relatively 

certain about his future income stream than in periods when the range of possible income streams 

is wider. Such belief-dependent preferences are bound to induce real effects from changes in the 

perception on the level uncertainty through shifts in aggregate demand.  

That this effect can improve the explanation of the observed behaviour in currency 

premium relative to previous specifications is shown here in a model á la Lucas (1982). First order 

conditions for the time aggregate, expected utility maximization problem under standard 
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distributional assumptions lead to an analytical expression that allows us to examine the effect on 

risk premiums of both, private agents’ perception on the level of uncertainty and the volatility of 

macroeconomic aggregates. This way, we can discuss the relative importance of each type of 

volatility to explain excess returns in the exchange rate market. 

As an illustration, we use the unique experiment provided by the convergence process to 

a monetary union in Europe. We assume that the “level of uncertainty” is adequately represented 

by private agent beliefs on the probability of their country entering the Eurozone. Being inside the 

currency union would suggest higher credibility, with low inflation and increased stability, the 

opposite being the case in the case the country would not enter the union. Changes in the 

perceived probability of that event would produce changes in the level of uncertainty on future 

economic policy, which in turn would lead to changes in the utility (and marginal utility) of 

consumption.  

We proceed as follows. In section two we present the theoretical model and describe the 

relationships among risk premium, fundamental variables volatility, and the level of uncertainty 

that are obtained from the Euler condition. We also derive an analytical expression for the risk 

premium that allows for statistical tests to be performed. As an illustration, in the third section, we 

apply this model to account for the risk premium during the transition period to the European 

currency. Section four presents the main conclusions. 

 

 2.- Optimal Decisions, the Level of Uncertainty and the Risk Premium 

Fama (1984) defines the foreign exchange risk premium, 1
e
tRp + , as the difference between 

the market expectation of currency depreciation and the current one-period forward 

premium, 1+t
tfp : 

( ) ( ) ( )ts⎡ ⎤ ⎡ ⎤= − = −⎡ ⎤⎣ ⎦ ⎣ ⎦⎣ ⎦
e t+1 t+1 t+1
t+1 t t+1 t t t t+1 t t t t+1 tRp = E s -s - fp E s -s - f E s f  (1) 

where st and ft denotes the logarithm of spot and forward rates. The exchange rate risk premium 
can be interpreted as the excess return of a domestic investor who borrows one unit of domestic 
currency, buys 1/St worth of foreign currency, lends it on the foreign market for one period, and 
reconverts his earnings to the domestic currency.  
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 We look for evidence on the role of private agents’ perceptions on the level of uncertainty 
in explaining the currency market anomaly, in a basic representative agent, consumption-based 
asset pricing model [Lucas (1982) and Hu (1997)]. The model considers two countries (domestic 
and foreign) and two perishable commodities. In each country, a different currency is used to pay 
for transactions in their respective commodities. Each period t, the domestic (foreign) country 
receives a stochastic endowment YtD (YtF), and zero units of the other commodity. The domestic 
(foreign) country also receives a stochastic endowment MtD (MtF) of its own currency.  

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

 ( )s-t D F
t t is is is

s=t

       0 < β < 1U = E β U c , c , Z
∞

∑  (2) 

where Et denotes the conditional expectation based on information known at the beginning of 
period t.  cisD, cisF represent the consumption levels of the domestic and foreign goods by the 
representative agent of country i at period s, and Zis denotes the perceived level of uncertainty in 
country i at time s.1  We assume the utility function U(., .) to be bounded, continuously 
differentiable, increasing in the consumption of domestic and foreign goods, decreasing in the 

level of uncertainty, and strictly concave. The cross derivative UCZ can take any sign, and β is the 
constant time discount factor. 

The equilibrium exchange rate, in units of domestic currency per unit of foreign currency, 
is:  

 
( )
( )

F
D

D
D

D F
D Dt Dt itct

t F D F
t Dt Dt itc

U c , c , Z P =  .   S
 U c , c , ZP

 (3) 

Therefore, we can define the change in the exchange rate as:  

 
F

t+1 t+1
D

t t+1

S q= .
S q

 (4) 

Where,  

                                                 
1 This is in the spirit of alternative formulations of state-dependent preferences, now with a different 

rationalization of 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.  
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 ( ) ( )( ), , ,j j
D D

j D F j D F j
t+1 Dt+1 Dt+1 it+1 t+1 Dt Dt it tc c

β U c c U c cq = , Z P / , Z P for j = D, F  (5) 

denotes the intertemporal marginal rate of substitution (IMRS).  

A forward contract specifies at date t the number of units of domestic currency Ftt+1 to be 
exchanged at time t+1 for one unit of foreign currency. Forward contracts allow consumers to 
insure themselves against the uncertainty on the future purchasing power of their own currencies. 
This contract specifies a net flow of domestic currency at date t+1 of Ftt+1- St+1. Since it involves 
no payments at date t, the fair (absence of arbitrage) pricing relationship implies [see Backus et al. 
(2001)]: 

 ( )( ) .D t+1
t t+1 t t+1E q F - S = 0  (6) 

Dividing (6) by St and using (4), ( ) ( ) ( )( ) ( ).t+1 D D F
t t t+1 t t+1 t+1 t t+1F S E q = E q S S = E qt t  Therefore, 

we can obtain the forward premium t+1
tfp  as the log of the ratio: 

 
( )
( )

Ft+1
t t+1t

D
t t t+1

E qF =
S E q

 (7) 

Thus, given (1), (4) and (7) the risk premium 1
e
tRp + becomes: 

 

( ) ( ) ( ) ( ){ }⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦⎣ ⎦ ⎣ ⎦t+1

e F D F D
t t+1 t t+1 t t+1 t t+1log E log ERP = E log q - E log q - q - q  (8) 

That is, 1
e
tRp + is the difference between the “the expectation of the log” and the “log of 

the expectation” of the IMRS for the foreign and domestic goods. Assuming log-normality of 
IMRS in (8) (as in Backus et al., 2001, and Alvarez, Atkenson, and Kehoe, 2007), the risk premium 
is equal to:   

 2 2
FDt+1 t+1 t+1

e
q q

1 1RP = σ - σ ,
2 2

 (9) 
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where 
1

2
i
tq

σ
+

denotes the conditional variance of the logarithm of the IMRS for i=D, F.  Expression 

(9) shows that a currency risk premium will arise only under significantly different volatility on the 

inflation-adjusted growth of marginal utility across countries.2 

Traditional preferences are generally incapable of delivering enough volatility in 

consumption to explain the empirically observed risk premium, but state-dependent preferences 

may be able do so. In particular, preferences dependent on the general level of uncertainty can 

deliver a significant and time-varying currency risk even if the fundamental shocks have low 

variance. To analytically illustrate the link between the level of uncertainty and the risk premium, 

we need to impose some additional assumptions on the joint stochastic properties of real and 

nominal endowments, the probability distribution of the state variable, and the utility function.  

2.1.- Preferences 

We assume the utility function to be time separable as well as separable in the 

consumption of domestic and foreign goods: 

( ) ( ) ( )
,

D F

1-α 1-γD F
it itD F λ λ D F

it it t t

c c
U c , c =    α, γ 0,   and α 1, γ 1,Z + Z 0

1-α 1- γ
λ λ≥ ≠ ≠≤ (10) 

where α and γ are risk aversion parameters, Zt is the state variable measuring the perceived level of 

uncertainty, and jλ , for j = D, F, indicates the extent to which uncertainty affects the utility of 

the consumption of domestic and foreign goods. Additionally, it is necessary to make some 

assumptions on the joint stochastic behavior of real and nominal endowments, as well as on the 

probability distribution of the level of uncertainty before obtaining a tractable expression for the 

risk premium. 

 2.2.- An analytical expression for the risk premium 

If we impose standard cash-in-advance constraints and exploit the conditions for the 

perfectly pooled equilibrium in Lucas (1982) that consumption is equal in each country to half of 

                                                 
2 The intuition of this result goes as follows: The exchange rate risk premium can be written, RPet+1 = Et(st+1 - st) -          
log Et (qFt+1) + log Et (qDt+1) = Et(st+1 - st) + rFt - rDt,  where rti = -log Et (qit+1) = -Et log (qit+1)-1/2 .σ iqt+1

 Thus, given (4), the 

expected change in the exchange rate is Et(st+1 - st) = Et log (qFt+1) - Et log (qDt+1)= - rFt  + rDt - 1/2 Fqt+1
σ + 1/2 Dqt+1

σ .  

Higher conditional volatility for the domestic IMRS than for the foreign IMRS, would lead to expectations of exchange 
rate depreciation. Then, the domestic investor would expect a positive foreign currency excess return to compensate 
him/her for the expected loss when his/her assets are abroad. 
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the domestic and foreign production, the domestic and foreign IMRS from (5) under our assumed 

preferences, become: 

 
( ) ( )

( ) ( )
1

1 ,

F

D

(1 ) 1F F F
t+1 tt+1 t+1

(1 ) 1D D D
t+1 tt+1 t+1

 zq y m

zq y m

γ λ

α λ

− −

+

− −

+

=

=
 (11) 

where 1 1 1 1, ,i i i i i i
t t t t t ty Y Y m M M+ + + +≡ ≡ for i=D, F and 1 1t t tz Z Z+ +≡ .  

Expression (3) shows the influence of an increase in uncertainty on the spot exchange 

rate through price effects and changes in the marginal utilities of domestic and foreign 

commodities. However, under our structural specification (along with cash-in-advance constraints 

and pooled equilibrium), the spot exchange rate is given by,  

 ( ) ( ) ( ) ( ) F D1-γ -1 - 1-αα-β D F F D λ -λ
t t t t t tS = 2 M Y M Y Z

  

So that, so long as D Fλ > λ ,  an increase in uncertainty will raise the spot exchange rate, 

depreciating the domestic currency. When D Fλ > λ  an increase in uncertainty will decrease the 

marginal utility on domestic goods more than on foreign goods, which in turn leads to a lower 

demand for domestic goods, and thereby increasing the relative price of foreign good. Hence, the 

spot exchange rate increases, depreciating the domestic currency. 

Additionally, from (11), ( ) ( ) ( )
1 1 1 1 1 1

2221 2 1α α λσ σ σ σ σ
+ + + + + +

= + − − − + i
i i i i i i
t t t t t tq m y y m z

 for i =D, F. 

The effect on IMRS volatility of a rise in the level of uncertainty, 
1

2σ
+

i
tz

, depends on jλ . For 

instance, if D Fλ > λ , an increase in 
1

2σ
+

i
tz

has a larger effect on the domestic IMRS than on the 

foreign IMRS. As shown in footnote 2, this would increase the expected rate of depreciation 

which, in turn, will lead to an increase in the risk premium.  

To have a well defined probability distribution for qF and qD, we need to add some 

structure on the stochastic behavior of the main variables in the model. That will also allow us to 

relate the risk premium to the main sources of uncertainty in the economy. More precisely, we 

assume growth in output and money supply and the change in perceived uncertainty to be 

conditionally jointly log-normal. Following Hu (1997), we assume that stochastic discount factors 

are log-normal.  
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Thus, from (9) and (11), the risk premium can be written in terms of statistical moments 

of output growth, monetary aggregates, and the indicator on the level of uncertainty: 

 

( ) ( )

( ) ( )( ) ( ) ( )

( ) ( ) .

2 2
F D F D

t+1 t+1 t+1 t+1 t+1

2 2
D F

F F D D
t+1 t+1 t+1 t+1 t+1

F D F D
F D F D

t+1 t+1 t+1 t+1 t+1 t+1 t+1 t+1

e 2 2 2 2
m m y y

2
y m y m

z m z m z y z y

1

2

λ λ

λ λ λ λ

1 1 1
- + - 1-γ + 1-α +

2 2 2

1
+ - + 1-γ - 1-α +

2

+ - - 1-γ + 1-α

RP = σ σ σ σ

σ σ σ

σ σ σ σ

z  (12) 

where ( )( )i
t+1

i
t t+1x

σ var log x≡  and ( ) ( )( )i i
t+1 t+1

i i
t t+1 t+1x p

σ cov log x log p≡ .  

Equation (12) states that expected risk premium is determined by (i) the conditional 

variance of domestic and foreign output, (ii) the conditional variance of domestic and foreign 

money supply, (iii) the conditional covariance between output and money supply,3 (iv) the 

conditional variance of the uncertainty indicator, and (v) the conditional covariance between 

money supply and output with the uncertainty indicator. Conditions i), ii), and iii) are related to 

macroeconomic uncertainty, while iv) is associated to the nature of the uncertainty indicator. 

This model generalizes Hu (1997) with the exchange rate risk premium having a second 

source of risk associated to the private agents’ perception on the level of uncertainty. This 

additional argument might provide the additional volatility needed to reproduce the empirically 

observed high currency risk premium without requiring unreasonable coefficients of relative risk 

aversion.  

In the next section we test whether the proposed model can account for the observed risk 

premium during the transition period to the European currency using bilateral exchange rates 

between the French franc, British pound, and Spanish peseta, all relative to the German mark. In 

this case, fundamental macroeconomic uncertainty, by itself, does not generate sufficient risk to 

reconcile the traditional model with the data. Forces other than those emerging from 

macroeconomic indicators seem to be the most important sources of uncertainty in these 

                                                 
3  i), ii), and iii) can be explained through their contribution to the volatility of the purchasing power parity of both 
currencies given the cash in advance constraints. An increase in the volatility of nominal or real income in the domestic 
country, or a decrease in their covariance, increases the volatility of the purchasing power of the domestic currency, 
which in turn leads to an increase on the volatility of the domestic IRMS. An increase in the volatility of nominal or real 
income for the foreign country or a decrease in their joint covariance would lead to the opposite effect on the risk 
premium. 
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transition countries. A model with uncertainty-dependent preferences may offer a potential 

explanation for these other disturbances driving the foreign exchange market. 

 

3. Testing the Model 

We start the empirical analysis of model (12) by4 constructing the indicator that reflects 

the perception of uncertainty by private agents and by estimating the conditional variances and 

covariances for the exogenous variables. Then, we estimate (12) by least squares and validate the 

model through a battery of specification tests. We include a constant term in the model to capture 

the possibility of second order conditional moments that might not change over time. Since 

fundamental variables are measured differently in each country, their volatilities are not directly 

comparable and it is not possible to estimate the model under the constraints imposed by 

international symmetry. Hence, we only estimate the unrestricted version of the model and test for 

the existence of risk premia by testing the significance of estimated parameters. 

3.1. An uncertainty indicator 

The main difficulty in estimating the exchange risk premium expression is that the level of 

uncertainty is unobserved, and a popular approach to dealing with this problem is to postulate a 

specific law of motion for changes in the level of uncertainty. In our model, Zt represents the type 

of uncertainty which is not already captured by macroeconomic aggregates as industrial 

production or money supply. In what follows, we identify Zt with the level of uncertainty on 

private agents’ beliefs on the success or failure of the convergence process to the euro. 

Additionally, it is natural to assume that the effect of unexpected news depends on the level of 

uncertainty in the economy. In an economy where agents are almost sure that they will enter the 

Eurozone, a piece of negative news will have some minor impact. The same could be said about a 

piece of positive news impinging on an economy where private agents are almost sure that they 

will not join the euro area. If, on the other, hand, private agents have 50-50 odds that they might 

                                                 
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. To compute probabilities of convergence, we use interest rates on 3-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 (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 in the model for the conditional variance. These preliminary 
results are not reported here but are available upon request. 
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joint the euro, then any piece of negative or positive news may have a large contribution to the 

general level of uncertainty.  

We formalize this view by considering a regime indicator x, to be realized at time T, when 
the decision of joining the Eurozone is to be made. At that time, x would take a value of 1 if the 
economy enters the euro system, being equal to 0 otherwise. At each point in time, the 
representative agent in the economy associates a probability pt of joining the euro area, i.e., to the 
event x = 1, and a probability of (1- pt) of being left out, i.e., to the event x = 0. The probability pt 
should be expected to change over time as a function of the information that private agents 
receive on some economic indicators that agents consider relevant when predicting future policy 
decisions. Hence, at time t, the expected value of x is: Et(x) = pt, and its variance: 

( ) ( ) ( )2x
t t t tσ = Var x = p 1- p . The variance of x indicates the level of uncertainty on the event 

of entering the Eurozone.  

To capture the suggestion we made above on the fact that the impact of a given piece of 

news will be larger the higher the level of uncertainty prevailing in the economy, we assume that 

changes in the level of uncertainty, zt , are driven by:  

 ( )σ ξ ξ κ+ + + − −= ∼1 1 1 1 2, / , , , ... 0,x
t t t t t t tz p p p N  (13) 

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

 ( ) ( )κ κ
2x

t+1 t t tvar z = σ = p (1- p )  (14) 

Therefore, the variance of zt+1 is zero when pt is either 0 or 1, reflecting absolute certainty about 

being OUT or IN, a situation of zero euro-uncertainty. The variance of changes in uncertainty 

reaches its maximum value for intermediate values of pt. Whenever pt < 1/2, an increase in the 

probability of entering the Eurozone will increase the level of uncertainty, whereas, for pt > 1/2, 

an increase in the probability of joining the euro would reduce the variance of zt+1, and the 

opposite would arise for reductions in pt.  

Under this specification, adding the assumption that money supply and production are 

conditionally independent of the level of uncertainty, Z, equation (12) can be written: 
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( ) ( ) ( )

( ) ( )

2 2
F D F Dt
t+1 t+1 t+1 t+1

F F D D
t+1 t+1 t+1 t+1

2 2 2 2
t m m y y

y m y m

1

2

1 1 1
- + - 1-γ + 1-α +

2 2 2

+ 1-γ - 1-α

eRP = λp 1-p
t+1

σ σ σ σ

σ σ
 (15) 

with: ( ) ( )2 21λ = 2 λ λ κ⎛ ⎞
⎜ ⎟
⎝ ⎠

−D F .  

3.2 Measuring unobserved variables 

The exchange rate risk premium in (15) depends on the perceived probability of 

convergence. To substitute for the unobserved probability assigned by the financial markets to the 

event that the country may belong to the euro area by January 1999, we use a procedure similar to 

the JP Morgan EMU calculator (J.P. Morgan, 1997). 5 The basic feature of such a calculator is that the 

observed interest rate spread at time t, IR_SPR, is supposed to be a weighted average of the IN 

spread, IR_SPRIN, which would apply if the country adopts the single currency and the OUT 

spread, IR_SPROUT, corresponding to the case when the country is out of the Eurozone. The 

weights are the corresponding probabilities for each event, 

 ( )I IN OUT
t t t t tR_SPR = p IR_SPR + 1- p IR_SPR  (16) 

In a monetary union, financial instruments from different countries sharing the same 

maturity, liquidity and credit risk must have the same yield. Hence, if a country fulfills the 

convergence criteria6 in January 1999 and enters into the euro area, its riskless interest rate should 

be equal to those in the other countries of the monetary union. On the other hand, if the country 

does not enter into the union, its interest rate will be determined by a variety of factors, including 

its own monetary policy, and it will generally maintain a positive spread relative to countries in the 

union. Hence, assuming IR_SPRtIN= 0 and IR_SPRtOUT = θ > 0 in (16), we can estimate the 

probability assigned by the financial markets at time t to the event that the country belongs to the 

euro area by January 1999: 

 t tp = 1- IR_SPR .θ  (17) 

                                                 
5  Extracting market expectations on a given event from asset prices is a question that has attracted a great deal of 
interest [see Dillen and Edlund (1997), Favero et al.  (2000). [See the review essays by Söderlind and Svensson (1997), 
and Bates (1998)].  

6 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. 
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To estimate (15), we use a more flexible functional form for pt by taking (17) to suggest a 

negative relationship between the convergence probability and the interest rate spread: 

 t 0 1 tp = α -α IR_SPR ,  (18) 

So that,  ,2
t t 0 1 t 0 1 tp (1- p ) = (α -α IR_SPR ) -(α -α IR_SPR ) and (15) becomes a 

regression equation, where RPt+1 is the “ex-post realized risk premium”: 

( ) ( ) ( ) ( )

21
0 1 21

2 222 2 2
1 11 1 1 1 11

1 _ _

1 1 1
1 1 112 2 2 σσ σσ σ σ

β β β

γ α αγ

+

+

+ ++ + + + ++

+ = + +

− + − − + − + − − +−

≡ − t
t tt t

D DF F D F FD t tt t t t tt

t

y mm y y y mm

1

2

IR SPR IR SPR

ut

RP s f
(19) 

with  

 ( ) ( ) 2
0 0 0 1 1 0 2 1β = λα 1-α ; β = -λα 1- 2α ;    β = -λα .  (20) 

 The quadratic polynomial in (IR_SPR) captures the effect on the risk premium of the 

probability of joining the euro.  

The risk premium, expression (19), also includes conditional variances 

( )DD F F
t+1 t+1 t+1 t+1

22 2 2
ym m y, , , and σσ σ σ and covariances ( )D D F F

t+1 t+1 t+1 t+1y m y m
σ  andσ . To estimate conditional 

variances and covariances for each country we additionally assume that the dynamics of real and 

monetary variables, money supply and industrial production can be summarized by a VARMA 

model in logged differences with GARCH innovations, which allows for some possible nonlinear 

dependence among them. Appendix 1 shows the specification and estimation of the conditional 

second order moments.  

The unquestionable participation of Germany in the euro area makes it reasonable to 

focus the analysis on differentials respect to German interest rates. Therefore, the probability of a 

given country to adopt the single currency from the outset of the Eurozone will be inversely 

related to the spread of interest rates with Germany. We consider interest rates from swap markets 

to be more reliable than those from the market for government bonds, which is rather narrow and 

illiquid in some countries. Furthermore, the tax treatment of returns on public debt differs across 

countries, while the swap market is very liquid and contracts are standardized across currencies, 

including the tax treatment of returns, and they are not affected by default risk. Using the spread 

in 3-year swap rates as a proxy for the probability of convergence is based on our belief that a 3-
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year maturity is more likely to capture expectations of convergence to the euro area for a country. 

Its behavior is similar to those of the 5- and 10-year rates, while the 1-year rate is influenced by 

monetary policy decisions. 

 3.2.- Accounting for the risk premium 

Interest rate spreads with Germany and risk premium values for France, Spain, and 

United Kingdom are shown in Figure 1 for the 1994:01-1998:04 period. In all cases, the risk 

premium series is clearly more volatile than the interest rate spread. Over 1994 and the first part 

of 1995, the spread increased for Spain, sharply decreasing during 1996, reflecting a growing 

probability that this country could adopt the single currency from the beginning. There was a 

transitory increase at the beginning of 1997 and the spread returned very quickly to a decreasing 

path. The spread with France widened in the spring of 1995 from zero to about 1 percentage 

point, remaining at that level until the end of 1996, when it fell back to zero. This is consistent 

with a high probability of this country adopting the single currency from the beginning. On the 

other hand, the spread showed a positive trend since the beginning of 1994 for the United 

Kingdom, stabilizing after 1996 but without the sharp decrease observed for Spain and France. 

These graphs suggest that for Spain and France, an increase in IR_SPR (i.e. a loss in market 

confidence) induces an increase in the volatility of the risk premium. However, for the United 

Kingdom, the figure could indicate that this country was not considered to be a likely participant 

in the euro. Therefore, in this case the correlation between spread and risk premium is more 

difficult to explain. 

We first present in Table 1 least-squares estimates of (19) for the full sample, 1986:02-

1998:04, and for the three bilateral relationships with Germany, without taking into account the 

effect of the level of uncertainty, so that conditional second order moments for industrial 

production and money supply are the only explanatory variables. This sample exploits all available 

data on conditional second order moments. We use risk premium data corrected from extreme 

values, which sharply decreases the evidence of residual autocorrelation. R2 values are rather low, 

although estimated parameters show their right sign when significant. However, the overall 

suggestion is that macroeconomic uncertainty may not be the most important factor determining 

risk premium in exchange rates.  

Alternatively, we analyzed whether the euro-uncertainty can account for the risk premium. 

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 
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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.  

When the shorter 1994:01 - 1998:04 period is considered in Table 2, results become much 

more satisfactory in terms of explanatory power as well as significance and sign of individual 

coefficients. Simple and adjusted R2 coefficients are between 10% and 15%, well above their 

values for the longest sample. The interest rate spread is statistically significant, except for the 

GBP/GEM relationship, but even there, the estimated coefficient in the spread takes the highest 

value among the three currencies considered. Lack of significance in this currency may be a 

consequence of colinearity between the interest rate spread and its squared value, as confirmed by 

the result of the Wald test for joint significance of both variables. Except for this currency, the 

coefficients of the quadratic function have the expected sign, suggesting that the linear probability 

term would not adequately capture all the information regarding the risk premium in that 

currency. The general conclusion is that it was only after 1994 when the preference uncertainty 

became a relevant factor in the time evolution of the risk premium for these currencies.  

Table 3 presents the estimation results for the full model, including macroeconomic 

uncertainty and the uncertainty on convergence, over the 1994:01-1998:04 period. Conditional 

second order moments of fundamental macroeconomic variables are generally not significant. On 

the contrary, uncertainty on convergence to the Eurozone, as captured by the quadratic function 

on the interest rate spread, is almost always significant. 

We can assess the contribution of macroeconomic uncertainty and euro-uncertainty to the 

fitted risk premium as shown in Figure 2. The left graph shows, for the 1994:01-1998:04 period, 

the actual exchange risk premium and the fitted values from the model in Table 3. the middle 

column shows the part of the fitted risk premium accounted for by macroeconomic uncertainty, 

ˆ ˆ ˆ ˆ ˆ ˆD F D FD FD F t+1 t+1t+1 t+1 t+1 t+1t+1 t+1

2 2
y y y y3 4 5 6 7 8m mm m

β +β  +β +β +β +βσ σ σ σ σ σ , and the right column displays the part 

of the fitted risk premium accounted for by euro-uncertainty, ˆ ˆ 2
2 t 3 tβ IR_SPR +β IR_SPR . Figure 

3 presents several scatter diagrams for the fitted risk premium versus: (i) the observed exchange 

risk premium (left column), (ii) the macroeconomic uncertainty contribution (middle column), and 

(iii) the euro-uncertainty contribution (right column).  An inspection of these diagrams reveals that 
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the risk premium is extremely volatile and it is more closely related to the variable measuring the 

euro-uncertainty than to macroeconomic uncertainty. That is also reflected in the correlations 

coefficients between each variable with the fitted risk premium, which are noticeably higher for 

euro uncertainty (between 0.70 and 0.93) than for macroeconomic uncertainty (between 0.19 and 

0.58).7 

The general conclusion is that the uncertainty on whether the country fulfils the 

convergence criteria established in the Maastricht agreement is more important when explaining 

the exchange rate risk premium than the economic fundamentals. This evidence arises only after 

1994, suggesting that it was the formal approval of the Maastricht criteria, more than the 

Maastricht agreement itself, the starting point for exchange rate markets to incorporate the 

uncertainty on the convergence process in the determination of the risk premium. 

We now have all the information needed to estimate from (19) numerical values for the 

probability attached that the market to the event that each country joins the European monetary 

union at a given date, as explained in the next section.  The probabilities we compute turn out to 

be very similar to those estimated by the J.P. Morgan EMU calculator.  

3.3. Numerical estimates of convergence probabilities 

From the estimation of (19) in Table 3 we can recover estimates8 for the probabilities that 

France, Spain, and UK joined the euro area in April 1999. Estimated probabilities of joining the 

EMU, normalized so that [ ]0, 1tp ∈ , are shown in Figure 4. The results look fairly reasonable, 

providing evidence in favour of modelling the probability of convergence as a function of the 

interest rate spread. For Spain and France the value of the indicator rose since the beginning of 

1996. The upward trend suggests the perception of an increased probability that Spain and France 

would adopt the single currency since the beginning. The United Kingdom had a high probability 

of entering the Eurozone during late 1993 but it collapsed during the general wave of pessimism 

on the future of the currency union during 1994. Since then, the probability continuously 

                                                 
7 Even though a precise evaluation of the exact contribution of each component might require a careful 
treatment of the correlation between them, our analysis clearly favours the greater relevance of euro uncertainty 
in the determination of the exchange rate risk premium. 
8  From the estimation of (19) in Table 3 We can recover estimates for α0, α1 and λ. The system of equations (20) does 
not have an analytical solution and needs to be solved numerically. Then, from (18) it is straightforward to compute 
convergence probabilities. 
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decreased until the end of 1997 suggesting, as it was finally the case, that the likelihood of this 

country in joining the euro area was not considered to be particularly high. 

 

4.- Conclusions   

We have proposed a general equilibrium model to characterize risk premium in the 

exchange rate market. The model has as a main feature the state dependency of preferences on the 

perceived level of uncertainty. As a consequence, the excess return in exchange rates is a function 

of two factors: i) the volatility of fundamental variables (money and output), and ii) the perception 

by private agents on the general level of uncertainty in the economy. The stochastic discount 

factor is then connected to the properties of money, output and a broad uncertainty index, and 

the presence of the latter increases the sensitivity of the stochastic discount factor to even small 

variations in consumption. Therefore, our model does not rely as much on consumption risk as 

more standard models to explain the currency risk premium.  

We have shown that the perception by private agents on the level of uncertainty is 

quantitatively important for reproducing the observed risk premium along the convergence 

process to the European currency union. Hence, it seems that forces other than those from 

money and goods markets were important sources of uncertainty during this period, a fact that 

was reflected in the exchange rate risk premium. A quadratic function of interest rate spreads, 

used as proxy for the perception of risk, has an acceptable explanatory power in the 1994-1998 

period, once national Parliaments approved the Maastricht criteria. Regarding fundamental 

uncertainty, the relevance of the conditional variances of money supply and industrial production 

as well as the conditional covariance between these two variables is rather limited, in consistency 

with results reached by other authors. 

Three western European countries in the EMS, United Kingdom, Denmark and Sweden, 

have not yet adopted the euro. Besides, the European Union has incorporated twelve Eastern 

European countries as new members, and our model could be used to explain the behavior of 

exchange rate risk premia in these countries, as they move towards joining the euro. A similar 

analysis could also be applied if common currency areas in Latin America or South East Asia are 

eventually approved.  
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Appendix 1- 

Specification and estimation of conditional second order moments 

With regard to fundamental uncertainty we assume, as in Hu (1992) that, conditional on 
available information, growth rates in fundamental variables (mit+1 and  yit+1; i =D, F) follow a joint 
lognormal distribution. We assume that the dynamics of real and monetary variables, represented by the 
money supply and industrial production, can be summarized by a VARMA model in logged differences 
with GARCH innovations, which allows for possible nonlinear dependence among them.9  

Standard specification tools10 suggest a VARMA(1, 1) model for (ln(mt), ln(yt)) for Spain, a 
VAR(3) for Germany, a VAR (2) with a seasonal VAR(1) component for the UK, and  a VAR (3) with a 
seasonal VAR (2) for France. Evidence of seasonal components shows up in spite of using seasonally 
adjusted time series data. All these models are special cases of: 

( )
( )

1

2

1 1 2 2 3 3φ φ φ φ φ φ2 311 12 11 12 11 12 I +  B +   +    • B B1 1 2 2 3 3φ φ φ φ φ φ21 22 21 22 21 22

1 2 ln0 0 mΦ Φ t12 241 1 I +   +      =   +  I B B1 20 0Φ Φ ln y2 2 t
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 (22) 

with B being the backshift operator, and εt the innovation vector. 

As initial conditions, we used estimates obtained under the assumption of lack of 
heteroskedasticity. Lagrange multiplier and Ljung-Box statistics on the residuals point out to possible 
conditional heteroskedasticity in the money supply for France and the UK, as well as for an 
autoregressive structure for the covariance between the money supply and the industrial production in 
France. These tests led us to specifying a GARCH(1, 1) model for the conditional variances and 
covariance in (22): 
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 (23) 

We imposed diagonality constraints, so that 2 2 2, ,
t t t tm y m yσ σ σ depend only on their own lags and 

lags of 2 2, , ,
t t t tm y m yε ε ε  respectively. These restrictions are made to avoid the numerical difficulties that 

                                                 
9 As proposed by Bollerslev (1986) and Baba, Engle, Kraft and Kroner (1991), among many others. 
10 Partial and simple autocorrelation functions as well as Akaike, Hannan and Quinn, and Schwarz criteria. 
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would arise when estimating an over-parametrized model. For estimation, we used an alternative 
VARMA(1, 1) representation of the GARCH (1, 1) model: Let us considerer the 3 x 1 stochastic vector: 

 ( )t t t tξ = vech ε ε' - vechΣ  (24) 

where ( ) ( )t t t t

'2 2
t t m m y yvech ε ε' = ε ε ε , ( )Σ

t t t t

'2 2
t m m y yvech = σ σ σ  and ξt is a white noise process. 

Substituting (24) in (23) and rearranging: 
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 (25) 

in which the presence of the sum aii+gii allows us to test for stationarity in variance, whenever |aii+gii|<1 
[Bollerslev (1986)]. 

In the estimated models (not shown in the paper), conditional variances for the money supply 
and the industrial production actually depend on their own innovations, while their conditional 
covariance depends on innovations in both variables. Conditional heteroskedasticity seems to be present 
in all countries. As suggested by the previous tests, we estimated heteroskedastic effects for the money 
supply in France and the UK and the covariance between the money supply and the industrial 
production in France. We also obtained a statistically significant autoregressive structure for the 
conditional covariance between both variables in Spain and Germany. No conditional heteroskedasticity 
in the variances of the money supply or the industrial production was found for these two countries.  



 20

Appendix 2 
Table 1 

Least squares estimation of the risk premium associated to macroeconomic uncertainty. 
Full sample: 1986:02-1998:04(a)(b) (c) 
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2ˆ iyσ    
0.0216 
(0.23) 

R2 0.053 0.051 0.044 

Adj. R2 0.040 0.031 0.018 

COR(1)(e) 0.37 0.32 0.96 

COR(12)(e) 0.73 0.16 0.56 

ARCH(6)(f) 0.63 0.02 0.47 

Notes: 
(a) T-statistics in parentheses.  
(b) ( )( )2

1var logˆ DC
i

t tx xσ +≡  ( ) ( )( )
1 1

1 1cov log logi i
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i i
t t tx p

x pσ
+ +

+ +≡ for i=FR, SP, UK  

(c) An asterisk denotes a coefficient significant at the 10 % level 
(d) RP(-1) denotes the lagged risk premium 
(e) P-value of Breusch-Godfrey test statistic for residual serial correlation up to lag order p. 
(f) Autoregressive conditional heteroskedasticity test. ARCH(6) is the p-value of LM test statistic. 

 
Table 2(a) 

Least squares estimation of the risk premium associated to euro-uncertainty. 
Sample: 1994:01-1998:04 
1 0 1 2_ _ 2t t t tRP   IR SPR  IR SPR uγ γ γ+ = + + +  

 
 ESP/DEM( FRF/DEM GBP/DEM

C -0.0061* 
(-1.83) 

-0.0016 
(-1.46) 

0.0242 
(1.25) 

IR_SPR 0.4651* 
(1.81) 

0.8758* 
(1.87) 

-1.5313 
(-0.80) 

IR_SPR2 
-10.017* 
(-2.33) 

-101.11* 
(-2.84) 

6.3577 
(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-statistic for the null hypothesis: H0: γ1 = γ2=0. 
(c) P-value for Breusch-Godfrey test statistic for residual serial correlation up to lag order p, in brackets. 
(d) Autoregressive conditional heteroskedasticity test. ARCH(6) is the p-value of LM test statistic for an ARCH structure of 

order 6. 
(e) An asterisk denotes a coefficient significant at the 10 % level 
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Table 3 

Least squares estimation of the risk premium equation (a) 

Sample: 1994:01-1998:04 
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(c) P-value for F-statistic for the null hypothesis: H0: β1 = β2=0. 
(d) P-value for F-statistic for the null hypothesis: H0: β3 = β4= β5=β6=β7=β8=0. 
(e) P-value of Breusch-Godfrey test statistic 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 statistic for an ARCH structure of 

order 6. 
(g) An asterisk denotes a coefficient significant at the 10 % level 
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Figure 1 

Interest rate swap spreads (IR_SPR) and observed risk premium (RPt+1) 
Sample: 1994:01-1998:04 

 
 
 
 
 
 
 
 

●  RP(ESP/DEM)      ▲  IR_SPR (SP) ●  RP(FR/DEM)      ▲  IR_SPR (FR) ●  RP(GPB/DEM)      ▲  IR_SPR (UK).

-.03

-.02

-.01

.00

.01

.02

.03

.00

.01

.02

.03

.04

.05

.06

1994 1995 1996 1997
-.020

-.015

-.010

-.005

.000

.005

.010

.015

-.008

-.004

.000

.004

.008

.012

.016

.020

1994 1995 1996 1997
-.08

-.06

-.04

-.02

.00

.02

.04

.06

.000

.005

.010

.015

.020

.025

.030

.035

1994 1995 1996 1997



 23

Figure 2 
Observed risk premium vs. fitted risk premium, macroeconomic and euro-uncertainty (a)(b)(c)  

Sample: 1994:01-1998:04 
●  OBSERVED      ▲    FITTED  ●   OBSERVED    ▲    MACR. UNCERT. -●- OBSERVED  ▲ EURO-UNCERT.

 
 
 
 
 
 

    
 
 
 
 
 
 
 

    
 
 
 
 
 
 
 

    
Notes:  
(a) Left column: Observed exchange risk premium versus the fitted value from the model in Table 4 
(b) Middle column: Observed exchange risk premium versus macroeconomic uncertainty contribution 
(c) Right column: Observed exchange risk premium versus EURO-uncertainty contribution 
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Figure 3 
Scatter diagrams: fitted risk premium (horizontal axis) vs. observed risk premium, 

macroeconomic and euro uncertainty contribution (a)(b)(c). 
Sample: 1994:01-1998:04 

FITTED        VS.        OBSERVED FITTED          VS.            MACR. UNCERT. FITTED        VS.    EURO-UNCERT. 
 
 
 
 
 
 
 
 

Correlation(d) 0.40 0.58 0.93 
 
 
 
 
 
 
 
 
 

Correlation(d) 0.35 0.32 0.70 
 
 
 
 
 
 
 

Correlation(d) 0.41 0.19 0.85 
 

Notes: 
(a) Left column: observed risk premium versus the fitted risk premium from the model in Table 4 
(b) Middle column: Macroeconomic uncertainty contribution versus  the fitted risk premium 
(c) Right column: EURO-uncertainty contribution versus the fitted risk premium 
(d) Correlation between variables in scatter diagrams 
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Figure 4 
Probability indicator for Spain, France and the United Kingdom 

Sample: 1994:01-1998:04 
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