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Abstract

Rational expectations models fail to explain the disconnect between the exchange rate and
macroeconomic fundamentals. In line with survey evidence on the behaviour of foreign exchange
traders, we introduce model misspecification and learning into a standard monetary model. Agents
use simple forecasting rules based on a restricted information set. They learn about the parameters
and performance of different models and can switch between forecasting rules. We compute the
implied post-Bretton Woods US dollar-pound sterling exchange rate and show that the excess
volatility of the exchange rate return can be reproduced with low values of the learning gain. Both
assumptions, misspecification and learning, are necessary to generate this result. However, the
implied correlations with the fundamentals are higher than in the data. Including more lags in the
model tends to tip the balance of our findings slightly towards rational expectations and away from
the learning hypothesis.
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1 Introduction

The disconnect between the exchange rate and macroeconomic aggregates is a
well-known fact of international macroeconomics. Obstfeld and Rogo¤ (2000)
note that �...exchange rates are remarkably volatile relative to any model we
have of underlying fundamentals such as interest rates, outputs and money
supplies, and no model seems to be very good at explaining exchange rates even
ex post.� Meese and Rogo¤ (1983) demonstrate that traditional exchange rate
models produce forecasts which are no better than a random walk. Twenty
years later, Cheung et al (2005) �nd that fundamental exchange rate models
can explain the dynamics of only some currencies and during certain time
periods.
Cheung et al (2005) study the out-of-sample forecasting performance of

several fundamentals-based models for a set of exchange rates. They use sev-
eral measures to compare those models to the random walk. For the British
Pound/US Dollar, which is the exchange rate we focus on in this paper, they
test thirty speci�cations for two sample periods. In all cases, the random walk
does at least as well as any of the fundamentals-based models. Furthermore,
the authors show that none of the fundamentals-based model forecasts can
correctly predict the direction of the change in the British Pound/US Dol-
lar rate. These results indicate that none of the available models is a better
exchange rate predictor than the random walk.
The exchange rate is usually modelled as an asset price; it is expressed as

a weighted average of a set of current fundamentals and its expected future
value. Since the weight on expectations is high relative to the weight on
the fundamentals, expectations formation is key in determining exchange rate
dynamics. Rational expectations (RE) models fail to generate the exchange
rate disconnect. We therefore assume two departures from the RE hypothesis:
learning and model misspeci�cation.
Our �rst departure from rational expectations is the introduction of statis-

tical learning. Adam et al. (2008) show that learning improves the empirical
performance of asset pricing models. Here, agents learn about the model para-
meters and about the relative performance of di¤erent forecasting rules; they
are allowed to switch between rules.
Our second departure from rational expectations is the assumption of

model underparameterisation. Agents do not use all available information to
make forecasts. Experimental evidence in Adam (2007) suggests that agents
base forecasts on simple rules using a restricted set of variables, even if infor-
mation on other relevant variables is available to them. In a survey among
foreign exchange traders, Cheung and Chinn (2001) �nd considerable variation
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in the relative importance attached to di¤erent fundamentals both across time
and market participants. They conclude that �a successful model should [...]
allow for changes in the relative importance of macroeconomic fundamentals
over time�. In Bacchetta and Van Wincoop�s (2004) scapegoat model, hetero-
geneous information in the foreign exchange market leads investors to attach
excessive weight to an observed fundamental. Here, we allow for heterogeneity
in beliefs as well as time-variation in the weight on a particular fundamental,
following Branch and Evans (2007).
Experimental and survey studies �nd systematic forecast heterogeneity.

Weale and Pesaran (2006) argue that expectations could di¤er considerably
across individuals due to information disparity and di¤erences in beliefs. These
two sources of expectations heterogeneity are closely related and could be
reinforcing. Information disparities could initiate and maintain disparities in
beliefs, whilst di¤erences in beliefs could lead to information disparities when
information processing is costly.
Based on survey data, Frankel and Froot (1987a, 1987b, 1990a, 1990b),

Taylor and Allen (1992) and Ito (1990) �nd evidence for the presence of het-
erogeneous beliefs in the foreign exchange market. This heterogeneity is dy-
namic such that foreign exchange market participants can change predictors
over time. Bask (2007), De Grauwe and Grimaldi (2006a, 2006b), and De
Grauwe and Markiewicz (2006) model this behaviour by introducing dynamic
predictor selection. This approach is based on discrete choice theory and was
initially applied to asset markets by Brock and Hommes (1997, 1998). In line
with survey evidence, this mechanism assumes that agents evaluate forecasting
rules by computing the past pro�ts of these rules and increase (reduce) the
weight of one rule if it is more (less) pro�table than the alternative rule.
Heterogeneity in expectations has also been found in other markets. In

particular, in�ation forecasts display systematic heterogeneity. Branch (2004)
tests for the �rationally heterogeneous�expectations model using survey data
on in�ation expectations. He shows that agents select di¤erent predictors over
time and their proportion varies inversely with the predictor�s past perfor-
mance, in line with the mechanism proposed by Brock and Hommes (1997,
1998). Similarly, Branch (2007) demonstrates that models which allow the
level of heterogeneity to change over time provide a better �t of the data. Fi-
nally, Pfajfar and Zakelj (2008) conduct an experimental study on the in�ation
expectations formation process. They �nd that agents form expectations in
accordance with di¤erent theoretical models and they rather tend to switch
between models than stick to one of them. Therefore, the authors provide
important empirical support for models that postulate endogenous switching
à la Brock and Hommes (1997, 1998).
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We introduce misspeci�cation and learning in the monetary model of Frenkel
(1976) and Bilson (1978). Together with data on US-UK fundamentals over
the post-Bretton-Woods period, we generate samples of arti�cial quarterly ex-
change rate data. We compute the exchange rate volatility and the correlation
between the exchange rate and fundamentals. The model has two free para-
meters: the learning gain and the speed of switching between forecasting rules.
We calibrate the learning gain so as to match the volatility of the exchange
rate return with that in the data, for several values of the switching parame-
ter. We then compare other exchange rate moments in the model to those in
the data. We �nd reasonable values for the learning gain that reproduce the
high volatility of the exchange rate return. However, the exchange rate under
learning is too highly correlated with the fundamentals.
Chakraborty (2007a) also introduces learning into a monetary exchange

rate model, but does not consider model misspeci�cation. He investigates
whether learning can reproduce the forward premium puzzle, while we focus
on the volatility of the exchange rate and its correlation with the fundamentals.
Another di¤erence between his paper and ours is that we use actual data on
fundamentals to construct the exchange rate under learning, while he simulates
the fundamentals series.

2 Model

The monetary model by Frenkel (1976) and Bilson (1978) yields an asset pric-
ing equation for the exchange rate.1 Money market equilibrium in the home
country is

mt = pt + c1yt � c2it (1)

where mt is the log money stock, pt is the log price level, yt is log output and it
is the nominal interest rate. A similar relationship with identical parameters
holds in the foreign country, with foreign variables indicated by a star. The
log nominal exchange rate st, the domestic price of a unit of foreign currency,
is equal to its purchasing power parity (PPP) value.

st = pt � p�t (2)

We assume full price �exibility, such that PPP holds at all times. The uncov-
ered interest parity condition is

it = i
�
t + eEtst+1 � st (3)

1Alternatively, one can derive such an equation from a microfounded general equilibrium
model. See Engel and West (2005).
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eEtst+1 denotes the (not necessarily rational) market expectation of next pe-
riod�s exchange rate. Combining (1) with its foreign counterpart, (2) and (3),
we can write the exchange rate as

st = (1� �)
0ft + � eEtst+1 (4)

where the observables are given by ft = (f1t; f2t)
0, f1t = mt � m�

t and f2t =
yt � y�t . The parameters are � = c2= (1 + c2) and 
 = (1;�c1)

0.

3 Disconnect Puzzle under Rational Expecta-
tions

We solve and calibrate the model under rational expectations (RE).2 Solving
model (4) forward assuming RE, eEt = Et, yields

st = (1� �)
0
TP
j=0

�jEtft+j + �
TEtst+T

Letting T ! 1 and imposing the no-bubbles condition � < 1 such that
limT!1 �

TEtst+T = 0, we �nd the present value representation

st = (1� �)
0
P1

j=0 �
jEtft+j

Suppose that ft follows a stationary �rst-order vector autoregressive process,

ft = Aft�1 + "t,

where "t s N (0;�"). By forward substitution, we �nd Etft+j = Ajft. The
term

P1
j=0 �

jEtft+j =
P1

j=0 (�A)
j ft is a geometric series equal to (I2 � �A)�1 ft.

Then the rational expectations solution to this model is

sREt = (1� �)
0 (I2 � �A)�1 ft =
�
bRE1 ; bRE2

�
ft:

We assume the following parameter values for c1 > 0, the income elasticity
of money demand and c2 > 0, the interest semi-elasticity of money demand.3

Setting c2 � 40 implies a discount factor � = 0:97. The parameter c1 is set to
1 such that 
 = (1;�1)0. In practice, we estimate a bivariate VAR(1) on the

2All data and program �les are available at http://sites.google.com/site/vivienjlewis.
3See Engel and West (2005) for a discussion of plausible parameter values.
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fundamentals with a constant and a trend. We use equation-by-equation ordi-
nary least squares (OLS) to estimate ft = Bf t�1+ut, where ft = (f1t; f2t; c; t)

0

and ut s N (0;�u). The exchange rate under rational expectations is

sREt = (1� �)
 0 (I4 � �B)�1 ft (5)

where 
 0 = [
0; 01�2] and B is the OLS estimate of the coe¢ cient matrix. The
estimated VAR coe¢ cients are

B =

�
0:95 �0:06
�0:17 0:82

�
�u = 10�3

�
0:2802 �0:0736
�0:0736 0:2632

�
B is the estimate of B and �u is the estimate of �u without the deterministic
components.4 We calculate the exchange rate according to (5), using quarterly
US-UK data5 on ft over the post-Bretton-Woods period, 1974Q1-2006Q2.

Table 1: Disconnect Puzzle under Rational Expectations (RE)

Data RE
Volatility
� (st) 14.69 38.04
� (�st) 5.16 2.81

Correlation
� (st; yt) -0.29 -0.96
� (st;mt) -0.07 0.78
� (�st;�yt) -0.07 -0.73
� (�st;�mt) -0.03 0.78

Note: � (�) denotes the standard deviation, � (�; �) denotes the correlation coe¢ cient.

Table 1 presents descriptive statistics of the log exchange rate and its �rst
di¤erence in the data and in the RE monetary model.6 The volatility of the

4The matrixB has one unstable root, indicating that the fundamentals-VAR is not stable
over the post-Bretton-Woods sample period. We nevertheless maintain our assumption that
the money supply and output di¤erentials of two countries should not diverge inde�nitely,
such that stability holds at su¢ ciently long horizons.

5Data are from the IMF�s International Financial Statistics. For the money supply we
use seasonally adjusted M4, for real income we use seasonally adjusted GDP.

6Because the variance is unde�ned for a unit root process, the statistic � (st) is valid
only under the assumption that the exchange rate is stationary. While economists agree
that the exchange rate is highly persistent, it is a matter of debate whether it is exactly or
nearly integrated.
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observed exchange rate return is more than 80% higher than the model-based
one. The level of the exchange rate under RE is over twice as high as in the
data. In addition, the RE exchange rate is highly correlated with the two
fundamentals series, while in the data, these correlations are weak.

4 Model Misspeci�cation and Learning

We �rst assume that agents use a limited information set to forecast the ex-
change rate based on the monetary model of Section 2. There are two groups of
agents, i = 1; 2, each using a single explanatory variable to make the following
forecasts eEi;t (st+1) = bi;t�1fi;t (6)

where bi;t�1 is an estimate of the belief parameter �i;t�1 based on information
up to time t� 1. The market forecast eEtst+1 is a weighted average of the two
forecasts, where nt�1 is the proportion of agents using the fundamental f1;t:

eEtst+1 = nt�1b1;t�1f1;t + (1� nt�1) b2;t�1f2;t
The equilibrium stochastic process followed by the exchange rate is obtained
by substituting the market forecast in (4).

st = [(1� �)
1 + �nt�1b1;t�1] f1;t + [(1� �)
2 + � (1� nt�1) b2;t�1] f2;t (7)

From (7), we see that using bi;t instead of bi;t�1 to form eEtst+1 would result in
a simultaneity problem, since bi;t depends on st.
Second, we introduce dual learning into the model: parameter learning and

dynamic predictor selection. This allows the parameters and the model weights
to vary over time. We assume constant gain learning, which weights recent
data more heavily than observations further back in time. This algorithm
is more appropriate than least squares learning, which in contrast weights
all observations equally, if the relationship between variables is characterised
by frequent structural breaks. Tests on the regression of the exchange rate on
fundamentals reveal that structural breaks are indeed present, lending support
to the constant gain assumption.7 Furthermore, Branch and Evans (2006) �nd
that constant gain learning delivers good out-of-sample forecasts and provides
a better �t to the Survey of Professional Forecasters for in�ation and output

7See Chakraborty (2007a).
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growth expectations than ordinary least squares learning. The learning process
obeys

bi;t = bi;t�1 + �r
�1
i;t�1fi;t (st � bi;t�1fi;t) (8)

ri;t = ri;t�1 + �
�
f 2i;t � ri;t�1

�
(9)

where ri;t = �
Pt

j=1 f
2
i;j�1 and � is the learning gain.

Each period, agents evaluate the models�forecasting performance by means
of the mean square error (MSE) criterion. Following Branch and Evans (2007),
agents update their MSE estimate according to a weighted least squares pro-
cedure with geometrically decreasing weights on past observations.

MSEi;t =MSEi;t�1 + �

��
st � eEi;t�1st�2 �MSEi;t�1� (10)

As in Brock and Hommes (1997), predictor proportions are determined ac-
cording to the following discrete choice formula.

nt =
exp (��MSE1;t)

exp (��MSE1;t) + exp (��MSE2;t)
(11)

The weight nt on predictor 1 is higher when its mean square error is lower.
The parameter � measures the strength with which agents switch from one
predictor to the other. A higher � implies that agents react more strongly to
the relative performance of the two forecasting rules. As � approaches in�nity,
switching becomes instantaneous. If � is equal to zero, agents are insensitive
to the relative performance of the predictors and their weights are constant at
0:5.
The timing assumption of the model is as follows. Agents enter period t

with a parameter estimate bi;t�1 and an exchange rate forecast eEi;t�1st. They
observe ft and make a new forecast as in (6). The market expectation is formed
as a weighted average of the forecasts 1 and 2, with predetermined weights
nt�1 and (1� nt�1), respectively. The exchange rate materialises according
to the actual law of motion (7). Agents observe st and update their belief
parameters bi;t (8), ri;t (9) and their MSE estimate (10). Then they evaluate
the relative performance of the forecasting rules, which determines the new
predictor proportions nt and (1� nt) as shown in (11). Thus, the dual learning
algorithm is given by a loop over equations (6) to (11).
All variables with the time subscript t � 1 have to be initialised. Initial

values are displayed in Table 2. For the parameters, we choose the rational
expectations values bRE1 and bRE2 . The ri;0�s are set equal to 1. The mean
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Table 2: Initialisation of the Dual Learning Algorithm

b1;0 b2;0 ri;0 Ei;0s1 MSEi;0 n0
bRE1 bRE2 1 0 0 � U (0; 1)

square errors and the expected exchange rate are initialised at 0. The initial
weight on model 1 is drawn from a standard uniform distribution.
The dual learning algorithm has two free parameters, � and �. We compute

the gain � that is needed to produce a standard deviation of the exchange rate
return under learning �slearnt close to the one found in the data, for several
assumptions on the switching parameter �. Branch and Evans (2007) argue
that a low value for � implies agents are not fully optimising. They consider
equilibria with a large �. In line with this argument, we consider � = 10; 000,
which produces model weights nt close to either 0 or 1. The superior forecasting
performance measured by a lower MSE results in an instantaneous shift of
the whole population of forecasters towards the better model; the simulated
exchange rate is then driven by one fundamental at a time. A high � gives rise
to faster switching than a lower value, given a value for �. Can a model with
more inertial switching generate enough volatility with a reasonable gain? To
answer this question, we also consider lower values for �.
We simulate the post-Bretton-Woods exchange rate under learning, given

actual data for the fundamentals ft. To avoid dependence on the initial model
weight n0, we compute the exchange rate moments as an average over 1; 000
realisations of n0. We also remove the �rst three quarters from the generated
exchange rate series as a sort of training period, so as to avoid that large swings
at the start of the learning algorithm translate into high overall volatility.
Consider Table 3. The �rst two columns reproduce the disconnect puzzle

under rational expectations as demonstrated in Table 1. Under the heading
Dual Learning and below each value of the switching parameter �, we present
the corresponding value for the learning gain � that is needed to reproduce
the exchange rate return volatility observed in the data. We evaluate the
performance of the learning model in replicating the features of the disconnect
puzzle. Since we have lost one degree of freedom for calibrating �, there are
�ve dimensions left along which we can compare the summary statistics of the
data with those of the learning model. In Table 3 we also report the mean
proportion of agents that base their forecasts on model 1 using the money
supply di¤erential as an explanatory variable for the exchange rate. This
mean weight on model 1, which we call n, is taken across time and across
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Table 3: Disconnect Puzzle: RE vs Dual Learning

Data RE Dual Learning
� (switching parameter)

0.1 1 10 50 10000
� (learning gain)

0.3354 0.3461 0.0182 0.0290 0.0035
�n (mean weight on model 1)

0.50 0.48 0.08 0.12 0.99
Volatility
� (st) 14.69 38.04 45.25 43.63 20.60 14.11 17.06
� (�st) 5.16 2.81 5.16 5.16 5.16 5.16 3.18

Correlation
� (st; yt) -0.29 -0.96 -0.20 -0.18 -0.33 -0.88 -0.58
� (st;mt) -0.07 0.78 -0.46 -0.49 0.24 0.53 0.98
� (�st;�yt) -0.07 -0.73 0.29 0.22 -0.22 -0.59 -0.13
� (�st;�mt) -0.03 0.78 -0.22 -0.25 -0.09 0.09 0.86

Note: � (�) denotes the standard deviation, � (�; �) denotes the correlation coe¢ cient. We
consider several values for � and search in the unit interval for the � that minimises the
squared distance between �(�slearnt ) and �(�sdatat ). �n denotes the mean weight on model
1, where the mean is taken over time periods and realisations of n0.
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realisations of n0.
With an appropriate value for �, we can match the excess return volatility

for low and intermediate levels of switching (� = 0:1, � = 1, � = 10 and � =
50). To gauge whether our �-values are plausible, we compare them to other
values estimated and calibrated in the literature. Branch and Evans (2006)
and Orphanides and Williams (2005) �nd that a value of 0.02 is appropriate to
match forecasts of in�ation and GDP growth. Kim (2009) and Chakraborty
(2007a, 2007b) consider a monetary model of the exchange rate under constant
gain learning. Kim (2009) sets the gain to 0:02; Chakraborty (2007a, 2007b)
uses the values 0.01, 0.05 and 0.1. Both studies �nd that constant gain learning
is superior to the RE benchmark. Notice that for intermediate switching, our
gain values (� = 0:0182 and � = 0:0290) are of the same order of magnitude
the values considered by those authors. We regard this �nding as supportive
of the dual learning model. It is well known that a higher gain increases the
volatility of the updated parameter series. This, in turn, ampli�es the volatility
of the generated economic process, see Evans and Honkapohja (2001).
The correlations of the exchange rate with the fundamentals (in levels and

in �rst di¤erences) are higher than in the data, but lower than under rational
expectations. Thus, the dual learning mechanism appears to weaken the link
between exchange rates and fundamentals that is present under rational ex-
pectations. For � = 10 and � = 50, the volatility of the exchange rate level
is closer to the data than the corresponding volatility under RE. Turning to
the average model weights, we observe that for low values of the switching
parameter �, both models are equally important; n is close to one half. The
money supply di¤erential becomes less important as an explanatory variable
of the exchange rate as � is increased. When switching is instantaneous, how-
ever, the average weight on model 1 is 99%. Assuming intermediate values for
� would point to the output di¤erential as the dominant fundamental driving
exchange rate �uctuations.
Figure 1 plots the time series of nt for di¤erent values of the switching pa-

rameter �.8 In line with Table 3, the �gure shows that for our preferred values
� = 10 and � = 50, the exchange rate process is driven mainly by the output
di¤erential. This result can be interpreted in the context of UK monetary
policy after Bretton-Woods. Nelson (2003) and Lubik and Schorfheide (2007)
estimate a Taylor rule for the UK using post-Bretton-Woods data. They �nd
that the Bank of England reacted to movements in both output growth and

8The weight series depends on the realisation of n0, which is drawn from a standard
uniform distribution. Because the weight series for di¤erent n0 do not di¤er substantially,
we regard one single realisation as representative.
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Figure 1: Weight on Model 1 under Dual Learning
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the exchange rate. Insofar as interest rate changes in�uence the exchange rate
through uncovered interest parity, this suggests that output growth mattered
for exchange rate determination. In contrast, the Bank of England abandoned
monetary targeting in 1985 and encountered large misses in the money growth
target already in the beginning of the 1980s. It is therefore conceivable that
real output was seen as a better exchange rate predictor than the money stock
di¤erential over the sample period.
To conclude, the dual learning model generates su¢ cient volatility without

relying on a high learning gain. The best results are achieved under interme-
diate degrees of switching. The �ndings summarised in Table 3 suggest that
dynamic predictor selection and parameter learning interact with each other
and with the data in a complex, non-linear way. To understand better which of
the two features, model misspeci�cation or parameter learning, is driving the
dynamics of the exchange rate under dual learning, we study them separately
in the next section.
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5 Two Intermediate Cases

We disentangle the e¤ects of dynamic predictor selection and parameter learn-
ing. First, we �x the model parameters at their RE values in order to isolate
the e¤ect of dynamic predictor selection alone. We run a loop over the follow-
ing four equations with the same initial values as before.

eEi;t (st+1) = bREi fi;t

st =
�
(1� �)
1 + �nt�1bRE1

�
f1;t +

�
(1� �)
2 + � (1� nt�1) bRE2

�
f2;t

MSEi;t =MSEi;t�1 + �

��
st � eEi;t�1st�2 �MSEi;t�1�

nt =
exp (��MSE1;t)

exp (��MSE1;t) + exp (��MSE2;t)
For the switching parameter � we consider the same values as in the previous
section. Table 4 presents the learning gain �, computed in the same way as
before, the mean weight on model 1, n, as well as the relevant descriptive sta-
tistics of the exchange rate under dynamic predictor selection, for the various
values of �.
The results of this exercise show that for very high values of � (rapid

switching), the dynamics of the exchange rate are insensitive to the size of
the learning gain. The exchange rate is driven entirely by model 1, n = 1.
Because there is no more switching between predictors, the speed of learning
about the models�relative performance becomes irrelevant. See also Figure
2. The model with dynamic predictor selection is not able to reproduce the
volatility of the exchange rate return in the data for � = 10; 000. For � = 0:1
(inertial switching), the model is equally unable to generate enough exchange
rate return volatility; the calibrated learning gain is driven to 1. Only in-
termediate values for the switching speed (� = 1, � = 10, � = 50) can be
combined with reasonable values for � to deliver the "correct" volatility. In
those cases, the volatility of the exchange rate level is far higher than in the
data and model 1 has an average weight close to 1. Similarly to the dual learn-
ing model, this model generates too high correlations of the exchange rate with
the fundamentals, both in levels and in �rst di¤erences, although it performs
better than rational expectations in this respect.
Second, we set the switching parameter � equal to zero, which implies that

the model weights are constant at 0:5. This shuts o¤ the dynamic predictor
selection mechanism. The model with parameter learning alone is given by a

12



Table 4: Disconnect Puzzle: RE vs Dynamic Predictor Selection

Data RE Dynamic Predictor Selection
� (switching parameter)

0.1 1 10 50 10000
� (learning gain)

1 0.0550 0.0047 0.0009 �0
�n (mean weight on model 1)

0.53 0.97 0.96 0.96 1.00
Volatility
� (st) 14.69 38.04 16.14 48.53 49.76 49.86 17.31
� (�st) 5.16 2.81 1.85 5.16 5.16 5.16 1.91

Correlation
� (st; yt) -0.29 -0.96 -0.81 -0.60 -0.60 -0.60 -0.61
� (st;mt) -0.07 0.78 0.95 0.46 0.45 0.45 1.00
� (�st;�yt) -0.07 -0.73 -0.59 -0.17 -0.16 -0.16 -0.25
� (�st;�mt) -0.03 0.78 0.76 0.50 0.50 0.50 1.00

Note: � (�) denotes the standard deviation, � (�; �) denotes the correlation coe¢ cient. We
consider several values for � and search in the unit interval for the � that minimises the
squared distance between �(�slearnt ) and �(�sdatat ). �n denotes the mean weight on model
1, where the mean is taken over time periods and realisations of n0.
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Figure 2: Weight on Model 1 under Dynamic Predictor Selection
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loop over the following three equations.

st =

�
(1� �)
1 +

1

2
�b1;t�1

�
f1;t +

�
(1� �)
2 +

1

2
�b2;t�1

�
f2;t

bi;t = bi;t�1 + �r
�1
i;t�1fi;t (st � bi;t�1fi;t)

ri;t = ri;t�1 + �
�
f 2i;t � ri;t�1

�
We set � to 0.01, 0.05 and 0.1 as in Chakraborty (2007a, 2007b). In addition,
we compute the � that delivers �

�
�slearnt

�
= �

�
�sdatat

�
. The initialisation of

the model parameters bi;0 and ri;0 is as in Table 2.
From Table 5, we see that parameter learning alone is not enough to gener-

ate su¢ cient exchange rate return volatility. We need a learning gain as high
as 0.35 to match this data moment. Following the discussion in Section 4, we
do not regard such a value as plausible.
To summarise, we have studied separately the two features of the dual

learning model considered in Section 4, dynamic predictor selection and para-
meter learning. On one hand, dynamic predictor selection alone succeeds in
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Table 5: RE vs. Parameter Learning

Data RE Parameter Learning
� (learning gain)

Volatility 0.01 0.05 0.1 0.35
� (st) 14.69 38.04 23.43 10.69 10.14 49.39
� (�st) 5.16 2.81 1.40 1.92 1.84 5.16

Correlation
� (st; yt) -0.29 -0.96 0.58 0.44 -0.13 -0.32
� (st;mt) -0.07 0.78 0.10 -0.15 -0.61 -0.38
� (�st;�yt) -0.07 -0.73 -0.59 -0.23 -0.03 0.26
� (�st;�mt) -0.03 0.78 0.22 -0.11 -0.18 -0.22

Note: � (�) denotes the standard deviation, � (�; �) denotes the correlation coe¢ cient. We
search in the unit interval for the � that minimises the squared distance between �(�slearnt )
and �(�sdatat ).

reproducing the volatility of the exchange rate return with a reasonable learn-
ing gain parameter, at least for intermediate values of the switching parame-
ter. On the other hand, the average weight on the money supply fundamental
tends towards 1, which makes the switching mechanism redundant. Parameter
learning on its own cannot account for the observed properties of the exchange
rate: an implausibly high gain is needed to match the observed volatility of
the exchange rate return. Considered jointly, the two mechanisms appear to
reinforce one another, increasing the volatility of the generated series.
The reinforcement mechanism is as follows. Constant gain updating of the

parameters introduces volatility into the exchange rate series, which carries
over to the mean square errors (MSEs). More volatile MSEs in turn imply
more volatile predictor proportions nt. The parameter values bi;t also �uctuate
between the equilibrium values corresponding to a �xed n. As a result, more
volatile weights imply more volatile parameters. These again feed into the
volatility of the exchange rate.

6 Robustness

We analyse the sensitivity of our results to two assumptions. First, we relax
the assumption that the fundamentals follow a �rst-order vector autoregressive
process. We instead consider a VAR with lag length equal to four, which is
natural given that our data are quarterly. Second, we relax the assumption of
constant gain learning and assume instead a decreasing gain algorithm.
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6.1 AR(4) Fundamentals

A VAR(q) with constant term and trend can be written in companion form as

Ft = AFt�1 + vt; vt s N (0;�v)

where the fundamentals series are stacked as Ft = [ft; ft�1; : : : ; ft�q+1]
0 with

lag length q and the residuals are de�ned as vt = [vt; 0; : : : ; 0]
0. Ft and vt

are of dimension mq � 1, where m is the number of variables. The VAR
coe¢ cient matrix A is mq � mq. To �nd

P1
j=0 �

jEtft+j; we compute the
forecast EtFt+j = AjFt.
The exchange rate under rational expectations becomes

sREt = (1� �)
 0 (Imq � �A)�1Ft

where 
 0 = [
0; 01�mq�m] and 
 is m � 1. In practice, we again estimate the
VAR with a constant term and a trend. The descriptive statistics of the RE
exchange rate under the assumption that the fundamentals follow an AR(4)
process are given in Table 6.

Table 6: Disconnect Puzzle under RE with VAR(4) fundamentals

Data RE-VAR(4)
Volatility
� (st) 14.69 29.41
� (�st) 5.16 2.84

Correlation
� (st; yt) -0.29 -0.96
� (st;mt) -0.07 0.56
� (�st;�yt) -0.07 -0.01
� (�st;�mt) -0.03 0.00

Note: � (�) denotes the standard deviation, � (�; �) denotes the correlation coe¢ cient.

The exchange rate in the RE model with a VAR(4) process for the funda-
mentals has similar properties as the RE-VAR(1) model. The exchange rate
return is less volatile than in the data. The standard deviation of the exchange
rate level is twice that in the data. The correlations of the RE-VAR(4) ex-
change rate level with the fundamentals are again much higher than in the
data. In �rst di¤erences, however, the correlations are very low, which is more
in line with the data. Including more lags in the fundamentals-VAR appears
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to break the tight link of the growth rates of the exchange rate and the funda-
mentals in the RE model. For this reason, we conclude that the RE-VAR(4)
model performs somewhat better than the RE-VAR(1) model.
We also compute the exchange rate under dual learning for the case where

the exchange rate depends on the �rst four lags of the respective fundamental.
De�ne the variable

zi;t = (fi;t; fi;t�1; fi;t�2; fi;t�3)

The dual learning algorithm, which starts at date t = 4, becomes

eEi;t (st+1) = bi;t�1z0i;t
eEtst+1 = nt�1b1;t�1z01;t + (1� nt�1) b2;t�1z02;t

st = (1� �)
0ft + � eEtst+1
bi;t = bi;t�1 + �r

�1
i;t�1zi;t

�
st � bi;t�1z0i;t

�
ri;t = ri;t�1 + �

�
zi;tz

0
i;t � ri;t�1

�
where ri;t = �

Pt
j=1 zi;j�1z

0
i;j�1. The mean square error of each forecast and

the model weights are determined by (10) and (11), respectively. We initialise
bi by estimating the following regressions by OLS

fi;t = bi;0z
0
i;t�1 + "i;t

for i = 1; 2.
The summary statistics of the Dual Learning-AR(4) model are given in

Table 7. We �nd that we now need a higher gain to reproduce the observed
exchange rate return volatility. In that sense, the Dual Learning-AR(4) model
is less successful than the Dual-Learning-AR(1) model. The higher persistence
in the relationship between exchange rates and fundamentals (the perceived
law of motion) appears to reduce the volatility of the generated series.
The inclusion of additional lags into the model speci�cation enriches the

dynamics of the predictor weights. Figure 3 plots the weight on model 1 for
di¤erent values of �. For low values of the switching parameter (� = 0:1,
� = 1), nt hovers around 0.5. The weights are more volatile than in the
previous calibrations for � = 10 and � = 50. Under instantaneous switching
� = 10; 000, the model generates cycles between the two fundamentals where
the weights switch between 0 and 1. As can be seen on Table 7, the average
weight on model 1 is close to 0.5.
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Table 7: Disconnect Puzzle: RE vs Dual Learning, AR(4) fundamen-
tals

Data RE-VAR(4) Dual Learning with fi;t �AR(4)
� (switching parameter)

0.1 1 10 50 10000
� (learning gain)

0.34 0.34 0.40 0.16 0.23
�n (mean weight on model 1)

0.50 0.50 0.55 0.61 0.67
Volatility
� (st) 14.69 29.41 38.89 39.29 42.59 41.66 56.76
� (�st) 5.16 2.84 5.16 5.16 5.16 4.10 4.86

Correlation
� (st; yt) -0.29 -0.96 0.14 0.09 -0.30 -0.88 -0.93
� (st;mt) -0.07 0.56 -0.71 -0.68 -0.40 0.29 0.37
� (�st;�yt) -0.07 -0.01 0.52 0.52 0.55 0.54 0.51
� (�st;�mt) -0.03 0.00 -0.21 -0.21 -0.15 -0.09 -0.02

Note: � (�) denotes the standard deviation, � (�; �) denotes the correlation coe¢ cient. We
consider several values for � and search in the unit interval for the � that minimises the
squared distance between �(�slearnt ) and �(�sdatat ). �n denotes the mean weight on model
1, where the mean is taken over time periods and realisations of n0.
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Figure 3: Weight on Model 1 under Dual Learning and AR(4) fun-
damentals
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6.2 Decreasing Gain Learning

We redo the dual learning exercise of Section 4 under the assumption of de-
creasing gain updating. The updating algorithm is as in Section 4 with equa-
tions (8), (9) and (10) replaced by

bi;t = bi;t�1 + t
�1r�1i;t�1fi;t (st � bi;t�1fi;t)

ri;t = ri;t�1 + t
�1 �f 2i;t � ri;t�1�

MSEi;t =MSEi;t�1 + t
�1
��
st � eEi;t�1st�2 �MSEi;t�1�

respectively. We run a loop over these equations with the same alphas and the
same initial values as before. Table 8 presents the mean weight on model 1,
n, and the relevant descriptive statistics of the implied exchange rate, for the
various values of �.

Table 8: Disconnect Puzzle: RE vs Dual learning with Decreasing
Gain

Data RE Dual Learning with � = t�1

� (switching parameter)
0.1 1 10 50 10000
�n (mean weight on model 1)

0.44 0.23 0.06 0.01 0.01
Volatility
� (st) 14.69 38.04 18.34 13.04 13.83 13.77 13.76
� (�st) 5.16 2.81 3.15 1.63 1.59 1.54 1.51

Correlation
� (st; yt) -0.29 -0.96 -0.62 -0.71 -0.84 -0.77 -0.76
� (st;mt) -0.07 0.78 0.24 0.28 0.34 0.30 0.30
� (�st;�yt) -0.07 -0.73 -0.18 -0.74 -0.75 -0.73 -0.73
� (�st;�mt) -0.03 0.78 0.14 0.18 0.21 0.21 0.21

Note: � (�) denotes the standard deviation, � (�; �) denotes the correlation coe¢ cient. We
consider several values for �. The mean weight on model 1 is denoted by �n, where the mean
is taken over time periods and realisations of n0.

Table 8 shows that under decreasing gain learning, the model is unable to
generate su¢ cient volatility for any value of the switching speed parameter
�. Despite the low weight on the money supply di¤erential (see also Figure
4), we �nd that the correlation coe¢ cients between the exchange rate and
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both fundamentals are too high relative to the data. To conclude, we consider
decreasing gain learning as inferior to constant gain learning. This is also in
line with the �ndings in Kim (2009).

Figure 4: Weight on Model 1 under Dual Learning and Decreasing
Gain
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7 Conclusion

Asset pricing models have a self-referential structure with positive feedback;
any expectational errors are magni�ed, such that the exchange rate may drift
far away from its fundamental value. This paper introduces expectational
errors due to model misspeci�cation and learning into a monetary exchange
rate model. These two departures from rational expectations seem appealing
in the light of survey evidence of the foreign exchange market. While the
excess volatility of exchange rate return can be reproduced with a remarkably
low value for the learning gain, the exchange rate under learning is too highly
correlated with the fundamentals. In this application, the learning model is
not consistently superior to rational expectations.

21



References

[1] Adam, Klaus (2007), Experimental Evidence on the Persistence of Output
and In�ation, Economic Journal 117(520), 603-636.

[2] Adam, Klaus; Albert Marcet and Juan Pablo Nicolini (2008), Stock Mar-
ket Volatility and Learning, manuscript.

[3] Bacchetta, Philippe and Eric Van Wincoop (2004), A Scapegoat Model
of Exchange Rate Fluctuations, American Economic Review Papers and
Proceedings 94, 114-118.

[4] Bask, Mikael (2007), Chartism and Exchange Rate Volatility, Interna-
tional Journal of Finance and Economics 12(3), 301-316.

[5] Bilson, John F. (1978), The Monetary Approach to the Exchange Rate:
Some Empirical Evidence, IMF Sta¤ Papers 25, 48�75.

[6] Branch, William A. (2004), The Theory of Rationally Heterogeneous Ex-
pectations: Evidence from Survey Data on In�ation Expectations, Eco-
nomic Journal 114, 592-621.

[7] Branch, William A. (2007), Sticky information and Model Uncertainty in
Survey Data on In�ation Expectations. Journal of Economic Dynamics
and Control 31, 245�276.

[8] Branch, William A. and George W. Evans (2006), A Simple Recursive
Forecasting Model, Economics Letters 91(2), 158-166.

[9] Branch, William A. and George W. Evans (2007), Model Uncertainty and
Endogenous Volatility, Review of Economic Dynamics 10(2), 207-237.

[10] Brock, William A. and Cars H. Hommes (1997), A Rational Route to
Randomness, Econometrica 65(5), 1059-1095.

[11] Brock, William A. and Cars H. Hommes (1998), Heterogeneous Beliefs
and Routes to Chaos in a Simple Asset Pricing Model, Journal of Eco-
nomic Dynamics and Control 22, 1235-1274.

[12] Chakraborty, Avik (2007a), Learning, Forward Premium Puzzle, and
Exchange Rate Fundamentals under Sticky Prices, Economics Bulletin
6(34), 1-13.

22



[13] Chakraborty, Avik (2007b), Learning, the Forward Premium Puzzle and
Market E¢ ciency, University of Tennessee, manuscript.

[14] Cheung, Yin-Wong and Menzie Chinn (2001), Currency Traders and Ex-
change Rate Dynamics: A Survey of the U.S. Market, Journal of Inter-
national Money and Finance 20(4), 439-471.

[15] Cheung, Yin-Wong; Menzie Chinn and Antonio G. Pascual (2005), Em-
pirical Exchange Rate Models of the Nineties: Are Any Fit to Survive?,
Journal of International Money and Finance 24, 1150-1175.

[16] De Grauwe, Paul and Marianna Grimaldi (2006a), Exchange Rate Puz-
zles: a Tale of Switching Attractors, European Economic Review 50, 1-33.

[17] De Grauwe, Paul and Marianna Grimaldi (2006b), The Exchange Rate
in a Behavioral Finance Framework, Princeton University Press.

[18] De Grauwe Paul and Agnieszka Markiewicz (2006), Learning to Forecast
the Exchange Rate: Two Competing Approaches, CESifoWorking Paper
1717.

[19] Engel, Charles and Kenneth D. West (2005), Exchange Rates and Fun-
damentals, Journal of Political Economy 113(3), 485-517.

[20] Evans, George W. and Seppo Honkapohja (2001), Learning and Expec-
tations in Macroeconomics, Princeton University Press.

[21] Frankel, Je¤rey A. and Kenneth A. Froot (1987a), Short-term and Long-
term Expectations of the Yen/Dollar Exchange Rate: Evidence from Sur-
vey Data, Journal of the Japanese and International Economies 1, 249�
274.

[22] Frankel, Je¤rey A. and Kenneth A. Froot (1987b), Using Survey Data
to Test Standard Propositions Regarding Exchange Rate Expectations,
American Economic Review 77, 133�153.

[23] Frankel, Je¤rey A. and Kenneth A. Froot (1990a), Chartists, Fundamen-
talists and the Demand for Dollars, in Courakis, Anthony S. and Mark P.
Taylor (eds), Private behaviour and government policy in interdependent
economies, Oxford University Press, 73�126.

[24] Frankel, Je¤rey A. and Kenneth A. Froot (1990b), The Rationality of
the Foreign Exchange Rate. Chartists, Fundamentalists and Trading in

23



the Foreign Exchange Market, American Economic Review Papers and
Proceedings 80, 181�185.

[25] Frenkel, Jacob A. (1976), A Monetary Approach to the Exchange Rate:
Doctrinal Aspects and Empirical Evidence, Scandinavian Journal of Eco-
nomics 78(2), 200�224.

[26] Ito, Takatoshi (1990), Foreign Exchange Rate Expectations: Micro Survey
Data, American Economic Review 80, 434-449.

[27] Kim, Young S. (2009), Exchange Rates and Fundamentals Under Adap-
tive Learning, Journal of Economic Dynamics and Control, 33(4), 843-
863.

[28] Lubik, Thomas and Frank Schorfheide (2007), Do central banks respond
to exchange rate movements? A structural investigation, Journal of Mon-
etary Economics, 54, 1069-1087.

[29] Meese, Richard A. and Kenneth Rogo¤ (1983), Empirical Exchange Rate
Models of the Seventies: Do They Fit Out of Sample?, Journal of Inter-
national Economics 14, 3-24.

[30] Nelson, Edward (2003), UK Monetary Policy 1972-1997: A Guide Us-
ing Taylor Rules, In P. Mizen (ed.), Central Banking, Monetary Theory
and Practice: Essays in Honour of Charles Goodhart, Volume One, Chel-
tenham, UK: Edward Elgar, 195-216.

[31] Obstfeld, Maurice and Kenneth Rogo¤ (2000), The Six Major Puzzles
in International Macroeconomics: Is There a Common Cause?, National
Bureau of Economic Research (NBER) Macroeconomics Annual.

[32] Orphanides, Athanasios and John Williams (2005), The Decline of Ac-
tivist Stabilization Policy: Natural Rate Misperceptions, Learning and
Expectations, Journal of Economic Dynamics and Control 29, 1927-1950.

[33] Pfajfar, Damjan and Blaz Zakelj (2008), Experimental Evidence on In�a-
tion Expectation Formation, manuscript.

[34] Taylor, Mark P. and Hellen Allen (1992), The Use of Technical Analysis
in the Foreign Exchange Market, Journal of International Money and
Finance 11, 304-314.

24



NBB WORKING PAPER No. 168 - JULY 2009 25

NATIONAL BANK OF BELGIUM - WORKING PAPERS SERIES

1. "Model-based inflation forecasts and monetary policy rules" by M. Dombrecht and R. Wouters, Research
Series, February 2000.

2. "The use of robust estimators as measures of core inflation" by L. Aucremanne, Research Series,
February 2000.

3. "Performances économiques des Etats-Unis dans les années nonante" by A. Nyssens, P. Butzen,
P. Bisciari, Document Series, March 2000.

4. "A model with explicit expectations for Belgium" by P. Jeanfils, Research Series, March 2000.
5. "Growth in an open economy: some recent developments" by S. Turnovsky, Research Series, May 2000.
6. "Knowledge, technology and economic growth: an OECD perspective" by I. Visco, A. Bassanini,

S. Scarpetta, Research Series, May 2000.
7. "Fiscal policy and growth in the context of European integration" by P. Masson, Research Series, May

2000.
8. "Economic growth and the labour market: Europe's challenge" by C. Wyplosz, Research Series, May

2000.
9. "The role of the exchange rate in economic growth: a euro-zone perspective" by R. MacDonald,

Research Series, May 2000.
10. "Monetary union and economic growth" by J. Vickers, Research Series, May 2000.
11. "Politique monétaire et prix des actifs: le cas des Etats-Unis" by Q. Wibaut, Document Series, August

2000.
12. "The Belgian industrial confidence indicator: leading indicator of economic activity in the euro area?" by

J.-J. Vanhaelen, L. Dresse, J. De Mulder, Document Series, November 2000.
13. "Le financement des entreprises par capital-risque" by C. Rigo, Document Series, February 2001.
14. "La nouvelle économie" by P. Bisciari, Document Series, March 2001.
15. "De kostprijs van bankkredieten" by A. Bruggeman and R. Wouters, Document Series, April 2001.
16. "A guided tour of the world of rational expectations models and optimal policies" by Ph. Jeanfils,

Research Series, May 2001.
17. "Attractive Prices and Euro - Rounding effects on inflation" by L. Aucremanne and D. Cornille,

Documents Series, November 2001.
18. "The interest rate and credit channels in Belgium: an investigation with micro-level firm data" by

P. Butzen, C. Fuss and Ph. Vermeulen, Research series, December 2001.
19. "Openness, imperfect exchange rate pass-through and monetary policy" by F. Smets and R. Wouters,

Research series, March 2002.
20. "Inflation, relative prices and nominal rigidities" by L. Aucremanne, G. Brys, M. Hubert, P. J. Rousseeuw

and A. Struyf, Research series, April 2002.
21. "Lifting the burden: fundamental tax reform and economic growth" by D. Jorgenson, Research series,

May 2002.
22. "What do we know about investment under uncertainty?" by L. Trigeorgis, Research series, May 2002.
23. "Investment, uncertainty and irreversibility: evidence from Belgian accounting data" by D. Cassimon,

P.-J. Engelen, H. Meersman, M. Van Wouwe, Research series, May 2002.
24. "The impact of uncertainty on investment plans" by P. Butzen, C. Fuss, Ph. Vermeulen, Research series,

May 2002.
25. "Investment, protection, ownership, and the cost of capital" by Ch. P. Himmelberg, R. G. Hubbard,

I. Love, Research series, May 2002.
26. "Finance, uncertainty and investment: assessing the gains and losses of a generalised non-linear

structural approach using Belgian panel data", by M. Gérard, F. Verschueren, Research series,
May 2002.

27. "Capital structure, firm liquidity and growth" by R. Anderson, Research series, May 2002.
28. "Structural modelling of investment and financial constraints: where do we stand?" by J.- B. Chatelain,

Research series, May 2002.
29. "Financing and investment interdependencies in unquoted Belgian companies: the role of venture

capital" by S. Manigart, K. Baeyens, I. Verschueren, Research series, May 2002.
30. "Development path and capital structure of Belgian biotechnology firms" by V. Bastin, A. Corhay,

G. Hübner, P.-A. Michel, Research series, May 2002.
31. "Governance as a source of managerial discipline" by J. Franks, Research series, May 2002.



NBB WORKING PAPER No. 168 - JULY 200926

32. "Financing constraints, fixed capital and R&D investment decisions of Belgian firms" by M. Cincera,
Research series, May 2002.

33. "Investment, R&D and liquidity constraints: a corporate governance approach to the Belgian evidence"
by P. Van Cayseele, Research series, May 2002.

34. "On the Origins of the Franco-German EMU Controversies" by I. Maes, Research series, July 2002.
35. "An estimated dynamic stochastic general equilibrium model of the Euro Area", by F. Smets and

R. Wouters, Research series, October 2002.
36. "The labour market and fiscal impact of labour tax reductions: The case of reduction of employers' social

security contributions under a wage norm regime with automatic price indexing of wages", by
K. Burggraeve and Ph. Du Caju, Research series, March 2003.

37. "Scope of asymmetries in the Euro Area", by S. Ide and Ph. Moës, Document series, March 2003.
38. "De autonijverheid in België: Het belang van het toeleveringsnetwerk rond de assemblage van

personenauto's", by F. Coppens and G. van Gastel, Document series, June 2003.
39. "La consommation privée en Belgique", by B. Eugène, Ph. Jeanfils and B. Robert, Document series,

June 2003.
40. "The process of European monetary integration: a comparison of the Belgian and Italian approaches", by

I. Maes and L. Quaglia, Research series, August 2003.
41. "Stock market valuation in the United States", by P. Bisciari, A. Durré and A. Nyssens, Document series,

November 2003.
42. "Modeling the Term Structure of Interest Rates: Where Do We Stand?, by K. Maes, Research series,

February 2004.
43. "Interbank Exposures: An Empirical Examination of System Risk in the Belgian Banking System", by

H. Degryse and G. Nguyen, Research series, March 2004.
44. "How Frequently do Prices change? Evidence Based on the Micro Data Underlying the Belgian CPI", by

L. Aucremanne and E. Dhyne, Research series, April 2004.
45. "Firms' investment decisions in response to demand and price uncertainty", by C. Fuss and

Ph. Vermeulen, Research series, April 2004.
46. "SMEs and Bank Lending Relationships: the Impact of Mergers", by H. Degryse, N. Masschelein and

J. Mitchell, Research series, May 2004.
47. "The Determinants of Pass-Through of Market Conditions to Bank Retail Interest Rates in Belgium", by

F. De Graeve, O. De Jonghe and R. Vander Vennet, Research series, May 2004.
48. "Sectoral vs. country diversification benefits and downside risk", by M. Emiris, Research series,

May 2004.
49. "How does liquidity react to stress periods in a limit order market?", by H. Beltran, A. Durré and P. Giot,

Research series, May 2004.
50. "Financial consolidation and liquidity: prudential regulation and/or competition policy?", by

P. Van Cayseele, Research series, May 2004.
51. "Basel II and Operational Risk: Implications for risk measurement and management in the financial

sector", by A. Chapelle, Y. Crama, G. Hübner and J.-P. Peters, Research series, May 2004.
52. "The Efficiency and Stability of Banks and Markets", by F. Allen, Research series, May 2004.
53. "Does Financial Liberalization Spur Growth?" by G. Bekaert, C.R. Harvey and C. Lundblad, Research

series, May 2004.
54. "Regulating Financial Conglomerates", by X. Freixas, G. Lóránth, A.D. Morrison and H.S. Shin, Research

series, May 2004.
55. "Liquidity and Financial Market Stability", by M. O'Hara, Research series, May 2004.
56. "Economisch belang van de Vlaamse zeehavens: verslag 2002", by F. Lagneaux, Document series,

June 2004.
57. "Determinants of Euro Term Structure of Credit Spreads", by A. Van Landschoot, Research series,

July 2004.
58. "Macroeconomic and Monetary Policy-Making at the European Commission, from the Rome Treaties to

the Hague Summit", by I. Maes, Research series, July 2004.
59. "Liberalisation of Network Industries: Is Electricity an Exception to the Rule?", by F. Coppens and

D. Vivet, Document series, September 2004.
60. "Forecasting with a Bayesian DSGE model: an application to the euro area", by F. Smets and

R. Wouters, Research series, September 2004.
61. "Comparing shocks and frictions in US and Euro Area Business Cycle: a Bayesian DSGE approach", by

F. Smets and R. Wouters, Research series, October 2004.



NBB WORKING PAPER No. 168 - JULY 2009 27

62. "Voting on Pensions: A Survey", by G. de Walque, Research series, October 2004.
63. "Asymmetric Growth and Inflation Developments in the Acceding Countries: A New Assessment", by

S. Ide and P. Moës, Research series, October 2004.
64. "Importance économique du Port Autonome de Liège: rapport 2002", by F. Lagneaux, Document series,

November 2004.
65. "Price-setting behaviour in Belgium: what can be learned from an ad hoc survey", by L. Aucremanne and

M. Druant, Research series, March 2005.
66. "Time-dependent versus State-dependent Pricing: A Panel Data Approach to the Determinants of

Belgian Consumer Price Changes", by L. Aucremanne and E. Dhyne, Research series, April 2005.
67. "Indirect effects – A formal definition and degrees of dependency as an alternative to technical

coefficients", by F. Coppens, Research series, May 2005.
68. "Noname – A new quarterly model for Belgium", by Ph. Jeanfils and K. Burggraeve, Research series,

May 2005.
69. "Economic importance of the Flemish maritime ports: report 2003", F. Lagneaux, Document series, May

2005.
70. "Measuring inflation persistence: a structural time series approach", M. Dossche and G. Everaert,

Research series, June 2005.
71. "Financial intermediation theory and implications for the sources of value in structured finance markets",

J. Mitchell, Document series, July 2005.
72. "Liquidity risk in securities settlement", J. Devriese and J. Mitchell, Research series, July 2005.
73. "An international analysis of earnings, stock prices and bond yields", A. Durré and P. Giot, Research

series, September 2005.
74. "Price setting in the euro area: Some stylized facts from Individual Consumer Price Data", E. Dhyne,

L. J. Álvarez, H. Le Bihan, G. Veronese, D. Dias, J. Hoffmann, N. Jonker, P. Lünnemann, F. Rumler and
J. Vilmunen, Research series, September 2005.

75. "Importance économique du Port Autonome de Liège: rapport 2003", by F. Lagneaux, Document series,
October 2005.

76. "The pricing behaviour of firms in the euro area: new survey evidence, by S. Fabiani, M. Druant,
I. Hernando, C. Kwapil, B. Landau, C. Loupias, F. Martins, T. Mathä, R. Sabbatini, H. Stahl and
A. Stokman, Research series, November 2005.

77. "Income uncertainty and aggregate consumption, by L. Pozzi, Research series, November 2005.
78. "Crédits aux particuliers - Analyse des données de la Centrale des Crédits aux Particuliers", by

H. De Doncker, Document series, January 2006.
79. "Is there a difference between solicited and unsolicited bank ratings and, if so, why?" by P. Van Roy,

Research series, February 2006.
80. "A generalised dynamic factor model for the Belgian economy - Useful business cycle indicators and

GDP growth forecasts", by Ch. Van Nieuwenhuyze, Research series, February 2006.
81. "Réduction linéaire de cotisations patronales à la sécurité sociale et financement alternatif" by

Ph. Jeanfils, L. Van Meensel, Ph. Du Caju, Y. Saks, K. Buysse and K. Van Cauter, Document series,
March 2006.

82. "The patterns and determinants of price setting in the Belgian industry" by D. Cornille and M. Dossche,
Research series, May 2006.

83. "A multi-factor model for the valuation and risk management of demand deposits" by H. Dewachter,
M. Lyrio and K. Maes, Research series, May 2006.

84. "The single European electricity market: A long road to convergence", by F. Coppens and D. Vivet,
Document series, May 2006.

85. "Firm-specific production factors in a DSGE model with Taylor price setting", by G. de Walque, F. Smets
and R. Wouters, Research series, June 2006.

86. "Economic importance of the Belgian ports: Flemish maritime ports and Liège port complex - report
2004", by F. Lagneaux, Document series, June 2006.

87. "The response of firms' investment and financing to adverse cash flow shocks: the role of bank
relationships", by C. Fuss and Ph. Vermeulen, Research series, July 2006.

88. "The term structure of interest rates in a DSGE model", by M. Emiris, Research series, July 2006.
89. "The production function approach to the Belgian output gap, Estimation of a Multivariate Structural Time

Series Model", by Ph. Moës, Research series, September 2006.
90. "Industry Wage Differentials, Unobserved Ability, and Rent-Sharing: Evidence from Matched Worker-

Firm Data, 1995-2002", by R. Plasman, F. Rycx and I. Tojerow, Research series, October 2006.



NBB WORKING PAPER No. 168 - JULY 200928

91. "The dynamics of trade and competition", by N. Chen, J. Imbs and A. Scott, Research series, October
2006.

92. "A New Keynesian Model with Unemployment", by O. Blanchard and J. Gali, Research series, October
2006.

93. "Price and Wage Setting in an Integrating Europe: Firm Level Evidence", by F. Abraham, J. Konings and
S. Vanormelingen, Research series, October 2006.

94. "Simulation, estimation and welfare implications of monetary policies in a 3-country NOEM model", by
J. Plasmans, T. Michalak and J. Fornero, Research series, October 2006.

95. "Inflation persistence and price-setting behaviour in the euro area: a summary of the Inflation Persistence
Network evidence ", by F. Altissimo, M. Ehrmann and F. Smets, Research series, October 2006.

96. "How Wages Change: Micro Evidence from the International Wage Flexibility Project", by W.T. Dickens,
L. Goette, E.L. Groshen, S. Holden, J. Messina, M.E. Schweitzer, J. Turunen and M. Ward, Research
series, October 2006.

97. "Nominal wage rigidities in a new Keynesian model with frictional unemployment", by V. Bodart,
G. de Walque, O. Pierrard, H.R. Sneessens and R. Wouters, Research series, October 2006.

98. "Dynamics on monetary policy in a fair wage model of the business cycle", by D. De la Croix,
G. de Walque and R. Wouters, Research series, October 2006.

99. "The kinked demand curve and price rigidity: evidence from scanner data", by M. Dossche, F. Heylen
and D. Van den Poel, Research series, October 2006.

100. "Lumpy price adjustments: a microeconometric analysis", by E. Dhyne, C. Fuss, H. Peseran and
P. Sevestre, Research series, October 2006.

101. "Reasons for wage rigidity in Germany", by W. Franz and F. Pfeiffer, Research series, October 2006.
102. "Fiscal sustainability indicators and policy design in the face of ageing", by G. Langenus, Research

series, October 2006.
103. "Macroeconomic fluctuations and firm entry: theory and evidence", by V. Lewis, Research series,

October 2006.
104. "Exploring the CDS-Bond Basis" by J. De Wit, Research series, November 2006.
105. "Sector Concentration in Loan Portfolios and Economic Capital", by K. Düllmann and N. Masschelein,

Research series, November 2006.
106. "R&D in the Belgian Pharmaceutical Sector", by H. De Doncker, Document series, December 2006.
107. "Importance et évolution des investissements directs en Belgique", by Ch. Piette, Document series,

January 2007.
108. "Investment-Specific Technology Shocks and Labor Market Frictions", by R. De Bock, Research series,

February 2007.
109. "Shocks and frictions in US Business cycles: a Bayesian DSGE Approach", by F. Smets and R. Wouters,

Research series, February 2007.
110. "Economic impact of port activity: a disaggregate analysis. The case of Antwerp", by F. Coppens,

F. Lagneaux, H. Meersman, N. Sellekaerts, E. Van de Voorde, G. van Gastel, Th. Vanelslander,
A. Verhetsel, Document series, February 2007.

111. "Price setting in the euro area: some stylised facts from individual producer price data", by
Ph. Vermeulen, D. Dias, M. Dossche, E. Gautier, I. Hernando, R. Sabbatini, H. Stahl, Research series,
March 2007.

112. "Assessing the Gap between Observed and Perceived Inflation in the Euro Area: Is the Credibility of the
HICP at Stake?", by L. Aucremanne, M. Collin, Th. Stragier, Research series, April 2007.

113. "The spread of Keynesian economics: a comparison of the Belgian and Italian experiences", by I. Maes,
Research series, April 2007.

114. "Imports and Exports at the Level of the Firm: Evidence from Belgium", by M. Muûls and M. Pisu,
Research series, May 2007.

115. "Economic importance of the Belgian ports: Flemish maritime ports and Liège port complex - report
2005", by F. Lagneaux, Document series, May 2007.

116. "Temporal Distribution of Price Changes: Staggering in the Large and Synchronization in the Small", by
E. Dhyne and J. Konieczny, Research series, June 2007.

117. "Can excess liquidity signal an asset price boom?", by A. Bruggeman, Research series, August 2007.
118. "The performance of credit rating systems in the assessment of collateral used in Eurosystem monetary

policy operations", by F. Coppens, F. González and G. Winkler, Research series, September 2007.
119. "The determinants of stock and bond return comovements", by L. Baele, G. Bekaert and K. Inghelbrecht,

Research series, October 2007.



NBB WORKING PAPER No. 168 - JULY 2009 29

120. "Monitoring pro-cyclicality under the capital requirements directive: preliminary concepts for developing a
framework", by N. Masschelein, Document series, October 2007.

121. "Dynamic order submission strategies with competition between a dealer market and a crossing
network", by H. Degryse, M. Van Achter and G. Wuyts, Research series, November 2007.

122. "The gas chain: influence of its specificities on the liberalisation process", by C. Swartenbroekx,
Document series, November 2007.

123. "Failure prediction models: performance, disagreements, and internal rating systems", by J. Mitchell and
P. Van Roy, Research series, December 2007.

124. "Downward wage rigidity for different workers and firms: an evaluation for Belgium using the IWFP
procedure", by Ph. Du Caju, C. Fuss and L. Wintr, Research series, December 2007.

125. "Economic importance of Belgian transport logistics", by F. Lagneaux, Document series, January 2008.
126. "Some evidence on late bidding in eBay auctions", by L. Wintr, Research series, January 2008.
127. "How do firms adjust their wage bill in Belgium? A decomposition along the intensive and extensive

margins", by C. Fuss, Research series, January 2008.
128. "Exports and productivity – comparable evidence for 14 countries", by The International Study Group on

Exports and Productivity, Research series, February 2008.
129. "Estimation of monetary policy preferences in a forward-looking model: a Bayesian approach", by

P. Ilbas, Research series, March 2008.
130. "Job creation, job destruction and firms' international trade involvement", by M. Pisu, Research series,

March 2008.
131. "Do survey indicators let us see the business cycle? A frequency decomposition", by L. Dresse and

Ch. Van Nieuwenhuyze, Research series, March 2008.
132. "Searching for additional sources of inflation persistence: the micro-price panel data approach", by

R. Raciborski, Research series, April 2008.
133. "Short-term forecasting of GDP using large monthly datasets - A pseudo real-time forecast evaluation

exercise", by K. Barhoumi, S. Benk, R. Cristadoro, A. Den Reijer, A. Jakaitiene, P. Jelonek, A. Rua,
G. Rünstler, K. Ruth and Ch. Van Nieuwenhuyze, Research series, June 2008.

134. "Economic importance of the Belgian ports: Flemish maritime ports, Liège port complex and the port of
Brussels - report 2006" by S. Vennix, Document series, June 2008.

135. "Imperfect exchange rate pass-through: the role of distribution services and variable demand elasticity",
by Ph. Jeanfils, Research series, August 2008.

136. "Multivariate structural time series models with dual cycles: Implications for measurement of output gap
and potential growth", by Ph. Moës, Research series, August 2008.

137. "Agency problems in structured finance - a case study of European CLOs", by J. Keller, Document
series, August 2008.

138. "The efficiency frontier as a method for gauging the performance of public expenditure: a Belgian case
study", by B. Eugène, Research series, September 2008.

139. "Exporters and credit constraints. A firm-level approach", by M. Muûls, Research series, September
2008.

140. "Export destinations and learning-by-exporting: Evidence from Belgium", by M. Pisu, Research series,
September 2008.

141. "Monetary aggregates and liquidity in a neo-Wicksellian framework", by M. Canzoneri, R. Cumby,
B. Diba and D. López-Salido, Research series, October 2008.

142 "Liquidity, inflation and asset prices in a time-varying framework for the euro area, by Ch. Baumeister,
E. Durinck and G. Peersman, Research series, October 2008.

143. "The bond premium in a DSGE model with long-run real and nominal risks", by Glenn D. Rudebusch and
Eric T. Swanson, Research series, October 2008.

144. "Imperfect information, macroeconomic dynamics and the yield curve: an encompassing macro-finance
model", by H. Dewachter, Research series, October 2008.

145. "Housing market spillovers: evidence from an estimated DSGE model", by M. Iacoviello and S. Neri,
Research series, October 2008.

146. "Credit frictions and optimal monetary policy", by V. Cúrdia and M. Woodford, Research series,
October 2008.

147. "Central Bank misperceptions and the role of money in interest rate rules", by G. Beck and V. Wieland,
Research series, October 2008.

148. "Financial (in)stability, supervision and liquidity injections: a dynamic general equilibrium approach", by
G. de Walque, O. Pierrard and A. Rouabah, Research series, October 2008.



NBB WORKING PAPER No. 168 - JULY 200930

149. "Monetary policy, asset prices and macroeconomic conditions: a panel-VAR study", by
K. Assenmacher-Wesche and S. Gerlach, Research series, October 2008.

150. "Risk premiums and macroeconomic dynamics in a heterogeneous agent model", by F. De Graeve,
M. Dossche, M. Emiris, H. Sneessens and R. Wouters, Research series, October 2008.

151. "Financial factors in economic fluctuations", by L. J. Christiano, R. Motto and M. Rotagno, Research
series, to be published.

152. "Rent-sharing under different bargaining regimes: Evidence from linked employer-employee data", by
M. Rusinek and F. Rycx, Research series, December 2008.

153. "Forecast with judgment and models", by F. Monti, Research series, December 2008.
154. "Institutional features of wage bargaining in 23 European countries, the US and Japan", by Ph. Du Caju,

E. Gautier, D. Momferatou and M. Ward-Warmedinger, Research series, December 2008.
155. "Fiscal sustainability  and policy implications for the euro area", by F. Balassone, J. Cunha, G. Langenus,

B. Manzke, J Pavot, D. Prammer and P. Tommasino, Research series, January 2009.
156. "Understanding sectoral differences in downward real wage rigidity: workforce composition, institutions,

technology and competition", by Ph. Du Caju, C. Fuss and L. Wintr, Research series, February 2009.
157. "Sequential bargaining in a New Keynesian model with frictional unemployment and staggered wage

negotiation", by G. de Walque, O. Pierrard, H. Sneessens and R. Wouters, Research series, February
2009.

158. "Economic Importance of Air Transport and Airport Activities in Belgium", by F. Kupfer and F. Lagneaux,
Document series, March 2009.

159. "Rigid labour compensation and flexible employment? Firm-Level evidence with regard to productivity for
Belgium", by C. Fuss and L. Wintr, Research series, March 2009.

160. "The Belgian Iron and Steel Industry in the International Context", by F. Lagneaux and D. Vivet,
Document series, March 2009.

161. "Trade, wages and productivity", by K. Behrens, G. Mion, Y. Murata and J. Südekum, Research series,
March 2009.

162. "Labour flows in Belgium", by P. Heuse and Y. Saks, Research series, April 2009.
163. "The young Lamfalussy: an empirical and policy-oriented growth theorist", by I. Maes, Research series,

April 2009.
164. "Inflation dynamics with labour market matching: assessing alternative specifications", by K. Christoffel,

J. Costain, G. de Walque, K. Kuester, T. Linzert, S. Millard and O. Pierrard, Research series, May 2009.
165. "Understanding inflation dynamics: Where do we stand?", by M. Dossche, Research series, June 2009.
166. "Input-output connections between sectors and optimal monetary policy", by E. Kara, Research series,

June 2009.
167. "Back to the basics in banking? A micro-analysis of banking system stability", by O. De Jonghe,

Research series, June 2009.
168. "Model misspecification, learning and the exchange rate disconnect puzzle", by V. Lewis and

A. Markiewicz, Research series, July 2009.


	Working paper 168 Model misspecification, learning and the exchange rate disconnect puzzle
	Abstract
	TABLE OF CONTENTS
	1 Introduction
	2 Model
	3 Disconnect Puzzle under Rational Expectations
	4 Model Misspecification and Learning
	5 Two Intermediate Cases
	6 Robustness
	6.1 AR(4) Fundamentals
	6.2 Decreasing Gain Learning

	7 Conclusion
	References
	NATIONAL BANK OF BELGIUM - WORKING PAPERS SERIES



