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1. Introduction 

The well cited finding by Meese and Rogoff (1983), that a comprehensive range of exchange rate 

models were unable to outperform a random walk, has motivated numerous studies to examine the role 

of economic fundamentals in explaining exchange rate behaviour. Later on, however, MacDonald and 

Taylor (1994), Chrystal and MacDonald (1995), Kim and Mo (1995) and Reinton and Ongena (1999) 

among others, have found that a series of monetary models can beat a random walk in forecasting 

performance, at least at the long horizons, using a metric like the root mean square errors (RMSE) for 

evaluation. However, although the monetary models have proved somewhat successful in explaining 

exchange rate behaviour, they have also encountered many problems. In particular, many of the 

cointegrating relationships have taken on incorrect signs when compared to theoretical models 

(McNown and Wallace (1994)).  

 

One of the basic building blocks of the monetary models is the purchasing power parity (PPP). 

However, empirical evidence from the post Bretton Woods fixed exchange rate system, have found 

little to support the PPP condition (see e.g. Rogoff (1996) for a survey)1 and forecasts based on the 

PPP condition alone, have provided mixed results (see for instance Fritsche and Wallace (1997) 

among others). 

 

The PPP condition has its roots in the goods market. Another central parity condition for the exchange 

rate that plays a crucial role in capital market models is uncovered interest parity (UIP). However, 

empirical evidence has also generally led to a strong rejection of the UIP condition in the Post Bretton 

Woods period (see e.g. Engel (1996) for a survey). On the other hand, Johansen and Juselius (1992) 

have suggested that one possible reason why so many researches have failed to find evidence in 

support of these parity conditions is the fact that researchers have ignored the links between goods and 

capital markets when modelling the exchange rate. By modelling the whole system jointly, one is 

better able to capture the interactions between the nominal exchange rate, the price differential and the 

interest rate differentials, as well as allowing for different short and long run dynamics.  

 

This paper examines whether a dynamic exchange rate model that combines the purchasing power 

parity condition with the uncovered interest parity condition in the long run, can outperform a random 

walk model in an out-of-sample forecasting exercise. The model is applied to Norway. Previous 

                                                      
1 The rejections have been less clear-cut using panel data, see e.g. Frankel and Rose (1996) among many others. However, 
see O'Connell (1998) and Chortareas and Driver (2001) for critical assessments of these panel data studies. See also the 
recent study by Holmes (2001), who using a new panel data unit root test, finds clear evidence against PPP. 
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studies of the determination of the real exchange rate in Norway have generally rejected the notion of 

simple PPP using conventional (time series or panel data) unit root tests (see e.g. Serletis and 

Zimonopoulus (1997) and Chortareas and Driver (2001)), or by testing for PPP in multivariate studies 

(see e.g. Jore et al. (1998), Alexius (2001), with the exception of Akram (2000a)). In a recent study, 

however, Bjørnland and Hungnes (2002), using a multivariate cointegrating framework, showed that 

PPP holds against a basket of Norway's trading partners only when they incorporate the interest rate 

differential in the long run. However, pure PPP was rejected.  

 

The long run analysis presented here builds on Bjørnland and Hungnes (2002), but the estimation 

period, sample frequency and some of the variables vary. Having determined the long run equilibrium 

relationship, a parsimonious short-run representation for the exchange rate that includes the long-run 

equilibrium is established. Finally, its forecasting performance is analysed and compared to alternative 

exchange rate specifications. 

 

The rest of this paper is organised as follows. In Section 2 we discuss the hypothesis of PPP and how 

possible sources of deviations from PPP can be linked to the UIP condition. Section 3 identifies the 

econometric model used to estimate the long run exchange rate, and thereafter presents the empirical 

results. In Section 4 we implement the long run relationships in a short run dynamic model, and 

investigate whether this model is stable over the sample. Section 5 examines whether the structural 

model outperforms a random walk model in an out-of-sample forecasting exercise. The forecasting 

performance of an alternative structural model that identifies a long run relationship based on pure 

PPP, thereby ignoring any long run link with the interest rate differential, is also examined. Section 6 

summarises and concludes. 

2. Long run real exchange rates 

A natural starting point for discussing the relationship between exchange rates and fundamentals is the 

concept of PPP. Assuming no costs in international trade, then domestic prices would equal foreign 

prices multiplied by the exchange rate. The expression for PPP can then be written (in log-form) as 

 
*
ttt ppv −= ,            (1) 

 

where pt is the log of the domestic price, pt* is the log of the foreign price, and vt is the log of the 

nominal exchange rate.2  However, since trade is costly, PPP will not hold continuously. It is therefore 

informative to define the log of the real exchange rate as 

                                                      
2 Since we use price indices in the estimation, we can only test relative PPP. 
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*
tttt ppvr +−= ,           (2) 

 

where rt is the real exchange rate. If PPP is valid, the real exchange rate is stationary and fluctuates 

around a fixed value in the short run. In a univariate framework, PPP can be tested by simply testing 

for whether the real exchange rate is stationary or not. Alternatively, PPP can be cast in a multivariate 

framework by applying cointegration methods. 

 

The massive empirical testing of PPP has generally cast doubt on long run PPP, either by rejecting the 

hypothesis that PPP follows a stationary process, or by suggesting that the real exchange rate adjusts 

too slowly back to a long run equilibrium rate to be consistent with traditional PPP (the half time is 

normally found to be 3-4 years, see e.g. Rogoff (1996)).3 Instead, long run deviations from PPP, 

suggest the influence of real factors with large permanent effects, like productivity differentials, fiscal 

policy and other relevant variables, again see Rogoff (1996) for a survey. These factors will work 

through the current account, and thereby push the real exchange rate away from PPP.  

 

However, as several authors has emphasised, (see e.g. MacDonald and Marsh (1997) and Juselius and 

MacDonald (2000)), the balance of payment constraint implies that any imbalances in the current 

account has to be financed through the capital account. Shocks that force the real exchange rate away 

from PPP has to be captured through the movements in interest rates, since they reflect expectations of 

future purchasing power. Hence, massive movements in capital flows in response to interest rate 

differentials can keep the exchange rate away form purchasing power parity for long periods. The PPP 

condition in the goods market will therefore be strongly related to the central parity condition in the 

capital market, namely that of UIP. 

 

According to the UIP condition, the interest rate differential will be an optimal predictor of the rate of 

depreciation, providing the conditions of rational expectations and risk neutrality are satisfied, hence 

 
*

1
e
t t tv i i+∆ = − ,           (3) 

 

where 1
e
tv +∆ is the expected depreciation rate from period t to t+1, it is the domestic interest rate and it

* 

is the foreign interest rate. Hence, an interest rate differential at time t, will then lead to an expected 

depreciation rate at time t+1. 

 

                                                      
3 In a recent study, Murray and Papell (2002) also find the half life of deviations from PPP for each of 20 countries (including 
Norway) to lie between 3-5 years. However, their confidence intervals are much larger than previously reported, implying in 
fact that univariate methods provide virtually no information regarding the size of the half life. 
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Assume that in the long run, the current account (ca) depends upon the deviation from PPP whereas 

the capital account (ka) depends on the nominal interest differentials adjusted for expected exchange 

rate changes. The balance of payment then implies that 

 

( ) ( ) 01
** =∆−−−−+=+ +

e
tttttttt viippvkaca λγ ,      (4)  

 

where γ captures the elasticity of net exports with respect to competitiveness and λ represents the 

mobility of international capital. Assuming that capital is less than perfect mobile (λ<∞) and that in 

equilibrium, 1
e
tv +∆ =0, (4) can be solved for the exchange rate to yield a long run equilibrium 

relationship (see also Bjørnland and Hungnes (2002)) 

 

( )**
ttttt iippv −−−= υ ,         (5) 

 

where υ=γ/λ. Equation (5) states that the nominal exchange rate is a function of both the price level 

differential and the interest rate differential, where the speed of adjustment to the interest rate 

differential is given by υ. Another way to interpret (5) is that the non-stationarity of the real exchange 

rate (vt-pt+pt*) can be removed by the non-stationarity of the interest rate differential (it-it*).  

3. Econometric model 

Here we model the whole system jointly within a full information maximum likelihood (FIML) 

framework, see Johansen (1988). We first define the vector stochastic process as 

( )′= ** ,,,, tttttt iippvz , where v, p, p*, i and i* are defined as above. Assume this process can be 

reparameterised as a vector equilibrium correction model (VEqCM).4 

 

,... 1112211 tttptpttt uSzzzzz +Ψ+Π+∆Γ++∆Γ+∆Γ+=∆ −+−−−−µ     (6) 

 

where tu ∼ ),0( ΣNIID . µ is a vector of constants and St is a vector of unrestricted centred seasonal 

dummies. The null hypothesis of r cointegrating vectors can then be formulated as  

 
'

0 : αβ=ΠH ,           (7) 

                                                      
4 Bjørnland and Hungnes (2002) also included the real oil price and a trend (the latter restricted to lie in the cointegration 
space), but both came out as insignificant, and are therefore excluded here. Consistent with this, Akram (2000b) finds that 
only when the oil price is below 14 $ per barrel or above 20 $ per barrel, will a change in the oil price have a significant 
effect on the Norwegian exchange rate. Throughout our sample, the oil price has varied within these limits most of the time. 
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where α and β are 5×r matrices of rank r, (r<5), tz'β  comprises r cointegration I(0) relations, and α 

contains the loading parameters.  

3.1. Estimating the long run relationship5 

The variables used in the econometric analysis are: The log of the nominal exchange rate in Norway 

relative to its trading partners, log of home and foreign consumer prices and home and foreign interest 

rates, (see Appendix A for a further description of data and their sources). In addition, a constant and 

centred seasonal dummies are included in the estimation as unrestricted variables.6 We use quarterly 

data, and the estimation period is from 1983Q1 to 2002Q2. The start date for estimation is set to 

exclude the turbulence in the international capital markets in the early 1980s, which would necessitate 

a series of intervention dummies which we try to avoid (see the discussion in MacDonald and Marsh 

(1999)). Unit root tests show that it is reasonable to assume that all variables are integrated of first 

order, I(1), and we can reject the hypothesis of integration of second order, I(2) (Table A-1).  

 

Estimating a VAR with four lags (four lags were necessary to exclude any problem with 

autocorrelation, however, using instead three or two lags, the results from the cointegration analysis 

are virtually unchanged), the cointegration tests indicate one cointegration vector at the 1 percentage 

significance level (the Trace test for "H0: No cointegration", yields a test statistic of 91.88 [0.00], 

where the significane probability of acceptance is in brackets). Testing restrictions on β, we can reject 

the hypothesis of pure PPP and interest rate differential (based on pure UIP) (LR test χ2(4)= 35.72 

[0.00] and χ2(4)= 18.58 [0.00] respectively). However, neither of these two hypothesis can be rejected 

when the rest of the cointegrating vectors are left unrestricted, implying that the hypotheses of PPP 

and UIP should be combined. In the end, a cointegration vector with PPP augmented with the interest 

rate differential can not be rejected (χ2(3)=6.01 [0.11]). This fully restricted vector has the expected 

signs; if the Norwegian interest rate is high (relatively to the interest rate of Norway's trading 

partners), the equilibrium real exchange rate must be low, consistent with an appreciation of the 

Norwegian krone. 

 

The restricted β  vector is finally combined with weak exogeneity restrictions on foreign prices and 

domestic and foreign interest rates. This specification is not rejected (χ2(6)= 11.0 [0.09]). The 

                                                      
5 The empirical estimations are conducted using PcGive 10, see Doornik and Hendry (2001). 
6 The estimated vector autoregressive model does not include any dummies, as none are needed for the misspecification tests. 
However, Bjørnland and Hungnes (2002) included a set of dummies in the estimation, mainly to take account of extreme oil 
price fluctuations and changes in the exchange rate regime. Of those only two came out significant here: 1992Q4-1993Q1 
and 1997Q1. Both account for an appreciation pressure in excess of what the model can explain. However, the results 
reported below are virtually unchanged by the inclusion of these dummies, and they are therefore omitted here for simplicity. 
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additional restrictions do not change the estimated long run coefficients much. The estimated long run 

exchange rate relation is reported in equation (8), with standard error in parenthesis below. 

 

( )
*)(99.9*

55.1
iippv −−−=          (8) 

 

Equation (8) clearly implies that although PPP is not by itself a stationary process, it becomes 

stationary when combined with the interest rate differential. Hence, the long-run interactions between 

the goods and capital markets cannot be ignored.  

 

In the analysis we have used quarterly interest rates. To get a proxy for the annual interest rate, we 

therefore need to multiply the quarterly interest rate by four. Hence, if we had used an annual interest 

rate, the coefficient for the interest rate difference would be ¼ of the one reported in (8), i.e. about 

2.5.7 This is somewhat larger than what was reported in a similar study by Bjørnland and Hungnes 

(2002), but may reflect the fact that in 2001 Norway adopted a new monetary policy regime, were 

rather than targeting the exchange rate, the inflation rate is now targeted. This may just have been 

captured given that we now have a longer sample (ending in 2002 rather than in 1999 as in Bjørnland 

and Hungnes (2002)). In addition, the choice of variables varies somewhat and here we use quarterly 

data, versus monthly data in Bjørnland and Hungnes (2002). 

4. A parsimonious representation  

The next step after determining the long run equilibrium relationship is to establish a parsimonious 

representation for the exchange rate that includes the long run equilibrium. The econometric 

methodology used here is a general-to-specific approach. The familiar equilibrium correction form of 

the exchange rate from the VAR model specified above as 

 

tttt

p

j
jtj

p

j
jtj

p

j
jtj

p

j
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j
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   (9) 

 

where p=4, Dt contains all the deterministic components (constant, centred seasonal dummies and 

impulse dummies). The exchange rate model therefore contains three lags of the difference of each of  

                                                      
7 If iq is the quarterly interest rate and ia is the annual interest rate, the relationship between them is given by (1+ia)=(1+iq)4. 
Solving for the annual interest yields ia=4iq+6iq

2+4iq
3+iq

4>4iq. The factor we have to multiply the quarterly interest rate is 
therefore a bit higher than 4 (and depending on the interest rate), and the corresponding coefficient for the interest difference 
measured in annual terms is slightly less than 2.5. 
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the variables of our model; exchange rate, domestic and foreign prices and domestic and foreign  

interest rates. In addition, the equilibrium correction term is included, lagged one period. The 

equilibrium correction term is the same as that specified above, but rather than imposing one 

cointegrating vector consisting of PPP and the interest rate differential together, we split the 

cointegration vector into two parts: Pure PPP and the interest rate differential. The data will then 

determine if they are significant together, which will be a test of the above results.  

 

We first test the unrestricted model for potential misspecifications to ensure data coherence. If that is 

satisfied, the model is simplified by eliminating statistically insignificant variables.  Simplifications 

from the general to specific model, is performed using PcGets1 (see Hendry and Krolzig (2001)).  

Note also that we now allow for impulse dummies, which are chosen by the model based on an outlier 

detection procedure (rather than imposed by us a priori).8  Given that the reduction does not yield any 

invalid simplification, the final choice will not loose any significant information about the relationship 

for the data sample that is available. The final choice therefore parsimoniously encompasses the 

unrestricted model and is not dominated by any other model. The reduction procedure yields the 

model presented in equation (10), with standard errors in parenthesis below the coefficients 

 

ttttt

tt

ttttttt

SQDQDQD

iippv

iippppv

ε̂01.020205.019704.019307.0

)(86.1)(27.0

47.272.231.156.165.025.121.0

)004.0()01.0()01.0()01.0(

1
*

)35.0(1
*

)05.0(

*
2)09.1()73.0(

*
3)41.0(

*

)41.0(2)25.0()26.0()04.0(

++−−+

−−+−−

∆−∆+∆−∆−∆+∆+=∆

−−

−−−

     (10) 

 

The model shows that the coefficients in front of PPP and the interest rate differential are highly 

significant, and should therefore be combined as suggested by the cointegration analysis. Dividing the 

coefficient on the interest rate term on that in front of PPP, yields a coefficient of 7, which is close to 

the one reported in the cointegration analysis above.  

 

In addition, contemporaneous and lagged values of domestic and foreign prices, a contemporaneous 

value of the domestic interest rate, a lagged value of foreign interest rate, a centred seasonal dummy 

(S) and the three estimated impulse dummies, in 1993Q1, 1997Q1 and 2002Q2, are found to be 

significant. Interestingly, the dummies in 1993 and 1997 correspond well with the chosen dummies in 

Bjørnland and Hungnes (2002), and represent respectively a change to a floating exchange rate regime 

in December 1992/January 1993 after a period of speculation, and a severe appreciation pressure 

against the Norwegian krone in the first quarter of 1997. The final dummy in 2002Q2 is chosen by the 

                                                      
8 We specify the outlier detection size of marginal outlier (in standard deviation) to be 1.9 in PcGets, in contrast to the default 
of 2.56. 
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model to account for the severe appreciation of the Norwegian krone in excess of its fundamentals. As 

mentioned above, it is only recently that Norway adopted the new monetary policy regime of inflation 

stabilisation, so that the expectation formation may not have changed accordingly.  

 

The model implies that the short run price elasticities are higher than unity, which is consistent with 

overshooting. In particular, higher domestic prices and interest rate will cause the exchange rate to 

depreciate in the short run, and a higher foreign price and interest rate will imply an appreciation of 

the exchange rate. Historically, Norges Bank has increased the interest rate when there have been a 

depreciating pressure, and reduced the interest rate when there was an appreciation pressure. An 

increase in the interest rate differential has therefore often coincided with a weaker exchange rate, 

while an interest rate increase may have prevented the exchange rate from falling even further (see 

Norges Bank 2000, p. 16.). In the long run however, the exchange rate will eventually move towards 

equilibrium. The equilibrium correction terms have the expected sign, so that the exchange rate adjusts 

in the right direction.  

 

Table 1. Misspecification tests1 

 Value Significance probability

F Chow(1992:4) 1.01 0.49

F Chow(2000:3) 0.54 0.80

χ2 Normality test  5.01 0.08

F AR 1-4 test 1.74 0.15

F ARCH 1-4 test 1.30 0.28

F Hetero test  20.07 0.45

1) Chow (1992:4) and Chow (2000:3) are the breakpoint tests, where the first periodtest fraction is chosen by 
PcGets at the periods 1992Q4 and 2000Q3 respectively; the normality test checks whether the residuals are nor-
mally distributed; AR 1-4 is a test of 4th order residual autocorrelation, ARCH 1-4 is a test for 4th order autore-
gressive conditional heteroscedasticity in the residuals; and Hetero test is a test for residual heteroscedasticity, 
see Hendry and Krolzig (2001).  
 

No misspecification test rejects the selected model (see Table 1), and underlines that the parameters 

are constant. The model is also congruent, and provides a parsimonious representation for the 

exchange rate.  

 

Recursive graphics are shown in Figure 1 and 2 below. Figure 1 emphasises that most coefficients 

seem constant, although some are significant only at the end of the sample (for instance the coefficient 

for ∆pt-2). The equilibrium correction terms are clearly significant and seem fairly stable, although the 

interest rate differential is vaguely more significant at the end of the sample.  
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Figure 1. Recursive Least Squares: Parameter constancy graphs 
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Figure 2 reports the constancy statistics. Panel a (upper left) shows the RSS at each observation and 

panel b (upper right) shows the 1-step residuals plotted with a two standard error bands on either side 

of zero. Thus any observation outside the band represents an outlier. Note that it the model residuals 

are graphed until 1988, after which the one-step-prediction errors are plotted. Clearly there are three 

large observed outliers throughout the sample, in 1993, 1997 and 2002, and two minors, in 1988 and 

in 1998/1999. The three large outliers are picked up by three outlier dummies in the model (see the 

discussion above), and used in the final estimation that covers the whole period. The band itself seems 

fairly constant.  

 

The Chow test is graphed in panel c (bottom left) and the associated p-value (with the 5% critical 

value shown as a straight line) are shown in panel d (bottom right). Both of these panels confirm the 

constancy of the model, since all observations lie above the 5% critical value. 

 

Finally, Figure 3 contains the actual residuals (estimated non-recursively). The graph emphasises the 

constancy of the model when all the three dummies are included in the estimation. 
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Figure 2. Recursive Least Squares: Constancy statistics 
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Figure 3. Actual residuals for the relative change in the exchange rate 
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5. Out-of-sample forecasting  

Having identified a parsimonious model for the exchange rate, a natural question to ask would be if 

the structural model identified here can outperform the random walk in predicting the exchange rate. 

The random walk model would take the form 

 

ttt vv ε+= −1            (11) 

 

which implies that the best prediction for the exchange rate next period, would be the same as this 

period's exchange rate .  

 

In addition to our structural model, we also estimate an alternative fundamental EqCM, where the only 

difference is that now the equilibrium term is simplified to a pure PPP (v-p+p*), and instead the 

interest rate differential is allowed to matter in the short run only. The model is denoted PPP. The 

motivation for doing so is to investigate the importance of the long run interest rate differential for 

exchange rate determination explicitly. This has not been emphasised as important in recent studies of 

the exchange rate behaviour by Norges Bank (the central bank of Norway), see e.g. Akram 2000a, and 

Norges Bank (2000)9. Note that in this forecasting competition, all models are compared using levels 

on the left hand side, so that it is the forecast of (the log of) the actual exchange rate (and not its 

change) that are compared. 

 

Following Meese and Rogoff (1983), we perform an out-of-sample forecasting exercise comparing the 

structural models to a random walk, using a rolling regression methodology. That is, the models are 

first estimated using data until the first forecasting period. We take the first 15 years, (1983Q1-

1997Q4), as initial estimation period, which leaves us with a forecast period of almost five years, 

(1998Q1-2002Q2). The forecasts are generated at 1, 2, 3 and 4 quarters. These horizons are common 

in the literature and correspond well with the duration of standard forward contracts (see Meese and 

Rogoff 1983). In the next step, the estimation period is rolled forward by one quarter, keeping the total 

length of the estimation period (15 years) constant.10 New forecast are then generated at 1, 2, 3 and 4 

quarters, and so on. In the end, the square of the forecast errors at the different horizons are averaged 

using the root means square error (RMSE) and the mean absolute error (MAE). RMSE will be our 

principal criteria used for comparing forecasts. However, in some cases, MAE may be more 

appropriate than the RMSE, in particular if the exchange rate follows a non-normal stable Paretian 

                                                      
9 In Norges Bank (2000, p. 16), the Central Bank argues that a higher domestic interest rate differential may render the 
Norwegian currency more attractive, although isolated, this effect will be small compared to other factors.  
10 Of course, that is only important for the structural models, since the random walk model uses the last observation only 
when making forecasts. 
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process with infinite variance, or if the exchange rate distribution has fat tails but finite variance (see 

Meese and Rogoff 1983). 

 

Table 2. Root mean square error (RMSE) (*100) 

Horizon (quarters) RW EqCM PPP 

1 2.17 1.82 2.19

2 3.33 2.64 3.65

3 3.98 3.43 4.71

4 4.45 4.06 5.68

 

The evidence using the RMSE metric is reported in Table 2 and suggests that the structural EqCM 

model performs better than the random walk at forecasting the exchange rate at all horizons. The pure 

PPP model performs worst of all the three models at all horizons, and can therefore not outperform 

any other model in this forecasting competition.  

 

Atlhough the structural EqCM model performs better than the random walk at all horizons, the relative 

difference between them is larger at the low horizon than at the high horizon (like one year). This is at 

odds with other similar studies, like Reiton and Ongena (1999), but may be due to the fact that our 

structural model has a dummy in the last observation (2002Q2), which is ignored in the forecasting 

competition. Hence, predictions using a forecast horizon of four quarters, where we will have fewer 

observations to base our forecast on than using for instance a one quarter horizon, will be dominated 

by the prediction failures at the end of our sample.  

 

Table 3. Mean abolute error (MAE) (*100) 

Horizon (quarters) RW EqCM PPP 

1 1.79 1.27 1.80

2 2.52 2.19 2.87

3 3.11 2.98 4.01

4 3.48 3.66 4.86

 

The evidence using the MAE metric (se Table 3) strengthens the results reported above. The structural 

EqCM performs the best of all the models at all horizons (with the exception of the horizon of four 

quarters, where the random walk model performs marginally better), whereas the pure PPP model can 

again not outperform any other model at any horizon. The reason that the structural EqCM performs 

marginally worse than the random walk model at the four quarter horizon, may as we discussed above, 

be due to the fact that we have relatively few observations at this horizon, so that they will be 
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dominated by the prediction failures at the end of our sample. Nevertheless, the results emphasise the 

importance of the interest rate differential in the long run when predicting exchange rate behaviour, as 

in no cases does the pure PPP-model outperform any other model.  

 

6. Conclusion  

This paper has examined whether a parsimonious dynamic exchange rate model for Norway that 

combines the purchasing power parity condition with the interest rate differential in the long run, can 

outperform a random walk model in an out-of-sample forecasting exercise.  

 

We show that the long-run results can be embedded in a parsimonious representation, which 

outperforms a random walk in an out-of-sample forecasting competition. Ignoring the long run interest 

differential (that is focusing only on PPP in the long run), however, the fundamental model can no 

longer outperform a random walk. 

 

The results emphasise the importance of the interest rate differential in the long run when predicting 

exchange rate behaviour, as in no cases does a pure PPP-model outperform any other model. In fact, 

an economic modeller that ignores the long run effect of the interest rate differential on the exchange 

rate and focuses instead only on PPP in the long run, would be much better off had he/she instead used 

a random walk model for the exchange rate when making economic forecast. 
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Appendix A 
Data and model specifications 

Data sources 

All data are taken from KVARTS database, Statistics Norway. We use quarterly data, and the 

estimation period is 1983Q1-2002Q2. The data series are (with name of variables in brackets): 

 

v The nominal exchange rate relative to its trading partners (KURVECU) 

p  Domestic consumer prices (KPI) 

p*  Foreign consumer prices (UKPINY) 

i  Domestic 3-months interest rates (RNOK) 

i*  Foreign 3-months interest rates (RUTL) 

 

Unit root test 

Table A-1: Unit root tests   

Variables Level a Variables Differences b 

v -0.54 ∆v -4.82** 

p -1.95 ∆p -3.10* 

p* -1.01 ∆p* -3.57** 

i -2.37 ∆i -6.72** 

i* -2.01 ∆i* -4.13** 

v-p+p*   (PPP) -1.33 ∆(v-p+p*) -4.67** 

i-i*         (Interest rate differential) -1.80 ∆(i-i*) -4.33** 

a) Constant and trend in the estimation.  Critical vales:  5%=-3.47, 1%=-4.08.  
b) Constant in the estimation. Critical values: 5%=-2.90, 1%=-3.52 
(*) Significant at the 5 % level, (**) Significant at the 1 % level. 
 



 20

Recent publications in the series Discussion Papers

247 R. Johansen and J.K. Dagsvik (1999): The Dynamics of 
a Behavioral Two-Sex Demographic Model  

248 M. Søberg (1999): Asymmetric information and 
international tradable quota treaties. An experimental 
evaluation 

249 S. Grepperud, H. Wiig and F.A. Aune (1999): Maize 
Trade Liberalization vs. Fertilizer Subsidies in Tanzania: 
A CGE Model Analysis with Endogenous Soil Fertility 

250 K.A. Brekke and Nils Chr. Stenseth (1999): A Bio-
Economic Approach to the study of Pastoralism, Famine 
and Cycles. Changes in ecological dynamics resulting 
from changes in socio-political factors 

251 T. Fæhn and E. Holmøy (1999): Welfare Effects of 
Trade Liberalisation in Distorted Economies. A Dynamic 
General Equilibrium Assessment for Norway 

252 R. Aaberge (1999): Sampling Errors and Cross-Country 
Comparisons of Income Inequality 

253 I. Svendsen (1999): Female labour participation rates in 
Norway – trends and cycles 

254 A. Langørgen and R. Aaberge: A Structural Approach 
for Measuring Fiscal Disparities 

255 B. Halvorsen and B.M. Larsen (1999): Changes in the 
Pattern of Household Electricity Demand over Time 

256 P. Boug (1999): The Demand for Labour and the Lucas 
Critique. Evidence from Norwegian Manufacturing 

257 M. Rege (1999): Social Norms and Private Provision of 
Public Goods: Endogenous Peer Groups 

258 L. Lindholt (1999): Beyond Kyoto: CO2 permit prices 
and the markets for fossil fuels  

259 R. Bjørnstad and R. Nymoen (1999): Wage and 
Profitability: Norwegian Manufacturing 1967-1998 

260 T.O. Thoresen and K.O. Aarbu (1999): Income 
Responses to Tax Changes – Evidence from the 
Norwegian Tax Reform 

261 B. Bye and K. Nyborg (1999): The Welfare Effects of 
Carbon Policies: Grandfathered Quotas versus 
Differentiated Taxes 

262 T. Kornstad and T.O. Thoresen (1999): Means-testing 
the Child Benefit 

263 M. Rønsen and M. Sundström (1999): Public Policies 
and the Employment Dynamics among new Mothers – A 
Comparison of Finland, Norway and Sweden 

264 J.K. Dagsvik (2000): Multinomial Choice and Selectivity 

265 Y. Li (2000): Modeling the Choice of Working when the 
Set of Job Opportunities is Latent 

266 E. Holmøy and T. Hægeland (2000): Aggregate 
Productivity and Heterogeneous Firms 

267 S. Kverndokk, L. Lindholt and K.E. Rosendahl (2000): 
Stabilisation of CO2 concentrations: Mitigation scenarios 
using the Petro model 

268 E. Biørn, K-G. Lindquist and  T. Skjerpen (2000): Micro 
Data On Capital Inputs: Attempts to Reconcile Stock and 
Flow Information 

269 I. Aslaksen and C. Koren (2000): Child Care in the 
Welfare State. A critique of the Rosen model 

270 R. Bjørnstad (2000): The Effect of Skill Mismatch on 
Wages in a small open Economy with Centralized Wage 
Setting: The Norwegian Case 

271 R. Aaberge (2000): Ranking Intersecting Lorenz Curves 

272 J.E. Roemer, R. Aaberge , U. Colombino, J, Fritzell, S.P. 
Jenkins, I. Marx, M. Page, E. Pommer, J. Ruiz-Castillo, 
M. Jesus SanSegundo, T. Tranaes, G.G.Wagner and I. 
Zubiri (2000): To what Extent do Fiscal Regimes 
Equalize Opportunities for Income Acquisition Among 
citizens? 

273 I. Thomsen and L.-C. Zhang (2000): The Effect of Using 
Administrative Registers in Economic Short Term 
Statistics: The Norwegian Labour Force Survey as a 
Case Study 

274 I. Thomsen, L.-C. Zhang and J. Sexton (2000): Markov 
Chain Generated Profile Likelihood Inference under 
Generalized Proportional to Size Non-ignorable Non-
response 

275 A. Bruvoll and H. Medin (2000): Factoring the 
environmental Kuznets curve. Evidence from Norway 

276 I. Aslaksen, T. Wennemo and R. Aaberge (2000): "Birds 
of a feather flock together". The Impact of Choice of 
Spouse on Family Labor Income Inequality 

277 I. Aslaksen and K.A. Brekke (2000): Valuation of Social 
Capital and Environmental Externalities 

278 H. Dale-Olsen and D. Rønningen (2000): The 
Importance of Definitions of Data and Observation 
Frequencies for Job and Worker Flows - Norwegian 
Experiences 1996-1997 

279 K. Nyborg and M. Rege (2000): The Evolution of 
Considerate Smoking Behavior 

280 M. Søberg (2000): Imperfect competition, sequential 
auctions, and emissions trading: An experimental 
evaluation 

281 L. Lindholt (2000): On Natural Resource Rent and the 
Wealth of a Nation. A Study Based on National 
Accounts in Norway 1930-95 

282 M. Rege (2000): Networking Strategy: Cooperate Today 
in Order to Meet a Cooperator Tomorrow 

283 P. Boug, Å. Cappelen and A.R. Swensen (2000): 
Expectations in Export Price Formation: Tests using 
Cointegrated VAR Models 

284 E. Fjærli and R. Aaberge (2000): Tax Reforms, Dividend 
Policy and Trends in Income Inequality: Empirical 
Evidence based on Norwegian Data 

285 L.-C. Zhang (2000): On dispersion preserving estimation 
of the mean of a binary variable from small areas 

286 F.R. Aune, T. Bye and T.A. Johnsen (2000): Gas power 
generation in Norway: Good or bad for the climate? 
Revised version 

287 A. Benedictow (2000): An Econometric Analysis of 
Exports of Metals: Product Differentiation and Limited 
Output Capacity 

288 A. Langørgen (2000): Revealed Standards for 
Distributing Public Home-Care on Clients 

289 T. Skjerpen and A.R. Swensen (2000): Testing for long-
run homogeneity in the Linear Almost Ideal Demand 
System. An application on Norwegian quarterly data for 
non-durables 

290 K.A. Brekke, S. Kverndokk and K. Nyborg (2000): An 
Economic Model of Moral Motivation 

291 A. Raknerud and R. Golombek: Exit Dynamics with 
Rational Expectations 



 21

292 E. Biørn, K-G. Lindquist and  T. Skjerpen (2000): 
Heterogeneity in Returns to Scale: A Random 
Coefficient Analysis with Unbalanced Panel Data 

293 K-G. Lindquist and T. Skjerpen (2000): Explaining the 
change in skill structure of labour demand in Norwegian 
manufacturing 

294 K. R. Wangen and E. Biørn (2001): Individual Hetero-
geneity and Price Responses in Tobacco Consumption: A 
Two-Commodity Analysis of Unbalanced Panel Data 

295 A. Raknerud (2001): A State Space Approach for 
Estimating VAR Models for Panel Data with Latent 
Dynamic Components 

296 J.T. Lind (2001): Tout est au mieux dans ce meilleur des 
ménages possibles. The Pangloss critique of equivalence 
scales 

297 J.F. Bjørnstad and D.E. Sommervoll (2001): Modeling 
Binary Panel Data with Nonresponse 

298 Taran Fæhn and Erling Holmøy (2001): Trade 
Liberalisation and Effects on Pollutive Emissions and 
Waste. A General Equilibrium Assessment for Norway 

299 J.K. Dagsvik (2001): Compensated Variation in Random 
Utility Models 

300 K. Nyborg and M. Rege (2001): Does Public Policy 
Crowd Out Private Contributions to Public Goods? 

301 T. Hægeland (2001): Experience and Schooling: 
Substitutes or Complements 

302 T. Hægeland (2001): Changing Returns to Education 
Across Cohorts. Selection, School System or Skills 
Obsolescence? 

303 R. Bjørnstad: (2001): Learned Helplessness, Discouraged 
Workers, and Multiple Unemployment Equilibria in a 
Search Model 

304 K. G. Salvanes and S. E. Førre (2001): Job Creation, 
Heterogeneous Workers and Technical Change: Matched 
Worker/Plant Data Evidence from Norway 

305 E. R. Larsen (2001): Revealing Demand for Nature 
Experience Using Purchase Data of Equipment and 
Lodging 

306 B. Bye and T. Åvitsland (2001): The welfare effects of 
housing taxation in a distorted economy: A general 
equilibrium analysis 

307 R. Aaberge, U. Colombino and J.E. Roemer (2001): 
Equality of Opportunity versus Equality of Outcome in 
Analysing Optimal Income Taxation: Empirical 
Evidence based on Italian Data 

308 T. Kornstad (2001): Are Predicted Lifetime 
Consumption Profiles Robust with respect to Model 
Specifications? 

309 H. Hungnes (2001): Estimating and Restricting Growth 
Rates and Cointegration Means. With Applications to 
Consumption and Money Demand 

310 M. Rege and K. Telle (2001): An Experimental 
Investigation of Social Norms 

311 L.C. Zhang (2001): A method of weighting adjustment 
for survey data subject to nonignorable nonresponse 

312 K. R. Wangen and E. Biørn (2001): Prevalence and 
substitution effects in tobacco consumption. A discrete 
choice analysis of panel data 

313 G.H. Bjertnær (2001): Optimal Combinations of Income 
Tax and Subsidies for Education 

314 K. E. Rosendahl (2002): Cost-effective environmental 
policy: Implications of induced technological change 

315 T. Kornstad and T.O. Thoresen (2002): A Discrete 
Choice Model for Labor Supply and Child Care 

316 A. Bruvoll and K. Nyborg (2002): On the value of 
households' recycling efforts 

317 E. Biørn and T. Skjerpen (2002): Aggregation and 
Aggregation Biases in Production Functions: A Panel 
Data Analysis of Translog Models 

318 Ø. Døhl (2002): Energy Flexibility and Technological 
Progress with Multioutput Production. Application on 
Norwegian Pulp and Paper Industries 

319 R. Aaberge (2002): Characterization and Measurement 
of Duration Dependence in Hazard Rate Models 

320 T. J. Klette and A. Raknerud (2002): How and why do 
Firms differ? 

321 J. Aasness and E. Røed Larsen (2002): Distributional and 
Environmental Effects of Taxes on Transportation 

322 E. Røed Larsen (2002): The Political Economy of Global 
Warming: From Data to Decisions 

323 E. Røed Larsen (2002): Searching for Basic 
Consumption Patterns: Is the Engel Elasticity of Housing 
Unity? 

324 E. Røed Larsen (2002): Estimating Latent Total 
Consumption in a Household. 

325 E. Røed Larsen (2002): Consumption Inequality in 
Norway in the 80s and 90s. 

326 H.C. Bjørnland and H. Hungnes (2002): Fundamental 
determinants of the long run real exchange rate:The case 
of Norway. 

327 M. Søberg (2002): A laboratory stress-test of bid, double 
and offer auctions. 

328 M. Søberg (2002): Voting rules and endogenous trading 
institutions: An experimental study. 

329 M. Søberg (2002): The Duhem-Quine thesis and 
experimental economics: A reinterpretation. 

330 A. Raknerud (2002): Identification, Estimation and 
Testing in Panel Data Models with Attrition: The Role of 
the Missing at Random Assumption 

331 M.W. Arneberg, J.K. Dagsvik and Z. Jia (2002): Labor 
Market Modeling Recognizing Latent Job Attributes and 
Opportunity Constraints. An Empirical Analysis of 
Labor Market Behavior of Eritrean Women 

332 M. Greaker (2002): Eco-labels, Production Related 
Externalities and Trade 

333 J. T. Lind (2002): Small continuous surveys and the 
Kalman filter 

334 B. Halvorsen and T. Willumsen (2002): Willingness to 
Pay for Dental Fear Treatment. Is Supplying Fear 
Treatment Social Beneficial? 

335 T. O. Thoresen (2002): Reduced Tax Progressivity in 
Norway in the Nineties. The Effect from Tax Changes 

336 M. Søberg (2002): Price formation in monopolistic 
markets with endogenous diffusion of trading 
information: An experimental approach 

337 A. Bruvoll og B.M. Larsen (2002): Greenhouse gas 
emissions in Norway. Do carbon taxes work? 

338 B. Halvorsen and R. Nesbakken (2002): A conflict of 
interests in electricity taxation? A micro econometric 
analysis of household behaviour 

339 R. Aaberge and A. Langørgen (2003): Measuring the 
Benefits from Public Services: The Effects of Local 
Government Spending on the Distribution of Income 
in Norway 


