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Abstract 
In the European Monetary Union, the estimation and analysis of preference 

parameters in its members is of special interest because possible differences could 
help us to understand why a common monetary policy could have different effects on 
the different economies involved. In this paper we have focused our attention on the 
elasticity of intertemporal substitution, one of the key preference parameters in 
intertemporal macroeconomic models. 

Different studies have shown a possible underestimation of such elasticity for 
different countries. It is common practice to estimate the parameter using only non-
durable goods and service consumption data, without referring to the service flows 
generated by durable consumption. This is only admissible if the intratemporal utility 
can be separated among the different consumption components. Our priority 
objective is therefore to test the assumption of intratemporal separability for a selection 
of European countries (Germany, Spain and France), and then to analyse the effect of 
durable consumption on the estimated values of the intertemporal elasticity of 
substitution of these countries, our ultimate goal. Knowledge of such elasticity will 
enable us to characterise how saving in these economies reacts to variations in the real 
interest rate. 
Key words: intratemporal non-separability of preferences; intratemporal elasticity of 
substitution; intertemporal elasticity of substitution; durable and nondurable 
consumption. 
JEL classification: E44, G12. 
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1. Introduction 

The fundamental goal of this paper is the estimation and analysis of the 

intertemporal preference parameters, that is the subjective discount factor and 

intertemporal elasticity of substitution, shown by investors-consumers in 

Germany, Spain and France in the long term. 

These preference parameters have often been estimated within the context 

of the consumption-based capital asset pricing model, CCAPM, developed by 

Lucas (1978). In different cases, their empirical estimation has given rise to 

puzzling intertemporal elasticity of substitution estimates; specifically, the 

estimated values of this parameter can be considered abnormally low1, and are 

even negative in some cases, such as in the work of  Hall (1988) and Hansen 

and Singleton (1996) for the North American economy. Focusing on the 

countries we have mentioned, we find puzzling estimates of the parameter in 

the work of, among others, Rubio (1995) and Rodríguez López (1997) for 

Spain, Lund and Engsted (1996) and Meyer (1999) for Germany, Girardin, 

Sarno and Taylor (2000) for France, and Cuthberston and Hyde (2003) for 

Germany and France. 

The literature provides different explanations for the difficulties with which 

the consumption-based capital asset pricing model adjusts to empirical 

evidence. In the first place, some authors consider that the specification of 

preferences normally used since Hansen and Singleton (1982, 1983) is 

inappropriate, so the resolution of the abnormal values detected would require 

alternative agent preference specifications2. On the other hand, the omission of 

durable consumption in the estimation of preference parameters, a common 

practice which may not be appropriate insofar as preferences which are 

intratemporally inseparable could introduce a downwards bias into the 
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estimates of intertemporal elasticity of substitution. This is the fundamental 

reason presented by Ogaki and Reinhart (1998a, 1998b) to explain abnormally 

low estimates of intertemporal elasticity of substitution, and the same line is 

followed by Dunn and Singleton (1986), Eichenbaum and Hansen (1990), 

López Salido (1993), Mamaysky (2001), Okubo (2002), Pakos (2004), Wirjanto 

(2004) and Yogo (2005)3.  

Our research is therefore based on the hypothesis of the impact that 

durable consumption might have on the estimation of certain preference 

parameters in the context of the CCAPM model. We have to analyse the 

degree to which preferences are intratemporally separable, since only if this is 

confirmed can durable consumption be omitted from the analysis. We 

therefore estimate the intratemporal elasticity of substitution between 

nondurable and durable consumption followed by an estimation of the 

subjective discount factor and intertemporal elasticity of substitution with the 

consumption data identified as most appropriate by the intratemporal 

separability analysis.  

These estimates are performed for three European countries, Germany, 

Spain and France, with a two-fold purpose: on the one hand, we aim to verify 

whether the results are robust; and on the other, since they are members of a 

monetary union and monetary policy is therefore common to them all, we aim 

to analyse the possible differences between the values of the preference 

parameters of the different economies involved; should such differences exist, 

they could help us to understand the diverse effects that such a common policy 

could have on saving in the different countries. Besides studying these three 

economies, and unlike the other empirical studies examined, we also introduce 

an analysis of current preferences between durable and nondurable 

consumption when they are not homothetic. The analysis becomes more 
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robust from an econometric perspective because the model is tested using two 

different cointegration methods, Park (1992) and Johansen (1995). 

The paper is organised as follows: firstly, in section 2, we briefly describe 

the theoretical model and econometric methods used in the estimation. Section 

3 contains the results of our estimation of the intratemporal elasticity of 

substitution between durable and nondurable consumption following the 

approach adopted by Ogaki and Reinhart (1998a) and Pakos (2004). In section 

4, we go on to use the two-stage Generalised Method of Moments (GMM) to 

estimate the Euler Equation resulting from the intertemporal maximisation of 

investors, using consumption data considering the flow of services generated 

by durable consumption and thus obtaining intertemporal elasticity of 

substitution estimates for the countries considered. Finally, section 5 contains 

our conclusions. The Appendix provides details of the consumption series 

employed. 

 

2. The model and the testing methods 

2.1. The model 

We follow the model adopted by Ogaki and Reinhart (1998a). 

Intertemporal preferences are expressed as 

 [1]    ( ) 11
0

0
1 ,

1
t

t
t

U E u σσβ
σ

∞
−

=

⎡ ⎤⎡ ⎤⎢ ⎥= −⎢ ⎥⎣ ⎦⎢ ⎥−⎣ ⎦
∑   

where 0σ >  is the intertemporal elasticity of substitution and 0β >  is the 

subjective discount factor. Intratemporal utility is given by a function with 

constant elasticity of substitution (CES function): 

[2]   
1

1 1 111 1 ,  0,  0.t t tu aC S aε ε ε ε−− −⎡ ⎤= + > >⎢ ⎥⎣ ⎦  

tC  is the consumption of nondurable goods and services, tS  is the flow of 
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services generated by durable good consumption, ε  is the intratemporal 

elasticity of substitution between the consumption of nondurable and durable 

goods and a  is a positive constant showing the importance of nondurable 

consumption for the current utility of agents4. With regards to tS , durable 

consumption generates services beyond the period in which the expenditure 

occurs, as represented in the expression  

 [3]   2
1 2 ....,  0 1,t t t tS D D Dδ δ δ− −= + + + < <  

where 1 −   is the rate of depreciation of durable goods and tD  is the 

expenditure on durable consumption in period t. 

The maximisation of the intertemporal utility of the agents would be 

represented by the following Euler equation, 

[4]    1, 1
1

1,
1,  ,t i

t t
t

UMa
E R i

UMa
β +

+
⎡ ⎤
⎢ ⎥ = ∀⎢ ⎥⎣ ⎦

 

where 1
i
tR +  is the gross rate of return of asset i during period t and 1,tUMa  is 

the marginal utility of the consumption of nondurable goods and services in 

period t.  

Since this is a model with two goods, it is possible to exploit the first-order 

condition that shows that, for each period t, the relative price of the assets, tP , 

must be equal to the marginal rate of substitution between them, as follows: 

[5]    
[ ]2,0

1,

t t
t

t

E UMa
P

UMa

τ τ
ττ β δ∞
+=∑=  

where 2,UMa τ  is the marginal utility of the flow of services generated by 

durable consumption. 

Multiplying the two members of the previous expression by ( )
1

t
t

C
D

ε−
 and 

operating, we obtain: 
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[6]  ( ) ( )
11 1

1,

1,0

1 tt t t
t t

t t t t

UMaC S C
P E
D a D C UMa

τεε εττ τ

ττ
β δ

∞ −− − ++

+=
=

⎡ ⎤⎛ ⎞⎡ ⎤ ⎢ ⎥⎟⎜⎢ ⎥ ⎟⎢ ⎥⎜ ⎟⎜⎝ ⎠⎢ ⎥⎣ ⎦ ⎢ ⎥⎣ ⎦
∑  

This expression is the basis for estimating the intratemporal elasticity of 

substitution between the two types of asset. When ε σ= , we could converge 

to the separable model, because in this case the intertemporal marginal rate of 

substitution would only depend on the consumption of nondurable goods5. 

In the above Ogaki and Reinhart model, the current preferences are 

homothetic. Pakos (2004) contemplates the possibility of the two types of asset 

being considered actually having a low degree of substitutability, and being 

largely complementary, since it seems sensible to assume that joint 

consumption of durable and nondurable assets would increase agent utility. 

Pakos also analyses the possibility of the income effect playing an important 

role in the determination of relative consumption. The current utility function 

proposed by Pakos is as follows: 

[7]   { }1 11 1( , ) ( ) ,  0t t t tu C S aC S
εη εε ε η−− −= + >  

where  is the quotient of the income elasticities of nondurable, 1 , and 

durable consumer goods, 2  . In this case, the first-order condition equivalent 

to equation [6] would be: 

[8]    ( ) ( )
1

11 1

1, 11
1

1 1,0

1
1t

t t
t t

t t

UMaC S C
P E
D C D UMa

a

η εε ε τττ τ
η η

ττ ε

ε η
β δ

ε+

∞ −− −
++

−=

−
=

−

⎡ ⎤⎛ ⎞⎟⎛ ⎞⎜⎢ ⎥⎟⎜ ⎟⎜⎟ ⎟⎢ ⎥⎜ ⎜ ⎟⎟⎝ ⎠⎜ ⎟⎜⎢ ⎥⎝ ⎠⎣ ⎦
∑  

Once again, under certain assumptions, we could estimate parameters ε  and η  

with a cointegration approach. 

2.2. Econometric method 

Ogaki and Reinhart (1998a) show that, under certain assumptions, the right-

hand side of expression [6] is stationary6, so if we take logarithms on the left-

hand size of the expression, we could obtain that variables pt,  ct − dt  are 
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cointegrated, with (1, 1/ )ε−  being the cointegration vector. To estimate this 

cointegration vector, we consider the following expression: 

[9]    1( ) ,t t t tp c d vµ
ε

= + − +  

where tv  is a zero mean stationary process and µ  is a constant. In the case of 

non-homothetic preferences, equation [8] would lead us to the following 

cointegration regression 

[10]    ,t t t tc b p d vε η= + + +  

where, again, b is a constant and tv  is a zero mean stationary process. It is 

possible to show that, although the ordinary least squares estimator is 

superconsistent, it is not asymptotically efficient, so we will estimate the 

parameters involved using a cointegration approach.  

Specifically, following Ogaki and Reinhart (1998a), we have estimated the 

intratemporal elasticity of substitution using the canonical cointegration method 

proposed by Park (1992)7. We will also use the ( , )H p q  test proposed by Park 

(1990) for the cointegration analysis. This test enables us to test both the 

determinist (0,1)H  and stochastic (1, )H q 8 cointegration hypothesis.  

We have also estimated the parameters according to the Johansen (1995) 

method. The essential idea is to analyse the degree to which the results obtain 

change according to the method of estimation employed and, when applicable, 

confirm these results9. The Johansen method is based on considering a VAR of 

order p  which can be expressed in the form of an error correction model as 

[11]  1 1 1 1 1...t t p t p t tY Y Y Y eµ − − − + −∆ = +Γ ∆ + +Γ ∆ +Π + , 

where tY  is a vector of m variables I(1).  

If the range of matrix Π  is less than m, this matrix can be broken down as  

[12]    βα ′=Π   
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where β  contains the cointegration ratio parameters and α  contains the 

adjustment parameters. The range of Π  indicates the number of cointegration 

ratios and can be tested by the maximum likelihood estimation of the trace 

test10.  

The asymptotic distributions of the trace test change depending on the 

hypotheses constructed on the deterministic terms in the error correction 

model. In this respect, Nielsen and Rahbek (2000) showed that, if the data 

contains linear trends (which would lead to [ ] 0≠∆ tYE ), testing the cointegration 

rank starting with a specification including a trend restricted to the 

cointegration vector induces “similarity” in the testing procedure, meaning that 

the critical trace test values do not depend on the values of the parameters. It is 

subsequently possible to test whether this trend is significant or not and, if not, 

estimate the model using a specification comprising a constant not restricted to 

the cointegration vector. However, if [ ] 0=∆ tYE  (there is no trend in the data), 

according to this similarity argument, the cointegration rank should be tested 

considering a constant restricted to the long-term ratio11. In this paper, the 

specification of the deterministic terms has been based on this procedure. 

 

3. Intratemporal elasticity of substitution in 

Germany, Spain and France 

3.1. Unit root test 

The first step before applying the cointegration approach consists of 

analysing whether the series involves are stationary or not. Estimation of 

intertemporal elasticity of substitution by the GMM method also requires the 

series employed to be stationary. For these two reasons, we use the usual unit 

root tests in order to analyse whether the series employed meet the required 
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conditions or not. We specifically apply the ADF test and the Phillips-Perron 

unit root test to the following series: relative consumption, relative price, real 

interest rate and real rate of return. 

The relative consumption data are annual for the three countries and cover 

1970-2003 for Germany, 1964-2001 for Spain and 1960-2001 for France. To 

calculate the relative price of durable and nondurable consumer goods, we first 

calculate the deflator for each type of good and then find the ratio between 

them. As for the rate of return of the risk-free asset, for Germany it 

corresponds to the annual 3-month interest rate on the interbank market 

published by the IMF. For Spain, we take the mean interest rate of the 

different one-year treasury bond issues (1987-2001) and the internal stock 

market return on electric bonds12 (1964-1986); the data comes from the Bank 

of Spain. For France, we use the rate of interest on government bonds (one 

year or more) provided by the IMF. Finally, as a proxy variable of the rate of 

return on risk assets, we have taken the market yield for each of the countries 

considered. For Germany, we have considered the annual mean of the Total 

DAX30 Index, for Spain, the Total General Madrid Stock Market Index 

(IGTBM) and for France, the Paris stock exchange CAC40 index. In all these 

cases, we use the variation in the nondurable consumer good expenditure 

deflator to calculate both the real interest rate and the real rate of return.  

As we can see on Table 1, the results of the augmented Dickey-Fuller 

(ADF) and Phillips-Perron (PP) unit root tests for the relative price logarithm 

tp , and the logarithmic difference of the two types of consumption ( )t tc d−  

show that consumption and relative price are variable (1)I  both for Spain and 

for Germany (for a 5% level of significance). The procedure proposed by 

Holden and Perman (1994) to determine the true data generating process 

enables us to confirm the non-stationarity of relative consumption for these 
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two countries. The same applies to France. Therefore, we can conclude that 

both consumption and relative price are I(1) series in the countries analysed. 

Note that this is a condition required in order to apply the cointegration 

approach. 

With regards to the real interest rates13, the tests employed indicate that this 

variable is I(1) for France. In Germany and Spain, however, it can be 

considered I(0), because the existence of unit root cannot only be rejected in 

the model including neither a constant nor a trend, which can be dismissed as 

the true data generating process if we use the Holden and Perman procedure 

mentioned earlier. 

  As for each country’s representative rate of return on risk assets, we 

cannot dismiss the existence of unit root in model (3), which again fails to 

correspond to the true data generating process.  

In sum, the rates of return on risk assets are stationary in the three 

countries considered, whereas this only applies to the real interest rate in 

Germany and Spain.  

3.2. Results of the estimation according to the Park and Johansen 

cointegration methods 

The cointegration tests performed with the canonical cointegration method 

and the Johansen maximum likelihood method, and the results of the 

intratemporal elasticity of substitution estimations, are shown on Tables 2 and 

3, respectively.  

3.2.1. Germany 

As Table 2 shows, Park’s ( , )H p q  test does not enable us to dismiss the 

existence of both determinist and stochastic cointegration between the 

variables. The estimated value of µ  is significantly different from zero but, 
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although the sign is correct, the intratemporal elasticity of substitution is not 

significant.  

According to the Johansen method, there is a cointegration ratio between 

relative consumption and prices14. The model has been specified with a 

constant restricted to the cointegration vector because, in the German case, 

[ ] =−∆ )( tt dcE -0.002 and [ ] =∆ tpE -0.005. Is can be seen that the constant is 

significant (on the 10% limit) but it cannot be dismissed that price tp  is not 

part of the long-term ratio; in other words, that ε  is not significantly different 

from zero15. 

The fact that the estimated value of the intratemporal elasticity of 

substitution is not significant (Table 3), has led us to consider the specification 

of the utility function proposed by Pakos (2004), which analyses the possibility 

of the income effect playing an important role in the determination of relative 

consumption16.  

In this case, Park’s Hp,q  test rejects the null hypothesis of determinist 

cointegration, but not stochastic cointegration. The results show that, in this 

case, ε  it is significantly different from zero, like parameter η . The fact that 

this is less than a unit, indicates that 1  2  ; in other words, that the income 

elasticity of nondurable consumer goods is smaller than that of durable goods. 

Furthermore, as we have mentioned, [ ] =∆ tpE -0.005, the nondurable and 

durable consumption series point to a greater data trend possibility because 

[ ] =∆ tcE 0.026 and [ ] =∆ tdE 0.028, respectively. Therefore, as a pragmatic 

solution, we determine the cointegration rank according to the Johansen 

method, considering a constant restricted to the cointegration vector (model 1) 

and a trend likewise restricted (model 2), which also enables us to assess 
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whether the results are very sensitive to the specification of the deterministic 

terms. 

In model (1), the cointegration rank is r =1. Parameters ε  and η  are 

significant and they are also positive, as expected. The first of them is 

somewhat greater than results from canonical cointegration, whereas the 

second is very similar. With regards to model (2), we have also considered r =1. 

The trend is not significant so, according to the similarity argument mentioned 

earlier, once the rank was determined we have estimated the parameters, 

accepting that the data trend is cancelled in the cointegration vector and 

therefore considering a constant not restricted to the latter. Both the estimated 

parameters are positive and significant and closer to those obtained with 

canonical cointegration. 

 3.2.2 Spain 

The Park (1990) test shows that the null hypothesis of both stochastic and 

determinist cointegration cannot be rejected for a 1% level of significance in 

any of the cases considered, although determinist cointegration is rejected for a 

5% level of significance (Table 2). The estimated values of both µ  and ε  are 

significantly different from zero. On the other hand, the results do not enable 

us to reject the null hypothesis 1ε = , so we cannot dismiss the Cobb-Douglas 

utility function as valid for the Spanish case.  

As for the Johansen method, a study of the series does not point to the 

existence of a data trend and we also obtain [ ] =−∆ )( tt dcE -0.014 and [ ] =∆ tpE -

0.007. The model has therefore been specified including a constant restricted 

to the cointegration vector. The cointegration rank is 1 and both the constant 

and the intratemporal elasticity of substitution are positive and significant, with 

the latter being slightly lower than is obtained with the Park method and very 

close to unit value. 
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With a view to comparing the results with the German case, we have also 

estimated the utility function proposed by Pakos (2004)17. This model is 

rejected for Spain by the Park test in nearly all the cases considered. The sign 

of parameter ε  is also incorrect, although it is not significant. With the data 

available, therefore, this model does not appropriately reflect the performance 

of relative consumption in Spain. 

Neither are non-homothetic preferences supported by the results obtained 

with the Johansen method, since the estimated price coefficient is negative 

when considering both a constant and a trend restricted to the cointegration 

vector (the fact that [ ] =∆ tcE 0.031 and [ ] =∆ tdE 0.045 appears to indicate the 

possible presence of a trend in the series). The most appropriate cointegration 

rank is r =1 in model (1) and r =2 in model (2)18. In the former, the price 

coefficient is significant, although this is not the case in the latter19. 

3.2.3. France 

The Park test does not enable us to reject the null hypothesis of both 

determinist and stochastic cointegration. The results of the estimation of 

intratemporal elasticity of substitution again indicate that both µ  and ε  are 

significantly different from zero and that the intratemporal elasticity of 

substitution also has the correct sign. On the other hand, as in the Spanish 

case, it is not possible to reject the null hypothesis 1ε = , so the Cobb-Douglas 

utility function cannot be dismissed as valid for France.   

 According to the Johansen method, observation of the series indicates 

that we can rule out the existence of a determinist trend, especially in relative 

consumption. The mean of the series in differences is also close to zero 

(specifically, [ ] =−∆ )( tt dcE -0.012 and [ ] =∆ tpE -0.012). We therefore estimate the 

homothetic preference model considering a constant restricted to the 

cointegration vector. The information used to determine the cointegration rank 
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suggests that it is 1. The constant and price parameter are positive and 

significant, the latter to a 10% level20.  

Again, in order to compare these results with those obtained for Germany, 

we have also estimated the non-homothetic preference model, even though the 

proposal of Ogaki and Reinhart (1998) cannot be rejected. The model is 

rejected when we consider the Park test for a value of q≥3. Moreover, 

although the estimated value of ε  is significantly different from zero, the sign 

is incorrect. In the French case, as for Spain, the Ogaki and Reinhart (1998a) 

model appears to be the most appropriate. 

Neither does the Johansen method support the model based on non-

homothetic preferences. The evolution of the consumption series (of both 

durable and nondurable assets) does not enable us to clearly exclude the 

presence of a data trend (indeed, [ ] =∆ tcE 0.029 and [ ] =∆ tdE 0.041), which has 

led us to estimate the model both disregarding the trend in the series (model 1) 

and considering the possibility of it existing (model 2). According to model (1), 

the most appropriate cointegration rank is r =2. The results are not too 

satisfactory because we have obtained that one of the cointegration rations 

could come from the fact that durable consumption is stationary and the other 

does not appropriately link the model’s variables, since both the price and 

durable consumption parameters are unexpectedly negative. As for model (2), 

the cointegration rank is r=1 and we obtain that the trend restricted to the 

cointegration vector is not significant. We therefore estimate the model 

considering an unrestricted trend, which does not provide the results expected 

because it cannot be rejected that ε  is both significant and negative. 

4. Estimation of intertemporal elasticity of 

substitution 
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To estimate the intertemporal elasticity of substitution, we will employ 

the Generalised Moments Model in two stages proposed by Ogaki and Reinhart 

(1998a) as a deviation from the Generalised Method of Moments (Hansen, 

1982). In our model, and with the simplifying assumption that 1a = , the 

Euler Equation [7] takes on the following form in the case of homothetic 

preferences 

[13]  

( )
1 1 ( 1)1

1 1

1 1
1 11

11 1
1 ,  ,

t tt i
t t

t t t

C SC
E R i

C C S

σ ε
σ εε εε

ε ε
β

−
−− −− + ++

+− −

⎡ ⎤⎛ ⎡ ⎤ ⎞⎢ ⎥+ ⎟⎜⎛ ⎞ ⎢ ⎥⎣ ⎦ ⎟⎢ ⎥⎜⎟⎜= ∀⎟⎜⎟⎜ ⎟⎟⎜⎢ ⎥⎜ ⎡ ⎤⎝ ⎠ ⎟+ ⎟⎜⎢ ⎥⎝ ⎠⎢ ⎥⎣ ⎦⎢ ⎥⎣ ⎦

 

and 

[14]   
11 ( 1)

1
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1 1 1
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t t
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C SCE R i
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σ εη σ εε εε

η
ε ε

β

−
−− −−

+ + +
+− −

⎡ ⎤⎛ ⎞+⎛ ⎞ ⎟⎢ ⎥⎜⎟ ⎟⎜ ⎜= ∀⎟ ⎟⎢ ⎥⎜ ⎜⎟⎜ ⎟⎝ ⎠ ⎟⎜⎢ ⎥+⎝ ⎠⎣ ⎦
, 

for non-homothetic preferences. The idea in Ogaki and Reinhart (1998a) is to 

introduce the estimated values of the parameters in the previous stage in 

equations [13] and [14] to proceed to estimate σ . This method does not affect 

the asymptotic distribution of the estimators obtained by the Generalised 

Method of Moments21.  

The only requirement of estimation by GMM to verify all the desirable 

properties of the estimators are for the variables employed to be stationary22. 

On the other hand, estimation by the Generalised Method of Moments leads 

us to the need to consider the choice of instruments. From a theoretical 

perspective, the only requirement a variable has to meet to be an instrument is 

to be known by the agents at the time when they make their decisions. We 

have therefore completed the estimation considering two different groups of 

instruments, in order to analyse whether the results are sensitive to them. In 

order to mitigate the problem of temporal data aggregation on the estimations, 

following Hall (1988), Hansen and Singleton (1996) and Amano and Wirjanto 
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(1997), among others, we have lagged the variables used as instruments two 

periods. The instruments considered are: 

  I1 : it includes a constant, the total consumption growth rate lagged two 

periods and the real interest rate lagged two periods23.  

 I2 : it includes a constant, the total consumption growth rate and the gross 

real rate of return of the stock exchange index considered in each case, both 

lagged two periods.  

The estimations have been made jointly employing the real interest rate and 

the respective rate of return of the stock index of each country, except for 

France because, as we saw in section 3, the interest rate is not stationary, so it 

does not meet the condition required for the GMM estimator to show all the 

desirable properties. In the French case, therefore, we have estimated the 

model only considering the real rate of return of the CAC40 index. The results 

are shown on Table 4. 

In all cases, the estimated values of both intertemporal elasticity of 

substitution and the subjective discount factor have the correct sign and are 

significantly different from zero. On the other hand, the model is not rejected 

in any case using the Hansen test. Except for France, the estimations appear to 

be sensitive to the instruments used, since they significantly differentiate 

between them.  

If we compare the estimates of intertemporal elasticity of substitution with 

those obtained in previous papers for the countries considered, we see that in 

our case they are clearly higher. With regards to Germany, for instance, Meyer 

(1999), applying the Hansen and Jagannathan bounds technique to the basic 

CCAPM model24, obtains that the intertemporal elasticity of substitution values 

required for the model to adjust to the empirical evidence ranges, according to 

the consumption data employed, from 0.0006 to 0.0007, much lower than the 
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values obtained here. Using the same technique, Cuthberston and Hyde (2003) 

also obtain intertemporal elasticity of substitution values lower than those 

shown on Table 4, although they are higher than those obtained by Meyer25. 

On the other hand, Lund and Engstend (1996), using the GMM method, also 

obtain very low intertemporal elasticity of substitution values, which are in 

many cases not significantly different from zero. For Spain, Rubio (1995), 

using the basic model, obtains aversion to risk parameter values of over 60, 

which implies intertemporal elasticity of substitution values of less than 0.016. 

The results obtained by Rodríguez López (1997) again show intertemporal 

elasticity of substitution values not significantly different to zero in some cases; 

the results are especially puzzling when the basic model is considered. Finally, 

for France, Girardin et. al. (2000) present estimations of this parameter which 

are close to zero and Cuthberston and Hyde (2003) estimate that the relative 

risk aversion parameter values required for the model to satisfy Hansen and 

Jagannathan bounds, must be over 14, implying an intertemporal elasticity of 

substitution value of less than 0.07. 

If we compare the results with those obtained using the same model for 

other countries, we see that the estimations of   for the Spanish and French 

cases are higher than those obtained by Wirjanto (2004) for Canada, Ogaki and 

Reinhart (1998a, 1998b) for the United States, and Okubo (2002) for Japan. In 

the German case, the results with group of instruments 2I  come quite close to 

those obtained by Wirjanto (2004) for Canada. It is important to emphasise 

that in these papers, the value of the subjective discount factor is taken as 

given in the estimation26. Since the subjective discount factor and intertemporal 

elasticity of substitution are negatively related, and since the estimated values 

of β  in our case are lower than those established by Ogaki and Reinhart, it is 

not surprising to find that the estimated intertemporal elasticity of substitution 
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is greater. On the other hand, it is important to mention that the estimated 

values of this parameter for Spain are consistent with the microeconometric 

estimations of the same parameter obtained by López Salido (1993)27. 

Furthermore, in the German case, we can see that, although the subjective 

discount factor estimated with group of instruments I2 is close to that 

established by Ogaki and Reinhart, the estimated value of   is considerably 

higher. However, we must remember that while we consider non-homothetic 

preferences for Germany, Ogaki and Reinhart use homotheticity in their 

estimations. 

If we compare the results obtained for the three countries analysed, we see 

that the estimated intertemporal elasticity of substitution is considerably lower 

in Germany than in Spain and France; this would mean that saving in Spain 

and France is more sensitive to real interest rate variations than in Germany. 

Nevertheless, this result must be taken with caution, because the intertemporal 

model being considered for Germany is not the same as the model 

contemplated for the other two countries. Furthermore, we also have to 

consider that the sample periods considered, although close, are different, and 

this could also be affecting the estimates.  

Since we now have an estimation of both ε  and σ , we can test the 

intertemporal separability of the preferences; it is sufficient to test the null 

hypothesis σ ε= . In the German case, separability of preferences is rejected 

when we consider the estimates of σ  obtained with group of instruments I1 , 

but not with group of instruments I2 . In the cases of Spain and France, 

however, the intratemporal separability of preferences is rejected in all the 

cases considered. The results, then, appear to indicate the non-intratemporal 

separability of preferences among the different consumption components for 
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the three countries considered. This result is confirmed on Table 5, where we 

have estimated the separable model for Germany, France and Spain with group 

of instruments I1 ; in order to analyse the effect of omitting one of the 

components of consumption expenditure on the estimated intertemporal 

elasticity of substitution value, we have taken the estimated value of the 

subjective discount factor in the non-separable model as given. The results 

obtained confirm the initial hypothesis, since the estimated intertemporal 

elasticity of substitution values are significantly lower than those obtained in 

the non-separable model, and are even negative for France; furthermore, in the 

Spanish case, the model is rejected by the Hansen test. 

 

5. Conclusions 

Intertemporal elasticity of substitution has been estimated in intertemporal 

models considering a single consumer good, specifically the consumption of 

nondurable goods, giving rise to values which are too low. The separable 

nature of the intratemporal utility function, which translates in practical terms 

into non-consideration of durable consumption expenditure, can bias 

preference parameter estimations. In this paper, we have estimated the 

intratemporal elasticity of substitution between durable and nondurable 

consumption for Germany, Spain and France, using the approach proposed by 

Ogaki and Reinhart (1998a, 1998b) in order to analyse whether the current 

utility is separable into the different consumption components. The estimation 

was performed considering annual consumption data and calculating the flow 

of services provided by durable consumption assuming that such goods 

generate services for a finite time and that the depreciation rate of durable 

consumption is greater the further away we are from the time of acquisition.  
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We have also considered the utility function proposed by Pakos (2004), which 

considers non-homothetic intertemporal preferences. 

With these premises, and using a cointegration approach, the results of this 

estimation for Germany, Spain and France show how intratemporal elasticity 

of substitution is significantly different from zero, although for Germany we 

have considered non-homothetic preferences, whereas for Spain and France 

we have estimated the elasticity value with homothetic preferences. Based on 

this result, we have considered it appropriate to introduce durable asset 

consumption in the intertemporal elasticity of substitution estimation. 

The estimated intertemporal elasticity of substitution values for the three 

countries are all of the correct sign and significantly different from zero when 

the non-separable model is considered; the same occurs with the subjective 

discount factor which is also always less than 1. If we compare the estimations 

obtained in each of the countries analysed, we see that the estimated 

intertemporal elasticity of substitution values for Spain and France and higher 

than for Germany, showing that the reaction of consumers-investor to changes 

in the real interest rate is different in the countries considered. The results 

indicate that it is Spanish saving which reacts more strongly to shocks in the 

real interest rate and Germany saving which is less sensitive, although elasticity 

of substitution is positive in all cases, and over 1. Nevertheless, it is important 

to note that this result should be taken with caution because the current utility 

function used in the intertemporal elasticity of substitution estimation is 

different for Germany than for Spain and France. Not in vain, if we consider 

the intertemporal elasticity of substitution estimations for Spain and France 

with group of instruments I2, we can see how  the estimated values are quite 

close, which is not the case for Germany. Finally, the separable model can be 

clearly rejected for Spain and France, although not so clearly for Germany, 
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since we cannot reject the null hypothesis of equality between intratemporal 

and intertemporal elasticities of substitution when group of instruments I2  is 

used to estimate the latter. However, the estimation of the separable model has 

enabled us to see how the omission of a consumption expenditure component 

produces a downwards bias in the intertemporal elasticity of substitution 

estimations and, in this respect, the non-consideration of durable consumption 

could help to explain the puzzling estimates of this parameter obtained in 

previous works. 

In sum, the results presented indicate a need to consider specifications of 

the current utility function which include durable good consumption as a 

utility-generating argument. We believe that this could help to improve the 

empirical results of macroeconomic models aimed at estimating intertemporal 

preference parameters and thus mitigate the different empirical puzzles 

detected when they are tested. On the other hand, there are significant 

differences in the parameters estimated for the three countries considered, 

which must be taken into account when analysing the impact that common 

EMU monetary policy could have on the different member countries. The 

scope of this paper would clearly be increased by applying the analysis to more 

member States and explicitly including both money and the monetary policy 

transmission mechanism in the model. 

 

Appendix: consumption data 

Unlike most other studies estimating preference parameters within the 

framework of the CCAPM model, our project requires distinguishing between 

expenditure on nondurable assets and services and expenditure on durable 

goods. To obtain the relevant information, we have referred to the National 
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Accounts of the different countries concerned, specifically to the classification 

of consumption expenditure by function. The sample period covered in each 

case depends on the availability of data for the countries included in the 

analysis. The sources of information used and the sample period contemplated 

for the three countries are as follows: 

 Germany: the data covers the 1970-2003 period. It is annual 

data taken from the Statistisches Bundesamt Deutschland. Data at constant 

prices is based on the year 1995. 

 Spain: the data covers the 1964-2001 period. For 1964-1994, 

we have taken the series from Uriel et. al. (2000), whereas for 1995-

2001, the data comes from the National Accounts, based on 1995, 

published by the INE. 

 France: the data covers the 1960-2001 period and comes from 

the Institut National de la Statisque et des Études Économiques, INSEE 

(2002). In this case, the base year is 1995. 

Having homogenised the consumption expenditure series for  the different 

countries, we distinguished between expenditure on nondurable goods and 

services and durable goods. For this purpose, nondurable consumer goods and services 

include the following concepts: 

 

1. Food products, beverages and tobacco. 

2. Clothing and footwear. 

3. House rental, heating and lighting. 

4. Household entertainment goods and services. 

5. Medical and healthcare services. 

6. Maintenance and preservation of personal means of transport. 

7. Use of public transport. 
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8. Communications. 

9. Entertainment, leisure and cultural services. 

10. Other goods and services. 

 

On the other hand, durable consumer goods include the following concepts: 

1. Furniture, accessories and household appliances. 

2. Purchase of vehicles. 

3. Leisure, sport and cultural articles. 

4. Books, newspapers and magazines. 

5. Teaching. 

To calculate the service flows generated by durable consumption, we have 

calculated the following expression 

10

0
, 1.t t k t k t

k
S Dδ δ− −

=
= =∑  

We have introduced two differences in relation to the work of Ogaki and 

Reinhart (1998a, 1998b): 

1. In the first place, we have considered that durable consumption 

generates services during a finite number of periods. We specifically 

assume that durable consumption generates services for 11 years. This 

number was selected considering the mean lifespan of the most typical of 

durable consumption assets: cars. We referred to the Registered car, jeep and 

motorcycle depreciation tables published by the Ministry of Public Finance for 

Spain28. 

2. Secondly, we assume that the rate of depreciation of durable 

consumer goods, t kδ − , increases the further we get from the period in 

which they were purchased. In other words, we assume a variable rate of 

depreciation29. 
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1 Using the terminology typical of asset pricing literature, we could say that, to a certain extent 
and according to the specification of the preferences employed, the results reflect both the risk 
premium puzzle, Mehra and Prescott (1985), and the interest rate puzzle, Weil (1989). A detailed 
analysis of the empirical puzzles of the CCAPM model, and of some of the solutions 
proposed, can be found, among others, in Campbell (2003). 
2 We are referring to the consideration of phenomena such as durability or the formation of 
consumption habits, as in the case, among others, of Dunn and Singleton (1986) or Campbell 
and Cochrane (2000) or to the rupture with the expected utility approach in the work of 
Epstein and Zin (1991). 
3 Focusing on the Spanish case, López Salido (1993) analyses the intratemporal separability of 
preferences using microeconomic data from the Encuesta Continua de Presupuestos Familiares for 
the 1985-89 period.  
4 Note that if 1ε = , expression [2] converges to the Cobb-Douglas function, whereas if 

0,ε =  the current utility would converge to Leontief’s utility function. For a detailed 
analysis, see Pakos (2004). 
  
5 We can therefore test the assumption of intratemporal separability by testing the null 
hypothesis  .ε σ=   
6 Specifically, Ogaki and Reinhart consider an endowment economy in which their logarithm is 
stationary. On the other hand, Ogaki and Reinhart (1998a) and Okubo (2002) show that, 
although the stationarity of  1,

1,
UMa t
UMa t

τ+   is not necessarily derived from the model’s assumptions, 

it is a valid assumption, at least from an empirical perspective. 
7 For a detailed study of this technique, see, among others, Ogaki (1993) and Ogaki, Jang and 
Lim (2003). 
8 The difference between the two concepts is based on the fact that the cointegration vector 
which eliminates the stochastic trends among the variables can also eliminate determinist 
trends or not. In the first case, we refer to determinist cointegration, whereas if the determinist 
trends are not eliminated by the cointegration vector, this is a case of stochastic cointegration. 
For details of the determinist and stochastic cointegration concepts, see, among others, Ogaki 
(1993). 
9 Other methods also lead to estimators with all the desirable properties. This is the case for 
the methods of Phillips and Hansen (1990) and Stock and Watson (1993). 
10 This method (the properties of which make it particularly useful in a multivariate context) 
also allows for stationarity tests on the series involved in the analysis, so it is possible to 
complete the study of their order of integration provided by unit root tests. 
11 See Hendry and Juselius (2001).  
12 In this respect, we have followed Esteve and Tamarit (1994). 
13 ,  

1
f j
tR +  is the real interest rate of country j , j=Germany, Spain, France, and 1

i
tR +  is the real 

gross rate of return of financial asset i, 30, , 40i DAX IGTBM CAC=  (abbreviations of the 

stock indices used to calculate the nominal rates of return for Germany, Spain and France). 
14 To determine the cointegration rank, the information provided by the trace test in table 2 
has been completed, in all cases, with an analysis of the roots of the characteristic polynomial 
and with the t statistics of the adjustment coefficients α . The critical values of the 95% trace 
test were obtained from Johansen (1995).  
15 According to the stationarity tests applied, )( tt dc − cannot be rejected as stationary, in line 
with the results of the ADF and PP unit root tests, when we consider a constant in the data-
generating process. In all the estimated long-term ratios, we have performed the relevant 
exclusion, stationarity and weak parameter exogeneity tests by means of LR tests distributed 
like a )2(2χ the degrees of freedom of which depend on the constraints established. We have 
also tested the VAR residues to verify that they present neither autocorrelation nor 
heterocedasticity and that they verify the hypothesis of normality (although, if this hypothesis 
is not confirmed, Gonzalo [1994] showed that the results of the estimation would continue to 
be robust). According to the information criteria of Akaike and Schwarz, the number of lags 
used in the VAR is 1 in the estimations for Spain and Germany and 2 for France.    
16 The results of the ADF and Phillips-Perron unit root tests for variables tc  y td  show that 
we cannot reject them as non-stationary. The results are available upon request to the authors. 
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17 The unit root tests do not reject the stationarity of variables tc  and td  for some of their 
specifications. The results of these tests are available upon request from the authors and they 
are confirmed to a certain extent by the results obtained for this specification of preferences 
with the Johansen method. 
18 Since with r=2 the module with the greater characteristic root is not too close to 1 and, 
moreover, both price and durable consumption react significantly to deviations in the long-
term ratio.  
19 Moreover, in this case, it cannot be rejected that tc  and  td  are stationary variables. 
20 With this level of significance, the stationary test applied enables us to reject that relative 
consumption is stationary. 
21 For an explanation, see Ogaki (1993) and Ogaki et. al. (2003). 
22 See section 3. 
23 In the case of France, since the real interest rate is not stationary, the variable on levels has 
been replaced by its gross growth rate. 
24 We are referring to the Hansen and Singleton model (1982, 1983). 
25 The results are somewhat less puzzling when we consider utility function specifications 
which are not intertemporally separable. 
26 For example, Ogaki and Reinhart apply a value of β  equal to 0.99 and 0.995 for quarterly 
data; in other words, the annual subjective discount factor takes on values of 0.9605 and 
0.9801. 
27 We are unaware of microeconometric estimations of this parameter for the other two 
countries considered. 
28 We are referring to the Order of the Ministry of Economy and Public Finance of December 
15, 1998, annex IV. In these tables, we have taken the number of years after which the vehicle 
in question is less than 15 per cent of its initial value. The parameters have been estimated 
considering larger and smaller periods of time, without the results varying significantly. All the 
results are available upon request from the authors. 
Since we are unaware of the existence of similar tables for Germany and France, we have 
applied the procedure used for Spain to these two countries. 
29 Depreciation rates have been taken from the aforementioned tables. 
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TTaabbllee  11::  UUNNIITT  RROOOOTT  TTEESSTTSS  
 

GERMANY SPAIN FRANCE ADF 
TEST (1) (2) (3) (1) (2) (3) (1) (2) (3) 

tp  -1.56  
(0) 

-1.21  
(0) 

1.72  
(0) 

-0.98 
 (0) 

-0.26  
(0) 

0.20 
 (0) 

-2.32 
 (1)

 

-0.21  
(1) 

-1.97** 
(1) 

tp∆  -4.49*** 
(0) 

-4.55*** 
(0) 

-3.97*** 
(0) 

-6.10*** 
(0) 

-5.89*** 
(0) 

-5.77*** 
(0) 

-3.96** 
(0) 

-4.00*** 
(0) 

-2.71*** 
(0) 

t tc d−  -2.59  
(1) 

-2.65*  
(1) 

-0.33 
 (0) 

-3.32*  
(1) 

-2.63*  
(1) 

-1.38 
 (1) 

-2.37 
 (0) 

-2.78* 
 (0) 

-2.67*** 
(0) 

( )t tc d∆ −
 

-4.30*** 
(0) 

-4.35*** 
(0) 

-4.43*** 
(0) 

-3.83** 
(0) 

-3.71*** 
(0) 

-3.59*** 
(0) 

-5.55*** 
(0) 

-5.36*** 
(0) 

-4.88*** 
(0) 

1
f
tR +  -3.56** 

(1) 
-3.63** 

(0) 
-0.20 
 (0) 

-4.48*** 
(0) 

-4.24*** 
(0) 

-0.10 
 (0) 

-2.62 
 (0) 

-1.97 
 (0) 

0.14  
(0) 

1
j
tR +  -3.48*  

(0) 
-3.60** 

(0) 
-0.41  
(2) 

-3.24** 
(0) 

-3.26** 
(0) 

-0.66 
 (0) 

-5.40*** 
(0) 

-4.68*** 
(0) 

-0.12  
(2) 

 
GERMANY 

 
SPAIN 

 
FRANCE 

 
PP 

TEST (1) (2) (3) (1) (2) (3) (1) (2) (3) 

tp  -1.84 
(3) 

-1.29  
(3) 

1.17  
(3) 

-1.09  
(3) 

-0.41 
 (3) 

0.01 
 (3) 

-1.77 
 (3) 

-0.07  
(3) 

-2.73*** 
(3) 

tp∆  -4.58*** 
(3) 

-4.63*** 
(3) 

-4.04*** 
(3) 

-6.10*** 
(3) 

-5.89*** 
(3) 

-5.79*** 
(3) 

-3.90** 
(3) 

-3.94*** 
(3) 

-2.54*** 
(3) 

t tc d−  -2.36 
 (3) 

-2.67*  
3) 

-0.92 
 (3) 

-2.94  
(3) 

-2.87* 
 (3) 

0.73  
(3) 

-2.37 
 (3) 

-2.85*  
(3) 

-2.54** 
(3) 

( )t tc d∆ −
 

-4.25** 
(3) 

-4.30*** 
(3) 

-4.39*** 
(3) 

-3.78** 
(3) 

-3.62** 
(3) 

-3.42*** 
(3) 

-5.50*** 
(3) 

-5.31*** 
(3) 

-4.84*** 
(3) 

1
f
tR +  -3.62** 

(3) 
-3.59** 

(3) 
-0.27 
 (3) 

-5.44*** 
(3) 

-4.97*** 
(3) 

0.00  
(3) 

-2.65  
(3) 

-1.89  
(3)

  

0.20  
(3) 

1
j
tR +  -3.47*  

(3) 
-3.58** 

(3) 
-0.54 
 (3) 

-3.75*  
(3) 

-3.78** 
(3) 

-0.65  
(3) 

-5.35*** 
(3) 

-4.74*** 
(3) 

-0.78  
(3) 

          
Notes:  1. In the table, (***) indicates rejection of the null hypothesis of existence of unit roots at a 1 per cent, (**) 5 
per cent and (*) 10 per cent of significance level. The critical values were obtained from MacKinnon (1991). The 
number of lags chosen (in brackets) for the ADF test is the number for which the greatest lag of the variable in first 
differences is significant, starting with a lag of  k = 4  , and for the Phillips-Perron test the number corresponding to 
the Newey and West procedure (1987). 
 2. Beneath columns (1), (2) and (3) are the results of the tests for the models with constant and trend, with 
constant, and without constant or trend, respectively. 
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TTaabbllee  22::  CCOOIINNTTEEGGRRAATTIIOONN  TTEESSTTSS  

 PARK H(p,q) TRACE TEST 

 H(1, 0) H(1, 2) H(1, 3) H(1, 4) H(1, 5) Trace test VC (95%)
GERMANY          

HOMOTHETIC  
PREF. 

0.5252 
[0.4686] 

3.4293 
[0.0641]

3.5476 
[0.1697]

3.7700 
[0.2874]

4.5391 
[0.3379]

0r =  
1r =  

23.66 
9.09 

19.99 
9.13 

NON-HOMOTHETIC 
PREF. 

12.6513 
[0.0004] 

0.0172 
[0.8955 

0.2214 
[0.8952]

0.3691 
[0.9466]

0.4095 
[0.9817]

Model (1) 
0r =  
1r =  
2r =  

Model (2) 
0r =  
1r =  
2r =  

 
64.59 
14.56 
3.02 

 
42.55 
23.59 
10.32 

 
34.79 
19.99 
9.13 

 
42.20 
25.47 
12.39 

SPAIN          
HOMOTHETIC 

PREF. 
4.5778 

[0.0324] 
3.5228 

[0.0605]
4.4419 

[0.1085]
5.1715 

[0.1597]
5.5292 

[0.2372]
0r =  
1r =  

23.08 
1.09 

19.99 
9.13 

NON-HOMOTHETIC 
PREF. 

0.0456 
[0.8309] 

18.3824 
[0.0000]

24.1480 
[0.0000]

24.4114 
[0.0000]

29.7579 
[0.0000]

Model (1) 
0r =  
1r =  
2r =  

Model (2) 
0r =  
1r =  
2r =  

 
107.3 
17.93 
3.96 

 
74.14 
23.04 
6.85 

 
34.79 
19.99 
9.13 

 
42.20 
25.47 
12.39 

FRANCE          
HOMOTHETIC  

PREF. 
0.5617 

[0.4536] 
2.1722 

[0.1405]
2.2262 

[0.3285]
2.7404 

[0.4334]
3.0988 

[0.5414]
0r =  
1r =  

18.13 
2.77 

19.99 
9.13 

NON-HOMOTHETIC 
PREF. 

0.0459 
[0.8303] 

0.3818 
[0.5367]

16.9492 
[0.0002]

19.1085 
[0.0003]

22.4148 
[0.0002]

Model (1) 
0r =  
1r =  
2r =  

Model (2) 
0r =  
1r =  
2r =  

 
43.19 
17.73 
5.45 

 
45.51 
21.09 
8.26 

 
34.79 
19.99 
9.13 

 
42.20 
25.47 
12.39 

Notes: the values in square brackets are asymptotic p values 
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TTaabbllee  33::  IINNTTRRAATTEEMMPPOORRAALL  EELLAASSTTIICCIITTYY  OOFF  SSUUBBSSTTIITTUUTTIIOONN  
COUNTRY PARAMETER PARK CCR JOHANSEN 
GERMANY    

µ  1.43*** 1.46* HOMOTHETIC 
PREF. ε             0.26 1.12 

   Model (1) Model (2) 
b 1.48*** 1.29 n.a. 
ε  0.77***  1.22* 0.91* 

NON-
HOMOTHETIC 

PREF. η  0.98***     1.04***  1.03** 

SPAIN    
µ   1.38*** 1.31*** HOMOTHETIC 

PREF. ε  1.44*** 0.94*** 
   Model (1) Model (2) 

b 5.02*** 6.41*** (a)0.01*** 
ε            -0.08 -0.74***          -0.18 

NON-
HOMOTHETIC 

PREF. η  0.64*** 0.51**  0.44*** 

FRANCE    
µ  1.71*** 1.64*** HOMOTHETIC 

PREF. ε  0.95*** 0.63* 
   Model (1) Model (2) 

b 5.76*** 14.10*** n.a. 
ε  -0.36*** -1.41**   -1.25** 

NON-
HOMOTHETIC 

PREF. η  0.65*** -0.05** 0.09 
 
Notes: In the table, (***) indicates that the estimated parameter is significantly different from zero at a 1 per cent, (**) 
5 per cent and (*) 10 per cent level of significance.  
(a) In the case of Model (2) for Spain, it shows the estimated value of the trend 
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TTaabbllee  44::  IINNTTEERRTTEEMMPPOORRAALL  EELLAASSTTIICCIITTYY  OOFF  SSUUBBSSTTIITTUUTTIIOONN  
Country Stage 1 

estimations 
INSTRUMENTS β  σ  J-Test 

GERMANY       
 ε  η  I1 0.9355 

[0.0000] 
1.6353 

[0.0000] 
5.2793 

[0.2598] 
 0.7707 0.9881 I2 0.9706 

[0.0000] 
1.2979 

[0.0000] 
5.8883 

[0.2320] 
SPAIN      
 ε  

 
I1 
 

0.9478 
[0.0000] 

3.2735 
[0.0000] 

3.8161 
[0.4314] 

 1.4368 I2 0.9187 
[0.0000] 

2.3714 
[0.0000] 

3.8221 
[0.4307] 

FRANCE      
 ε  I1 0.8716 

[0.0000] 
2.3018 

[0.0000] 
0.2712 

[0.6025] 
 0.9533 I2 0.8826 

[0.0000] 
2.2196 

[0.0000] 
1.7750 

[0.1827] 
Notes: the values in square brackets are asymptotic p values 
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TTaabbllee  55::  SSEEPPAARRAABBLLEE  MMOODDEELL  
Country β  σ  J-Test 

GERMANY    
 0.9355 

 
0.0010 

[0.0000] 
8.3934 

[0.1358] 
SPAIN    

 0.9478 
 

0.0081 
[0.0032] 

9.1375 
[0.0103] 

FRANCE    
 0.8716 

 
-0.2155 
[0.0000] 

1.4122 
[0.4935] 

  
  Notes: the values in square brackets are asymptotic p values
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