
Euro-land: any good for the European South?

Efthymios G. Tsionas*

Council of Economic Advisers, Ministry of National Economy, 5 Nikis Street, Office 607,

Constitution Square, 10180 Athens, Greece

Received 1 February 1999; accepted 1 September 1999

Abstract

Motivated by the `̀ Maastricht proposition'' that nominal convergence will generate

significant real benefits, the paper investigates the inflation±productivity nexus in 15

European countries over the period 1960±1997. Modern classical and Bayesian

econometric techniques organised around I(1) and co-integration analysis are used to

test for the existence of a long-run relationship between inflation and productivity. The

empirical results suggest the existence of causality in seven countries. Causality is bi-

directional in five cases. Notably, causality fails exactly where the `̀ Maastricht

proposition'' would be more useful: The European South and the smaller member states

of the Union Ð with the notable exception of Greece. D 2001 Society for Policy

Modeling. Published by Elsevier Science Inc.
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1. Introduction

The European South has managed to lower inflation and create healthy fiscal

conditions in recent years as a result of adopting the Maastricht criteria for joining

the Euro-area. Greece is about to satisfy the same criteria. The successful
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implementation of the convergence program has allowed the participation of the

Greek drachma in the Exchange Rate Mechanism (ERM) in March 1998. This

reflects the substantial progress achieved in recent years regarding nominal and

real convergence. The convergence of the Greek economy is shown in Table 1.

In recent years the primary objective of the macroeconomic effort was to reduce

inflation to 4.5% at the end of 1997 and below 3% by the end of 1998. It was realised

that the remaining Maastricht criteria would be satisfied and only the inflation target

was uncertain. Therefore, macroeconomic policy should be geared towards low-

ering inflation at all cost. The price stability-oriented monetary and exchange rate

policies combined with the strong fiscal consolidation effort and a reduction in unit

labour cost growth (from 10.4% in 1996 to 6.5% in 1997), led to the significant

improvements in inflation (from 7.5% in 1996 to 5.5% in 1997). As is known, in the

1980s inflation averaged near 20% and fiscal stance was disappointing. It now

appears almost certain that ceteris paribus the Greek economy will be another South

European country that will join the Euro-area along with Italy, Portugal, and Spain.

Greece's and Southern Europe's nominal convergence may generate sizeable

real benefits for a number of reasons based upon the argument that high inflation

may adversely affect productivity growth. First, inflation may cause an ineffi-

cient mix of factor inputs. Second, inflation reduces the information content of

price signals. Third, inflation may induce firms to increase their inventories of

`̀ unproductive'' buffer stocks, and fourth, inflation erodes tax reductions for

depreciation and raises the rental price of capital which in turn causes a reduction

in capital accumulation, see Jaret and Selody (1982). As a result one should

expect substantial gains in terms of productivity growth by lowering inflation like

Greece, Italy, Portugal, and Spain did. In other words, nominal convergence must

imply real convergence.

However, the argument relies on a causal relationship between inflation and

productivity which may very well be non-existent in practice. If that is so, the

question is: Why all the effort to attain nominal convergence? In recent years, a

number of papers have focused attention on the existence of an empirical

relationship between inflation and productivity in different countries. However,

the empirical findings usually give contradictory results.1

Table 1

Main convergence indicators for Greece

1998 1999 2000 2001

Consumer prices 4.5 2.5 1.9 1.7

Public sector deficits 2.4 2.1 1.7 0.8

Debt 107.8 105.8 102.5 99.8

Interest rate 9.5 7.5 6.5 5.5

1 Buck and Fitzroy (1988), Cozier and Selody (1992), De Gregorio (1992), Gylfason (1997),

Smyth (1995) document a negative relationship while Cameron, Hum, and Simpson (1996), Freeman

and Yerger (1998), Hondroyiannis and Papapetrou (1998), and Sbordone and Kuttner (1994) do not.
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The present paper addresses the empirical relationship between inflation and

productivity for 15 European countries over the period 1960±1997. The paper

departs from previous work in several ways, by examining a great host of

countries and by focusing on proper productivity measurement and proper

usage of temporal causality, co-integration and unit root analysis. The

remainder of the paper is organised as follows. Productivity measurement is

discussed in Section 2. Stationarity tests are presented in Section 3. Sampling

theory co-integration analysis is presented and discussed in Section 4.

Bayesian co-integration results are discussed in Section 5. The results of

causality analysis for possibly co-integrated systems are presented in Section 6.

The final section concludes the paper.

2. Productivity measurement

Suppose that each country (denoted by r, r = 1,. . .,n) produces a single

output (Yrt) at date t, from inputs of capital (Krt), labour (Lrt), and imports

(Mrt). The modified translog production function of Griliches and Ringstad

(1971) under the assumption of non-constant returns to scale is used to

represent the technology of production. For the case of three inputs, it can

be written as follows:

ln
Yrt

Lrt

� �
� bK ln
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Lrt

� �
� bLln�Lrt� � bM ln

Mrt

Lrt

� �
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where T is a general index of technical change scaled to zero in the initial year,

i.e. T1 = 0, Dr, and Dt are country specific (r = 1,2,. . .n) and time specific

dummies (t = 1,. . .,T), respectively. Finally, Urt is the usual statistical noise.

The inclusion of imports in the production process is fairly standard but has

not been applied before in the inflation±productivity nexus.2

Productivity growth can be measured using the concept of country specific

productivity index (CSPI) that has been proposed by Baltagi, Griffin, and Rich

(1995) in the context of measurement of technical change. The definition of the

index is

CSPIrt � lr � ht � Urt; r � 1; . . . ; n; t � 1; . . . ; T : �2�

2 See also Aw and Roberts (1985), Bruno and Sachs (1985), Chenery and Strout (1966), and

Gylfason (1997).

�1�
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To obtain estimates for CSPI defined in Eq. (2), Eq. (1) was estimated by the

maximum likelihood method, and the estimated parameters were substituted in

Eq. (2). For the nature and structure of the variables used, see Appendix A.3

3. Stationarity tests

We first test for stationarity of the CSPI. Results for the augmented Dickey

and Fuller (1981) and the Phillips and Perron (1988) tests in Table 2A show that

all series contain a unit root.

Three alternative unit root tests have been computed. The Bayesian test due to

Sims (1988), the KPSS test by Kwiatkowski, Phillips, Schmidt, and Shin (1992) and

the Zivot and Andrews (1992) test. The last test is in the tradition of Perron (1989) but

allows for endogenous shifts in both the mean and the trend ofADF-type regressions.

Since in our case the ADF always fails to reject, inconsistency arises only if

the KPSS fails to reject the null, i.e. if the KPSS indicates stationarity. This arises

only in the case of productivity series for Italy, Portugal, and the U.K. (all

inflation series are consistent with a unit root according to the KPSS). Although

the Bayesian test seems to support stationarity in these cases, according to the

Zivot±Andrews tests several series now appear to be stationary. Inflation series

for Belgium, the U.K., and Finland, and productivity series for Greece, Spain,

Portugal, and Germany. These series appear to be stationary around broken

trends. Norway's productivity, and Italy and Finland's inflation series are too

close to the critical values. If co-integration tests indicate the existence of a long-

run relationship between inflation and productivity in these cases, the co-

integration finding might be suspect in absence of independent evidence.

4. Sampling theory cointegration analysis

Co-integration analysis between inflation and productivity for all 15 countries

is conducted using alternative procedures. Use is made of the Johansen maximum

likelihood approach (JML, see Johansen, 1988; Johansen & Juselius, 1990)

which is a full system method. Use is also made of the Engle±Granger (EG) and

Phillips±Ouliaris±Hansen (POH) tests (see Phillips & Hansen, 1990; Phillips &

Ouliaris, 1990) which are single equation statistics, and test for the presence of a

unit root in the residuals of co-integrating (long-run) regressions.

These tests are reported in Table 3. According to the first two tests, the

existence of a long-run relationship between inflation and productivity can be

rejected in all cases. For the EG statistic, p-values range from a minimum of 0.07

(Belgium) to a maximum of 0.83 (Greece). The POH Zr statistic range from

3 Production function estimation results are available on request.
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Table 2

(A) Unit root tests

Productivity Inflation

Country

Augmented

Dickey± Fuller Phillips± Perron

Augmented

Dickey± Fuller Phillips± Perron

1. Belgium ÿ2.18 ÿ2.20 ÿ0.28 ÿ0.23

2. Denmark ÿ1.31 ÿ1.33 ÿ2.11 ÿ2.85

3. Greece ÿ2.04 ÿ2.20 ÿ1.90 ÿ2.07

4. Spain ÿ2.54 ÿ3.02 ÿ2.52 ÿ2.53

5. France ÿ2.18 ÿ2.37 ÿ2.79 ÿ2.96

6. Ireland ÿ1.37 ÿ1.40 ÿ0.03 0.28

7. Italy ÿ0.93 ÿ0.93 ÿ2.73 ÿ3.07

8. Netherlands ÿ1.54 ÿ1.69 ÿ1.77 ÿ2.43

9. Portugal ÿ2.62 ÿ2.62 ÿ1.57 ÿ1.45

10. U.K. ÿ1.96 ÿ1.43 ÿ1.54 ÿ1.67

11. Austria ÿ2.44 ÿ1.94 ÿ1.52 ÿ1.62

12. Norway ÿ2.60 ÿ1.52 ÿ0.56 ÿ0.92

13. Sweden ÿ1.98 ÿ2.59 ÿ2.21 ÿ2.27

14. Finland ÿ2.51 ÿ2.53 ÿ2.24 ÿ2.22

15. Germany ÿ1.21 ÿ2.21 ÿ1.77 ÿ2.17

(B) Supplementary unit root tests

Inflation Productivity

Country Bayes KPSS Zivot± Andrews Bayes KPSS Zivot± Andrews

1. Belgium 0.06a 0.24 ÿ6.19a 0.548 0.206 ÿ2.99

2. Denmark 0.40 0.27 ÿ3.96 0.804 0.33 ÿ3.83

3. Greece 0.58 0.26 ÿ3.73 0.534 0.23 ÿ4.96a

4. Spain 0.56 0.26 ÿ3.56 0.071a 0.19 ÿ5.03a

5. France 0.57 0.28 ÿ4.18 0.33 0.24 ÿ3.46

6. Ireland 0.31 0.27 ÿ4.29 0.17 0.19 ÿ2.13

7. Italy 0.62 0.26 ÿ4.20 0.002a 0.085a ÿ4.62a

8. Netherlands 0.09a 0.20 ÿ3.31 0.085a 0.24 ÿ4.29

9. Portugal 0.64 0.31 ÿ3.95 0.0028a 0.12a ÿ5.62a

10. U.K. 0.27 0.24 ÿ5.10a 0.016a 0.06a ÿ3.87

11. Austria 0.12 0.19 ÿ4.07 0.672 0.24 ÿ3.67

12. Norway 0.30 0.29 ÿ4.75a 0.735 0.27 ÿ2.56

13. Sweden 0.44 0.27 ÿ3.68 0.678 0.31 ÿ4.01

14. Finland 0.21 0.24 ÿ6.05a 0.0004a 1.33 ÿ4.54a

15. Germany 0.03a 0.12a ÿ3.96 0.505 0.28 ÿ5.29a

`̀ Augmented Dickey± Fuller'' is the Augmented Dickey±Fuller t-test for a unit root in the

constant/no-trend model. The Phillips± Perron test applies to the same model. The 10% critical value

for Dickey± Fuller and Phillips± Perron test statistics is ÿ3.13. Number of lags was selected optimally

using the Schwarz criterion. All statistics are consistent with the unit root hypothesis.

The Bayesian test is due to Sims (1988). The KPSS test is the ht test of Kwiatkowski, Phillips,

Schmidt, and Shin (1992) and allows for the presence of a trend. Its 5% (10%) critical value is 0.146

(0.119) and the null hypothesis is that the series is stationary around a deterministic trend. The Zivot

and Andrews (1992) test assumes that the series undergoes a deterministic shift in both the mean and

trend. The timing of the break is endogenous. ADF-type regressions are run sequentially for each date

in the sample assuming that in the particular date a structural break occurs.
a Denotes evidence in favour of stationarity and against a unit root.
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ÿ13.13 (Sweden) to ÿ0.71 (Greece) while the critical value is ÿ17.0. In this

range, the tests imply absence of co-integration.

A somewhat different picture emerges from an examination of JML results. The

hypothesis of co-integration (with one co-integrating vector) could not be rejected

for Italy, Portugal, Austria, and Sweden (see boldface underlined values in the

Table 3

Co-integration tests

Johansen (maximum likelihood) Phillips± Ouliaris± Hansen Engle± Granger

Country Ho:rank

Trace

statistic

Dependent

variable Zr t-test p-value

1. Belgium p = 0 15.63 CSPI ÿ2.61 ÿ3.63 0.07

p � 1 4.38 DP ÿ10.54 ÿ1.35 0.95

2. Denmark p = 0 6.53 CSPI ÿ4.77 ÿ3.01 0.26

p � 1 0.003 DP ÿ12.53 ÿ1.86 0.83

3. Greece p = 0 9.89 CSPI ÿ0.71 ÿ3.36 0.14

p � 1 0.10 DP ÿ6.40 ÿ2.31 0.62

4. Spain p = 0 7.11 CSPI ÿ4.43 ÿ3.48 0.10

p � 1 0.48 DP ÿ7.71 ÿ1.93 0.80

5. France p = 0 14.54 CSPI ÿ2.44 ÿ3.37 0.13

p � 1 5.41 DP ÿ5.93 ÿ2.13 0.71

6. Ireland p = 0 11.74 CSPI ÿ2.50 ÿ3.10 0.22

p � 1 1.86 DP ÿ5.85 ÿ2.04 0.75

7. Italy p = 0 17.0 (1) CSPI ÿ1.84 ÿ2.85 0.33

p � 1 1.04 DP ÿ6.03 ÿ1.98 0.78

8. Netherlands p = 0 22.99 CSPI ÿ4.61 ÿ2.39 0.58

p � 1 7.23 (2) DP ÿ10.07 ÿ1.98 0.78

9. Portugal p = 0 18.24 (1) CSPI ÿ1.18 ÿ2.68 0.42

p � 1 0.99 DP ÿ5.89 ÿ2.57 0.48

10. U.K. p = 0 15.68 CSPI ÿ2.31 ÿ2.61 0.46

p � 1 2.27 DP ÿ6.95 ÿ1.95 0.79

11. Austria p = 0 19.76 (1) CSPI ÿ3.05 ÿ2.49 0.53

p � 1 1.17 DP ÿ7.94 ÿ2.87 0.32

12. Norway p = 0 7.28 CSPI ÿ2.25 ÿ2.28 0.64

p � 1 0.38 DP ÿ13.13 ÿ2.27 0.64

13. Sweden p = 0 22.36 (1) CSPI ÿ1.86 ÿ2.48 0.53

p � 1 0.53 DP ÿ10.42 ÿ2.42 0.56

14. Finland p = 0 27.21 CSPI ÿ2.98 ÿ3.16 0.20

p � 1 4.51 (2) DP ÿ8.38 ÿ1.99 0.77

15. Germany p = 0 15.39 CSPI ÿ2.15 ÿ2.99 0.27

p � 1 3.24 DP ÿ5.69 ÿ2.27 0.64

`̀ Trace'' stands for the Johansen trace statistic. In POH (Phillips± Ouliaris± Hansen) the critical

value for Zr is ÿ17.0. If Zr > ÿ17.0 the null hypothesis of co-integration can be rejected. In Engle and

Granger co-integration tests a large p-value denotes evidence against co-integration. `̀ Dependent

variable'' signifies the dependent variable used in long-run co-integrating regressions to obtain POH

and Engle± Granger tests. The number of lags for Johansen and Engle± Granger tests was selected

using Akaike's criterion. In all cases boldface underlined values denote strong sampling evidence in

favour of co-integration while underlined values denote minor evidence in favour of co-integration.

The figure in parenthesis stands for the number of co-integration vectors. Critical values for Johansen

and Engle± Granger tests were taken from McKinnon (1991).
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third column of Table 3). Therefore, according to JML, in these countries a long-

run relationship between inflation and productivity exists. However, for Portugal,

the Zivot±Andrews test as well as KPSS tests indicated that unit roots are not

likely. To a lesser extent, the same may be the case for Italy. Therefore, application

of JML in these cases is not valid. This leaves only two countries (Austria and

Sweden) as candidates for co-integration between productivity and inflation.

5. Bayesian cointegration analysis

Given the tendency of unit root tests to over-accept the null, we use Sims'

(1988) Bayesian test for unit roots that does not attach a high prior probability of

having unit roots. The results of the test are reported in Table 4 under the heading

`̀ marginal a''. From the results we see that only in three cases do we have strong

evidence against a unit root in the residuals of co-integrating regressions (i.e. in

favour of co-integration), namely Belgium (0.03), Netherlands (0.08), and

Germany (0.02). In all these cases, inflation was the dependent variable. When

productivity becomes the dependent variable, marginal a's always exceed 0.5.

Therefore, we have to be sceptical of co-integration even in these cases. Now we

turn to Bayesian system co-integration.

A Bayesian system approach to co-integration analysis (BC) is an attractive

alternative because it produces exact, finite-sample results. It is explained in

Appendix B. The empirical results are reported in Table 4 under the heading

`̀ system method''. The column headed `̀ probabilities that root exceed unity''

reports posterior probabilities that the roots of the VAR (ordered from high to low)

exceed unity. For only two countries (Italy and Spain) the largest root may be unity

according to the 95% Bayes probability interval. The second root belongs to the

interval (0.02, 0.88) for Spain and (0.02, 0.89) for Italy. For Denmark and the U.K.

the posterior probability of the second root being greater than one is fairly low (0.05

and 0.09, respectively), but the 95% Bayes probability intervals do contain unity.

Compared to sampling theory co-integration analysis, the exact finite-sample

Bayesian approach finds little evidence to support co-integration between

inflation and productivity. Both Spain and Italy were found suspect of stationarity

according to the KPSS and Zivot±Andrews tests and, therefore, the Bayesian co-

integration result should not be taken at face value.

6. Causality analysis for possibly co-integrated time series

Standard Granger causality tests have non-standard asymptotic properties if

the variables of a VAR are integrated or co-integrated. The approach that has

been usually adopted in practice is to estimate a VAR in differences if the

variables are known to be I(1) but not co-integrated, or estimate an error

correction model if the variables are known to be co-integrated (Mosconi &
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Giannini, 1992). Dolado and Lutkepohl (DL, 1996) have proposed an alter-

native approach which has better finite sample properties. If the variables are

I(d) and the true data generating process is a VAR( p), they show that fitting a

VAR( p + d) results in the usual asymptotics for Wald tests. DL results are

reported in Table 5.

Table 4

Bayesian co-integration results

System method Single-equation method

Country

Probabilities that VAR

roots exceed unity

95% Bayes intervals

of VAR roots

Dependent

variable

Marginal

a

1. Belgium (1) 0.99 1.32±6.90 CSPI 0.72

(2) 0.39 0.39±1.75 DP 0.03

2. Denmark (1) 0.21 0.24±1.52 CSPI 0.69

(2) 0.05 0.03±1.09 DP 0.23

3. Greece (1) 0.42 0.31±1.65 CSPI 0.78

(2) 0.32 0.06±1.53 DP 0.32

4. Spain (1) 0.29 0.23±1.69 CSPI 0.76

(2) 0.009 0.02±0.88 DP 0.55

5. France (1) 0.93 0.72±4.65 CSPI 0.89

(2) 0.26 0.25±1.38 DP 0.45

6. Ireland (1) 0.98 1.04±3.78 CSPI 0.81

(2) 0.27 0.26±1.41 DP 0.22

7. Italy (1) 0.18 0.59±1.23 CSPI 0.98

(2) 0.006 0.02±0.89 DP 0.56

8. Netherlands (1) 0.80 0.61±2.55 CSPI 0.51

(2) 0.21 0.13±1.43 DP 0.08

9. Portugal (1) 0.89 0.82±1.77 CSPI 0.86

(2) 0.30 0.42±1.31 DP 0.59

10. U.K. (1) 0.80 0.64±2.16 CSPI 0.89

(2) 0.09 0.04±1.17 DP 0.21

11. Austria (1) 0.82 0.53±2.02 CSPI 0.75

(2) 0.21 0.08±1.33 DP 0.16

12. Norway (1) 0.81 0.50±2.12 CSPI 0.90

(2) 0.27 0.15±1.39 DP 0.25

13. Sweden (1) 0.99 1.24±2.21 CSPI 0.97

(2) 0.08 0.04±1.19 DP 0.22

14. Finland (1) 0.93 0.74±3.73 CSPI 0.74

(2) 0.25 0.04±1.54 DP 0.12

15. Germany (1) 0.91 0.76±4.20 CSPI 0.87

(2) 0.54 0.16±1.61 DP 0.02

`̀ CSPI'' stands for the country-specific productivity index and `̀ DP'' for inflation. The Bayes

single equation test is Sims's (1988) unit root test on the residuals of co-integrating regressions. For

the Bayes single-equation test, a small value of marginal a indicates that only a very strong prior on

the unit root will overcome the data evidence against it. The system Bayesian technique relies on the

roots of the levels VAR model using two lags. It has been implemented using Gibbs sampling with

6000 iterations, 1000 of which have been discarded to mitigate start-up effects. Standard convergence

diagnostics based on multiple runs indicated convergence within the first 1000 iterations.

Computations have been performed using `̀ gauss''.

E.G. Tsionas / Journal of Policy Modeling 23 (2001) 67±8174



From these results it follows that the Granger causality hypothesis can be

accepted for several countries, namely Belgium, Greece, France, Ireland, the

U.K., Finland, and Germany. Causality is, in general, two-way with the excep-

tions of Ireland and Finland where only inflation causes productivity but not the

other way round.

The results of the DL test are in total disagreement with JML or BC. Not

even one country where co-integration is likely according to the JML gave

significant causality according to DL. This result implies that inferences on the

inflation±productivity nexus are sensitive to the econometrics being used for

Table 5

Dolado and Lutkepohl (1996) causality tests

Country

Alternative

hypothesis

Value of

F(1,29) test

Significance

level

Decision about

causality

1. Belgium DP!CSPI 9.04 0.005 Accept

CSP!DP 3.98 0.005 Accept

2. Denmark DP!CSPI 1.85 0.184 Reject

CSPI!DP 0.16 0.690 Reject

3. Greece DP!CSPI 4.25 0.025 Accept

CSPI!DP 3.73 0.038 Accept

4. Spain DP!CSPI 1.59 � 10ÿ4 0.999 Reject

CSPI!DP 1.05 0.313 Reject

5. France DP!CSPI 5.90 0.020 Accept

CSPI!DP 3.28 0.080 Accept

6. Ireland DP!CSPI 5.93 0.021 Accept

CSPI!DP 0.83 0.369 Reject

7. Italy DP!CSPI 0.96 0.336 Reject

CSPI!DP 8.05 � 10ÿ4 0.978 Reject

8. Netherlands DP!CSPI 2.07 0.161 Reject

CSPI!DP 4.27 � 10ÿ4 0.995 Reject

9. Portugal DP!CSPI 0.81 0.376 Reject

CSPI!DP 0.007 0.932 Reject

10. U.K. DP!CSPI 7.32 0.011 Accept

CSPI!DP 5.39 0.027 Accept

11. Austria DP! CSPI 0.09 0.757 Reject

CSPI!DP 1.78 0.191 Reject

12. Norway DP!CSPI 2.39 0.133 Reject

CSPI!DP 0.47 0.497 Reject

13. Sweden DP!CSPI 0.60 0.443 Reject

CSPI!DP 0.08 0.777 Reject

14. Finland DP!CSPI 6.02 0.020 Accept

CSPI!DP 0.03 0.869 Reject

15. Germany DP!CSPI 6.40 0.017 Accept

CSPI!DP 4.08 0.053 Accept

Lag order for causality tests has been selected for each country using the Schwarz criterion. DP

stands for inflation. CSPI stands for the CSPI. The arrow in the second column indicates the direction

of causality in the alternative hypothesis. The last column indicates the decision regarding the

direction of causality. `̀ Accept'' means that there is a causal effect. `̀ Reject'' means that there is no

causal effect.

E.G. Tsionas / Journal of Policy Modeling 23 (2001) 67±81 75



conducting such inferences. The fact that the DL results were insensitive to the

order of the VAR (i.e. the fact that results did not change much when we

moved from VAR( p + 1) to VAR( p + 2) and VAR( p + 3)) offers an indication

that the finding of causality may be real instead of being simply a statistical

artefact, because the results of the test do not depend on critical assumptions

about the nature of the VAR model describing inflation and productivity.

7. Conclusions and policy implications

The present study investigated the inflation±productivity nexus for 15

European countries over the period 1960±1997 departing in several ways from

previous empirical work in the area. The departure point has been the implicit

assumption in the minds of several policy makers, according to which nominal

convergence (the satisfaction of the targets imposed by the treaty of Maastricht)

anticipates convergence of productivity growth. If this is correct, it would be a

blessing for most Southern European countries whose competitiveness is lower

compared to the North and productivity gains are essential for securing their

position in the Euro-area.

The results of this study indicate that, in most cases, inflation and productivity

do not have a long-run relationship. However, there seems to exist significant

causality in several countries (only two among them have one-way causality, from

inflation to productivity). There is two-way causality between inflation and

productivity for Belgium, Greece, France, U.K., and Germany and one-way

causality for Ireland and Finland. For other countries, we fail to document causality.

It is remarkable that causality fails exactly where it would be most useful, the

European South (with the exception of Greece) and the smaller member states of

the Union. This implies that nominal convergence in rates of inflation (a Maastricht

treaty prerequisite for the European Monetary Union) is not expected to generate

real benefits in terms of productivity or per capita output. Although lower inflation

may create other benefits, the study finds no support for an optimistic view of the

monetary union, according to which lower inflation will (unconditionally and with

no exception) create real benefits for all European member states alike.

For Greece, in particular, the study documented two-way causality between

inflation and productivity. Greece's hard efforts in recent years to lower inflation

by using co-ordinated fiscal, monetary and structural reform measures seem to

imply real gains in the future, in the form of higher productivity growth. It

appears that Greece will be able to exploit the inflation±productivity trade-off

contrary to most Southern European (and indeed, most European) economies. If

we take into account the continual fall in interest rates, the high investment ratios

and the ongoing structural reforms, it should be possible to increase productivity

growth even more. These factors, in combination with the commitment to

stability-oriented policies, should imply further gains through falling financial

costs, stable wages, and increased productivity.
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Appendix A. Data

The AMECO data base (Annual Macro Economic Data Base DG2) provides

statistical data for the economies we are interested in this paper, with high degree

of comparability and reliability. The data is available over the period 1960±1997.

Since output (Yrt) is expressed as final sales, imports of consumption and

consumption goods must be added to gross domestic product (GDP) and non-

factor costs must be excluded:

Yrt � GDP �M ÿ Tind � S r � 1:2 . . . 15 t � 1960 . . . 1997

where Tind = indirect taxes. S = subsidies and M = value of imports.

All information needed for the right-hand side of Eq. (A1) is provided by

AMECO for the entire period. All data are expressed at constant market prices in

mrd ECU base year.

Employment (Lrt) was measured as the number of wage and salary earners and

self-employed. The source is AMECO.

Capital (Krt) was measured as the value of net capital stock. The use of net

capital stock is preferable to gross fixed investments under the assumption that

both series contains the same components (producer durables, non-residential

construction, and other construction) because past discounted streams of invest-

ment are included in the former. All data are expressed in constant market prices

in mrd ECU base year. The source of data is AMECO.

The price variable is measured by the chain-weighted price deflator of GDP at

market prices.

Appendix B. Bayesian full information co-integration analysis

If {yit} denotes the ith element of the n � 1 vector of time series {yt}, consider

the VAR representation (Eq. (B1))

yt � A0 � A1t � B�L�yt � ut �B1�

E.G. Tsionas / Journal of Policy Modeling 23 (2001) 67±81 77



where A0 and A1 are n � n matrices and B(L) is an n � n matrix with elements

[bij(L)] where

bij�L� �
X
k�1

p

bijkLk ;

and ut is an n � 1 vector of normal disturbances. Following DeJong (1992) define

�(z)=InÿB(z). The roots of the VAR representation of {yt} correspond to the np

factors of the determinant of �(z) which are denoted by �1,. . .,�np and they are

ordered in increasing order of absolute magnitude. The components of {yt} are co-

integrated if they are each integrated, and the VAR representation of {yt} has k roots,

where 0<k<n, i.e. there are nÿk vectors a 6�0 such that a0yt is stationary, where the

vectors a are the co-integrating vectors. If the components of {yt} are each

integrated but not co-integrated, the VAR representation of {yt} will have n roots.

In order to perform Bayesian co-integration analysis, it is necessary to conduct

posterior inference for the roots of the VAR representation. If we stack the

observations of {yt} in standard fashion we obtain (Eq. (B2))

Y � X b� u �B2�
where the T � n matrix Y=[y1y2. . .yn] with yt

0=[yi1yi2. . .yiT], the T � (np + 2)

matrix X=[x1x2. . .xT] where xt=[1t y1 tÿ1y1 tÿ2. . .y1 tÿpy2 tÿ1. . .y2 tÿp. . .
yntÿ1yntÿ2. . .yntÿp], the (np + 2) � n matrix b=[b1b2. . .bn] with bi

0=
[ai0ai1bi11bi12. . .bi1p. . .bin1bin2. . .binp] and the T � n matrix u=[u1u2. . .un] where

ui
0=[ui1ui2. . .uiT]. Assuming that the rows of u are i.i.d N(0,�) where � is a

positive definite n � n covariance matrix. The sampling distribution of Y and X,

given the parameters b and �, is given by (Eq. (B3))

p�Y ;X j b;�� /j � jÿT=2 exp�ÿ1=2 tr�Y ÿ X b�0�Y ÿ X b��ÿ1�: �B3�
Let b̂ =(X 0X)ÿ1X 0Y, n = Tÿk, k = np + 2, and S = nÿ1(YÿX b̂)0(YÿX b̂). The

likelihood function can be written as (Eq. (B4))

L�b;�; Y ;X � /j � jÿT=2 expfÿ1=2tr�nS � �bÿ b�0X 0X �bÿ b���ÿ1g:
�B4�

Using the non-informative prior p(b,�) / j�j ÿ(n + 1)/2 (see Zellner, 1971) and

multiplying with the likelihood, we obtain the posterior kernel (Eq. (B5))

p�b;� j Y ;X � / p�� j Y ;X �p�B j Y ;X ;�� �B5�
where

p�� j Y ;X � /j � jÿ�n�n�1�=2 exp�ÿ1=2tr�ÿ1S�; �B6�
p�B j Y ;X ;�� /j � jÿk=2 exp�ÿ1=2�Bÿ B�0��ÿ1 
 X 0X ��Bÿ B�� �B7�

and B = vec(b). From these expressions we can see that (i) the conditional

posterior distribution of B given � is multivariate normal with mean BÃ and

^^

^ ^

E.G. Tsionas / Journal of Policy Modeling 23 (2001) 67±8178



covariance matrix �
(X 0X)ÿ1, and (ii) the marginal posterior density of � is of

the inverted Wishart type (Zellner, 1971, p. 395).

Although DeJong (1992) has used importance sampling techniques to simulate

the posterior distribution of the VAR roots, this is not necessarily the most

efficient computational approach. In fact, steps (i) and (ii) imply that Gibbs

sampling (Gelfand and Smith, 1989, for reviews see Casella & George, 1992;

Geweke, 1996; Smith & Roberts, 1993; Tsionas, 1999b) is a natural computa-

tional approach to simulating the posterior distribution of B and � and, therefore,

the posterior distribution of the VAR roots �1,. . .,�np. Starting from given initial

conditions, the Gibbs sampler produces successive draws for B and �. These

draws are generated as follows. Fix the number of Gibbs sampling iterations to

M, and for i = 1,. . .,M perform the iteration:

1. Draw �(i)jY,X from its marginal posterior distribution in Eq. (B6).

2. Draw B(i)j�(i),Y,X from its conditional distribution in Eq. (B7).

Notice that this sampler does not depend on initial conditions because the

draw for � is made directly from its marginal posterior �jY,X and not the

conditional posterior �jB,Y,X (see Tsionas, 1999a for using the same device in

another context). This is an advantage because if it can be established that the

sampler has converged to the posterior, this convergence must be global. i.e. it

holds for all sets of initial conditions.

The parameter draws obtained from the Gibbs sampler constitute a (non-

random) sample that converges to the posterior under mild conditions (Roberts

& Smith, 1994). To each draw of the parameters corresponds a draw for the

VAR roots �1,. . .,�np. Based upon these draws, posterior inference regarding

the co-integration properties of the series can be conducted. For example, one

may compute posterior means and posterior standard deviations of the VAR

roots, 95% Bayes probability intervals, exact marginal posterior densities for

the VAR roots, etc.
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