
Appendix A

Data Description

Chapters 4 and 6 contain empirical studies for six countries: Belgium, France, Ger-

many, Italy, the Netherlands, and the United Kingdom. Some of the data series are

used in both chapters. This appendix describes the data series and analyses them with

respect to stationarity. The models estimated in Chapters 4 and 6 are Phillips type

oriented and contain the following data series (ordered as they appear below): infla-

tion, expected inflation, unemployment rate, wage inflation, and labour productivity

growth.

A.1 Unit Root Testing

Augmented Dickey-Fuller

We applied an number of unit root tests on the series of the period 1960-2001, less

some years at the end or beginning of the series in case the series have no entries

there. The first is the Augmented Dickey-Fuller (ADF) test and is reflected by the

following regression for a variabley:

∆yt = c+ βt + γyt−1 +

m∑
j=1

γ j∆yt− j + εt (A.1)

wherec, β, γ, γ j ( j = 1...m) are parameters,t is a trend variable,∆ is the difference op-

erator andεt is the error term. So, the first difference is regressed on a trend, the lag of
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the variable of which stationarity is tested, and on a number of lagged first differences.

The ADF-test statistic is thet-statistic ofγ. In the tables below, the ADF-statistics are

given as well as their significance level (at 10%, 5%, 1%, or insignificant). The null

hypothesis of this test says that the series contains a unit root. The lag lengthm is

determined as the lag length for which the Akaike information criterion is minimal,

for m = 1...9. The significance of the ADF parameterγ is based on the MacKinnon

critical values.

The test specification is determined as follows. First, Equation (A.1) is estimated with

m lags based on the Akaike criterion. If the test statistic is lower than the MacKinnon

value at the 1%-significance level, we decide that the ADF test rejects a unit root. If it

is not, and theβ-parameter of the trend is significant at the 10%-significance level, the

procedure is stopped as well, and the test outcome ist-value ofγ, possibly significant

at the 5 or 10% significance level.

If β is insignificant we take the next step in the procedure. We repeat the estimation

withoutβt. If the ADF-statistic indicates rejection of a unit root at the 1%-significance

level, the procedure is stopped. If this is not the case, the significance of the constant

determines whether the procedure is stopped or continued. Ifc is significant at the

10%-significance level it is stopped and otherwise the estimation is repeated without

c+βt. After this step the procedure stops, regardless of the outcomes. The tables below

show what steps in this procedure were taken to obtain the reflected outcome. These

are estimation with trend and constant, with only a constant, or without either of them.

Phillips-Perron

The next test we applied is the Phillips-Perron (PP) test (Phillips and Perron, 1988),

which is based on the non-augmented Dickey-Fuller test (without
∑m

j=1 γ j∆yt− j in

Equation (A.1)):

∆yt = c+ βt + γyt−1 + εt

The t-value of theγ-parameter is adjusted in such a way that the asymptotic distri-

bution of the test value is not affected by serial correlation, by using the estimated

spectrum at frequency zero of the residuals. The significance also follows from the

MacKinnon critical values. The estimated spectrum at frequency zero is the weighted

sum of autocovariances of the residuals. The weights are based on a kernel func-

tion. Further, a bandwidth parameter is used that truncates the range for which au-

tocovariances receive a non-zero weight. We used the Parzen kernel function, with a

data-based bandwidth parameter with a maximum of 20. If the data-based band-width
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parameter is larger than 20, we set it on the maximum data-based number of previ-

ously performed PP-tests on the concerning variable. The PP-test can be reflected as

follows:

tPP
γ = tγ

√
τ0

f0
−

T( f0 − τ0)(se(γ))

2
√

f0s

wheretγ is the t-value of the estimatedγ, τ0 is the estimated varianceεt, T is the

number of data entries,se(γ) is the standard coefficient error ofγ, ands is the standard

error of the test regression. The estimated residual spectrum at frequency zerof0 is

reflected by:

f0 =
T−1∑

j=−(T−1)

τ jK
( j

l

)
whereτ j is the j-th autocovariance of the estimatedεt andK is the kernel function

given by the Parzen function

K
( j

l

)
=


1− 6( j

l )
2 + 6| jl |

3 if 0 ≤ | jl | ≤ 1/2
2(1− | jl |)

3 if 1/2 < | jl | ≤ 1
0 otherwise

wherel is the bandwidth.

The null hypothesis of the PP-test is, as of the ADF-test, that there is a unit root.

The critical values for the test statistic are also the same. The estimated test equation

has less parameters, so the PP-test has more degrees of freedom in estimating the

γ-parameter.

Kwiatkowski-Phillips-Schmidt-Shin

The third unit root test we applied takes stationarity as the null hypothesis. This is the

Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test (Kwiatkowskiet al., 1992), which

uses a frequency zero spectrum estimation of the residuals of the OLS estimation of:

yt = c′ + β′t + ε′t

The test is a Lagrange Multiplier (LM) statistic with a limitedχ2 distribution. The crit-

ical values are from Kwiatkowskiet al.(1992). The kernel function and its bandwidth

are chosen in the same way as with the PP-test. The test statistic can be reflected by:

LM =
T∑

t=1

(∑t
r=1 εt

)2

T2 f0
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The specification of the test equation is determined following a similar procedure

as in the previous two tests. The test start with a specification with a trend and a

constant. The trend is omitted in case the LM test statistic rejects stationarity at the

10%-significance level.

A.2 Inflation

The inflation series used in the empirical chapters are growth rates of the consumer

price indices (CPI) that are published by the IMF (International Monetary Fund) in the

IFS (International Financial Statistics). Figure A.1 shows the graphs of the inflation

rates. The series start in 1961 and end in 2001. We can discern possible correlation

with monetary regimes (Bretton Woods in the 1960s, managed floating system of the

1970s, and the process in the 1980s and the 1990s of increasing integration towards a

monetary union).

The expected inflation rate series are partially taken from the OECD Economic Out-

look that is published in December. The expected inflation rate that is used for yeart

is the expected inflation rate for yeart, published in yeart − 1. The first year in which

this expected inflation rate was published is 1973, so this series ofπE
t starts in 1974.

For the period 1961-1973, we used as a proxy simply the lagged actual inflation rate.

Figure A.1 shows that the course of these series are comparable with those of the ac-

tual inflation rates. The series of the expected inflation after 1973 usually lags behind

that of the realised inflation rate, which is an indication that the lagged inflation rate is

a fairly good proxy if you choose not to build a model to create a series for expected

inflation. Most of the peaks in the realised series are higher than those of the expected

inflation rate. An exception is the expected inflation rate in Italy in 1975 and 1977.

Those peaks are higher than those of the realised series in the period 1974-1977.

The unit root tests mentioned in the previous section are applied to the logarithm of

the CPI series, and the first and the second differenced series. The first differenced

series of the log of CPI approximates the inflation series. Table A.1 contains the test

statistics.

The ADF-test rejects a unit root in the inflation series of Belgium and Germany. The

PP-test accepts a unit root for all inflation series. The KPSS-tests rejects stationarity

for the French inflation series. This means that the results for French inflation indicate

a unit root with all tests. The results for Italy, the Netherlands, and the United Kingdom

are mixed. The ADF and the PP-tests reject the unit root where the KPSS-tests reject

stationarity.
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Figure A.1 Inflation rates (–) and expected inflation (—), percentage points
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Table A.2 show the unit root test and stationarity test results for the expected inflation

rate. The test results of the ADF and PP-tests accept a unit root for all expected infla-

tion rate series and reject a unit root of all first differenced series. The results of the

KPSS-tests show that stationarity is accepted for all expected inflation series, except

that of France. Therefore, only the results for French inflation are non-mixed. The test

on first differenced series reject the null hypotheses of the unit root (ADF and PP) or

stationarity (KPSS).
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Table A.1 Unit root tests for Consumer Price Index (CPI), 1960-2001

ADF PP

CPI ∆CPI ∆2CPI CPI ∆CPI ∆2CPI

B –1.6 (c) –2.7∗ (c) –4.1∗∗∗ (tc) –1.1 (c) –1.1 (-) –3.8∗∗∗ (c)
F –2.1 (c) –0.8 (-) –5.4∗∗∗ (tc) –1.2 (c) –0.9 (-) –5.3∗∗∗ (tc)
G –1.9 (tc) –2.8∗ (c) –5.1∗∗∗ (tc) –1.3 (c) –2.2 (c) –5.0∗∗∗ (tc)
I –2.3 (tc) –0.8 (-) –4.9∗∗∗ (tc) –0.6 (c) –0.9 (-) –4.9∗∗∗ (tc)
N –2.1 (c) –2.2 (c) –6.4∗∗∗ (tc) –1.8 (c) –2.2 (c) –6.4∗∗∗ (tc)
U –1.4 (c) –1.2 (-) –6.0∗∗∗ (tc) –0.9 (c) –1.1 (-) –10.1∗∗∗ (tc)

KPSS

CPI ∆CPI ∆2CPI

B 0.14∗ (tc) 0.23 (c) 0.23 (c)
F 0.13∗ (tc) 0.14∗ (tc) 0.10 (tc)
G 0.15∗ (tc) 0.10 (tc) 0.07 (tc)
I 0.10 (tc) 0.15 (c) 0.06 (tc)
N 0.16∗∗ (tc) 0.11 (tc) 0.14 (c)
U 0.12∗ (tc) 0.19 (c) 0.25 (c)

B=Belgium, F=France, G=Germany, I=Italy, N=Netherlands, U=United Kingdom
ADF=Augmented Dickey-Fuller test, PP=Phillips-Perron test, KPSS=Kwiatkowski-Phillips-Schmidt-Shin test
CPI: logarithm of Consumer Price Index,∆CPI: first differences ofCPI, ∆2CPI: second differences ofCPI
ADF and PP: rejection of unit root: at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

KPSS: rejection of stationarity at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

t: including a trend variable; c: including a constant

Table A.2 Unit root tests for expected inflation (πE), 1960-2001

ADF PP KPSS

πE ∆πE πE ∆πE πE ∆πE

B –2.4 (c) –4.8∗∗∗ (tc) –2.1 (c) –4.7∗∗∗ (tc) 0.19 (c) 0.27 (c)
F –1.0 (-) –5.9∗∗∗ (tc) –1.0 (-) –6.0∗∗∗ (tc) 0.14∗ (tc) 0.09 (tc)
G –2.1 (c) –5.7∗∗∗ (tc) –2.4 (c) –5.7∗∗∗ (tc) 0.12 (tc) 0.04 (tc)
I –0.8 (-) –9.1∗∗∗ (tc) –1.1 (-) –8.9∗∗∗ (tc) 0.15 (c) 0.08 (tc)
N –2.1 (c) –4.2∗∗∗ (c) –2.1 (c) –7.4∗∗∗ (tc) 0.11 (tc) 0.11 (tc)
U –2.2 (c) –6.8∗∗∗ (tc) –2.2 (c) –9.1∗∗∗ (tc) 0.17 (c) 0.26 (c)

B=Belgium, F=France, G=Germany, I=Italy, N=Netherlands, U=United Kingdom
ADF=Augmented Dickey-Fuller test, PP=Phillips-Perron test, KPSS=Kwiatkowski-Phillips-Schmidt-Shin test
∆πE: first differences of expected inflation
ADF and PP: rejection of unit root: at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

KPSS: rejection of stationarity at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

t: including a trend variable; c: including a constant
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A.3 Unemployment

The unemployment rate data are from the OECD data base and are calculated as un-

employed workers as a percentage of the labour force. The unemployment rate and the

growth rate of GDP can both be used as a measure of economic activity. In Phillips

curve oriented studies the unemployment rate is usually used. Figure A.2 shows the

plotted series. Unemployment rates show a clear upward trend from at least 1975 on-

wards. For all countries there is a dip somewhere in the early 1990s, after which the

series go upward again. The graphs show that the unemployment rate is decreasing

towards the end of the sample.

Figure A.2 Unemployment rates
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Source: OECD database, unemployed as a percentage of the labour force
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The unit root tests only reject a unit root for the unemployment rate series in the case

of the ADF-test on German data. The KPSS-test on stationarity rejects stationarity for

the Netherlands and the United Kingdom, which is in accordance with the unit root

test outcomes. The results for Belgium, France and Italy are mixed (unit root tests

do not reject a unit root, stationarity tests accept stationarity). All tests on the first

differences of the unemployment rate reject a unit root and accept stationarity.

Table A.3 Unit root tests for the unemployment rate, 1960-2001

ADF PP KPSS

u ∆u u ∆u u ∆u

B –1.9 (c) –3.7∗∗∗ (c) –0.2 (-) –3.0∗∗∗ (-) 0.12 (tc) 0.11 (tc)
F –1.5 (c) –3.4∗∗∗ (-) –1.2 (c) –3.4∗∗∗ (-) 0.11 (tc) 0.21 (c)
G –3.2∗ (tc) –4.5∗∗∗ (tc) –1.0 (c) –3.4∗∗∗ (-) 0.09 (tc) 0.10 (tc)
I –1.4 (c) –4.1∗∗∗ (c) –1.1 (c) –3.9∗∗∗ (c) 0.11 (tc) 0.18 (c)
N –0.6 (-) –4.6∗∗∗ (tc) –0.7 (-) –2.5∗∗ (-) 0.15∗∗ (tc) 0.10 (tc)
U –2.2 (c) –4.3∗∗∗ (tc) –0.6 (-) –2.7∗∗∗ (-) 0.13∗ (tc) 0.10 (tc)

B=Belgium, F=France, G=Germany, I=Italy, N=Netherlands, U=United Kingdom
u: unemployment rate;∆u: first differences of unemployment rate
ADF=Augmented Dickey-Fuller test, PP=Phillips-Perron test, KPSS=Kwiatkowski-Phillips-Schmidt-Shin test
∆u: first differences of unemployment rate
ADF and PP: rejection of unit root: at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

KPSS: rejection of stationarity at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

t: including a trend variable; c: including a constant

A.4 Wage Inflation

The wage inflation data are the growth rates of compensation per employee in the pri-

vate sector from the Economic Outlook of the OECD. The time series of the compen-

sation per employee of Germany and Italy start in 1960, that of Belgium in 1970. The

data for Belgium of 1960-1969 are compensation per employee in the whole economy,

used as proxy. The wage level for the whole economy is lower than that of the private

sector and therefore the data are increased by 15%, which is the average relative dif-

ference between the private sector and the whole economy in the 1970s, as a proxy for

the private sector in the 1960s. The series of France starts in 1963, that of the United

Kingdom in 1961, and that of the Netherlands in 1969. The Dutch data of 1960-1968

are from Jongbloedet al. (1989) and also reflect compensation per employee in the

private sector. The wage level of 1991 for Germany is extremely low compared to

1990 and 1992; this is caused by the German unification. This implies that wage in-

flation in both 1991 and 1992 are outliers, as can be seen in Figure A.3. The graphs
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show that wage inflation in these six countries move around a lower average after 1985

than in the decades before. The wage inflation series of the United Kingdom shows

an extreme value in 1975. Further, there is a less clear difference between the average

wage inflation rate in the beginning of the sample and the last decade.

Figure A.3 Wage inflation rates
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Source: OECD database, growth rate of compensation per employee in the private sector;
Belgium, 1960-1969: OECD database, growth rate of compensation per employee in the
whole economy; Netherlands 1960-1968: Jongbloed et al.(1989)

The unit root tests are applied to the natural logarithm of the wage level, and on its

first and second differences. The test outcomes are reflected in Table A.4. The ADF

and PP-test reject a unit root in the wage inflation series of Belgium, Germany, and the

United Kingdom. Stationarity is accepted by the KPSS-test for the Dutch data. It is

rejected for the French and Italian wage inflation, so that for these two all tests indicate
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non-stationarity. All tests on the twice differenced series of wages reject a unit root or

stationarity.

Table A.4 Unit root tests for wages, 1960-2001

ADF PP

W ∆W ∆2W W ∆W ∆2W

B –3.0∗∗ (c) –3.5∗ (tc) –5.5∗∗∗ (tc) +0.3 (tc) –3.4∗ (tc) –14.0∗∗∗ (tc)
F –3.0∗∗ (c) –3.1 (tc) –5.2∗∗∗ (tc) +0.7 (tc) –1.6 (-) –5.3∗∗∗ (tc)
G –3.9∗∗∗ (c) –6.5∗∗∗ (tc) –7.6∗∗∗ (tc) –4.6∗∗∗ (c) –6.5∗∗∗ (tc) –32.7∗∗∗ (tc)
I –2.1 (c) –2.4 (tc) –6.0∗∗∗ (tc) +0.5 (tc) –2.4 (tc) –6.2∗∗∗ (tc)
N –2.7∗ (c) –0.9 (-) –6.4∗∗∗ (tc) –3.6∗∗∗ (c) –2.3 (tc) –6.4∗∗∗ (tc)
U –2.2 (c) –3.5∗ (tc) –7.8∗∗∗ (tc) –1.9 (c) –3.5∗ (tc) –17.7∗∗∗ (tc)

KPSS

W ∆W ∆2W

B 0.17∗∗ (tc) 0.12∗ (tc) 0.24 (c)
F 0.16∗∗ (tc) 0.12∗ (tc) 0.11 (tc)
G 0.18∗∗ (tc) 0.09 (tc) 0.19 (c)
I 0.15∗∗ (tc) 0.14∗ (tc) 0.25 (c)
N 0.17∗∗ (tc) 0.09 (tc) 0.14 (c)
U 0.15∗∗ (tc) 0.12∗ (tc) 0.22 (c)

B=Belgium, F=France, G=Germany, I=Italy, N=Netherlands, U=United Kingdom
W: logarithm of wage level;∆W: first differences ofW; ∆2W: second differences ofW
ADF=Augmented Dickey-Fuller test, PP=Phillips-Perron test, KPSS=Kwiatkowski-Phillips-Schmidt-Shin test
ADF and PP: rejection of unit root: at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

KPSS: rejection of stationarity at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

t: including a trend variable; c: including a constant

A.5 Labour Productivity

The model of Chapter 5 contains labour productivity of the industrial sector as a proxy

for the labour productivity in the private sector. The proxy is obtained by subtracting

the growth rate of employment (from OECD data base) from that of industrial produc-

tion (from IFS). Consistent data series of employment growth in the industrial sector,

starting in 1960 for all countries, were not available. As a proxy, we could use growth

rates of employment in the business sector, which were close to those of total employ-

ment, but these series did not always go back as far as 1960. We decided to take the

growth rate of total employment as a proxy for that of the industrial sector for all six

countries. The graph of Germany in Figure A.4 shows that the entry of 1991 is ex-
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cluded. Due to the unification the growth rate of employment was extremely high and

therefore that of labour productivity extremely low in 1991 (the series of Industrial

Production is adjusted for this discontinuity).

Figure A.4 Growth rate of labour productivity based on Industrial Production
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The unit root and stationarity tests for labour productivity are applied on the natu-

ral logarithm of labour productivity, and on its first and second differences. Labour

productivity growth is only used in Chapter 6, where the data range is 1960-1998.

Therefore we applied the tests on this period.
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Unit roots are rejected in all cases by the ADF and PP tests for labour productiv-

ity growth rates (as well as for the logarithm of the level of labour productivity, at

the 10%-significance level). The KPSS-statistics lead to mixed results for Belgium,

Germany, and Italy with respect to the labour productivity growth rate. They reject

stationarity.

Table A.5 Unit root tests for labour productivity, 1960-1998

ADF PP

X
N ∆ X

N ∆2 X
N

X
N ∆ X

N ∆2 X
N

B –2.9∗ (c) –6.8∗∗∗ (tc) –7.1∗∗∗ (tc) –9.0∗∗∗ (c) –8.6∗∗∗ (tc) –59.3∗∗∗ (tc)
F –2.9∗ (c) –6.3∗∗∗ (tc) –7.6∗∗∗ (tc) –3.4∗∗ (c) –6.4∗∗∗ (tc) –19.5∗∗∗ (tc)
G –2.8∗ (c) –6.1∗∗∗ (tc) –10.2∗∗∗ (tc) –2.7∗ (c) –6.6∗∗∗ (tc) –36.7∗∗∗ (tc)
I –4.2∗∗∗ (c) –5.9∗∗∗ (tc) –7.6∗∗∗ (tc) –5.6∗∗∗ (c) –5.9∗∗∗ (tc) –53.2∗∗∗ (tc)
N –4.0∗∗∗ (c) –5.5∗∗∗ (tc) –6.8∗∗∗ (tc) –3.3∗∗ (c) –5.5∗∗∗ (tc) –16.6∗∗∗ (tc)
U –3.7∗∗∗ (c) –5.8∗∗∗ (tc) –4.5∗∗∗ (tc) –11.7∗∗∗ (c) –6.8∗∗∗ (tc) –25.6∗∗∗ (tc)

KPSS

X
N ∆ X

N ∆2 X
N

B 0.17∗∗ (tc) 0.19∗∗ (tc) 0.31 (c)
F 0.15∗∗ (tc) 0.12 (tc) 0.64∗∗ (c)
G 0.16∗∗ (tc) 0.12∗ (tc) 0.18 (c)
I 0.16∗∗ (tc) 0.14∗ (tc) 0.04 (tc)
N 0.16∗∗ (tc) 0.08 (tc) 0.11 (tc)
U 0.17∗∗ (tc) 0.11 (tc) 0.25 (c)

B=Belgium, F=France, G=Germany, I=Italy, N=Netherlands, U=United Kingdom
X/N: the natural logarithm of labour productivity,∆X/N: first differences ofX/N,
∆2X/N: second differences ofX/N
ADF=Augmented Dickey-Fuller test, PP=Phillips-Perron test, KPSS=Kwiatkowski-Phillips-Schmidt-Shin test
ADF and PP: rejection of unit root: at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

KPSS: rejection of stationarity at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

t: including a trend variable; c: including a constant

A.6 Conclusions

The data that are used in Chapters 4 and 6 are presented and analysed in this appendix.

Most data are from the OECD and the IFS. The time interval is 1960-2001 (1960-1998

in case of labour productivity). For this time interval we performed a number of unit

root tests and a stationarity test. If one or more series that are included in an empirical

model (as in Chapter 4 and 6) contain a unit root, the estimation outcomes are likely to
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contain autocorrelation in the error term. We tested for unit roots for the entire period

and for subperiods based on the subdivision in Chapter 6. The power of these tests is

limited for the entire period, which is rather short for these kind of tests; they should

therefore be regarded as indicative tests rather than as conclusive about unit roots in

the data.

The mixed results from the tests is an implication of the low power for determining

whether the series are stationary. For this reason it is possible that the results for sta-

tionary series suggest a unit root or leave it undetermined by mixed results. Another

cause of accepting a unit root for a stationary series can be a break in the series. The

break may cause the series to act stationary at another level after the break. A test that

does not account for such a shift is likely to reject stationarity. (See Hansen (2001) for

a discussion on testing tools for structural breaks.) As an example we performed a unit

root test that also tested for a structural break on the series of French wage inflation.

The test found a break in 1985 and rejected a unit root for the series adjusted for this

break.

The mixed results of the ADF, PP, and KPSS tests and the possibility of breaks in the

data series that cause the regular tests to accept a unit root or reject stationarity are the

motivation for treating all variables as being stationary in Chapters 4 and 6.
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