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1. Introduction

In a forward-looking environment, policy makers and market participants are
constantly in search of indicators that might help predict future inflation. A wide
range of measures of the state of the labour market — such as the gap between the
actual and the natural level of unemployment, indicators of excess demand and
of labour supply shortages — belong to the standard set of variables monitored
by monetary authorities and analysts. In this context, a group of indicators that
generally receives substantial attention is the one related to workers’ compensa-
tions: changes in wages, labour productivity and unit labour costs. The under-
lying assumption is that wage dynamics play a central role in determining price
developments. In particular, if nominal wages increase faster than productivity
does, price stability is jeopardised because companies are faced with growing pro-
duction costs and will eventually be forced to increase their prices. According
to this view, appropriate measures of labour cost developments at the aggregate
level can be useful as early detectors of future inflation.

In contrast to other countries, wages and labour cost developments have
received little attention in Switzerland. The main reason lies in the lack of such
indicators. Currently, nominal wage figures are released only once a year by the
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Swiss Federal Statistical Office and with quite a substantial delay. No official
unit labour cost series exist.

In this paper, we construct quarterly time series for nominal hourly wages and
for productivity-corrected nominal houtly wages, i.e. unit labour costs, from 1975
onwards. We then investigate the empirical link between wages and CPI infla-
tion in order to identify causality effects. In particular, we want to evaluate the
relevance of wages as an indicator for short-run CPI inflation. Causality here is
defined in an econometric sense: it asks whether wages help to improve inflation
forecasts beyond the information contained in lagged inflation itself. Evidence of
Granger causality of wages on prices would, instead, 70 mean that wage changes
literally cause price changes. If employees are forward-looking, it might actually
be that — at least to some extent — wages increase because future prices are cor-
rectly anticipated to rise. It would, however, imply that current wage develop-
ments carry information regarding future inflation movements.

We find evidence that prices influence wages, independently of the sample
period. Wages also influence prices, in the full sample. This result, however, does
not hold for the sub-sample starting at the beginning of the 1990s, implying that
the explanatory power of wages vanishes in a low inflation environment.

The paper is structured as follows. Section 2 presents some theoretical argu-
ments linking wages and prices. It also provides an overview of some recent
empirical work based on US data and refers to results obtained by GAILLARD
(1992) for Switzerland. Section 3 looks briefly at the Swiss data. In Section 4,
we formally investigate the terms of the relation between wages and prices in
Switzerland. This section also deals with generated regressors issue and the safety
measures taken to ensure correct inference. Section 5 contains some conclud-
ing remarks.

2. The Link between Wages and Prices

2.1 Theoretical Background

Labour cost developments are often said to lead inflation. This argument goes
back to the cost-push theory of inflation, which maintains that because labour
costs make up a substantial share of the production costs, rising wages will
sooner or later end up influencing prices. In particular, if wages grow faster than
labour productivity, companies are forced to pass on the cost increase and thus
adjust prices. Certainly, the link is not mechanical. The literature on nominal
price rigidity indicates that companies on most markets tend to avoid making
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all too frequent price changes. The rate at which adjustments occur depends on
a series of factors such as the size and persistency of the cost increase, the size of
the profit margins, the demand strength and the expected behaviour of com-
petitors. In the short run, companies might be willing to accept a reduction in
their profit margins, but in the medium term, persistent wage increases make
price adjustments necessary.

This argument, however, does not resolve the issue of how an acceleration in
labour costs comes about in the first place. The bulk of existing explanations
regarding inflation are actually provided by demand-driven theories. These iden-
tify in an excessively expansionary monetary policy the exogenous determinant
of inflationary pressures. A causal influence of wages on prices could in principle
still be observed. As companies compete to hire staff in order to satisfy a growing
demand, wages will rise unless labour supply is sufficiently elastic. Note, however,
that the direction of causation might just as well be inverted: strong aggregate
demand, capacity bottlenecks and aggregate supply shortages could allow compa-
nies to increase prices, leading to higher profits. This would in turn push employ-
ees to request substantial wage increases. Either way, this view implies that wages
are likely to lose their interest as an early indicator for future inflationary trends
and that the focus should rather be placed on monetary conditions. Obviously,
the different mechanisms that have just been sketched might be working simul-
taneously, allowing for bi-directional influences between wages and prices.

Two alternative settings are generally used to model wage behaviour: the Phil-
lips curve and the wage curve.' Whereas the Phillips curve approach is based on
a negative relationship between the rate of change of wages and the unemploy-
ment rate (or some broader measure of economic slack), the wage curve implies
a negative relationship between the /level of real wages and the unemployment
rate. In OECD (1997, table 1.A.1), wage equations are estimated for twenty-one
countries. In seven of these, the Phillips curve proves to provide a better fit of
the data. This group of countries includes the US and Switzerland. This is why,
following Gorpon (1985), GHALI (1999) and MEHRA (2000), we formalise the
link between the two variables in an expectations-augmented Phillips curve
framework, where prices are determined by a mark-up over wages. In turn, wages
depend on expected inflation. In both equations, aggregate demand conditions
as well as supply shocks are also taken into account. The two equations can be
formulated as follows:

1 See Lavarp, NickeLL and Jackman (1991) BrancuARrRD and Katz (1999) and BarRDSEN,
ErrrHEIM, JANSEN and NYMOEN (2005) for a discussion.
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where p, is the price level, w, is the nominal wage, ¢, is labour productivity, 4, is a
measure of the state of aggregate demand, z,,are price-specific supply shocks while
z,, are wage-specific supply shocks. A is the first difference operator and Ap/
denotes inflation expectations. All variables are expressed in natural logarithms.

The price equation (1) implies that prices are determined by wage behaviour,
once you control for the cyclical state of demand, on the one hand, and supply
shocks, on the other. Equation (2) describes the wage dynamics. Firstly, note that
wages are defined as labour productivity-adjusted wages, i.c. unit labour costs.
Secondly, given the assumed adaptive shape of inflation expectations, expected
inflation is explicitly related to past inflation in the wage equation once (3) is
substituted in. Wage growth is thus influenced by lagged price inflation. In other
words, this setting suggests that both wages and prices systematically influence
cach other. The next section looks at what empirical research on the topic says.

2.2 Empirical Evidence

So far, attempts to empirically investigate the link between wages and prices have
produced contrasting results. Most of the available research seems to show little
evidence that wage inflation causes price inflation. GorpON (1988) and MEHRA
(1991) conclude that wage changes are not relevant in explaining inflation when
the lacter is measured using the GDP deflator. MEHRA (1993) finds that changes
in unit labour costs cause CPI inflation; stronger evidence, however, supports
the view that changes in the GDP price deflator explain wage changes. Based
on further research, this same author (MEHRA, 2000) argues that wage growth
helps predict future inflation only during a period of constantly accelerating
inflation. In contrast, inflation systematically helps predict wage growth over a
much larger span of time (1952-1999) which covers different inflation regimes.
EmEeRry and CHANG (1996) observe that, during the post-1980 period of rather
low inflation, including a unit labour cost variable in the inflation equations does
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not improve their out-of-sample forecasting power, whereas evidence of infla-
tion causing wage growth is robust, regardless of the sample choice. Hess and
ScuwerTzer (2000) also find evidence that inflation helps predict labour costs
rather than the other way around.

Some authors have identified an impact of wages on prices at the sector level.
BRAUER (1997) shows that while compensation growth in the goods industry has
little predictive power for the evolution of goods prices, compensation growth in
the private services sector does help predict prices for a specific group of services,
and thus in turn movements of the CPI. AARONsON (1999) provides evidence of
the impact of minimum-wage increases on prices in the catering sector.

CuaN-Lau and Tockarick (1999) claim that moderate labour cost growth —
due to a weakening in the dynamics of non-wage labour compensation and
greater labour productivity gains — is a key determinant of the slowdown in
inflation in the second half of the 1990s in the United States. Against the back-
ground of a growing output gap and declining unemployment, extending the
Phillips curve specification with a measure of labour costs turns out to be neces-
sary in order to explain the otherwise puzzling decline in inflation. Investigating
the 1959-1989 period, GHALI (1999) asserts that causality essentially runs from
wages to prices and takes a clear stance in favour of the systematic monitoring
of labour costs for monetary policy purposes.

Cleatly, even from an empirical perspective, there is no agreement on the terms
of the relationship between wages and prices. Generally speaking, research results
are quite sensitive to the sample choice, to the specific labour cost and price meas-
ures adopted as well as to the way econometric tests are specified.

In the case of Switzerland, findings on this issue are contained in GAILLARD
(1992), covering the period 1966:1-1991:4. The author formulates a two-equa-
tion framework to evaluate the wage-price adjustment mechanism. In the price
equation, prices are measured as the GDP deflator. Two formulations are applied.
In the first one, prices are determined by unit labour costs and a time-varying
mark-up which depends on business cycle conditions as measured by capacity
utilisation. In the second formulation, prices are a function of a constant mark-up
over production costs (defined as the sum of unit labour costs and capital costs).
In both cases, it turns out that unit labour costs play a highly significant role for
the short-run dynamics of prices. For the wage equation, too, several specifica-
tions are tried. Results across the board show that lagged price changes are a key
determinant of short-run wage developments.

This work expands GAILLARD’s (1992) results in a number of different ways.
First of all, we explicitly focus on the link between wages and CPI changes:
our purpose is to evaluate whether the movements of unit labour costs contain
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information for future headline inflation. Second, our wage and unit labour cost
series are based on a more comprehensive definition. Third, we extend the anal-
ysis period up to 2005, thereby including the moderate inflation environment
which has now been observed for more than ten years.

3. Swiss Data

3.1 Introducing the Series

At the moment in Switzerland, no official quarterly wage and unit labour cost
data exist. Official labour productivity data are published with a substantial delay
and are available on an annual basis only. As a consequence, the quarterly series
used in our analysis had to be constructed.

As far as wages are concerned, we used the annual labour income data result-
ing from the national accounts as a starting point. Labour income is defined as
the total amount of gross wages paid by resident employers to their resident and
non-resident workers. This definition of labour income also covers one-off com-
pensation (bonuses and benefits) as well as changes in charges due to pay-roll
taxes. Data currently cover the period to 2005. We obtained higher frequency
observations by applying the Crow and Lin (1971) technique for temporal dis-
aggregation within the ECOTRIM package developed by Eurostat.” Note that
this technique is widely applied to obtain quarterly estimates of national accounts
('see EUrOsTAT, 1999). Swiss quarterly accounts data are also estimated accord-
ing to this principle. By means of linear regression, this method distributes wage
growth over the four quarters comprising a year, under the constraint that aver-
age quarterly year-on-year changes correspond to the growth rate displayed by
the original low frequency series. Also, an assumption must be made regarding
the structure of the regression’s residuals. The Chow and Lin procedure assumes
that residuals follow an AR(1) process. For wage growth to be distributed over the
quarters in a legitimate manner, one or more relevant regressors — called related
series — must be chosen. Thus, the quarterly pattern of the estimated series is ulti-
mately determined by the profile of the related series which have been selected.
The magnitude of growth, instead, is determined entirely by the dynamics of the
low frequency series (labour income).

2 See BARCELLAN (1994) and EurostaT (1999).
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In order to identify appropriate regressors, we followed the strategy suggested
by EurosTaT (1999). The latter is based on two main criteria: i) the related series
used as regressor should have some kind of theoretically-founded link to the
target series and ii) statistical evidence on the correlation between the target vari-
able and candidate regressors must support the choice. We used two regressors.
The first one is a time series on nominal wage growth obtained on the basis of
information taken from the files of SUVA, the Swiss Accident Insurance Fund
for employees. In the past, this source was used by the State Secretariat for Eco-
nomics (seco) to extract official estimates of the nominal wage dynamics on a
quarterly basis.” SUVA wages, however, underestimate the actual trend in labour
income, as they do not take into account one-off compensations and changes
in aggregate workers’ income linked with shifts in the employment structure.
Indeed, labour income grew, on average, 1.5% p.a. faster than SUVA wages over
the 1975-2005 period. The wage series used by GAILLARD (1992) is affected by
these shortcomings. Our second high-frequency regressor, is employment growth,
measured in terms of hours worked, which we introduce in more detail below.

How do these two regressors perform in terms of the two above-mentioned
criteria? Criterium i) is satisfied as, in principle, labour income growth is indeed
supposed to reflect the joint developments of the quantity of labour input and
its price. As far as the second criterium is concerned, a standard approach is to
look either at correlations or at the fit of the regression. The simultaneous corre-
lations is 0.75 between labour income and SUVA wages and 0.51 between labour
income and hours worked. SUVA wages and hours worked, however, are very
weakly correlated (0.05). The result of a regression based on annual data looks
as follows (t-statistics in brackets):

Alaborincome, = 1.06 + 1.13ASUVAw, +0.92 hoursworked, +¢,  (4)
(2.49)  (8.10) (5.34)

Adj.R*=0.77 DW =1.50

Both regressors are highly significant and make it possible to obtain a reasonable
fit. All in all, therefore, these two related series appear to conform well to the
afore-mentionned criteria. Figure 1 shows these different time series.

3 Allin all, the quarterly figures collected in this manner cover the period 1971:1-2005:4. For
the period after 1988, we rely on unofficial estimates obtained on the basis of the SUVA row
dara.
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Figure 1: Wage Series
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The next step involved computing hourly wage and hourly labour productiv-
ity figures. These two series were obtained by dividing labour income and real
GDP by a quarterly series of hours worked. Given the significant long-run trend
towards shorter average annual work duration — due to phenomena such as the
increasing proportion of part-time jobs, longer vacation periods, the reduction of
full-time weekly hours — the use of hours worked instead of a pro-capita measure
is relevant. Official data on hours worked exist on an annual basis for the period
1991-2004. For our purposes, we constructed an alternative quarterly series based
on the active labour force series and on information taken from several sources
regarding the different aspects of work duration.” Changes in the Unit Labour
Costs (ULC hereafter) were computed as the difference between nominal wage
changes and labour productivity changes.

Further, we used a monetary aggregate (M1) as well as a measure of the output
gap as indicators of the state of global demand. This latter series results from an

4 Shares of full-time and part-time employment are taken from the quarterly employment sta-
tistics of the Swiss Federal Statistical Office (SFSO). Figures on the weekly work duration by
employment category, on vacations, absences and additional hours result from the population
surveys and the annual labour force surveys.
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SNB internal computation based on the production function approach. All in
all, we dispose of a quarterly data set covering the period 1975.1-2005.4. The
lower truncation was imposed by our series on hours worked whereas the upper
bound of the sample was determined by the lack of further data regarding the
nominal labour income.’

3.2 A First Look at the Data

In this paper, we will compare the evolution of wage inflation and price inflation,
where price inflation will be provided by CPI changes. The reason for focusing on
the conventional consumer price index rather than on other measures of prices —
such as the GDP deflator or the producer price index — is that the price stability
objective of the monetary authorities is expressed in terms of an upper bound
for CPI annual changes. According to the Swiss National Bank (SNB) defini-
tion, price stability is provided when CPI annual growth remains below 2%. In
this section, however, we will also illustrate the relation between the evolution of
wages on the one hand and the producer price index (PPI) on the other.

We start our analyses by considering the relation at the level of producer prices.
Fig. 2a and 2b plot the time series of year-on-year changes in the producer price
index along with changes in hourly wages (HW) and changes in ULC respec-
tively. The nature of the relation between the two series seems to vary over time.
Nonetheless, they clearly share some common major upward and downward
movements. As can be seen in Table 1, the simultaneous correlation is 0.58
between PPI changes and nominal wage changes and 0.40 between PPI changes
and ULC changes. A careful observation of the two graphs makes it clear that
changes in the PPI lead changes in wage inflation. In fact, in the case of Fig.
la, the correlation between the two series is highest (0.73) between current PPI
inflation and changes in nominal wages at time 7+ 4. In Fig. 2b, ULC changes
appear to reach the maximum correlation with PPI, changes at #+ 4 (0.68).

Fig. 3a and 3b focus on consumer prices. They show the annual change in the
CPI versus our two measures of wage inflation. The two graphs make it even
clearer that movements in prices and wages are closely related. The wage series
co-move quite systematically with the CPI changes throughout the whole period.

5  Theapplication of the Chow and Lin method makes it possible to estimate out-of-sample values
as long as the related series are available. We could therefore extend our sample to 2006:2.
Nevertheless, we choose to truncate the analysis in 2005:4 in order to circumvent the issue of
the precision of out-of-sample estimates.
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Figure 2a: PPI and Hourly Wages
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Figure 2b: PPI and Unit Labor Costs
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Figure 3a: CPI and Hourly Wages
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Figure 3b: CPI and Unit Labor Costs
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Table 1: Variables’ Correlations

i PPIvs HW (-i) PPIvs HW (+i) PPIvs ULC () PPIvs ULC (+i)
0 0.5801 0.5801 0.3983 0.3983
1 0.5285 0.6484 0.3417 0.4918
2 0.4733 0.6997 0.3176 0.5693
3 0.4152 0.7318 0.2960 0.6412
4 0.3740 0.7331 0.2929 0.6784
5 0.3439 0.6937 0.3144 0.6561
6 0.3190 0.6301 0.3374 0.6087

i CPIvs HW (i) CPIvs HW (+1) CPIvs ULC (-i) CPIvs ULC (+4)

0 0.7819 0.7819 0.6897 0.6897
1 0.7252 0.7882 0.6514 0.6844
2 0.7148 0.7619 0.6163 0.6576
3 0.6555 0.7137 0.5467 0.6154
4 0.5914 0.6485 0.4663 0.5578
5 0.5203 0.5571 0.4153 0.4866
6 0.4405 0.4600 0.3689 0.3915

Correlations refer to year-on-year changes. CPI: consumer price index;
PPI: producer price index; HW: hourly wage; ULC: Unit labour costs.

In both graphs, the two series decline strongly at the beginning of the sample.
They then display an initial peak in the early 1980s before dropping significantly.
They pick up again in a fairly parallel manner at the end of the decade and sub-
sequently follow a common downward trend. A moderate hike is then observed
during the cyclical upswing at the beginning of the new millennium. As com-
pared to what has just been observed for the producer price index, the lead of
prices on wages is less evident. In fact, in Fig. 3a and 3b, the correlations between
current CPI and wage changes at #and 7+ 1 are equally strong.

By looking at Fig. 2a through 3b, it appears that all individual price and wage
growth series are strongly autocorrelated. High pairwise cross correlations are
automatically induced by this feature. From a Granger causality perspective, it
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might therefore be interesting to look at how the deviations from the underly-
ing autoregressive processes correlate. For each of the variables, we estimate a
simple AR(1) process and have the residuals of the regression define the shocks
hitting this variable. We then measure the strength of co-movements between
these shocks. In Table 2 we report the correlation results for CPI shocks only. Not
reported are similar — but weaker — results for PPI shocks. A ** symbol implies
that the correlation is significant at the 5% level. Generally speaking, Table 2
points to a positive correlation between CPI shocks, on the one hand, and wage or
ULC shocks, on the other. Correlations tend to be stronger between CPI shocks
and wage growth at time 7+ 7, suggesting a possible lead of price inflation on
wage inflation. Between CPI shocks and ULC shocks, however, the strongest
correlation is the simultaneous one.

Table 2: Shocks’ Correlations

i CPIvs HW (-i) CPIvs HW (+7) CPI vs ULC (-i) CPIvs ULC (+4)

0 0.1052 0.1052 0.1818** 0.1818**
1 0.1702 0.3050** 0.0431 0.1688
2 0.1078 0.2124** 0.1522 0.1296
3 0.0248 0.1268 0.0318 0.1113
4 0.0906 0.2130** —0.1431 0.1073
5 0.0868 0.0647 —-0.009 0.1604
6 —-0.0208 0.0027 —-0.0939 —-0.0105

** signals significance at the 5% level.

This initial evidence proves that price and wage changes are closely related. None-
theless, it does not allow any safe conclusion to be made about the direction of
causation. In the next section, Granger-causality tests are implemented to shed
some more light on the empirical relationship between wages and prices.
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4. Empirical Analysis

4.1 Unit Root and Cointegration Analysis

From this point onwards, we will focus on changes in productivity-adjusted
wages, i.e. changes in ULC, as the measure for wage inflation. From a theoretical
point of view, at least, ULC are a better measure of the cost pressure experienced
by companies than simple nominal wage changes. If productivity increases, com-
panies can afford to pay higher wages without changes in their prices.

In order to establish the nature of the link between ULC and prices, we will
implement formal Granger-causality and weak exogeneity tests. The specification
of all further tests in this paper crucially depends on the stationarity properties of
the series. In part of the literature, wages and prices are found to be integrated of
order one and Granger-causality tests are formulated in first differences, whereas
in some cases wages and prices are considered 1(2) and causality tests are conse-
quently implemented using second differences. We perform Augmented Dickey-
Fuller (ADF) as well as Kwiatkowski-Phillips-Schmidt-Shin (KPSS) tests.’ Tests
are implemented for the CPI and the ULC both in (seasonally-adjusted natural
log) levels and in first differences.

Table 3 presents the outcome of the test. The upper part of the table reports
the estimated values of the p coefficient, the ADF test statistics Z,,,, the number
of lags 7 (according to the SIC) as well as the MacKinnon one-sided p-values.
The lower part of the table shows the KPSS test statistics as well as the 1% and
5% critical values. On the basis of these results, we may conclude that both
prices and ULC series are integrated of order one while their log changes are
mean stationary.

Next, we analyse the cointegration relationship. If series are cointegrated, a
stationary error-correction term must be included in the regressions in order to
guarantee correct inference. We regress prices on ULC and implement ADF and
KPSS tests for the residuals of this regression. The estimated regressions appear
as follows:

2, =4.974+0.909ulc, + residpyt (5)

ule, =—5.431+1.090 p, + resid,,, (6)

6 The ADF procedure tests the unit root null hypothesis against the alternative hypothesis that
the series are trend stationary or mean stationary. The KPSS procedure, by contrast, tests the
null hypothesis of (trend) stationarity.
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The outcome of the ADF and KPSS tests is reported in the lower part of the
panels in Table 3. They support the view that residuals of (5) and (6) are sta-
tionary, and, thus, that p, and #/c, are indeed cointegrated in our sample period.
In particular, the KPSS provides strong evidence of stationarity. Although not
reported, the results of the Johansen cointegration test also confirm the existance
of a stationary linear combination of the two variables.

Note that, in (5) and (6), the estimated coefficients for u/c, and p, are very
close to one. In fact, Wald tests do not allow this restriction to be rejected. This
implies that, in the long run, price increases fully translate into upward nominal
wage adjustments. Similarly, nominal wage hikes that are not justified by pro-
ductivity gains lead to price increases of the same magnitude.”

The previous result implies that prices and wages are characterised by a
common long-run equilibrium relation. It does not yet explain which one of the
two series adjusts to the other, or whether adjustments run in both directions.
In order to establish whether cointegration implies some clear-cut form of cau-
sality, we test for weak exogeneity. The test is implemented by running the fol-
lowing regressions:

Ap,=a,+Bec, .+ 20,0p +e,, 7)

s=1

"
Aule, =, + B, ec,,  + 2 0, Aulc,_ +e¢,, 8)
s=1
where e, and ec, are error-correction terms, i.e. the residuals of the cointegrating
regressions estimated above. The optimal number of lags 7 is again determined
on the ground of the Schwarz information criterion. The findings are presented
in Table 4. The error-correction term has a significant explanatory power in the
both equations. As a consequence, there is no clear evidence of weak exogene-
ity for either ULC or prices. It cannot be asserted that one of the two variables
causes the other in the long run. Deviations from the long-run equilibrium pat-
tern seem to be absorbed by adjustments in both variables.

7 This result differs from what was found in GALLARD (1992), where the estimated long-run
wage clasticity of prices turns out to be significantly smaller than one. The author interprets
this outcome as evidence of the shortcomings of the wage data set used.
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Table 3: Unit Root and Stationarity Tests

ADF Test Panel
Variable Mac-Kinnon
P Zpp Lag order p-values
price level: p, 0.0001 0.06 6 0.997
ULC level: ul, -0.0028 -0.701 9 0.9702
prices, first differences: Ap, -0.0836 -3.4696 6 0.0104
ULG, first differences: A ulc, —-0.1356 -2.7629 8 0.0669
Equation (5): resid,, -0.0219 -1.6635 8 0.0908
Equation (6): resid,,, —-0.0233 -1.769 8 0.0731
KPSS Test Panel
Variable Test statistics 5% critical value 1% critical value
price level: p, 1.2937 0.4630 0.739
ULC level: ule, 1.2673 0.4630 0.739
prices, first differences: Ap, 0.5286 0.4630 0.739
ULGC, first differences: A ulc, 0.4665 0.4630 0.739
Equation (5): resid,, 0.2420 0.4630 0.739
Equation (6): resid,, 0.2092 0.4630 0.739
Table 4: Weak Exogeneity Tests
Regression B,. t-statistics p-value Lag order
Price regression —-0.0113 —2.127 0.0356 6

ULC regression —-0.0260 -1.900 0.0602 8
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4.2 Granger Causality

The previous section has highlighted the existence of a long-term co-movement
of wages and prices. But what are the dynamics between these two variables in
the short run? Cointegration actually implies that at least one of the two vari-
ables must adjust to the other in the short term. To investigate the short-run
properties of the relationship between wages and prices, we implement Granger
causality tests.

In an initial step, we run unaugmented tests. Regressions take the following
form:

7l n3
Apt = ap + E ﬁnA])z—: + ﬂz”;,f—l + 2 ﬂS:AulCt—s + 8[): (9)
s=1 s=1
7l 73
Aule,= u,, + Z AAule, +Aec,,  + E},&Apm +e,,. (10)

s=1 s=1

The dependent variable is the first difference of the log CPI. The error-correc-
tion term (ec,,_,
tions from the cointegration path, while lagged changes in wages capture the
short-term dynamics. Similarly, ULC changes are only regressed on lagged ULC

changes, the error-correction term and the CPI in first differences. 71 is deter-

) measures the impact on the dependent variable of any devia-

mined on the basis of the Schwarz information criterion, while 73 is set equal to
four. Panel I of Table 5 below reports the results for the coefficients of interest
only: 3,, B,, 4, and A, . The * symbol implies significance at the 10% level while
the ** symbol implies significance at the 5% level. From these benchmark regres-
sions, it appears that unit labour costs influence prices via both the error-correc-
tion term and the first lag of their changes. In turn, unit labour costs also adjust
to the first lag of price changes as well as to the error correction-term.

In the subsequent step, we want to check whether these results are robust to
sample modifications. As can be observed in the charts of section 3.2, after the
disinflation phases of the beginning of the 1990, the Swiss economy has expe-
rienced a period of low and stable inflation. Year-on-year CPI changes averaged
3.3% between 1975:1 and 1990:4. In the second part of our sample (1991:1-
2005:4) average headline inflation declined to 1.6%. If we only include the
period after 1994:1, i.e. the moment when inflation slipped back below the
2% threshold, the average CPI increase is 0.9%. The volatility of inflation is
also significantly lower than in the previous period. One might therefore wonder
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Table 5: Unaugmented Granger Causality Tests

Panel I: 1975:1-2005:4

Dependent variable: Ap,

Dependent variable: Aule,

Coefficient t-statistics Coefficient t-statistics
e, ~0.014* ~2.005 e, ~0.038** 2393
Aule,_, 0.062* 1.722 A, 0.524** 2.365
Aule, -0.018 -0.321 Ap,_, -0.622 —1.474
Aule, ~0.043 ~0.774 A, 0.609 1.47
Avke,_, ~0.003 ~0.087 M., ~0.259 1183

Panel I1: 1975:1-1990:4

Dependent variable: Ap,

Dependent variable: Aule,

Coefficient t-statistics Coefficient t-statistics
e, ~0.024* 178 e, ~0.020 ~0.727
Aule,_, 0.051 0.873 Ap,_, 0.486 1.516
Ak, _, ~0.012 ~0.141 A, ~0.698 1124
Aule, —-0.075 -0.916 Ap,_, 0.905 1.494
A, _, ~0.006 ~0.105 M, ~0.419 ~1.242

Panel I11: 1991:1-2005:4

Dependent variable: Ap,

Dependent variable: Aulc,

Coefficient t-statistics Coefficient t-statistics
o 0.002 0.186 ec,, —0.08** -4.519
Aule, 0.020 0.440 Ap,, 0.518%* 1.716
Aule,_, —-0.026 —0.334 Ap,_, -0.337 -0.579
Aule,_, 0.062 0.833 Ap,_, -0.367 -0.623
Aule,_, -0.049 -1.142 Ap, 0.456 1.550

** (%) signals significance at the 5% (10%) level.
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whether the wage-price link has undergone any modifications in this lower infla-
tion environment.

Sub-sample results are presented in panels II and III of Table 5. Unic labour
costs maintain their explanatory power in the first part of the sample via the
error correction term, whereas unit labour cost changes are not significant. By
contrast, in the 1991:1-2005:4 sub-sample unit labour costs do not appear to be
significant at all. As far as prices are concerned, the opposite outcome is observed.
Prices Granger cause unit labour costs only in the second part of the sample. All
in all, the result of a bi-directional influence between wages and prices does not
seem to be robust to sample modifications in this first set of regressions.

In order to obtain further insights, we implement Granger causality tests
within the Phillips curve framework introduced in section 2.1. Accordingly, we
run the following regressions:

7l n3
Apt = ap +Eﬂ1:A])¢—: +ﬁ2”;,:—1 +Eﬂ3:AulCt—:

=1 s=1

n4 75 76
+E ﬁ4:OGdPt—5 + E ﬁS:AMlt—: + 2 ﬂGSAR])l—J + spz (11)
s=1

s=1 =0

7l 73
Aule, = u, + z A Aule,  +Asec,,  + 2 A Ap,,
s=1 s=1

+"24 1,.0Gap, . +n25/15IAM1,_: +”Z6/16:ARP te,  (12)

=5
s=1 s=1 s=0

As compared with the specification of (9) and (10), additional variables are taken
into account. OGap, is a measure of the output gap and reflects the state of cycli-
cal demand from the real economy side, whereas AM1, is money supply growth
and is meant to capture the impact of monetary conditions. ARP, is a relative
price change, where relative prices are defined as the ratio of the imported CPI
components over total CPI. This variable is used to capture supply shock effects
and exchange rate effects, which are particularly relevant in a small open econ-
omy. Again, the number of lags for the exogenous variables was set to four in the
reported equations. Other lag structures were tested with no significant impact
on the results.
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Table 6 shows the estimated coefficients along with the corresponding #-values
for the full sample. The estimated constants as well as the coefficients of the
lagged dependent variables are not reported. The bottom of the table provides
the p-values of the Wald tests in which we set, for each of the relevant explana-
tory variable, all the coefficients equal to zero simultaneously.

In the price equation, price changes appear to be influenced by ULC via
the error-correction term only. The individual coefficients of lagged short-run
changes in ULC are not significant. Also, the outcome of the Wald test does
not allow the restriction that all ULC coefficients are jointly equal to zero to be
rejected. In fact, the null hypothesis that coefficients are jointly equal to zero can
only be rejected for the relative prices variable. Thus, all in all, there is a clear cau-
sality effect that runs from ULC to price changes via the error correction term
but there is no evidence regarding the influence of ULC growth.

We now turn to the wage equation. According to the p-values of the single
coefficients, the error correction term is strongly significant and so are price
changes in the previous quarter. The results of the Wald tests confirm the impact
of lagged price changes on ULC growth. Therefore, in the short run, ULC seem
to adjust to movements in prices via both the long-run cointegration relation and
CPI quarterly changes. The output gap and relative price changes also appear to
influence unit labour cost growth.

Tables 7 and 8 present regression results for the previously defined sub-sam-
ples. In the price equation for the lower part of the sample, ULC have a sig-
nificant influence on price changes via the error-correction term but not via
the short-run ULC dynamics. By contrast, in the upper part of the sample,
the explanatory contribution of both wage related variables becomes clearly
non-significant.

In the wage equation of tables 7 and 8, the error correction term remains sig-
nificant in both sub-periods. According to the Wald test, the estimated coef-
ficients for price changes are also significant, in both the 1975:1-1990:4 and
1991:1-2005:4 sub-samples.

All in all, there is evidence that price changes maintain an impact on ULC
short-run changes during both higher and lower inflation periods. By contrast,
in a context of persistently low inflation, productivity-adjusted wage changes
seem to lose their meaning as an indicator for short-run price developments. As
described in section 2.2, recent work on US data also tend to show that wage
measures have a significant impact on price changes only in periods of relatively
high inflation.

One could object that estimation errors in the data construction for ULC
might affect the Granger-causality results, as our Granger-causality tests take
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Table 6: Regressions’ Results, 1975:1-2005:4

Dependent variable: Ap, Dependent variable: Aulc,

Coefficient  t-statistics Coefficient  t-statistics
e, ~0.015* ~2.604 e, ~0.070** ~3.992
Aule, 0.084 1.582 Ap,_, 0.899** 2.735
Aule,_, ~0.111 ~1.302 A, ~0.866 ~1.299
Aule, 0.034 0.525 Ap,_, 0.480 0.727
Aule,_, 0.008 0.273 Ap, . ~0.214 ~0.666
OGap,_, 0.0003 0.594 OGap,_, 0.002 0.887
OGap,_, -0.001 -0.789 OGap,_, -0.004 -0.917
OGap,_, 0.002 1.228 OGap,_, 0.008* 1.792
0Gap,_, ~0.001 -1.348 0Gap, , ~0.004** —2.245
AM1,_, 0.003 0.327 AM1,_, 0.014 0.469
AMI1,_, ~0.015 ~0911 AMI,_, 0.028 0.511
AM1,_, 0.015 0.934 AMI,_, —0.060 -1.129
AM1,_, ~0.006 ~0.645 AMI,_, 0.054* 1.820
ARP, 0.358** 13.278 ARP, 0.146* 1.730
ARP,_, —0.554** —-8.457 ARP,_, -0.596** —2.913
ARP,_, 0.450** 4.845 ARP,_, 0.478 1.554
ARP,_, —0.203** -2.492 ARP,_, -0.206 -0.725
ARP,_, 0.079** 2.094 ARP,_, 0.029 0.213
H:py =Py, =p;;=p;,=0 Hydy =4, =4 =2,,=0
p-value 0.5609 p-value 0.0014
HyBy=Bn=B;=L.=0 Hydy=hy,=Ay=24,=0
p-value 0.1518 p-value 0.0000
Hy:Bs,=Ps,=Ps3=P5s=0 Hyhg =24, =A;=2,=0
p-value 0.8087 p-value 0.3519
Hy:By=Ps =P =Ps;=Ps;=0 Hydgy=Ag =4, =Ly =4, =0
p-value 0.0000 p-value 0.0127

** (*) signals significance at the 5% (10%) level.
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Table 7: Regressions’ Results, 1975:1-1990:4

Dependent variable: Ap, Dependent variable: Aulc,
Coefficient t-statistics Coefficient t-statistics

e, ~0.022* -1.879 ec,, | ~0.116* -3.275
Aule, 0.074 0.459 Ap,_, 1.010* 1.745
Aule,_, ~0.111 ~0.657 M, ~0.685 ~0.623
Aule, 0.034 0.293 Ap,_, 0.601 0.569
Aule,_, ~0.002 ~0.052 Ap, . ~0.299 ~0.550
OGap,_, -0.0004 -0.026 OGap,_, 0.000 0.045
OGap,_, -0.0007 -0.241 OGap,_, -0.007 -0.676
OGap,_, 0.001 0.518 OGap,_, 0.014 1.549
0Gap,_, ~0.001 ~0.451 0Gap,_, ~0.005 ~1.175
AM1,_, 0.008 0.460 AM1,_ 0.024 0.398
AMI1,_, ~0.056* -1.821 AM1,_, 0.116 1.116
AM1,_, 0.043 1.459 AMI,_, —0.141 -1.405
AMI1,_, ~0.031* -1.780 AMI,_, 0.144* 2,547
ARP, 0.378* 9.788 ARP, 0.322** 2.456
ARP,_, —0.509** —-4.782 ARP,_| —-0.900** -2.504
ARP,_, 0.411** 2.490 ARP,_, 0.682 1.232
ARP,_, -0.209 —1.335 ARP,_, -0.399 —0.765
ARP,_, 0.075 0.853 ARP,_, 0.233 0.854
Hy:By =Py, =p5;=0;,=0 HyhAy =24y, =A=2,,=0

p-value 0.9602 p-value 0.0415
Hyfy=Bn=B,;=L.=0 Hydy=hy,=A;=2,=0

p-value 0.9611 p-value 0.0005
Hy:Bs=Ps,=Ps3=Ps,=0 Hyhg =24, =A;=2,=0

p-value 0.0323 p-value 0.0268

Hy:By=Ps =P =Ps=Ps;=0 Hyhgy=Ag =4, =Ay; =4y, =0

p-value 0.0000 p-value 0.0483

** (*) signals significance at the 5% (10%) level.
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Table 8: Regressions’ Results, 1991:1-2005:4
Dependent variable: Ap, Dependent variable: Aulc,
Coecfficient  t-statistics Coefficient  t-statistics
e, ~0.017 -1.3914 e, ~0.061* ~1.9805
Aude, _, ~0.137 ~1.4885 Ap, 0.610 1578128
Aule,_, 0.209 1.5475 Ap,, ~0.280 ~0.359069
Aule, ~0.116 ~0.8494 | Ap,_, ~0.092 0120648
Aul,_, 0.037 05928 | Ap,_, ~0.013 ~0.036498
0Gap,_, ~0.001 ~0.9652 0Gap,_, ~0.005 ~2.169106
0Gap,_, 0.002 0.8188 0Gap,_, 0.011 2.162702
0Gap,_, 0.0003 0.1704 0Gap, ~0.007 ~1.397481
0Gap,_, ~0.001 ~0.9060 | OGap, , 0.003 1.080514
AM1,_, ~0.021 ~1.6009 | AM1,_, ~0.079** 227485
AM1,_, 0.042* 19655 | AMI,_, 0.090 1.681299
AMI1,_, ~0.023 _L111 AM1,_, ~0.074 ~1.385628
AMI,_, 0.005 04552 | AMI,_, ~0.005 ~0.146855
ARP, 0.386** 6.0942 ARP, -0.150 —0.828985
ARP,_, —0.617** —4.5424 ARP,_, —-0.106 —-0.347997
ARP._, 0.561% 3.4818 ARP._, 0.345 0.93971
ARP,_, ~0.379"* 29853 | ARP,_, ~0.539 ~1.623603
ARP._, 0.195% 2.6488 | ARP_, 0.382 1791012
H:py =Py, =p;;=p;,=0 Hydy =4, =4 =2,,=0
p-value 0.4390 p-value 0.0768
H:By=u=Ps=Pu=0 Hydy =2, =2,=2,=0
p-value 0.0123 p-value 0.0036
Hy:Bs,=Ps,=Ps3=P5s=0 Hyhg =24, =A;=2,=0
p-value 0.1864 p-value 0.1095

Hy:B=Pa =B =Bs=PBu=0

p-value 0.0000

Hyhgy =g =Ag=As =g =0

p-value 0.0680

** (*) signals significance at the 5% (10%) level.
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the ULC data as given and do not account for the first-step estimation.’ Several
steps were taken to dispel — as far as possible — this doubt. The first element is
the accuracy of the disaggregation procedure. Section 3.1 presents our arguments
in detail. Second, in order to further reduce this risk, we introduced four lags
of ULC changes in our price equations. Third, a robustness check was imple-
mented. More specifically, we reestimated equations (11) and (12) usinga ULC
measure based on quarterly SUVA wages. If the Chow-Lin procedure is success-
ful in adding useful information to this basic ULC measure, regressions based
on SUVA-derived ULC should produce similar but weaker results than those we
have presented so far. Although we do not reproduce the results of these regres-
sions here, they are fully in line with this assumption.

5. Concluding Remarks

We explored the link between wages and prices with the purpose of identifying
the causality effects at work. We were particularly interested in gauging the infor-
mation content of wage dynamics for short-run CPI inflation developments. We
can summarise our findings as follows.

Our Phillips-curve estimates show that prices have a systematic impact on
wages. Throughout the whole period, 1975-2005, prices always help to explain
productivity-adjusted wage changes via both the error-correction term, measur-
ing deviations from the long-run cointegration equilibrium, and short-run price
changes. This outcome is robust across sub-samples.

Our findings also support the view that productivity-adjusted wage growth
has a Granger-causality effect on CPI inflation. In particular, estimations over
the entire period show that deviations from the cointegration path provide useful
information about future price movements. This would, in principle, suggest that
ULC developments are indeed a helpful complement to the set of indicators that
inflation watchers should monitor. This outcome, however, does not seem to hold
across sub-samples. Results for the period beginning with the disinflation phases
in the early 1990s indicate that both wage growth and the error-correction term
lack explanatory power when inflation is low and little volatile. In such an envi-
ronment, other factors — such as relative price changes or the output gap — clearly
dominate wages as explanatory variables for short-run CPI movements.

8 See OxLEY and McALEER (1993) for a discussion of this issue.
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SUMMARY

We construct a quarterly time series for nominal hourly wages and unit labour
costs from 1975 onwards and investigate the empirical link between wages and
CPI inflation in Switzerland in order to identify causality effects and assess the
relevance of wages as an indicator for short-run price changes. We find evidence
that prices systematically influence wages whereas the influence of wages on
prices is much more sensitive to the choice of the sample period. In particular,
the explanatory power of wages disappears in a low inflation environment. These
findings move in the same direction as most evidence obtained with US data.
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