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In this paper we investigate the dynamic adjustment of labour and capital in German and
Dutch firms. The Dutch labour market is characterised by greater flexibility in wages and work
arrangements in comparison to Germany. These institutional differences imply that
employment dynamics in the two countries should differ, and in particular, labour adjustment
in the Netherlands should be more responsive to economic changes. On the other hand,
there is unlikely to be such a divergence in capital dynamics as investment conditions are
similar. Our results are consistent with this hypothesis. Furthermore, there is no evidence that
labour market regulations in the two countries affect the dynamics of capital adjustment.
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1 Introduction

The ability for firms to adjust employment and capital is influenced by institu-
tional arrangements and government policies such as labour market regulation,
unionisation and taxation. This implies that the dynamics of factor adjustment
varies between countries where such constraints differ. For example, in a country
with high firing costs we expect lower adjustment rates of labour than in a coun-
try where such costs are not present.! A cross-country comparison of firms can
therefore yield insights into the influence of these differences on the dynamics of
labour and capital adjustment at the micro-level. In this paper we make such a
comparison between Dutch and German manufacturing firms.

As neighbouring countries in the European Union, Germany and the Nether-
lands face in some respects similar economic conditions. However, in the last
decade there has been a considerable divergence in their respective labour mar-
kets. Unemployment in Germany is now twice as high as it is in the Netherlands,
a reversal from the 1980s. Wage stability and flexible work arrangements have
helped the Netherlands achieve this and implies that labour adjustment should be
more responsive to economic shocks in comparison to that in Germany. The con-
ditions for capital adjustment are not so different as both countries face a similar
structure of credit and monetary conditions as imposed by the European Central
Bank, though there is some variation in tax policies. However, considering that
factor demand decisions are likely to be interrelated, the differences in the labour
markets may also translate to capital adjustment. Given this background, the
empirical focus of the paper is to investigate capital and labour adjustment by
firms in the Netherlands and Germany, and whether there is evidence that the
institutional differences are reflected in the firm-level decisions regarding dynamic
factor demand.

In the last decade or so a large theoretical literature on dynamic factor de-
mand has developed, which has been complemented more recently by empirical

evidence using firm-level data.? Using such micro-data reveals the importance of

!The theoretical model of Bertola (1999) illustrates the negative impact of dismissal costs
on both hirings and firings, though the net effect is ambiguous and depends on functional form
assumptions.

2See Hamermesh and Pfann (1996) and Bond and Van Reenen (2002) for an overview of



non-linearities in factor adjustment, which contradicts the assumption of linear-

3 Common theo-

quadratic adjustments typically relied upon in earlier studies.
retical arguments for this behaviour are non-convexities in the adjustment costs
and (partial) irreversibility. Most of these studies focus on investment using a
univariate specification implicitly assuming labour to be fully flexible; see for
example, Barnett and Sakellaris (1998), Cooper, Haltiwanger, and Power (1999)
and Nilsen and Schiantarelli (2003). However, this assumption is not consis-
tent with the institutional constraints in labour markets, which are evident in
countries like the Netherlands and Germany. In strongly regulated labour mar-
kets, labour adjustment costs are not negligible and may even be higher than
for capital. Thus, rather than assuming that capital is adjusted less frequently
than labour, the relative adjustment rates of these factors should be tested and
investigated empirically.

In addition, factor adjustment costs at the firm-level are possibly interrelated,
which means that the adjustment of one factor affects the adjustment costs of
another. For example, a firm may hire workers prior to investing in some new
technology. By doing so, it reduces the costs of adjustment for capital since
the firm is able to integrate the technology and bring it to full productivity
faster than would have been the case without these new workers. This type
of interrelation between capital and labour adjustment would imply a positive
correlation between investment in the current period and labour adjustment in
the previous period.

Interrelation was first addressed in a linear setting using sector-level data
by Nadiri and Rosen (1969), though this was not based on a structural model
with adjustment costs. Shapiro (1986) expands upon Nadiri and Rosen (1969)
and estimates a structural dynamic model of factor demand derived from the
Euler equations. More recently, Merz and Yashiv (2003) investigate the impact
of labour on the market value of the firm using a production-based asset pricing
model with frictions in the adjustment of both capital and labour. In this model,

the interrelation between the two factors is a key determinant of the market value

this topic.
3For an early exposition of a symmetric convex adjustment cost function, see the seminal
contribution of Eisner and Strotz (1963).



of the firm. However, this paper also restricts the analysis to sector-level data
and only considers the relation between gross investment and hirings. Perhaps
surprisingly, the issue of interrelation has not been investigated empirically in the
context of non-convex adjustment costs.* Evidence of such costs are not reflected
in sector-level data as investment and employment changes are smoothed by
aggregation. Thus, firm-level data is required to explore such behaviour.

We contribute to this literature by considering a model where capital and
labour adjustment are subject to both convex and non-convex adjustment costs.
The adjustment cost framework is used to derive a structural model and pro-
vides the basis for our empirical strategy. We use firm-level data for Germany
and the Netherlands to estimate our dynamic models of investment and labour
adjustment. Given that the German labour market is less flexible in terms of
temporary workers, we expect that employment adjustment is more frequent in
the Netherlands. Furthermore, we allow for the possibility of interrelation in the
adjustment costs. Interrelation allows for the differences in adjustment of labour
to translate to the dynamics of investment.

In Section 2 we compare the institutional structures in Germany and the
Netherlands and their implication for the dynamic adjustment of labour and
capital by firms in these countries. In Section 3 we discuss estimation and identi-
fication issues. The data is described in Section 4, while the results are presented
in Section 5, which includes a discussion about sample selection bias. Finally, we

conclude in Section 6.

2 Institutional Background

To understand the similarities and differences of capital and labour adjustment
in Germany and the Netherlands, it is useful to briefly describe their economies

and institutional structures and how this should be reflected in dynamic factor

4See Dixit (1997) and Eberly and Mieghem (1997) for a theoretical account in a model
with kinked-linear adjustment costs. Some empirical studies allow for more general adjustment
costs structures with multiple quasi-fixed factors while distinguishing between different types of
labour, see for example Pfann and Palm (1993), and Alonso-Borrego (1998). Sakellaris (2004)
and Letterie, Pfann, and Polder (2004) find that there is a statistical relationship between the
adjustment dynamics of an input factor and the incidence of an adjustment spike in another
factor.



demand. In general, the economies of these two countries have been characterised
as having significant levels of government intervention and coordination between
the government, employers and unions. This has been called the “Rheinland
model” in contrast to the “Anglo-Saxon model” which is still used to describe
the economies of the UK and the USA (Delsen and de Long 1998). Germany and
the Netherlands have many institutional similarities such as their social welfare
systems and in particular, as a result of harmonisation of policies in the European
Union. Nonetheless, in the last decade or so there has been a divergence in
their economies, which should translate to differences in the dynamics of factor
adjustment in the two countries.

Firstly, as seen in Table 1 in Appendix A, since the mid-1990s the economy
of Netherlands as represented by the growth rate in GDP (at market prices) has
grown faster than that of Germany. However, this difference is largely due to
sectoral composition as the service sector is larger in the Netherlands, while the
manufacturing sector is more dominant in Germany. As shown in the second part
of Table 1, the manufacturing sector in Germany has actually performed better
than its Dutch counterpart in some of the years of the late 1990s, which may
result in higher rates of factor adjustment in German firms during this period.

As also displayed in the third section of Table 1, from 1992 to 2000 there
was negative growth in employment in German industry, which indicates that
there was a severe contraction in this sector and that the layoffs continued when
the sector recovered during 1997 to 2000. In contrast, employment in the Dutch
industrial sector decreased from 1992 to 1996 and then started increasing at a
small rate. Thus, the macro data suggests that there was considerable restruc-
turing in both countries, particularly in Germany, and this should be reflected
in the dynamics of factor adjustment. Related to this situation, Germany has
been suffering from a persistently high unemployment rate since the mid-1990s.
As of 2001, unemployment in Germany stood at 7.9% in comparison to 2.4%
in the Netherlands, a reversal of the situation a decade before. The growth in
Dutch employment over this period has mainly come from the service sector, and
resulted in particular from the increase in part-time jobs which accounted for
42.2% of total employment in 2001. In contrast, there has not been a similar

growth in part-time work in the German labour market; as of 2001, only 20.3%



of total employment were part-time jobs.> A reason for the high percentage of
part-time workers in the Netherlands is the higher participation rate of women.

As argued in this paper, there are some differences in the labour market in-
stitutions of the Netherlands and Germany that could influence how firms adjust
employment. Firstly, the much quoted study of OECD (1999) provides a ranking
of countries based on indicators of the relative strictness of employment protection
legislation. According to this study the Netherlands has slightly stricter legis-
lation for regular workers, but temporary employment is far more flexible than
in Germany. Given that Dutch firms are more able to use these type of work-
ers in response to changes in economic conditions, we expect that employment
adjustment is more frequent in the Netherlands. Another relevant issue in this
context is the relative weakness of the unions in the Netherlands in comparison
to Germany, which enabled the adoption of more flexible working arrangements
by Dutch employers. In particular, during the post-unification years there was
considerable wage inflation in Germany as the result of wage demands by unions,
which was not evident in the Netherlands. This led to an increase in labour costs
between 1991 and 1995 in Germany by 3.2% in comparison to only 0.6% in the
Netherlands. As a consequence, there was a loss of competitiveness for German
industry, which in addition to the appreciation of the exchange rate, contributed
to a fall in exports, an important source of revenue for both economies. In con-
trast to Germany, real wages have been decreasing in the Netherlands helping
increase exports and growth of the economy (Delsen and de Long 1998).

With regards to the influence of institutional structures in the two countries
on the dynamics of investment, the differences are less obvious. Firstly, while
there are some aspects of the capital markets which vary in Germany and the
Netherlands, they are more alike than in comparison to the Anglo-Saxon system.
Secondly, monetary policy is determined at the European Union level and the
similar structure of the credit market implies that monetary transmission should
not differ significantly. Thirdly, since 1992 the currencies in the European Union
have fixed exchange rates. Finally, companies in both countries tend to finance
their investments from internally generated funds (Hoogduin and Huisman 1998).

Besides the higher growth rate in German manufacturing, these macroeco-

5See Eurostat Yearbook 2002.



nomic and institutional issues suggest that we expect to see higher rates of labour
adjustment in the Netherlands. In terms of capital adjustment, it is not clear
a priori how the rates of investment should differ between the two countries.
If labour adjustment and investment are interrelated, then differences in labour

market flexibility also translate to capital adjustment.

3 Econometric Model and Identification

To derive the econometric specification, we solve a dynamic optimisation problem
where firms maximize their net present value at the beginning of period ¢ with
respect to labour and capital. Initially we ignore the role of non-convexities in
adjustment costs, though we return to this important issue in Sections 4 and 5.
Hence, under the assumption of convex adjustment costs for both factors, this
yields two linear dynamic first-order conditions, or Euler equations, including ex-
pectation terms for period ¢+ 1. Assuming rational expectations, these equations
can be used as a basis for Generalized Method of Moments (GMM) estimation
as first proposed by Hansen (1982) and later extended to efficient panel data
estimators by such studies as Arellano and Bond (1991) and Blundell and Bond
(1998). The optimisation problem can be represented as the following Bellman’s

equation (cf. for example Bond and Meghir (1994))

V(Atv K 4, Lt—l) = max F(At, KnLt) —welyq
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which is subject to the equation of motion K, = (1 — 0)K; 1 + I;, where ¢ is a
constant discount rate. A; is a strictly-exogenous Markov process that captures
productivity and technology shocks in period ¢, K, is the capital stock, L; is the
number of workers employed, and I; is total investment. Since only net employ-
ment changes are observed, labour adjustment is denoted by H; = L;—L;_1. Note
that capital and labour are assumed to become immediately productive. Finally,

wy is the wage rate. The production function is assumed to be Cobb-Douglas
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and the adjustment costs function is given by
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where p is the price of capital goods, and v, v, and ¢ are adjustment cost param-
eters. The first term p;[; represents the direct cost of capital, while the second
term (%)j K, is included to capture strictly convex costs of investment which re-
sult from disruptions to production and other forms of internal adjustment costs.
This implies that firms have an incentive to spread investment over time to avoid
increasing marginal costs. Similarly, labour costs include the wages paid to the
net change in employment, which can be positive or negative, in addition to a
strictly convex component which is increasing in the labour adjustment rate. We
are assuming here that adjustment costs are symmetric for negative and positive
changes to employment. Finally, the last term in the adjustment costs specifica-
tion (3) captures the interrelation between capital and labour adjustment costs.
Compared to an interaction term with rates, this specification has the advantage
that it yields a more tractable estimating equation. We return to the validity
of this assumption in Section 5. As argued in this paper, firms also incur fixed
costs when adjusting capital or labour, which are not specified in (3). However,
our assumption of convex adjustment costs remains valid as we condition on the
optimality of non-zero adjustment. Fixed costs only have an impact on the de-
cision to adjust, but conditional on adjustment, the convex costs determine the
level of factor demand. As discussed at the end of this section, this implies that
the optimality conditions derived here apply only to a subsample of the data.
Given the production function (2) and the adjustment cost function (3), we

can derive the following system of Euler equations by solving (1)
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The Euler equations, (4) and (5), have the standard interpretation as inter-
temporal optimality conditions: firms adjust their factors of productions such
that the marginal adjustment cost less the marginal product of the factor in pe-
riod t (left-hand side) is equal to the discounted expected value of the marginal
adjustment cost in period ¢ + 1 (right-hand side). The expectations in the Eu-
ler equations (4) and (5) are unobserved. Nevertheless, they can be replaced
with their realisations, which under the assumption of rational expectations in-
troduces a forecast error that is orthogonal to all variables in the information set
at the time of the decision. Making this substitution, and mapping the struc-
tural parameters into the reduced form, the following econometric specifications

for investment and labour adjustment are obtained

(%), = (%), + (&), + (%)
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The technology and cost parameters can in principle be recovered from the non-
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linear relations between the reduced-form and structural parameters using a Min-
imum Distance procedure. However, the focus in this paper is on the estimation
of the reduced-form results for the German and Dutch samples, which still allows
for a comparison of state dependence in the dynamics and how responsive invest-
ment and labour adjustment are to economic variables in these two countries and
whether there is any evidence of interrelation. Note that H;; and H;; ; enter
the investment equation (6), whereas [;; and [;;—, enter the labour adjustment
equation (7), to capture possible interrelation among the adjustment decisions.

The error terms are specified such that e, =z} + u,, where j € {I, H}, and
1 is a firm-specific and «/, an idiosyncratic error term. Time-specific effects can
be modelled by including year dummies. Estimation is complicated by the pres-
ence of the nuisance parameter u{ which is correlated with the lagged dependent
variable and endogenous or predetermined explanatory variables. Equations (6)
and (7) are first-differenced to eliminate the fixed-effect; however, the differenced
dependent variable (and possible endogenous or predetermined explanatory vari-
ables) are still correlated with the differenced error term A€l,, but can now be
instrumented with suitable lags of the corresponding levels.® This results in the
estimator proposed by Arellano and Bond (1991).

However, first-difference GMM estimators such as Arellano and Bond (1991)
have been found to have poor finite sample properties when the lagged levels
are weak instruments for the differenced variables. As discussed in Blundell
and Bond (1998) and Arellano and Bover (1995), it can be shown that under
the assumption of stationarity, lagged differences of the variables in the levels
equation are uncorrelated with the fixed effect. This yields additional moment
restrictions for GMM estimation. The use of both the moment restrictions based
on the differenced specification as well as those resulting from the levels equation
leads to the so-called System GMM estimator.

Another issue that has been explored by the empirical literature is the im-

portance of non-convex adjustment costs and partial irreversibility.” Both these

6This is appropriate if the untransformed error term is serially uncorrelated, which can be
tested for. For endogenous variables, ¢ — 2 and earlier lags are valid instruments, while for
predetermined variables we can use t — 1 and earlier. Exogenous variables can instrument
themselves.

"For non-convexities in investment see for example Cooper, Haltiwanger, and Power (1999),



features lead to zero-adjustment ‘regimes’ where firms do not adjust factor levels.
However, the Euler equations are intertemporal marginal conditions of optimal-
ity and are derived under the assumption that adjustment is optimal in adjacent
periods, and hence, are invalid when there is zero adjustment. Nevertheless, the
Euler equations remain valid if firms adjust in two consecutive periods, which
implies that the estimation of equations (6) and (7) needs to be restricted to the
subsample where firms adjust in two adjacent years. Moreover, since the deci-
sion to adjust factor levels in these models is endogenous, using the subsample
where adjustment is non-zero for estimation is likely to result in biased estimates.
Firms with higher adjustment costs are less likely to adjust, hence, estimates of
adjustment costs should be biased downwards when using the subsample where
adjustment is non-zero. In Section 4 we present some summary statistics with re-
spect to the different adjustment regimes which provides evidence of the extent of
censoring and how this is correlated between investment and labour adjustment.
In Section 5 we investigate the impact of sample selection bias on the estimation

results.

4 Data and Summary Statistics

To ensure that the results reflect underlying economic differences, two compara-
ble datasets are used that span the period from 1992 to 2000. The German data
is sourced from the Mannheim Innovation Panel (MIP) and the Dutch data con-
sist of a combination of data sources from Statistics Netherlands. The German
dataset is at the firm-level consisting of mostly single location operations, while
the Dutch data is at the plant-level. The MIP is collected by the Centre for Eu-
ropean Economic Research (ZEW) in Mannheim, Germany, which commenced a
survey of German firms in 1993.% The MIP was initiated as part of the EU Com-
munity Innovation Surveys hence its focus on innovation at the firm-level. The

sample of the MIP is based on a stratified random sample and firms participate

Abel and Eberly (2001), Nilsen and Schiantarelli (2003), and Letterie and Pfann (2003). Non-
convex costs of adjustment have also been incorporated into models of labour adjustment, see
for example Hamermesh (1989).

8The MIP is retrospective such that the 1993 survey requests information for 1992. See
www.zew.de and Janz, Ebling, Gottschalk, and Niggemann (2001) for more information.
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voluntarily in the survey. On average, between 2000 and 2500 firms respond each
year, though attrition rates have been high. The Dutch data is administered by
Statistic Netherlands (CBS) at the Center for Research of Economic Microdata
(CEREM) and the sample used in this paper is a linked dataset which combines
the Investment Statistics (IS) and the Production Statistics (PS). The samples
used in estimation consist exclusively of firms in the manufacturing sector.® Both
datasets provide information on annual investment, though this is restricted to
nonnegative values, employment level and sales. Furthermore, a measure for the
capital stock is available in the MIP and this is used in the first year as a start-
ing value, with capital for the remaining years constructed using the perpetual
inventory method. In the case of the Dutch data, a measure for capital stock is
not available. Therefore, for each firm the first five years of reported investment
(starting in 1987) are used to construct a capital stock proxy as described in
Letterie and Pfann (2003). In terms of employment, since only levels are ob-
served, we are restricted to use net employment changes as a decision variable.
Furthermore, we focus on total employment as full and part-time workers are
not separately identified in the Dutch data. Finally, two-digit sector-level price
information is employed to convert nominal to real quantities; investment and
capital stock are deflated by the price index for investment goods, and sales are
deflated by the producer price index.!’

First, we consider the statistics summarising the data, which provides us a
preliminary indication of sample characteristics, and in particular, of the rates of
capital and labour adjustment. As seen in Table 2 in Appendix A, the average
(median) annual investment for German firms is 8 (0.8) million Deutsche Mark
(DM), and for their Dutch counterparts it is considerably lower at 2.9 (0.44) mil-
lion Dutch guilders (NLG)." The data also shows that the German firms are on
average larger in terms of employment and sales, though the medians are more
comparable. The investment statistics translate to an average (median) annual
investment rate of 18.0% (12.5%) for German firms and 6.8% (4.4%) for Dutch

9The sample consists of establishments in sectors 15-36 as according to the NACE Rev. 1
classification.

10Gee the German Statistical Office, www.destatis.de, and the CBS, www.cbs.nl, for more
information regarding the German and Dutch sector-level time series data.

"The conversion rate is about 1 DM = 1.10 NLG.
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firms. The higher investment rates in the German data are also consistent with
the higher growth rates of the manufacturing sector in Germany as displayed in
Table 1.12 The labour adjustment rate is slightly below zero for both countries,
showing that on average German and Dutch firms have been downsizing in terms
of employment over this period.'> The summary statistics show that the average
capital productivity is higher in German firms, while the average labour produc-
tivity is higher in the Dutch sample. Differences in the sectoral distribution may
be one cause of this variation in the average factor productivity. In the German
sample, the largest sector is the machinery industry with around 18% of obser-
vations followed by the metal products and rubber and plastic goods industries
with around 12% and 8%, respectively. In the Dutch sample, the machinery and
metal products are the main industries, with 14% and 15% of the observations.
However, the food industry and publishing and printing are also strongly repre-
sented with 13% and 10%. Finally, the labour costs per worker in both countries
are roughly the same.

In Figures 1 and 2 we compare the distribution of the investment rate for
the German and Dutch samples. Consistent with the summary statistics, the
observations in the Dutch sample are much more concentrated at the lower end
than is the case with the German data, which are more dispersed. As illustrated
in Figures 3 and 4, both distributions for the labour adjustment rate are centred
around zero but in the German case the observations are again somewhat more
dispersed.

To get an indication of the importance of censoring in capital and labour
adjustment we look at the percentage of observations where firms do not adjust
factors. Table 3 in Appendix A indicates that for the German data, almost 10%
of investment observations are censored such that investment is zero. In the case
of labour adjustment, the rate of censoring is higher: over 15% of observations
in the German panel are firms not adjusting their employment. In comparison,
Dutch firms adjust capital more often with only about 4% of observations where

investment is zero. Surprisingly, labour adjustment is carried out less frequently

2However, the difference in the construction of a capital stock measure could also play a role
here.

13We drop outliers for the sample used in estimation where the labour adjustment rate is
below -100% and other observations which were deemed to be exceptional.
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in the Dutch sample with about 18% of observations for non-zero adjustment.

These results are primary evidence that firms adjust capital stock more often
than their employment levels, which in terms of the literature on non-convex
adjustment costs, implies that this type of adjustment costs are higher for labour
than for capital. This is contrary to what is typically assumed in theoretical
models where labour is fully flexible and capital is (quasi-)fixed. The differences
in censoring are so large that this claim is likely to remain valid even if we were
able to observe gross employment flows. Along with the findings from Figures
1 - 4, it follows that Dutch firms carry out smaller investments but invest more
frequently. In terms of adjustment costs, this can be explained by higher fixed
costs for German firms, or that Dutch firms face larger convex costs so that it is
beneficial to spread investment over time.

On the other hand, labour adjustments in the Dutch data are also smaller
but occur less frequently than in the German data. This runs counter to the idea
that the German firms are less flexible with respect to employment adjustment
as argued above in Section 2. However, as already noted in that section, the
availability of part-time and temporary workers plays an important role in the
Netherlands. This helps the Dutch firms adjust their workforce without hiring
or firing permanent employees. These types of secondary workers cannot be
identified in our annual data. In addition, the rate of censoring in the Dutch
case is driven by a high percentage of zero adjustment in 1995 to 1997 where it
reaches 25% of observations. The average for the other years is around 13%. In
comparison, the rate of censoring in the German data is relatively constant over
this period.

As was mentioned in Section 3, the estimation sample for the Euler equations
only consists of those observations where firms adjust in two consecutive periods.
Table 3 provides the percentage of observations that are censored in this way.
For the investment equation this is up to 10% for Germany, but only about 6%
for the Netherlands. In the labour equation almost 27% of the observations is
censored in the German case, and similarly around 30% for the Netherlands. The
bias resulting from this sample selection is discussed in further detail in Section
5.4.

Another interesting aspect of the raw data is how firms adjust capital and

13



labour together. If both factors face non-convex adjustment costs or are par-
tially irreversible, this leads to a number of possible adjustment regimes, as in
Dixit (1997) who specifies a model with kinked-linear adjustment costs. In Table
4 the observations of the German and Dutch samples are allocated to different
regimes based on the adjustment of factors. The similarity of the distribution
over the regimes between the two samples is striking. As can be seen from Table
4 the proportion of cases where firms adjust both capital and labour is about
80% of observations in both the Germany and Dutch samples. This shows that
adjustment is mostly simultaneous in both cases, which supports the argument of
interrelated adjustment in our theoretical model, possibly due to cost efficiencies.
Furthermore, for both the German and Dutch data we see that there is some
heterogeneity with respect to the direction of labour adjustment when firms in-
vest. Given that a firm invests, negative labour adjustment is slightly more likely
than positive adjustment to employment. Thus, firms invest while simultaneously
downsizing their workforce. This heterogeneity is also reflected in the observa-
tions where firms do not invest but adjust employment, though this occurs much
less frequently. Finally, in only around 1% of observations are firms not adjust-
ing either capital stock or employment. This means that in both samples firms

almost always adjust the capital stock and/or the employment level.

5 Results

The investment and labour adjustment equations (6) and (7) are estimated sepa-
rately using the subsample where firms make non-zero adjustments to capital
and employment in two adjacent periods. We implement the Blundell-Bond
System GMM estimator for dynamic linear panel data models (Blundell and
Bond 1998), using Ox, version 3.30 (Doornik 2002)), and the DPD package, ver-
sion 1.21 (Doornik, Arellano, and Bond 2002).* Standard errors are robust to

heteroskedasticity and corrected for finite sample bias (see (Windmeijer 2000)).

14\We find that the Blundell-Bond System GMM estimator provides better identification than
the Arellano-Bond estimator.
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5.1 Investment equation

The results for the investment rate equation (6) are displayed in Table 5 in
Appendix A. In column (1) and (3) we report the estimates for the German and
Dutch samples without controlling for sample selection bias. We return to the
specification with the sample selection correction in Section 5.4.

For the German sample as denoted in column (1) of Table 5, the coefficient
on the lagged dependent variable is positive and significant at the 1% level. This
indicates that there is substantial positive state dependence in investment, which
implies that German firms in the estimation sample tend to spread investment
over a longer period. The quadratic term is negative and significant suggesting
that the effect of last period’s investment rate is positive but declining. The
investment rate is increasing with the average product of capital in the previous
period. In this specification, the price index for capital goods in both the current
period and its lag are insignificant, which is likely to result from the lack of
variation in the sector-level index. There is no evidence that the investment rate
is correlated to changes with employment in the current and previous period. The
Sargan test statistic does not reject the validity of the instruments, and there is
no indication of second-order autocorrelation.

In column (3) of Table 5 we report the results for the Dutch sample. As with
the German estimates, there is evidence of positive but declining state depen-
dence, though the coefficients are of a smaller magnitude. This indicates that
Dutch firms concentrate investment more than their German counterparts. As
with the German firms, investment is increasing with the average product of cap-
ital in the previous period. In contrast to the German results, the coefficients on
the price index for capital goods and its lag are significant at the 5% level. They
indicate that investment is negatively correlated with the current price but posi-
tively correlated with the price in the previous period, which suggests that firms
delay investment to the current period when prices are higher in the previous
one. Though not found in the German sample, there is evidence in the Dutch
results of a positive relation between the investment rate and net employment
adjustment in the previous period. However, the effect of this interrelation term

on the investment rate is negligible. The validity of the instruments and the
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absence of second-order autocorrelation are again not rejected

As discussed in Section 2, we expect fewer differences in the investment con-
ditions in the two countries. The results from columns (1) and (3) show that,
while the investment behaviour is indeed similar, German firms spread their in-
vestments more. This indicates that German firms face higher convex adjustment
costs for capital. The only significant interrelation term is the lagged employment
change in the Dutch case, and all estimated coefficients for current and lagged
employment changes are of a negligible magnitude. Hence, we find no evidence
that changes in the employment level affect capital adjustment. Consequently,
there is no indication that differences in employment dynamics between the two

countries translate to investment.

5.2 Labour adjustment equation

The results for the labour adjustment equation (7) are displayed in Table 6 in
Appendix A. As in the case of investment, in column (1) and (3) we report
the estimates for the German and Dutch samples without controlling for sample
selection bias.

The German results for the labour adjustment equation are listed in column
(1) and indicate that in contrast to investment, there is evidence of negative
state dependence. The interpretation for this could be twofold. One reason
could be that German firms concentrate adjustments to employment in a short
period of time. In terms of adjustment costs, this result is consistent with labour
consisting of different types of workers with heterogeneous costs. In particular,
the adjustment of permanent workers entails higher fixed costs and this results in
periods of lumpy adjustment followed by ones where there are no changes to the
number of permanent employees. In such periods, firms adjust only secondary
workers which incur no or lower fixed costs of adjustment. Alternatively, the
negative sign may result from a change in the sign of adjustment from one period
to the next. The insignificance of the wage variables could reflect the wage rigidity
due to the high degree unionisation in Germany. The coefficient on the current
investment level is negative and significant at the 10% level, while the coefficient

on the lagged variable is positive but not significant. Similar to the effects of
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interrelation in the investment equation, the size of the coefficients are very small.
The negative sign is consistent with the high percentage of observations in the
regime with //K > 0 and H/L < 0 in Table 4. The other coefficients are
insignificant and therefore, according to these results, it is state dependence that
largely drives current labour adjustment in German firms. The validity of the
instruments and the absence of second-order autocorrelation are not rejected.

The estimates for the Dutch sample are compiled in column (3) of Table 6 and
in contrast to the German results, there is evidence of positive state dependence.
Hence, Dutch firms spread the adjustment of employment over time. Though
not present in the German results, the coefficient on the per-worker wage in the
current period is negative and significant. The sign reverses for the lagged wage,
which implies that firms delay adjustment to employment to the current period
when wages are higher in the previous one. The sign of the coefficients for the
current and previous level of investment are the same as in the German sample,
negative and positively, respectively, but only the lagged variable is significant. In
line with the German results, the coefficient estimates are very small and imply
that an increase in investment in the previous period has a positive but only
marginal impact on the labour adjustment rate in the current period. There is no
evidence of second-order autocorrelation. However, although the same instrument
set is used as in the German specification, the Sargan test statistic points at
a rejection of the validity of these instruments. To investigate if this rejection
results from a particular instrument, we checked the sensitivity of the Sargan test
statistic to various instrument sets and the rejection is found in all specifications.
A reason for the rejection of the instrument validity could be sample selection
bias, which is investigated in the next section.

Unlike the summary statistics in Section 4, these results illustrate that there is
a clear difference between the labour adjustment in the two countries. The finding
that labour adjustment is more responsive to changes in wages and investment
is consistent with the more flexible labour market in the Netherlands versus the
stricter regulations in Germany. In addition, it appears that German firms incur

higher fixed costs.
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5.3 Alternative specification for interrelation

The identification of interrelation relies on the specifications of (6) and (7), and in
particular, how interrelation enters the adjustment cost function equation (3). As
presented in Section 3, the effect of interrelation on adjustment costs is assumed
to be in levels, though the dependent variable is in rates. This may result in the
variables that are supposed to capture interrelation to pick up some sort of scale
effects. To check the validity of these assumptions, equations (6) and (7) are
re-estimated using the rates for the interrelation terms instead of the variables
in levels, though such a specification cannot be derived from a structural model.
That is, the change in employment H;; in equation (6) is replaced by (H/L);,
and likewise, the investment rate (I/K); is used instead of the investment level
I;; in equation (7).

In the investment equation, the German results suggest that the investment
rate is positively and significantly related to both the labour adjustment rate in
the current and previous period.'® Furthermore, the effects are much larger than
the results in Table 5. This indicates, that firms adjust factors both sequentially
and concurrently. However, these coefficients, though also positive, are not signif-
icant in the Dutch sample. Furthermore, while the coefficients on the investment
rate in the current and previous periods are positive in the labour equation, they

are insignificant in both the German and Dutch samples.

5.4 Sample selection bias

In this section we look at an econometric issue that has generally been ignored in
this literature. As clear from the summary statistics in Section 4, in our datasets
there are a significant number of observations where investment or labour ad-
justment is zero. Furthermore, in estimating equations (6) and (7), we only
use those observations where a firm adjusts its level of an input factor for two
consecutive periods. As discussed in Section 3, this introduces the problem of
sample selection since the event on which we are conditioning is endogenous. To
assess the sensitivity of our results to this bias we follow Aguirregabiria (1997)

and Alonso-Borrego (1998) and estimate the Euler equations using a two-step

15Results are not reported here but are available from the authors on request.
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approach similar to the sample selection model of Heckman (1979). This ap-
proach involves the estimation of a probit model for both investment and labour
adjustment in a first-stage, where the dependent variable is a binary indicator
that equals one when adjustment of capital or labour is non-zero in two consec-
utive years and zero otherwise. From the first-stage estimates, correction terms
are constructed as per Heckman’s two-step estimator. These correction terms
are an estimate of the additive bias which is the (conditional) expectation of the
respective error terms given selection. This additive bias may invalidate the or-
thogonality conditions used in the GMM estimation. Equations (6) and (7) are
then estimated using this bias correction term as an additional regressor.

The results for the first-stage probit models for investment and labour adjust-
ment are reported in Tables 7 and 8 in Appendix A. The independent variables are
the same as those determining the size of the investment and labour adjustment
rates in period t and ¢ — 1 as per equations (6) and (7). Twice-lagged variables
determine adjustment in period ¢ — 1 and are by assumption uncorrelated with
the differenced error term Ae,, and hence serve as natural exclusion restrictions
in period t. As shown in Tables 7 and 8, the adjustment rates and their squares
in period t — 1 are highly significant in all cases. The significance of the other
variables differs between the specifications. Turning to the exclusion restrictions,
in the investment selection equation as denoted by columns (1) and (2) in Table
7, the twice-lagged squared investment rate and sales-capital ratio are significant
in the German sample, while the twice-lagged investment rate, its square and the
price of capital goods are significant in the Dutch specification. The lagged and
twice-lagged price of capital goods are not included in the German specification
as these variables are highly collinear with the price in the current period. In the
labour adjustment selection equation as shown in columns (1) and (2) in Table
8, the twice-lagged sales-worker ratio, wages and the investment level are signifi-
cant in the German sample, while only the twice-lagged labour adjustment rate
is significant in the Dutch specification. The significance of these exclusions re-
strictions is important in terms of identifying the selection bias in the estimation
of the investment and labour adjustment equations (6) and (7). However, due to
the definition of our binary dependent variable there is no natural interpretation

of the coefficient estimates.
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Columns (2) and (4) in Table 5 list the results for the investment equation
when the correction term is added as an additional variable for the German and
Dutch samples.!® The selection term in the German sample is positive but not
significant. Most parameter estimates go down, but all estimates are within
one standard error of the initial ones. The correction term in the investment
equation for the Netherlands is in contrast negative but also highly insignificant.
The fact that all coefficients except the current price are insignificant in this
specification, indicates a multicollinearity problem, an issue common to sample
selection models. Nonetheless, for both samples there is no clear evidence that
estimates are biased due to sample selection.

The results for the labour adjustment equation with correction for sample
selection bias are denoted in columns (2) and (4) of Table 6. As in the case of
investment, the coefficient on the correction term is positive and insignificant in
the German sample. However, the coefficient is negative and strongly significant
in the Dutch sample. Most of the results remain the same but interestingly
the lagged dependent variable becomes insignificant while the average product
becomes significant. This may result from collinearity of these variables with the
correction term. The Sargan test statistic still leads to a rejection of the validity
of the instruments used for the Dutch results. However, it is importantly lower

than before suggesting that selection bias weakens the validity of the instruments.

6 Conclusion

How firms adjust employment and capital is influenced by institutional arrange-
ments and government policies such as labour market regulation and unionisation.
This implies that the dynamics of labour and capital adjustment should also vary
between countries where such constraints and policies differ. Moreover, it has long
been assumed that capital is adjusted less frequently than labour. This assump-
tion seems to be inconsistent with the observed patterns of factor adjustment in
countries where labour markets are subject to significant intervention such as in

Germany and to a lesser extent, in the Netherlands. Thus, we would expect that

16Standard errors were not corrected for the use of predicted values but such a correction is
unlikely to alter the above conclusions.
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the differences in labour market policies in Germany and Netherlands are also
reflected in the adjustment of employment. Furthermore, factor adjustment costs
at the firm-level are possibly interrelated which means that the adjustment of one
factor affects the adjustment costs of another. This implies that the constraints
on employment are translated to the investment dynamics.

To address these issues, we estimate dynamic investment and labour adjust-
ment equations with interrelation between the two factors based on a structural
model. The dynamic linear System GMM estimator of Blundell and Bond (1998)
is implemented to take account of the endogeneity of variables. Moreover, we
also address the impact of sample selection bias on estimates, an issue that has
not been widely addressed in the literature.

Using Dutch and German firm-level data, we find that while the dynamics of
investment are relatively similar in the two countries, the German firms spread
their adjustments to capital over a longer period. Secondly, there is a clear dif-
ference in the dynamics of labour adjustment with the German firms exhibiting
negative state dependence, while the labour adjustment rate of the Dutch firms
is positively correlated to the adjustment in the previous period. The negative
relationship in the German sample could be driven by higher fixed costs resulting
from such policies as dismissal protection for regular workers and the stricter
regulation of flexible work arrangements. Furthermore, the dynamics of labour
adjustment in the German sample is largely determined by this process. In con-
trast to Germany, labour adjustment in the Netherlands is also highly responsive
to wages. These results reflect that adjustment to employment is more flexible in
the Netherlands. Thirdly, there is no evidence that factor adjustment is interre-
lated as the coefficients on the interrelation terms are often insignificant, and in
each case of negligible magnitude. Thus, we find no indication that the differences
in the labour markets between the two countries are reflected in the investment
dynamics. Finally, although controlling for selection bias leads to multicollinear-
ity in the Dutch case, there is no indication that endogenous sample selection

alters the main conclusions.
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A Appendix

Table 1: Macroeconomic Indicators

1992 1993 1994 1995 1996 1997 1998 1999 2000

Growth rate of GDP at market prices (%)

Germany 22  -11 24 1.7 08 1.4 20 1.9 3.0
Netherlands 1.7 0.9 26 2.9 3.0 38 43 3.7 3.5

Growth rate of production in industry excl. construction (%)

Germany 22 80 33 0.8 0.6 3.6 4.2 1.5 6.7
Netherlands b - - - 2.4 0.2 2.4 2.2 2.9

Growth rate of employment in industry excl. construction (%)

Germany -10.2 88 -65 -40 -38 -32 -03 -0.8 -0.1
Netherlands -0.8 -3.7 -2.8 -04 -0.7 1.3 1.3 04 0.3

& Working days adjusted
b Data missing for 1992-1995
¢ Gross employment

Source: Eurostat Yearbook 2002
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Table 2: Summary Statistics

Germany Netherlands
Variable Mean Std. Dev. Median Mean Std. Dev. Median
Total investment®  8.04 55.79 0.80 2.9 27 0.44
Employment 474 1997 91 151 807 61
Turnover/Sales®  148.55  713.48 17 29.4 293 14.5
I/K 0.180 0.186 0.125  0.068 0.083 0.044
H/L -0.015 0.204 0 -0.013 0.142 0
Y/KP 6.521 18.925 3.026  2.573 8.571 1.399
Y/L* 253.38  428.17 179.72  311.74  405.79 226.08
Wage® 62.825  39.563 59.593 63.360  20.058 62.267
No. of Obs. 18147 25109

& Millions of DMs for German firms; millions of Guilders for Dutch firms.
b Real sales per unit of capital stock
¢ Thousands of DMs and Guilders per worker for German and Dutch firms, respectively.

Source: German data - ZEW Mannheim Innovation Panel 1992-2000, Dutch data
- CEREM, Statistics Netherlands (CBS) 1992-2000.
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Table 3: Censoring of Investment and Labour Adjustment Rates

Germany Netherlands

# periods % %
I/K =0 1 9.75 4.23
2 10.04 6.14
H/L=0 1 15.28 17.94
2 27.12 29.78

Source: German data - ZEW Mannheim Innovation Panel 1992-2000,
Dutch data - CEREM, Statistics Netherlands (CBS) 1992-2000

Table 4: Adjustment Regimes

Germany Netherlands

%o %o
L>0& 2 #£0 79.33 80.52
L>0& % >0 38.22 36.62
£>0& %<0 41.12 43.89
£>0& 4L = 14.15 15.47
£=0& L0 5.19 3.11
L=0&%Z>0 2.01 1.07
L=0&%Z <0 3.19 2.03
H
L=0& 1= 1.31 1.00

Source: German data - ZEW Mannheim Innovation Panel 1992-2000,
Dutch data - CEREM, Statistics Netherlands (CBS) 1992-2000
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Table 5: GMM - Investment

Dependent variable: (I/K);

Germany Netherlands
(1) (2) (3) (4)
Variable Coefficient  Coefficient  Coefficient  Coefficient
(I/K)i1—1 0.404%%* 0.411%%* 0.111°%* 0.064
( 0.091) (0.092) (0.052) (0.067)
(]/K)Z%t_1 -0.386*** -0.446%+* -0.150 -0.142
(0.118) (0.152) (0.150) (0.141)
(Y/K); 1 0.005*** 0.003** 0.007#%* 0.002
(0.002) (0.001) (0.002) (0.004)
Dit 0.032 0.021 -0.003** -0.013%*
(0.055) (0.033) (0.001) (0.007)
Dit—1 -0.032 -0.021 0.012%* 0.037
(0.056) (0.033) (0.006) (0.024)
H; -4.37e-08 3.71e-04 -1.04e-05 3.293e-04
(7.35e-06) (3.17e-04) (1.53e-05) (0.0002)
H;; 5.99¢-07 1.04e-04 5.41e-06* 5.082e-05
(1.00e-005)  (1.05e-004)  (3.00e-006) (6.323e-05)
A 0.007 -0.018
(0.032) (0.040)
Instruments® t—2t—3 t—2—t—4 t—-2,t—3 t—2,t—3
Sargan test 44.33 53.19 70.90 79.35
AR(1) test -6.008%*** -4.513%%* S11.99%F%  _4,650%**
AR(2) test -0.440 -1.448 1.375 -0.357
No. of Obs. 2646 1792 8799 5420

Source: German data - ZEW Mannheim Innovation Panel 1992-2000; Dutch data
- CEREM, Statistics Netherlands (CBS) 1992-2000. Two-step results from the
Blundell-Bond GMM Estimator are reported. *** - Significant at 1%, ** - at
5%, and * - 10% level. I/K is the investment rate, Y/K is the sales-capital ratio
(real sales per unit of capital stock), p is the price of investment goods, and L
is the employment level. Specifications for both countries include year dummies
and a dummy for East Germany is included in the German specification. a -
Instruments in levels for transformed equations: German sample - I/K, I/K?,
and Y/K; Dutch sample - I/K, I/K? Y/K, AL, and current and lagged p.
Instruments in differences for level equations: German sample - I/K, I/K? Y/K,
and dummies; Dutch sample - I/K, I[/K?, Y/K, AL, and dummies.
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Table 6: GMM - Labour Adjustment

Dependent variable: (H/L);

Germany Netherlands
(1) (2) (3) (4)
Variable Coefficient Coefficient Coefficient Coefficient
(H/L); 41 -0.133%* -0.160** 0.066** 0.021
(0.069) (0.078) (0.031) (0.024)
(H/L)Z%t_1 -0.083 -0.069 0.103 0.021
(0.140) (0.157) (0.074) (0.055)
(Y/L)i+— 1.21e-05 1.03e-06 3.52e-05  4.62e-05%*
(2.85e-05)  (2.28e-05)  (2.51-05)  (1.94e-05)
Wit 1.74e-04 3.78e-04 -0.006***  -0.005%**
(5.90e-04)  (6.40e-04) (0.000) (4.70e-04)
Wi 1—1 3.52e-04 4.41e-04 0.004*** 0.004***
(3.25e-04)  (3.72e-04) (0.001) (0.001)
Iy -9.15e-07*  -7.29e-07*  -7.71e-08 -7.84e-08
(4.78e-07)  (5.08e-07)  (7.26e-08)  (7.42e-08)
I 1.71e-06 1.30e-06  1.05e-07**  7.43e-08**
(1.05e-06)  (1.12e-06)  (4.60e-08)  (3.41e-08)
T 0.021 -0.0317%**
(0.024) (0.010)
Instruments® t—2,t—3 t—2t—-3 t—-2t—3 t—2,t—3
Sargan test 62.37 62.90 182.6%+* 126.0%%*
AR(1) test -4.229%FF 3,956 _12.56%FF  _12.43%**
AR(2) test -1.197 -1.038 0.527 -1.005
No. of Obs. 1402 1291 11659 8517

Source: German data - ZEW Mannheim Innovation Panel 1992-2000; Dutch data
- CEREM, Statistics Netherlands (CBS) 1992-2000. Two-step results from the
Blundell-Bond GMM Estimator are reported. H/L is the labour adjustment rate
such that H; = Ly — Ly_q, Y/L is the sales per worker ratio, w is the average
per-worker wage, and I is investment (in thousands of DM/GLD) deflated by
the price index for capital goods. Specifications for both countries include year
dummies and a dummy for East Germany is included in the German specification.
a - Instruments in levels for transformed equations: H/L, H/L?, Y/L, w, and
I. Instruments in differences for level equations: H/L, H/L? Y/L, w, I, and
dummies.
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Table 7: Two-period Selection - Investment

Dependent variable: Z((I/K)y #0 & (I/K);1—1 # 0)

Germany  Netherlands

(1) (2)
Variable Coeflicient  Coefficient
(I/K)it—1 10.723%** 13.672%**
(0.893) (0.926)
(I/K)?,t—1 -13.080%**  _23.842%**
(1.189) (1.834)
(Y/K);1 -0.0564**F*  -0.056***
(0.011) (0.016)
Dit 0.089* 0.042
(0.046) (0.027)
DPit—1 - 0.033
(-) (0.043)
H; 2.76e-05 4.24e-05
(5.62e-04) (3.24e-04)
Hii 1 3.61e-04 -0.001
(3.36e-04) (0.001)
(I/K)it—2 0.830 1.643%**
(0.731) (0.621)
([/K)?’tf2 -2.504** -2.978*H*
(0.990) (0.941)
(Y/K)i1—o 0.017%* -0.005
(0.007) (0.016)
Dii—2 - —0063**
(-) (0.031)
AL -1.70e-04 -1.56e-04
(2.97e-04)  (3.571e-04)
No. of Obs. 2255 7688
Log Likelihood -483.569 -1359.87

Source: German data - ZEW Mannheim Innovation Panel 1992-2000; Dutch data
- CEREM, Statistics Netherlands (CBS) 1992-2000. Each selection equations is
estimated as a probit model. I/K is the investment rate, Y/ K is the sales-capital
ratio (real sales per unit of capital stock), p is the price of investment goods, and
L is the employment level. Specifications for both countries include year dummies
and a dummy for East Germany is included in the German specification. Z is an
indicator variable and equals 1 if the condition inside the parentheses is fulfilled
and 0 otherwise. Standard errors are reported in parentheses.
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Table 8: Two-period Selection - Labour Adjustment

Dependent variable: Z((H/L); #0 & (H/L);t+—1 #0)

Germany  Netherlands

(1) (2)
Variable Coefficient Coeflicient
(H/L); -1 0.634*** 0.800***
(0.236) (0.139)
(H/L)it_1 2.085*** 3.311%**
(0.486) (0.329)
(Y/L)it— 4.90e-04 1.39¢-04
(4.71e-04) (1.24e-04)
Wit 4.75e-04 0.004**
(0.013) (0.002)
W -1 0.002 0.005**
(0.001) (0.002)
L -4.92e-06 1.70e-05%***
(5.08e-06)  (2.00e-06)
It -1.61e-06  -1.00e-06***
(7.73e-06) (4.23e-07)
(H/L);4—o 0.030 0.220**
(0.179) (0.102)
(H/L)f’tf2 -0.162 0.255
(0.357) (0.204)
(Y/L)i 12 -9.08e-04* -0.001
(4.84e-04) (0.001)
W 1—2 0.004* -0.002
(0.002) (0.002)
Lo 4.24e-04*** -1.00e-06
(8.93e-06) (4.24e-07)
No. of Obs. 2417 11842
Log Likelihood -1381.701 -7170.526

for capital goods.

Source: German data - ZEW Mannheim Innovation Panel 1992-2000; Dutch data
- CEREM, Statistics Netherlands (CBS) 1992-2000. Each selection equations
is estimated as a probit model. H/L is the labour adjustment rate such that
H, = L;— L1, Y/L is the sales per worker ratio, w is the average per-worker
wage, and [ is investment (in thousands of DM/GLD) deflated by the price index
Specifications for both countries include year dummies and
a dummy for East Germany is included in the German specification. 7 is an
indicator variable and equals 1 if the condition inside the parentheses is fulfilled
and 0 otherwise. Standard errors are reported in parentheses.



Figure 1: Distribution of Investment Rate (I/K) - Germany
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Figure 2: Distribution of Investment Rate (I/K) - Netherlands
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Source: CEREM, Statistics Netherlands (CBS) 1992-2000

32



Figure 3: Distribution of Labour Adjustment Rate (H/L) - Germany
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Figure 4: Distribution of Labour Adjustment Rate (H/L) - Netherlands
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