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Abstract

This paper revisits the "footloose" nature of multinational firms (MNFs) hypothesis. Using firm-level
data for Belgium over the period 1997-2008, we rely on a Probit model and take into account the
endogeneity of the determinants of firm exit. Our results may be summarised as follows. First, the
unconditional exit probability of MNFs is lower than that of domestic firms. Second, controlling for
firm and sector characteristics - firm age, Total Factor Productivity, sunk costs, size, competition on
the product market, sector-level value added growth, and sector dummies - the difference between
the exit probability of MNFs and domestic firms becomes positive. Third, our results show that
MNFs have a lower sensitivity to sunk costs and size than do domestic firms, which may be
interpreted as lower exit barriers due to greater possibilities of relocating tangible and intangible

assets to foreign affiliates.
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1. Introduction

In their policies for attracting foreign direct investment, public authorities take into account the
fact that multinational firms (MNFs) are particularly dynamic and can grasp the opportunities
offered by foreign markets. The reverse of the coin is that, in the case of negative shocks, MNFs
may react (more) quickly, deciding to pull out of the market. This footloose characteristic of MNFs
is an important issue for public authorities in terms of social costs. One major concern is that of
employment destruction. Because these firms are typically larger, closing down a multinational can
lead to sizeable job losses. For example, the figures reported in Dhyne et al. (2010) show that, in
Belgium over the period 1998-2005, among the 87 000 jobs lost due to firms leaving the market, 25
000 were attributable to multinationals; 13 000 of which due to Belgian MNFs and 12 000 to foreign
MNFs.1 The potential footloose nature of MNFs constitutes a further challenge for the countries
that implement attractiveness policies (see also Haskel et al., 2007, for relevant examples in
Europe).

Even though increasing globalisation has made companies more reactive to changes occurring
in their economic environment, MNFs are thought to be more footloose than firms that operate
solely on their domestic market because the scale of their international operations makes it easier
to reallocate production from one country to another. This negative effect may be amplified by a
home bias. Under adverse economic conditions, multinationals tend to safeguard employment in
home-country headquarters compared to more distant plants located abroad (see Abraham et al.,
2010, for evidence for Belgium, Cappariello et al., 2010, Landier et al., 2009). This implies that
foreign-owned firms, which are less deeply rooted into the local economy, are less reluctant to
close down their activities than domestic MNFs. This issue is especially relevant for a small country
such as Belgium where the number of foreign MNFs is around 2.5 times larger than the number of
Belgian MNFs.2

The importance of MNF plant mobility for an economy calls for a better understanding of the
determinants of firm exit, and more specifically the differences in exit behaviour between MNFs and
domestic firms. This is the aim of our paper.

Two main conclusions can already be drawn from the literature devoted to this subject. First,
MNFs have an unconditional probability of exit that is smaller than that of domestic firms. However,
controlling for intrinsic firm and sector-level characteristics that influence firm exit, it is found that
MNFs generally have a higher exit probability than domestic firms (see, for example, Alvarez and
Gorg, 2009, Bernard and Jensen, 2007, Bernard and Sjoholm, 2003, Gérg and Strobl, 2003, Mata
and Portugal, 2002). For Belgium, the conclusions are in line with the previous results since it has
been shown that MNFs have a lower survival probability (Van Beveren, 2007) and a higher

propensity to relocate their activities (Pennings and Sleuwaegen, 2000, 2002).

1 on average, a foreign MNF closure induces the direct destruction of 100 jobs (without taking into account
the indirect job losses among their co-contractors), while the closure of a Belgian-owned firm only destroys
7.7 jobs.

2 Throughout the paper, we distinguish between domestic firms (which are neither more than 50% foreign-
controlled nor have foreign stakeholders), foreign MNFs (which are Belgian affiliates at least at 50%
controlled by foreign companies) and Belgian MNFs (which are Belgian firms that undertake outward FDI
and are not more than 50% controlled by foreign ownership).
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To deal with the difference of exit behaviour between MNFs and domestic firms, it is important
to take the specificities of the former into account. The main argument put forward in the literature
is that MNFs which have specific advantages (associated with economies of scale across their
international network) have the most productive performance (Markusen, 2002, Van Beveren,
2007). Consequently, in the event of adverse shocks in the host country, they may be incited to be
footloose in order to maintain (or even to improve) their productive performance. Paradoxically, this
literature seems to forget a counter-argument against the footloose nature of MNFs. Entry into a
foreign market via a foreign affiliate involves sunk costs (Helpman et al., 2004). As they cannot be
recovered, these costs act as barriers to exit that may alter the ability of MNFs to be footloose.

This paper contributes to this literature in two main ways. First, it considers the role of sunk
costs as barriers to firm exit. Thanks to information provided in the individual annual accounts on
investment, the capital stock, leasing, depreciation and sales and disposals for both tangible and
intangible fixed assets, a good proxy is provided for tangible and intangible sunk costs. This is in
line with the distinction between endogenous sunk costs and exogenous sunk costs, initially
proposed by Sutton (1991), and with the fact that MNFs possess some specific intangible assets
based on R&D and marketing efforts (Helpman et al., 2004). The paper considers the role of firm
size in addition to sunk costs. Size may conveniently control for other sources of barriers to exit,
such as economies of scale, the possible multi-plant nature of the firm, or better management for
example.

Second, the paper examines whether MNFs have a different sensitivity to sunk costs than
domestic firms in their decision to exit. Furthermore, it tests whether MNFs are more sensitive than
domestic firms to a decline in their performance. The productive performances are proxied by Total
Factor Productivity (TFP) which is estimated following a recent method put forward by Ackeberg et al.
(2006) and extended to account for firm selection.

Besides the three central explanatory variables (sunk costs, TFP and size), it adds a large set
of additional control variables usually present in an exit model. This set includes age, along with
sector-level characteristics, such as market competition, minimum efficient scale, sector growth
and demand uncertainty. We take advantage of the qualitative information on firms' expected
demand reported in the business survey to construct a sector-level measure of demand
uncertainty, using Theil's (1952) disconformity index. Alternatively, we consider the standard
deviation of a forecast equation for sales as another measure of sector uncertainty.

The empirical analysis relies on a very rich and large panel of Belgian firms, for manufacturing
industries, construction and market services, over the period 1998-2008. A random effects Probit
model is estimated for firm exit, thus allowing for unobserved firm heterogeneity and taking into
account the potential endogeneity of the explanatory variables with respect to firm effects as well
as with the residual.

Our findings may be summarised as follows. Firstly, the unconditional exit probability of MNFs
is lower than that of domestic firms. Secondly, the probability of exit depends on the three key
explanatory variables (productivity, sunk costs, size) and on a set of control variables (firm's age,
market structure, etc.) After controlling for these variables, we find evidence that MNFs have a
higher propensity to exit than domestic firms. It should be noted that our findings do not suggest

that Belgian MNFs would be less (or more) likely to close a local production site than foreign MNFs.



Thirdly, our results indicate that higher exit barriers, such as sunk costs and size seem to generate
larger exit probabilities for domestic firms than for MNFs, which may rationalise part of the
multinationals' footloose nature. Conversely, a deterioration in productive performance does not
lead to different exit probabilities for domestic firms and MNFs. However, for foreign MNFs, what
may matter most is the productivity trend of their Belgian affiliates relative to that of the other
entities of the MNF-.

The paper is organised as follows. Section 2 reviews the most important lessons from the
literature on firm exit, as well as the empirical findings from the "footloose multinationals" literature.
Section 3 describes the construction of the dataset and variables. Section 4 provides our

estimation results. Section 5 concludes.

2. Review of empirical findings

Numerous studies have shown that productivity performance is an important determinant of
firm survival (see Caves, 1998, for a survey). Further, a large body of the theoretical literature on
MNFs has focused on the role played by specific assets owned by MNFs for their development
abroad. These assets make firms more productive and enable them to offset the disadvantage
compared to native firms when they enter foreign industries (Antras, 2003, Markusen, 2002). By
means of their international networks, MNFs may exploit their specific assets on a wider scale and
benefit from all opportunities offered abroad (selection effect). Consequently, MNFs, as
international multi-plant firms, improve their efficiency (learning effect), reducing their probability of
exit (Bernard and Jensen, 2007). However, their international network also allows them to easily
relocate production between countries in response to adverse shocks. Thus, in a selection process
by which failing plants exit and successful plants prosper, MNFs may be prompted to quickly close
their foreign plants and be viewed as more footloose than domestic firms. This "productivity
premium" in favour of MNFs is verified empirically.3

The role played by sunk costs in the survival of foreign affiliates (plants) of MNFs is more
ambiguous. First, it is generally assumed, as for export activities, that MNFs investing abroad have
to bear costs that are sunk (Helpman et al., 2004). These costs are formed by the three following
elements: i) the cost of forming a distribution network and servicing a foreign market; ii) the cost of
setting up a foreign subsidiary; iii) the adaptation costs of the specific assets provided by the
headquarters. On the basis of these three elements, MNFs seem to incur high sunk costs when
setting up production abroad that can alter their ability to be footloose. In actual fact, this is not so
obvious. Indeed, a large part of foreign subsidiaries were previously locally-owned firms.4 The
takeover of existing local firms may induce lower sunk costs for MNFs compared to an ex-nihilo
establishment abroad, because the MNF may benefit from previously existing networks, for
instance. Furthermore, the specific assets generate sunk costs at the MNF network level, not at the

affiliate level (see Markusen, 2002).

3 See, for example, Criscuolo and Martin (2009) for the United Kingdom, and Doms and Jensen (1998) for
the United States,

4 The OECD (2000) estimates that mergers and acquisitions account for more than 60% of foreign direct
investment by MNFs in developed countries.



Many recent papers, for a wide range of countries, provide evidence that MNFs are more
footloose than domestic firms after controlling plant or firms characteristics such as age, size and
productive performance.® As in the theoretical works of Jovanovic (1982) and Ericson and Pakes
(1995), these characteristics are often highlighted as explanatory variables in the empirical
literature on firm exit (Audretsch and Mahmood, 1995, Doms and Jensen, 1998, Dunne and
Hughes, 1994, Mata and Portugal, 1994). Furthermore, the economic environment may also have
some influence. For example, firms' exits may be more frequent in declining and/or less
concentrated industries than in expanding and/or less competitive sectors. Again, these factors are
taken into consideration in analysing the footloose nature of MNFs (Alvarez and Gorg, 2009, Gorg
and Strobl, 2003). In addition, as pointed out by O'Brien and Folta (2009), firms may delay their exit
decision when the profitability in the sector is more uncertain. Furthermore, the option value of
waiting to take such decision increases with the level of sunk costs.

While the literature on firm exit has devoted a great deal of attention to the role played by sunk
costs as barriers to exit, very few studies on MNF exits are concerned by this type of cost. Amongst
the exceptions, Van Beveren (2007) concludes that higher sunk costs reduce the probability of exit.
However, in her paper, sunk costs are proxied by the firm-level average wage. By contrast, in this
paper, we introduce an observable measure of the part of (tangible and intangible) capital stock
that is sunk. Furthermore, contrary to Van Beveren (2007) we test for different sensibility of firm exit
with respect to exit determinants, in particular sunk costs. Van Beveren (2007) also introduces a
foreign-owned dummy into the exit model, but no distinction is made between Belgian firms and
foreign MNFs. By comparison, we test for a difference between Belgian and foreign MNFs. This
approach enables us to check whether foreign MNFs may be less rooted in the local economy,
after controlling for intrinsic firm- and sector-level characteristics.

When comparing MNFs to domestic firms, some authors have examined the role of workforce
characteristics on the grounds that MNFs tend to employ a large proportion of high-skilled workers
and pay higher wages. The impact of wages on the probability of exit is ambiguousn, however. On
the one hand, firms that pay higher wages experience higher costs than their competitors; this may
reduce their survival probability. On the other hand, higher wages may reflect higher productive
performance, due for example to higher skills. The presence of a larger proportion of white-collar
workers in a multinational firm's workforce may induce barriers to exit as well, owing to, among
other things, higher firing costs than in the case of blue-collar workers. In this case, higher wages
may be associated with lower probability of firm exit. For example, Bernard and Jensen (2007), find
a negative effect of wages on the probability of firm exit. But Bernard and Sjoholm (2003) find that
firms with higher wages have a lower survival probability, after controlling for the fraction of white-
collar wages. Van Beveren (2007) reports mixed results for the effect of average firm wage. As we
use direct proxies for productive performance and for barriers to exit, the wage variable is only
used in our tests of robustness.

Owing to a lack of precise information, we disregard a number of potential explanatory
variables. As we have no distinct information on the R&D and marketing expenditure, these are put

together in our measure of intangible sunk costs. In the same vein, we disregard capital intensity

5 See Ferragina et al. (2011) for Italy, Alvarez and Gorg (2009) for Chile, Van Beveren (2007) for Belgium
and Kimura and Kiyota (2006) for Japan.



because of its obvious relation to tangible sunk costs. Although group membership may provide
management expertise, services support from the group, reputation advantages, better access to
finance, collateral provision and intra-group lending, we do not consider the effect of being a
member of a group, beyond MNF membership, due to a lack of information. Group membership is
only partly controlled for by the MNF dummy since this variable only captures membership of an
international group. Therefore, domestic firms may include single-plant firms, multi-plant firms as
well as members from a Belgian group with activities only on the local market. We suspect that the
latter form a minority of them. Lastly, we disregard financial factors such as financial constraints
and access to financial markets. The reason for this is that such variables may be difficult to
construct for firms that are members of a group and especially for those belonging to MNFs.
Indeed, intra-group lending and the provision of collateral may be decisive advantages but cannot
be measured owing to a lack of available data.®

Following our discussion above, after controlling for these variables, differences between
MNFs and domestic firms may be attributed to differences in management practices, economies of
scale in support services, better access to financing, through intra-group lending, collateral

provision on financial markets, etc.

3. Data description, variable definitions and preliminary statistics

The dataset is obtained after merging figures from two sources of information: the Central
Balance Sheet Office and the Survey on Foreign Direct Investment. The former provides us with
firms' annual accounts while the latter is used to identify MNFs.

Appendix A describes in more detail the construction of the dataset, including annualisation of
annual accounts when the accounting year differs from the calendar year, extrapolation of missing
value, trimming for outliers and definition of the variables used. We consider firms that report
positive employment, nominal physical capital stock above €100 and positive total assets at least
once over the period surveyed. We restrict our attention to the manufacturing industry, construction
and market services (i.e. two-digit NACE Rev 1.1 codes between 15 and 74) and leave out firms
that may not be considered as "profit-maximising" firms, according to their legal status, e.g. we
exclude non-profit associations and public administrations. Real values are constructed based on
2-digits NACE-level deflators.

MNFs are defined as firms with either outward FDI or foreign (direct and indirect) participation
above 50%. Among MNFs, we distinguish between Belgian and foreign multinationals. Foreign
MNFs are firms with at least 50% (direct and indirect) foreign ownership; Belgian MNFs are firms
that undertake outwards FDI and are not more than 50% foreign-controlled (directly or indirectly).
Other firms are classified as domestic. This includes Belgian firms with no outward FDI as well as
affiliates of foreign MNFs.

Although the dataset contains information on the firm's legal situation, this is not exhaustive

over the sample period, and could not reliably be used to identify firms' closure and takeovers.

6 Wwhile the Survey on Foreign Direct Investment conducted at the NBB provides information on intra-group
lending between Belgian firms and their foreign partners within multinationals, we have no information
about intra-group lending between Belgian firms belonging to a Belgian group.
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Therefore, we identify firm exit based on the following criteria. The firm is considered as an exiter
when, the last time it is observed in the sample, it has employment missing or zero, or nominal
tangible fixed assets missing or below €100, or total assets missing or null in the next two years.’
On average over the 1998-2008 period, the exit rate is 7.3%. This lies in between typical exit rates
reported by Bartelsman et al. (2005) for large firms (around 5%) and small firms (around 10%) for a
wide range of countries. The exit rate of large firms is generally smaller than that of small firms.
Among others, one possible reason for this is that large firms are more likely to have multiple plants
/ multiple production lines, while small firms tend to be single-plant / single production line. Closing
a plant / production line may therefore translate into downsizing for a large firm and to exit for a
small one.

In this paper, we consider a broad set of potential determinants of firm exit, such as TFP, sunk
costs, uncertainty, as well as firm size (measured by total employment) and age. Firm age is
constructed from the date of the company's establishment.

To estimate TFP, we extend the method of Ackeberg et al. (2006) to account for firm exit,
consistently with the focus of the paper. TFP is estimated on the basis of value added, initial capital
stock at the beginning of the period, labour input (measured as average employment in full-time
equivalent terms over the year) and, as in Olley and Pakes (1996), age. Intermediate consumption
is used as a proxy to control for productivity shocks. In order to identify the labour and capital
coefficients, we assume, as in Dhyne et al. (2010), that capital at the beginning of the period is
orthogonal to the current productivity shock, and that employment adjusts with a time lag to
productivity shocks. Appendix A reports the production function coefficients and bootstrapped
standard errors, estimated at the 1-digit NACE level. We estimate production function coefficients
on a reduced sample but construct TFP measures for the entire sample of firms. The reason is
twofold. First, small firms do not have to report intermediate input consumption. We can still use the
capital, labour and age coefficients to construct a TFP measure for them. This aims to avoid
selection bias. Second, in order to avoid bias in the production function coefficients, we trim the
data used to clean estimate production function coefficients for outliers, as explained in the
Appendix. Again, coefficients estimated on the basis of this reduced sample are used to construct
TFP for all firms of the entire sample.

Sunk costs are defined as retrospective costs that have already been incurred and cannot be
recovered. They concern the part of capital investment that is not leased and cannot be resold on
the second-hand market, following Blanchard et al. (2010). We construct sunk costs for tangible

and intangible assets following equation (1)

sunk; = Nljy + (1 — 85)(1 — v )NK;, (1)

where NI;; represents nominal investment net of leased amount of firm i during period t, and

NK; ., is the nominal capital stock, net of leased capital goods, available at the beginning of period

7 Owing to the lack of complete data for 2010, we define exits in 2008 solely on the basis of information for
2009.



t. 8, and y,, are respectively sector- and time-specific depreciation and resale rates8. We estimate
&, by the average yearly sector-level depreciation rate, while y,, is approximated by the sales and
disposals rate of the capital stock, due to data limitations. The resale rate is intended to capture the
possibility for firms to resell capital stock on the second-hand market rather than the effective
resale. Therefore, we opt for a resale rate that is the same for all firms within a sector so that it also
applies to firms that never resell their capital stock. The other advantage of this measure is that it
evolves over time and may thereby better capture changes in resale price of capital. More details
on the computation of the depreciation and resale rates are available in Appendix A.

We define total sunk costs as the sum of tangible and intangible sunk costs. The advantage
over introducing separate tangible and intangible sunk costs is that total sunk costs provide a
continuous measure. In fact, nearly all firms report tangible sunk costs, but only one half of them
reports intangible sunk costs (48% of domestic firms and 68% for MNFs do so). However, for
robustness, we provide in the Appendix estimates with tangible sunk costs only.

A variable that is naturally related to sunk costs is demand uncertainty. Indeed, demand
uncertainty is especially relevant in the case of sunk costs, because investment cannot be easily
reversed. We use two alternative measures of sector-level demand uncertainty. The first is based
on qualitative data reported in the monthly business cycle survey. Following Fuss and Vermeulen
(2008), we use the disconformity index proposed by Theil (1952), defined as

o, = (ups, + downs,) — (ups, — downs,)? (2)

where ups; (downs,) is the percentage of firms in year t that expect an increase (decrease) in
demand for their main product. This measure, computed at the 2-digit NACE level, captures
disagreement among respondents. For example, if all firms in a given sector report the same trend
for future demand (either rise, or unchanged, or decrease), the Theil index takes value zero. If one-
third of the firms expect a rise in demand and another third expect a drop in demand, the index
takes the value of 0.67. Lastly, if half of the firms expect a rise in demand and the other half a
decrease in demand, the index is equal to 1.

Alternatively, we consider a measure of sector-level demand uncertainty based on a forecast
equation for firms' turnover. As in von Kalckreuth (2003), we estimate an autoregressive model of

order one for the log of turnover (turn;,), at the 2-digit NACE sector level:

turng = a + pturn; 4 + vy 3)

Demand uncertainty is measured by the standard deviation of 7¥;,the estimated residual of
equation (3). It varies over time and across sectors.

Because firm exit is more likely in more competitive sectors, we also control for the degree of
competition within the sector. We measure competition using the Herfindahl and C10 concentration

indices based on firms' turnover at the 2-digit NACE level for each year in the sample.

8 Resale rates should represent the ratio of the capital stock sold in the second-hand market over the capital
stock.



Alternatively, we also consider the firms' profits elasticity to marginal costs proposed by Boone
et al. (2007). As explained in more details in Appendix A, this is obtained by regressing, for each
sector, the log of profits on the log of marginal costs, where marginal variable costs are measured
by variable costs over turnover.

Lastly, we also consider other sectoral characteristics such as sector growth, measured by the
log difference of 2-digit NACE real value added, and the minimum efficient scale proposed by
Sutton (1991).

Our final sample consists of firms with positive employment, sunk costs, TFP, and excluding
those firms that can be assumed not to maximise profits such as non-profit associations. It is an
unbalanced panel of 843,102 observations, related to 156,003 firms observed over the 1997-2008
period. Table 1 reports the mean and median of the potential determinants of firm exit and test

differences between MNFs and domestic firms. Specifically, for each x;; variable, we estimate

Xit = B1 + BMNF; + Dg + D, + € (4)

where MNF;, is a dummy variable that takes value 1 if firm i is a MNF at time t. D, and D, are

respectively 1-digit NACE sector and year dummies.



Table 1 - Descriptive statistics

Conditional difference wrt
domestic firms
mean median Coef f, t-stat
Size (humber of workers)
Domestic 12.27 4.00
MNF 306.29 94.51 290.22 251.59
Age (in year)
Domestic 16.03 14.00
MNF 28.22 23.00 11.55 137.70
Apparent labour productivity
Domestic 0.07 0.06
MNF 0.20 0.09 0.13 68.00
Total factor productivity
Domestic 450.50 0.49
MNF 874.43 0.00 419.40 12.00
Average annual wage (in thousand euro)
Domestic 26515.7 24426.2
MNF 47319.8 41950.9 20724.22 229.80
Total sunk costs (in thousand euro)
Domestic 0.58 0.16
MNF 30.96 4.04 30.05 131.82
Intangible sunk costs (in million euro)
Domestic 0.11 0.00
MNF 12.04 0.21 11.75 65.73
Tangible sunk costs (in million euro)
Domestic 0.47 0.12
MNF 18.92 2.68 18.31 158.73
Herfindahl index
Domestic 0.032 0.015
MNF 0.038 0.020 0.003 12.75
Sector output growth
Domestic 0.022 0.022
MNF 0.024 0.023 0.001 2.76

Note: 843,102 observations, 156,003 firms over 1997-2008; 'conditional difference’ reports the conditional difference and t-

stat, controlling for 1-digit NACE sector and year dummies.

The figures reported in Table 1 confirm previous findings in the literature. Multinational
companies tend to be larger and more productive. Possibly related to their productivity advantage,
MNFs offer a substantial wage premium, consistent with previous evidence (see, for instance,
Almeida, 2007, Malchow-Mgller et al., 2007). Table 1 also highlights substantial differences in sunk
costs across types of firms. MNFs have, on average, tangible sunk costs that are more than 40
times larger than that of domestic firms. On average, intangible sunk costs are much lower than
tangible sunk costs. Nevertheless, the ratio of average intangible sunk costs for MNFs and
domestic firms is still higher, reaching a factor of 110. This highlights the importance of assets
specific to MNFs. Given that MNFs have, by definition, more room for assets transfer across
production units inside their international network, this calls for a better understanding of their role
as barriers to exit. A huge difference is also reflected in size, as measured by total employment,
which is on average 25 times larger for MNFs than for domestic firms.

Concerning the probability of observing a firm exit, Figure 1, which reports Kaplan-Meier

estimates for domestic and multinational firms, suggests that the unconditional survival probability



is much larger for multinational plants than for domestic firms. The next section examines whether

this remains true after controlling for intrinsic firm and sector characteristics.
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Figure 1 - Kaplan-Meier survival estimates

4. Estimation results

In order to analyse the firm's exit decision, we use firm-specific random effects Probit models.
We estimate various specifications of an exit equation using the sample described in Section 3.

As mentioned above, we control for potential endogeneity problems for some of our
explanatory variables (TFP, sunk costs, size and age). First, we control for potential correlation
between the regressors and unobserved firm-specific random effect. We use the correction
proposed by Mundlak (1978). This correction consists of introducing the intra-individual means of
the explanatory variables as regressors in the model, which will capture the correlation with the
unobserved individual effects. A second endogeneity issue may arise due to the correlation of
explanatory variables with the error term. In a model for the probability of exit, this may be related
to the so-called shadow of death phenomenon highlighted in Griliches and Regev (1995). They
show that productivity declines prior to exit. This implies that current productivity is endogenous
with respect to the exit decision. In order to correct for endogeneity bias, we use the instrumental
variable correction proposed by Rivers and Vuong (1988). This two-step approach consists of a
first-stage regression of the endogenous variables on a set of instruments. In the second stage, the
fitted value is introduced into the Probit equation together with the residual of the first stage
regression. A test of endogeneity is provided by the z-stat of the residuals of the first-stage
regression. We apply this procedure to TFP, sunk costs and size. The instrument set includes an
MNF dummy, age, the profit elasticity, sector growth, sector dummies, and one lag of the
endogenous variable. The first-step regression is estimated year by year.

Our estimation results are presented in Tables 2 and 3, where the average partial effects on
the exit probability associated with each explanatory variable are reported. All estimated equations

include 2-digit NACE sector effects and time dummies. This makes it possible to control for the fact
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that MNFs may concentrate in some industries.

Consistently with the evidence presented in Figure 1, the results associated with the estimation
of the unconditional exit probability presented in column (1) of Table 2 suggest that MNFs are less
likely to close down their production units than purely domestic firms. On average, the exit rate of
MNFs is 0.8 percentage point lower than the exit rate of domestic firms.

However, when we control for firm characteristics (TFP, sunk costs, size, age) and sectoral
characteristics (Herfindahl index, sectoral growth and minimum efficient scale) as in columns (2) to
(5) of Table 2, we mostly obtain a significantly higher exit probability for MNFs than for domestic
firms. This indicates that MNFs are indeed more footloose than their domestic counterparts with
similar characteristics.

As is standard in the literature, the estimates in Table 2 indicate a significantly negative impact
of TFP and size on exit rates. As MNFs tend to be bigger and more productive, these factors
explain the negative unconditional lower exit probability of MNFs compared to domestic firms.
These results are in line with the conclusions of Alvarez and Gorg (2009) for the Chilean
manufacturing sectors over the period 1990-2000, even though in our exit model the effect of TFP
is much lower while size has a very similar effect on the exit probability as in their study. The
robustness of our results is confirmed by the fact that they are qualitatively similar to those reported
by Van Beveren (2007) from a sample of firms located in Belgium for the years 1996-2001. In
addition to productivity and size, our results highlight the role of sunk costs as impediments to firm
exit, in line with the findings of Blanchard et al. (2010) for France. The introduction of sunk costs
and size is particularly important in that respect as including only one of those two variables in the

exit equation is enough to either offset or reverse the sign of the MNF dummy variable.®

9 Results are not reported but are available on request.
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Table 2 - Probit models for the probability of exit - average partial effects

1) (2) 3) (4) (5)
MNF; -0.008*** -0.001 0.042*** 0.053*** 0.054***
(-19.18) (-0.15) (6.49) (7.72) (7.74)
Belgian MNF;; - - - - -0.010
- - - - (-0.87)
Ageit - 0.035*** 0.033**=* 0.032%** 0.032%**
- (39.32) (38.04) (38.02) (38.02)
Agei? - -0.0001*** -0.0001*** -0.0001*** -0.0001***
- (-8.99) (-9.06) (-8.98) (-8.99)
TFP; - -0.025*** -0.027*** -0.025%** -0.025%**
- (-29.91) (-31.39) (-29.59) (-29.59)
Sunkit - -.0.023*** - -0.015%** -0.015%**
- (-41.01) - (-25.47) (-25.57)
Sizeit - - -0.048*** -0.039*** -0.039***
- - (-46.12) (-37.02) (-37.02)
Herfindhals; - -0.183*** -0.163*** -0.167*** -0.167***
- (-7.78) (-6.80) (-7.03) (-7.03)
Alog(VAsy) - -0.001 0.0003 -0.0004 -0.0004
- (-0.11) (0.05) (-0.07) (-0.07)
MES-Suttons; - 0.013 -0.0231 -0.013 -0.013
- 0.17) (-0.34) (-0.20) (-0.20)
log L -152014.2 -120165.6 -116983.3 -115675.0 -115674.6
6y 1.064 2.434 2.347 2.282 2.283
std(cy) 0.014 0.030 0.031 0.029 0.029
X2(p) 5103.4%** 9121 2% 9549 5%+ 9253.3*** 9253.9%**
Avg. pred. prob. | exit=1 0.041 0.233 0.267 0.275 0.275
Avg. pred. prob. | exit=0 0.036 0.032 0.034 0.034 0.034
ROC Area 0.551 0.805 0.815 0.822 0.822
std(ROC Area). 0.002 0.001 0.001 0.001 0.001
RV_TFP - -47.39 -56.05 -55.30 -55.30
RV_sunk - -54.89 - -41.84 -41.84
RV_size - - -74.38 -67.64 -67.64

Notes: 687099 observations and 119343 firms over 1998-2008

All equations include year and NACE 2-digit sector dummies; z-statistic in brackets. G, is the estimated standard deviation
of random effects; X2(p) is the Chi-squared test for the significativity of random effects.

*** = gignificant at the 1% level

Mundlak's correction has been applied to firm-level variables TFP;, agei, sunk; and size;

Rivers-Vuong instrumental variable approach has been applied to TFP;, sunk; and size;.. The instrument set includes MNFy,
Agei, Profit elasticitys, Sector growth; sector dummies, and one lag of, respectively, TFP;, sunk; sizei. The first step
regression is estimated year by year.

The ROC area is a measure of the predictive quality of each model. A value above 0.7 indicates good predictive quality.

RV stands for the Rivers-Vuong endogeneity test; i.e. the t-stat of the residuals of the 1%-step regression in the Probit.

Several of the control variables have a significant effect on the exit rate. Firstly, our results
suggest an inverted-U-shaped relationship between exit and the firm's age (used as a proxy of
knowledge accumulation) with a turning point of 17 years for Age.10 Hence for firms less (more)
than 17 years old, the older they are, the higher (lower) the propensity to exit is. This finding seems
at first sight inconsistent with previous literature that found a negative effect of the firm's age on the
probability to exit. However, our estimates control for a potential correlation among the regressors

and the firm-specific random effects. For age, the correlation is negative between the intra-

10 The value of Age at this critical point equals Agecr = (Average partial effect of Age)/2(Average partial
effect of Age?).
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individual mean and the individual effects. As a consequence, the "net" effect of age on the
probability of exit may not be monotonic decreasing. This result suggests that the knowledge
accumulation of firms depends on their unobserved characteristics. Further, as Geroski (1995)
pointed out, other observed characteristics of firms may well capture the impact of knowledge
accumulation. In particular, in our case, this impact is likely to have partly been captured by the
productivity and size variables.

Secondly, we find that the exit probability increases with the degree of competition, measured
by the Herfindhal index, computed using firms' turnover at the 2-digit NACE level. This suggests
that the tougher the competition, the higher the exit rate. Alternative measures of the degree of
competition (market share of the 10 largest firms) have been considered in Appendix but their
impact is less conclusive (see Table B.2. in Appendix). Other measures of competition such as
profit elasticity (Boone et al., 2007) and sectoral markups (Christopoulou and Vermeulen, 2011)
have also been considered but these measures do not vary over time and could therefore only be
included in an equation without sectoral dummies. Their impact is therefore less clear to interpret
as they may also capture other sectoral aspects.

The other variables that characterise the sectoral environment (sectoral growth and minimum
efficient scale) do not seem to have a significant impact on the exit probability.11

One additional factor that may explain differences between MNFs and purely domestic firms is
nationality. The footloose nature of MNFs is typically associated with foreign firms. Conversely,
Belgian MNFs may be more reluctant to abandon their activities in their own country, due to
organisation reasons, reputation issues, etc. Therefore, the positive impact of the MNF dummy on
the exit rate might be entirely driven by the foreign multinationals and should be biased downward
by the Belgian MNFs sampled. However, the last column of Table 2 does not give strong support to
this hypothesis. Controlling for firm and sectoral characteristics, Belgian MNFs do not have a
significantly different exit probability from other MNFs. Belgian MNFs have a lower conditional
probability of exit but the difference with foreign MNFs is not significant at conventional significance
levels. The sign of the estimated coefficient is in line with the findings of Ferragina et al. (2011),
who show that the Italian MNFs had a lower probability of exit than the foreign MNFs over the
period 2004-2008. But our results do not provide strong support for this home-bias hypothesis
either as the coefficient is insignificant.

Our results also confirm the importance of the so-called "shadow of death" as the Rivers-
Vuong endogeneity tests state that our three main firm-specific characteristics can be considered
as endogenous. This reflects the fact that, typically, a decline in TFP, size and sunk costs is
observed prior to firm exit.

It has to be mentioned that the predictive quality of our Probit equations, measured by the ROC
area, is relatively good for the equations that include our main regressors. Indeed, it is generally
considered that a ROC area above 0.7 indicates relatively good predictions. Based on this
indicator, our preferred model is the one presented in column (4). This model will be used as a
benchmark for further analysis. In Table B.1. in the Appendix, we also look at the role of some
other variables that have been considered in the firm exit literature, for instance sectoral demand

uncertainty, labour composition, and wages.

11 Due to the inclusion of time-invariant sector dummies in the equation, variables capture the time evolution.
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Our disconformity index that captures sectoral uncertainty is found to have a significant and
positive impact on the exit probability, indicating that firms operating in a risky environment tend to
exit more frequently. However, this result is not robust to alternative measures of uncertainty (see
Table B.2.). Our results also indicate that firms which pay higher wages tend to have a lower exit
rate. This result is at odds with the common view that firms with high wages may be less
competitive and therefore may be pushed out of the market. However, if we consider this variable
as an indicator of the quality of the labour input, the results obtained can be rationalised as
indicating that firms using labour inputs of higher quality tend to exit less (in line withBernard and
Jensen, 2007, Bernard and Sjoholm, 2003).

The results presented in Table 2 are relatively robust to alternative definitions of the
explanatory variables as shown in Table B.2. and for alternative sets of instruments used to control
for endogeneity (Table B.3). For instance, in column (2) of Table B.2., instead of considering sunk
costs associated with both tangible and intangible assets, we consider only sunk costs for tangible
assets. The results obtained suggest that the impact of sunk costs is mostly related to tangible
assets.

To summarise this first set of results, our preferred specification is the one reported in column
(4) of Table 2. In all the above-mentioned cases, our estimates reveal that, conditional on firm and
sector characteristics, MNFs have a higher probability of exiting the local market than purely
domestic firms.

To observe a significantly higher exit probability for MNFs compared to similar domestic firms is
a first indicator of the footloose nature of MNFs. Additionally, this footloose feature might be related
to different responses of MNFs to changes in the value of regressors. For instance, because
foreign MNFS perform international benchmarking of their different production sites, we may
consider them to be more sensitive to the deterioration of TFP in their foreign affiliates and
therefore may more rapidly decide to close down one of their production sites.

Results presented in column (2) of Table 3 do not support this assumption. Indeed, including
the crossing between the TFP variable and the MNF dummy does not improve our estimation and
the coefficient associated to that cross-term is non significant. 12

For other factors influencing firm exit, we find that MNFs' sensitivity to exit determinants differs
from that of domestic firms. This contrasts with the results of Mata and Portugal (2002) who did not

find any differences in sensitivity to determinants of firm exit between MNFs and domestic firms.

12 Using our own data, we can only compare the deterioration (or improvement) of TFP in Belgian firms. Of
course, a more relevant approach to test the hypothesis of the footloose nature of MNFs would be to make
a comparison of TFP inside the foreign multinationals between their Belgian affiliates and affiliates located
in other countries.
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Table 3. - Probit models with interactions with MNF dummy - average partial effects

(1) (2) (3) (4) (5)
MNF; 0.053*** 0.058*** 0.047*** 0.137*** 0.080***
(7.72) (7.40) (6.81) (8.00) (3.91)
Agei 0.032%** 0.032%*  0.032**  0.032%* 0.032%**
(38.02) (37.96) (37.99) (37.97) (37.98)
Agei? -0.0001***  -0.0001***  -0.0001*** -0.0001**  -0.0001***
(-8.98) (-8.94) (-9.01) (-8.99) (-9.01)
TFPy -0.025%**  -0.025%*  -0.025%*  -0.025**  -0.025***
(-29.59) (-29.53) (-29.47) (-29.48) (-29.47)
MNFi X TFP;; - 0.0002 - - -
- (0.99) - - -
Sunki; -0.015***  -0.015**  -0.015***  -0.015**  -0.015***
(-25.47) (-25.58) (-25.83) (25.62) (-25.79)
MNFit X Sunki - - 0.009*** - 0.007***
- - (6.91) - (4.32)
Sizeit -0.039*** -0.038*** -0.039*** -0.039*** -0.039%***
(-37.02) (-36.97) (-36.97) (-37.17) (-37.01)
MNFi X Sizeit - - - 0.011*** 0.003
- - - (5.41) (1.57)
Herfindhals 0.167**  -0.166**  -0.166***  -0.166***  -0.166***
(-7.03) (-7.03) (-7.01) (-7.02) (-7.00)
Alog(VAsy) -0.0004 -0.0004 -0.0004 -0.0004 -0.0004
(-0.07) (-0.07) (-0.07) (-0.08) (0.08)
MES-Suttong -0.013 -0.013 -0.012 -0.013 -0.013
(-0.20) (-0.20) (0.19) (-0.20) (-0.19)
log L -115675.0 -115674.0 -115652.3 -115657.8 -115647.8
Gu 2.282 2.276 2.271 2.270 2.268
std(cu) 0.029 0.029 0.029 0.029 0.029
X2(p) 9253.3%*  0214.5%*  Q228.1%*  Q221.5%* 9222 %%k
% true exits 0.275 0.275 0.275 0.275 0.275
% true surv. 0.034 0.034 0.034 0.034 0.034
ROC Area 0.822 0.822 0.822 0.822 0.822
std(ROC Area). 0.001 0.001 0.001 0.001 0.001
RV_TFP -55.30 -55.22 -55.19 -55.20 -55.18
RV_MNF.TFP - 2.54 - - -
RV_sunk -41.84 -41.81 -41.93 -41.87 -41.87
RV_MNF.sunk - - 3.32 - 2.35
RV_size -67.64 -67.49 -67.46 -67.45 -67.34
RV_MNF.size - - - 4.05 3.06

Notes: 687,099 observations and 119,343 firms over 1998-2008

All equations include year and NACE 2-digit sector dummies; z-statistic in brackets. G, is the estimated standard deviation
of random effects; X?(p) is the Chi-squared test for the significance of random effects.

*** = gignificant at the 1% level

Mundlak's correction has been applied to firm-level variables TFPj, agei, sunk;; and size;.

Rivers-Vuong instrumental variable approach has been applied to TFPjy, sunk; and sizei.. The instrument set includes MNF;,
Agey, Profit elasticitys, Sector growth; sector dummies, and one lag of, respectively, TFPy, sunk; sizey,. The first step
regression is estimated year by year.

% of true exits is the fraction of exits correctly predicted by the model, for a threshold value of 0.075 for exits.

% of true survival is the fraction of survivals correctly predicted by the model, for a threshold value of 0.075 for exits.

RV stands for the Rivers-Vuong endogeneity test; i.e. the t-stat of the residuals of the 1%-step regression in the Probit.

To sum up, our results indicate that more productive firms and firms facing higher sunk costs
have a lower probability of exit than less productive firms, and firms with lower sunk costs. These
factors also explain a large fraction of the difference between the exit probability of MNFs and

domestic firms. MNFs may be considered as footloose, in the sense that, compared to similar
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domestic firms, they are characterised by higher exit probability and, because they are less
sensitive to exit barriers such as sunk costs, most likely because they are able to relocate tangible

and intangible assets within their international network.

5. Concluding remarks

The current economic and financial crisis has provided recent examples of MNFs plants closing
or relocating even though it must be acknowledged that an even larger number of domestic firms
exited the market during that period. Plant closures by MNFs are especially visible due to their
large size, and the high job losses that follow. This is in line with the common wisdom that
multinational firms may be more “footloose” than domestic firms, as they are considered to be less
deeply rooted in the local economy and may be able to easily relocate production across their
various plants at the international level. However, their large size relative to domestic firms may in
fact be a hindrance to their ability to close down a production plant as their large size may be
associated with higher sunk costs that should operate as barriers to exit.

This paper tests the hypothesis that MNFs are more footloose than domestic firms,
distinguishing between the above-mentioned elements. We rely on a random effect Probit model of
firm exit and control for endogeneity of the determinants of firm exit with respect to two types of
endogeneity. The first is due to the correlation between explanatory variables and unobserved firm
heterogeneity. The second is related to the correlation of covariates with the idiosyncratic error
term.

We specifically examine the role of sunk costs and find that they indeed act as barriers to exit,
beyond the role of firm size. We confirm previous findings that the unconditional exit probability of
MNFs is lower than that of domestic firms, but that MNFs have a higher probability of exit
conditional on a set of firm and sector characteristics, namely size, productivity, age, sunk costs,
sector of activity, competition on the product market and sector growth.

In addition, we test for another aspect of the footloose nature of MNFs, i.e. to see whether they
are less sensitive to (local) determinants of exits than domestic firms. The reason is, at least,
twofold. Multinational enterprises' exit decisions are taken at international group level, and they
may depend on other factors than simply the characteristics of the local plant. Further, contrary to
domestic firms, for MNFs, closing a local production plant is not synonymous with exit for the
multinational group as a whole.

We verify this conjecture empirically. Our results show that MNFs do not experience sunk costs
as barriers to exit as much as domestic firms. This may be due to the fact that, thanks to its
international nature, a multinational firm may reallocate (part of) its tangible and intangible assets to
other affiliates of the group. These assets are therefore not totally sunk if the local plant is closed.

In sum, this paper highlights the twofold nature of MNFs' footlooseness. Not only do MNFs tend
to exit the local market more frequently than domestic firms that are comparable in terms of size,
productive performance, age, and sector of activity, but they are also less sensitive to the effects of
sunk costs as barriers to exit.

Even if they are major employment providers and if their presence may stimulate competition

within the sectors were they are active, the footloose nature of MNFs may be socially costly.
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Moreover, with MNFs being amongst the most productive firms, the exit selection process that they
induce does not lead to improved performance of the local markets. Both arguments may counter-
balance the FDI attractiveness policies. At least, these arguments support the need to investigate
all the positive and negative effects of this attractiveness policy for foreign firms that are not so

easy to come but still easy to go.
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Appendix A: Data construction

The annual accounts dataset is nearly exhaustive.13 We consider firms that report at least once
over the period positive employment (as defined by the average number of employees in terms of
full-time equivalents or FTE), nominal physical capital stock (as given by tangible fixed assets)
above €100, and positive total assets. We restrict our attention to manufacturing industries,
construction and market services (i.e. two-digit NACE Rev 1.1 codes between 15 and 74) and
exclude firms that may not be considered as "profit-maximising" firms, according to their judicial
form, e.g. we exclude non-profit associations and public administrations. Real values are
constructed based on 2-digit NACE level deflators.

A few small corrections are made to the date and year or apparently inaccurate number of
months of annual accounts. For example, when the closing date was 2 January 2005, we change
the date into 31 December 2004. By doing so, we attribute the values reported in the annual
accounts to the year 2004 instead of 2005.

Because the accounting year may differ from the calendar year, annual account information
has been annualised, to guarantee consistency with other firm-level datasets such as the FDI
Survey, ensure relevant cross-section comparisons, and use appropriate yearly deflators. Flows
are adjusted by taking a weighted average of t and t+1 flows. Stocks are adjusted by adding to the
current year stock the weighted stock variation between current and next year. The procedure
attributes a missing value when there is not enough information to recover the entire year, for
example when information about the first months or the last months of a given year is missing. This
does not apply for the last year the firm is observed or for flows during the first year the firm is
covered.

Lastly, we extrapolate missing values by taking the average difference between the previous
and the next year. We allow up to two consecutive missing values.

We use the 2-digit NACE-Rev 1.1 deflators published in the national accounts to obtain real
values of the nominal variables. Firm-level NACE codes are provided in the annual accounts
dataset based on the main activity of the firm. We correct temporary NACE codes to avoid
discontinuity, and possible exclusion of firms for some estimation procedures. We use the following
rule: firms that have two, three or four different NACE codes over the period 1996-2007 take a
single NACE code over the entire period if the most frequently observed code is reported for at
least 8 periods and the least observed ones for at most 2 periods. In this case, firms are given the
most frequently observed NACE code for the entire period.

We also extrapolate missing participation rates of inwards and outwards FDI, which, given the
stability of participation rates, appear to be due to missing reporting. The sectoral distribution of the

MNFs and the domestic firms are summarised in Table A.1.

13 Most Belgian enterprises in which the liability of the shareholders or members is limited to their
contribution, plus some other enterprises, have to file their annual accounts and/or consolidated accounts
with the Central Balance Sheet Office of the National Bank every year. Also, large and very large non-
profit organisations and foundations have to file their annual accounts with the National Bank. Lastly,
foreign enterprises with a branch in Belgium and enterprises not having a branch in Belgium but whose
shares are officially listed on a Belgian stock exchange, as well as NPIs with a centre of activities in
Belgium have to file their annual accounts with the National Bank
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Table A.1. - 2-digit NACE sectoral distribution of MNFs and domestic firms (in percentage)

NACE 2 MNFs Domestic firms
15 4.16 2.51
16 0.21 0.02
17 1.60 0.75
18 0.45 0.40
19 0.03 0.06
20 0.45 0.65
21 1.45 0.19
22 1.51 1.77
23 0.36 0.01
24 5.88 0.39
25 241 0.44
26 2.96 0.76
27 1.39 0.14
28 2.65 2.53
29 2.38 0.85
30 0.18 0.03
31 1.42 0.30
32 0.81 0.10
33 0.66 0.37
34 1.45 0.22
35 0.39 0.12
36 0.66 1.06
37 0.42 0.24
40 0.33 0.03
41 0.00 0.01
45 3.20 17.88
50 2.20 5.94
51 22.80 15.47
52 3.17 15.92
55 0.03 2.86
60 1.51 4.26
61 0.39 0.13
62 0.18 0.03
63 3.68 1.81
64 1.03 0.48
65 4.40 1.31
66 0.00 0.02
67 0.97 2.58
70 0.12 0.36
71 1.54 0.91
72 2.59 2.83
73 0.45 0.09
74 17.52 13.16

Note: in bold, sectors where MNFs are over-represented compared to domestic firms.
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TFP estimates are based on the Ackeberg et al. (2006) procedure extended to account for firm
selection. To clarify our correction for firm selection, it should be recalled that the objective is to

estimate the following production function (in log):14

Yie = Brkic + Bilie + wic + &t (a.1)

where
v;: = log of value added of firm i at time t
k;: = log of real capital stock of firm i at the start of period t;
l;; = log of employment of firm i at time t, in full-time equivalent;
w;; = productivity observable to the firm when making its input decision;

&; = unobserved shock or measurement error.

Following Olley and Pakes (1996) and Levinsohn and Petrin (2003), the productivity shock
may, under certain conditions, be inverted from a non-linear function of the fixed or quasi-fixed
factors, the capital stock and labour in our application, and a proxy, the log of material inputs, m;,

in our application:

Vie = Brkie + Bilie + fi7 (i, Lieo i) + &3¢ (@.2)

We first estimate the non linear equation (a.2), separately for each year.

Second, we estimate the probability of firm survival, ¢, based on a non-linear model with time-
varying coefficients, that depends on firm age, sunk costs, market concentration, capital and the
proxy used to invert productivity, consistent with the model developed in the paper.

We extend the Ackeberg et al. (2006) framework by assuming that w;, follows a first-order
Markov process conditional on firm survival. In this case, productivity can be expressed as the sum
of expected productivity and productivity shock, ¢;;, where expected productivity depends on firm

survival probability:

wit = Elwie|wic—1, Pir—1] + &ie (@3)

Lastly, capital and labour production function coefficients are identified assuming that the capital
stock available at the beginning of the period is independent of the current productivity shock, &;;.
Identification of the labour coefficients rests on the assumption that the demand for labour inputs
adjusts with some delay. This assumption is consistent with the existence of labour adjustment
costs, as shown in Dhyne et al. (2010).

In practice, for given values of 8, and §;, we estimate equation (a.2) and compute &;,. Then we

regress ®;.on a fourth order polynomial function of ®;,_, and ¢;_,and compute §,. Lastly, we

14 Olley and Pakes (1996) include the firm's age in the production function, based on the assumption that
profits depend on age. We omit age for expositionn but include it in our estimates.
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evaluate the sample analogue to the moment conditions used to identify the production function
parameters, i.e.
L1z (3) (a.4)

The procedure is repeated for different values of the parameters. We use genetic algorithm to
minimize the moment conditions defined in a(4)15. This random search procedure is substantially
faster than the traditional grid search procedure used to implement the Ackeberg et al. (2006)
method. Note that, using a very fine grid search, we verify that the grid search and genetic
algorithm yield the same coefficients estimates.

In order to estimate production function coefficients, we retain only firm-year observations
where firms report positive employment, a value of capital above €100 and positive intermediate
consumption. We remove outliers by keeping observations where the log of apparent labour
productivity, the log of the ratio of real average wage bill over apparent labour productivity and the
log of the capital-labour ratio, lie within the range defined by the median minus or plus three times
the inter-quartile range. This criterion is applied by year and 2-digit NACE sectors. Lastly, we focus
on firms with at least two consecutive observations and continuous spells. In the event of
discontinuity, we consider only the last spell (provided it covers at least two years).

Production function coefficients are estimated at the sector level, following for age to enter the
production function, as in Olley and Pakes (1996). In order to run the estimation on samples of
sufficient size, we estimate TFP at the 1-digit NACE level. Table A.2. reports estimated production

function coefficients and bootstrapped standard errors.

Table A.2. Estimates of production coefficients - Ackerberg et al. (2006) methodology
extended for firm selection

K L

Sector o a age
(1) Food and textiles 0.179**  0.828%*  (0.818***
(0.009) (0.021) (0.026)
(2) Wood, paper, chemicals, metal and non-metal 0.126*** 0.840%** 0.728***
products, machinery (0.005) (0.015) (0.052)
(3) Equipment and recycling 0.156*** 0.888*** 0.777**
(0.010) (0.023) (0.022)
(4) Energy and construction 0.156*+* 0.823*+* 0.749*+*
(0.003) (0.008) (0.041)
(5) Trade and hotels and restaurants 0.087*** 0.819*** 0.840***
(0.003) (0.014) (0.022)
(6) Communication and financial intermediation 0.137*** 0.783*** 0.829%*
(0.005) (0.015) (0.051)
(7) Real estate and business activities 0.088*** 0.856*** 0.670%**
(0.004) (0.008) (0.030)

Note: Final sample on 1997-2008; 329,389 observations and 83,923 firms, bootstrapped standard errors in bracket.
K stands for the capital stock, L for the number of workers

*** = gignificant at the 1% level.

15 Genetic algorithms are a family of search algorithms that seek optimal solutions to problems using the
principles of natural selection and evolution. For details, see Goldberg (1989), among others.
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Measurement of sunk costs

As explained in Section 3 of the paper, our measure of sunk costs, for tangible and intangible

assets, is based on the following equation:

sunk; = Nljy + (1 — 85)(1 — y5)NK;, (@a.5)

where NI;; represents nominal investment net of investment in the form of leasing of firm i during
period t, and NK;._; is the nominal capital stock, net of leased capital goods, available at the
beginning of period t. §,; and y,; are respectively sector and time specific depreciation and resale
rates. In order to obtain unbiased estimates of depreciation rate and resale rates, we exclude rates
that exceed unity or are negative.l6 We then trim depreciation rates of firms with non-zero,
respectively tangible or intangible, capital stock and on resale rates of firms with non-zero tangible
fixed assets.1? The trimming was based on the range defined by the median minus three times the
interquartile range and the median plus three times the interquartile range. For observations where
depreciation rates are not missing, we construct sunk costs using the average depreciation and re-
sale rates by 2-digit NACE sector and year.

To evaluate our resale rates, we compare the resale rates by sector and year with the figures
computed from the National Accounts statistics. Because the former include both sales and
disposals, while the latter focus on sales on second-hand market, the former should be larger than
the latter. This happens in 93.63% of the cases. Table A.3. below reports descriptive statistics on
estimated sector-level depreciation rates and resale rates in our sample for firms with respectively

tangible fixed assets and intangible fixed assets.

Table A.3. Descriptive statistics on estimated depreciation and resale rates of tangible and

intangible fixed assets

mean std Q1 median Q3

8", 0.301 0.081 0.287 0.319 0.343
", 0.031 0.049 0.000 0.000 0.077
7" 0.019 0.022 0.004 0.014 0.026
g 0.016 0.027 0.000 0.000 0.032

16 This may be due to the fact that, for tangible capital, we subtract leasing from total capital stock.
17 We do not trim resale rates of intangible fixed assets because there is no resale in more than 75% of the
observations. This makes the criterion unenforceable.
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Measurement of demand uncertainty

We measure demand uncertainty at the 2-digit NACE sector level, by applying Theil's (1952)
disconformity index to the firms' qualitative answers to the question.

Do you expect demand for your product in the next three months (A) to rise, (B) to remain

unchanged, (C) to decrease, with respect to its average level at that time of the year?

The index is applied to all firms in sector s and all months of year t. Note that the question slightly

differs from one economic sector to the other. In services in particular, the business survey asks

Do you expect demand of your clients (or your turnover) in the next three months (A) to
rise, (B) to remain unchanged, (C) to decrease, with respect to its average level at that
time of the year?

Alternatively, we test the robustness of our results with respect to another measure of sector
uncertainty that has been widely used in the uncertainty literature. Following von Kalckreuth (2003),
we estimate an first order autoregressive model of for (the log of) turnover, at the 2-digit NACE
sector level. Sector uncertainty is measured by the standard deviation of the residual of this
forecasting equation. It varies over time and across sectors. Ghosal (2010), like many others,

applies the same methodology to profits.

Measures of competition

We rely on four measures of competition on the product market. First, we rely on classical
concentration indices such as the Herfindahl index and C10 concentration index, at the 2-digit
NACE and year level. The indices are constructed on the basis of market shares defined as the
proportion of a firm's turnover in the total turnover of the sector. The computation of market shares
is performed on the sample of firms and which report turnover (this information is not compulsory
for small firms). This reduces the sample to 488,203 observations and 100,328 firms.

As alternatives, we also considered the elasticity of firms' profits with respect to marginal costs
proposed by Boone et al. (2007). More specifically, we regress the log of profits on the log of
marginal costs. Marginal variable costs are defined as variable costs over turnover. We exclude
outliers such as observations with variable costs over turnover and profits over total assets outside
the range defined by the median minus or plus three times the inter-quartile range. For each 2-digit
NACE sector, we estimate the following firm-specific fixed effects regression of the log profits on

the log of marginal costs, for the period 1997-2007:

profits; = a; + D, — fmc;; + vy, (a.5)
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where g is the profit elasticity. As a robustness check, we also consider the sector-level estimates

of price-cost margins constructed by Christopoulou and Vermeulen (2011) for 2-digit NACE sectors

for the US and several EU countries, including Belgium.

While our first two indicators are time variant, the last two are only sector-specific and have

therefore only been considered as robustness checks. Table A.4. reports the four measures of

competition as well as correlations with median firm size in the sector, the number of firms within

the industry, and sector average exit rates.

Table A.4. Measures of competition - Average over the period

nace 2-digit Herfindahl c10 profit elasticity markup
15 0.01 0.27 0.63 1.07
16 0.26 0.97 5.64 1.04
17 0.02 0.31 0.89 1.07
18 0.23 0.73 0.77 1.10
19 0.62 0.98 0.42 1.09
20 0.05 0.49 0.84 1.11
21 0.05 0.57 1.02 1.10
22 0.01 0.30 0.99 1.13
23 0.76 1.00 1.23 1.08
24 0.03 0.44 0.68 1.13
25 0.02 0.38 0.74 1.12
26 0.02 0.37 1.03 1.08
27 0.10 0.77 1.63 1.19
28 0.01 0.22 0.92 1.11
29 0.04 0.51 1.57 1.20
30 0.20 0.94 0.40 1.38
31 0.06 0.61 0.79 111
32 0.16 0.87 0.92 1.04
33 0.08 0.68 1.23 1.17
34 0.12 0.79 0.78 1.06
35 0.12 0.87 1.33 1.07
36 0.02 0.37 0.93 1.03
45 0.05 0.54 1.21 1.13
50 0.33 0.94 0.97 1.44
51 0.14 0.96 1.34 1.42
52 0.00 0.14 0.93 1.15
60 0.10 0.56 0.64 1.21
63 0.01 0.23 0.72 1.14
64 0.04 0.44 0.78 1.20
65 0.02 0.31 0.61 1.22
67 0.07 0.45 0.65 1.25
70 0.35 0.96 0.60 1.07
71 0.28 0.98 0.20 1.00
72 0.01 0.28 0.65 1.33
73 0.15 0.88 0.98 1.46
correlations
# firms -0.293 -0.502 -0.111 -0.072
average size 0.419 0.384 0.045 -0.044
exit freq. 0.102 0.243 -0.274 0.382

Notes: profit elasticity is the competition measure used by Boone et al. (2007); markup is taken from Christopoulou and

Vermeulen (2011); Herfindahl, the Herfindahl index and C10, the concentration index, are calculated based on turnover

market shares.
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Appendix B: Robustness tests

Table B.1 Additional variables - average partial effects of Probit estimates

1) 2) 3) (4)
MNF; 0.053*** 0.049*** 0.052*** 0.069***
(7.72) (7.28) (7.56) (9.66)
Ageit 0.032*** 0.033*** 0.032*** 0.034***
(38.02) (38.81) (37.95) (38.92)
Agei? -0.0001*** -0.0001*** -0.0001*** -0.0001***
(-8.98) (-8.81) (-9.00) (-7.07)
TFP;t -0.025*** -0.025%+* -0.025*** -0.019***
(-29.59) (-29.63) (-29.62) (-22.68)
Sunki -0.015%** -0.015%+* -0.15%+* -0.014***
(-25.47) (-25.68) (-25.61) (-24.46)
Size -0.039*** -0.039%** -0.039*** -0.035%**
(-37.02) (-37.08) (-36.92) (-34.23)
Herfindhals -0.167*** -0.170%+* -0.168*** -0.173**
(-7.03) (-6.97) (-7.08) (-7.49)
Alog(VAs) -0.0004 -0.006 -0.0004 0.002
(-0.07) (-1.01) (-0.07) (0.44)
MES-Suttons; -0.013 0.260* -0.014 -0.009
(-0.20) (1.69) (-0.21) (-0.14)
Ost - 0.056*** - -
- (5.87) - -
Capital intensity - - 0.0003 -
- - (0.87) -
Wageit - - - -0.015%**
- - - (-8.25)
log L -115675.0 -115013.7 -115651.9 -113211.2
Gu 2.282 2.259 2.279 2.229
std(ou) 0.029 0.030 0.030 0.028
X2(p) 9253.3*** 9167.4*** 9237.1%** 9209.2%**
Avg. pred. prob. | exit=1 0.275 0.274 0.275 0.281
Avg. pred. prob. | exit=0 0.034 0.034 0.034 0.033
ROC Area 0.822 0.823 0.822 0.827
std(ROC Area). 0.001 0.001 0.001 0.001
RV_TFP -55.30 -55.34 -55.29 -38.89
RV_sunk -41.84 -41.84 -41.83 -38.86
RV_size -67.64 -67.31 -67.47 -69.65
RV_ost.sunk - - - -
RV_KI/L - - 0.02 -
RV_wage - - - -44.68

Notes: The number of observations varies slightly according to data availability.

All equations include year and NACE 2-digit sector dummies; z-statistic in italic. G, is the estimated standard deviation of
random effects; X2(p) is the Chi-squared test for the significativity of random effects.

*** = gignificant at the 1% level; * = significant at the 10% level.

Mundlak's correction has been applied to firm-level variables TFP;, agei, sunki and sizej.wages, ox*sunk and capital
intensity.

Rivers-Vuong instrumental variable approach has been applied to TFPjy, sunk; and sizei.. The instrument set includes MNF;,
Agey;, Profit elasticitys, Sector growth; sector dummies, and one lag of, respectively, TFP;, sunk; sizey, wages, os*sunk and
capital intensity. The first step regression is estimated year by year.

% of true exits is the fraction of exits correctly predicted by the model, for a threshold value of 0.075 for exits.

% of true survival is the fraction of survivals correctly predicted by the model, for a threshold value of 0.075 for exits.

RV stands for the Rivers-Vuong endogeneity test; i.e. the t-stat of the residuals of the 1%-step regression in the Probit.
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Table B.2 Alternative definition of variables - average partial effects of Probit estimates

1) (2) 3) (4)
MNF; 0.053*** 0.052%** 0.053*** 0.054***
(7.72) (7.57) (7.73) (7.74)
Ageit 0.032%** 0.031*** 0.032*** 0.032%**
(38.02) (37.34) (38.02) (38.46)
Agei? -0.0001*** -0.0001*** -0.0001*** -0.0001***
(-8.98) (-8.97) (-8.98) (-9.11)
TFPit -0.025*** -0.025%** -0.025*** -0.025%**
(-29.59) (-30.04) (-29.59) (-29.10)
Sunki -0.015%** - -0.015%** -0.015%**
(-25.47) - (-25.57) (-25.47)
Tangible sunki - -0.017*** - -
- (-30.16) - -
Sizejt -0.039*** -0.037*** -0.039*** -0.039%**
(-37.02) (-35.70) (-37.02) (-36.96)
Herfindhals; -0.167*** -0.166*** -0.166*** -
(-7.03) (-7.07) (-7.00) -
Alog(VAs) -0.0004 0.0005 -0.0004 -0.003
(-0.07) (0.10) (-0.07) (-0.49)
MES-Suttong; -0.013 -0.011 -0.011 -0.016
(-0.20) (-0.17) (-0.20) (-0.23)
G(turnover)g( _ _ 0.002 _
- - (0.27) -
C10s - - - -0.0002
- - - (-0.02)
log L -115675.0 -114903.7 -115674.9 -115700.9
Gu 2.282 2.290 2.282 2.279
std(ou) 0.029 0.029 0.029 0.029
X2(p) 9253.3**+* 9252.0%** 9253.1%** 9236.3***
Avg. pred. prob. | exit=1 0.275 0.274 0.275 0.274
Avg. pred. prob. | exit=0 0.034 0.033 0.034 0.034
ROC Area 0.822 0.822 0.822 0.822
std(ROC Area). 0.001 0.001 0.001 0.001
RV_TFP -55.30 -55.97 -55.30 -55.08
RV_sunk -41.84 - -41.84 -41.82
RV_tangible_sunk - -45.36 - -
RV_size -67.64 -66.61 -67.64 -67.61

RV _ost.sunk - - - -
Notes: 687,099 observations and 119,343 firms over 1998-2008.

All equations include year and NACE 2-digit sector dummies; z-statistic in brackets. G is the estimated standard deviation
of random effects; X?(p) is the Chi-squared test for the significativity of random effects.

*** = gignificant at the 1% level.

Mundlak's correction has been applied to firm-level variables TFPj, agei, sunk;; and size;.

Rivers-Vuong instrumental variable approach has been applied to TFPjy, sunk;; and sizei.. The instrument set includes MNF;,
Agey, Profit elasticitys, Sector growth; sector dummies, and one lag of, respectively, TFPy, sunk; sizey. The first step
regression is estimated year by year.

% of true exits is the fraction of exits correctly predicted by the model, for a threshold value of 0.075 for exits.

% of true survival is the fraction of survivals correctly predicted by the model, for a threshold value of 0.075 for exits.

RV stands for the Rivers-Vuong endogeneity test; i.e. the t-stat of the residuals of the 1%-step regression in the Probit.
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Table B.3 - Probit models for the probability of exit - average partial effects - alternative

instrument sets

) @ ©)
instruments set include: 1 lag of endogeneous No lag of endogeneous 2 lags of endogeneous
variables variables variables
MNF; 0.053*** -0.077 0.037**+*
(7.72) (-1.03) (4.96)
Ageit 0.032%** 0.049*** 0.032%**
(38.02) (14.48) (35.75)
Agei? -0.0001*** -0.00003*** 0.000
(-8.98) (-5.29) (0.06)
TFPi -0.025%*** -0.015%*+* -0.018***
(-29.59) (-3.89) (-22.10)
Sunki -0.015*** -0.066*** -0.013***
(-25.47) (-12.77) (-21.39)
Sizej -0.039%** 0.034*** -0.031 %
(-37.02) (5.83) (-29.36)
Herfindhals -0.167*** -0.168*** -0.140%***
(-7.03) (-6.82) (-6.25)
Alog(VAs) -0.0004 -0.012** 0.005
(-0.07) (-2.07) (1.06)
MES-Suttons; -0.013 -0.043 0.045
(-0.20) (-0.58) (0.49)
logL -115675.0 -114492.1 -87235.0
ou 2.282 2.312 2.499
std(ou) 0.029 0.031 0.036
X2(p) 9253.3*** 5944 4+ 5927 .3***
Avg. pred. prob. | exit=1 0.275 0.287 0.257
Avg. pred. prob. | exit=0 0.034 0.033 0.024
ROC Area 0.822 0.832 0.825
std(ROC Area). 0.001 0.001 0.001
RV_TFP -55.30 -48.92 -49.99
RV_sunk -41.84 -40.18 -37.93
RV_size -67.64 -59.95 -56.36

Notes: All equations include year and NACE 2-digit sector dummies; z-statistic in brackets. Gy is the estimated standard

deviation of random effects; X3(p) is the Chi-squared test for the significativity of random effects.

*** = gignificant at the 1% level ; ** = significant at the 5% level.

Mundlak's correction has been applied to firm-level variables TFP;, agei, sunk; and size;;

Rivers-Vuong instrumental variable approach has been applied to TFPjy, sunk; and sizei.. The instrument set includes MNF;,
Agey;, Profit elasticitys, Sector growth; sector dummies, and in column (1) one lag of, respectively, TFPy, sunk; and size, in
column (2) zero lag of. TFPy, sunk; and size, and in column (3) lag 2 of TFPj, sunk; and size. The first step regression is

estimated year by year.

% of true exits is the fraction of exits correctly predicted by the model, for a threshold value of 0.075 for exits.
% of true survival is the fraction of survivals correctly predicted by the model, for a threshold value of 0.075 for exits.
RV stands for the Rivers-Vuong endogeneity test; i.e. the t-stat of the residuals of the 1%-step regression in the Probit.

R2 of endogenous variable regressed on DMNF, age, profit elasticity, sectoral growth and
year dummies and own lags

TFPit Sunki Sizeit
lag 1 0.9984 0.8941 0.9568
no lag 0.9917 0.1411 0.2209
lag 2 0.9880 0.8249 0.9196




Table B.4. - Probit models with interactions with MNF and Belgian MNF dummies -

average partial effects

(1) (2) (3) (4) (5)
MNF; 0.054*** 0.059*** 0.049*** 0.139*** 0.081***
(7.74) (7.46) (6.85) (7.96) (3.92)
Belgian MNF; -0.010 -0.016 -0.017 -0.010 -0.020
(-0.87) (-1.26) (-1.46) (-0.42) (-0.64)
Ageit 0.032%** 0.032%** 0.032%** 0.032%** 0.032%**
(38.02) (37.96) (37.98) (37.96) (37.97)
Agei? -0.0001***  -0.0001***  -0.0001*** -0.0001*** -0.0001***
(-8.99) (-8.94) (-9.01) (-8.99) (-9.01)
TFPit -0.025*** -0.025%** -0.025*** -0.025*** -0.025%**
(-29.59) (-29.53) (-29.49) (-29.48) (-29.47)
MNFi: x TFP; - 0.0002 - - -
- (1.09) - - -
Belgian MNF;; x TFP; - -0.0005 - - -
- (-0.75) - - -
Sunkit -0.015%** -0.015%** -0.015%** -0.015%** -0.015%**
(-25.57) (-25.58) (-25.83) (25.62) (-25.79)
MNFi: x Sunki - - 0.009*** - 0.007***
- - (6.85) - (4.28)
Belgian MNF;; x Sunki - - 0.004 - 0.004
- - (0.47) - (0.34)
Sizejt -0.039*** -0.039*** -0.039*** -0.039*** -0.039***
(-37.02) (-36.96) (-36.97) (-37.15) (-36.99)
MNFi: x Sizejt - - - 0.0172%** 0.004
- - - (5.39) (1.58)
Belgian MNF;; x Sizejt - - - -0.001 -0.003
- - - (-0.09) (-0.23)
log L -115674.6  -115673.2 -115650.9 -115656.7 -115646.3
Gu 2.283 2.277 2.271 2.270 2.268
std(cy) 0.029 0.030 0.030 0.030 0.030
X2(p) 9253.9***  9213.39***  9226.1**  09217.4** = 0218.1***
% true exits 0.275 0.275 0.275 0.275 0.275
% true surv. 0.034 0.034 0.034 0.034 0.034
ROC Area 0.822 0.822 0.822 0.822 0.822
std(ROC Area). 0.001 0.001 0.001 0.001 0.001
RV_TFP -55.30 -55.22 -55.19 -55.20 -55.18
RV_MNF.TFP - 2.64 - - -
RV_Belgian MNF.TFP - -0.90 - - -
RV_sunk -41.84 -41.81 -41.93 -41.86 -41.87
RV_MNF.sunk - - 3.17 - 2.31
RV_Belgian MNF.sunk - - 1.45 - 0.61
RV_size -67.64 -67.49 -67.46 -67.43 -67.33
RV_MNF.size - - - 3.58 2.62
RV_Belgian MNF.size - - - 1.47 0.99

Notes: 687,099 observations and 119,343 firms over 1998-2008.
All equations include year and NACE 2-digit sector dummies, the NACE 2-digit turnover Herfindhal index, the NACE 2-digit

sectoral growth and the MES; z-statistic in brackets. G, is the estimated standard deviation of random effects; X?(p) is the
Chi-squared test for the significance of random effects.

*** = gignificant at the 1% level.

Mundlak's correction has been applied to firm-level variables TFPj, agei, sunk;; and size;.

Rivers-Vuong instrumental variable approach has been applied to TFPjy, sunk; and sizei.. The instrument set includes MNF;,
Agey, Profit elasticitys, Sector growth; sector dummies, and one lag of, respectively, TFP;, sunk; sizey,. The first-step
regression is estimated year by year.

% of true exits is the fraction of exits correctly predicted by the model, for a threshold value of 0.075 for exits.

% of true survival is the fraction of survivals correctly predicted by the model, for a threshold value of 0.075 for exits.

RV stands for the Rivers-Vuong endogeneity test; i.e. the t-stat of the residuals of the 1%-step regression in the Probit.
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"Model-based inflation forecasts and monetary policy rules", by M. Dombrecht and R. Wouters, Research
Series, February 2000.

"The use of robust estimators as measures of core inflation”, by L. Aucremanne, Research Series,
February 2000.

"Performances économiques des Etats-Unis dans les années nonante", by A. Nyssens, P. Butzen and
P. Bisciari, Document Series, March 2000.

"A model with explicit expectations for Belgium", by P. Jeanfils, Research Series, March 2000.

"Growth in an open economy: Some recent developments”, by S. Turnovsky, Research Series, May
2000.

"Knowledge, technology and economic growth: An OECD perspective”, by I. Visco, A. Bassanini and
S. Scarpetta, Research Series, May 2000.

"Fiscal policy and growth in the context of European integration”, by P. Masson, Research Series, May
2000.

"Economic growth and the labour market: Europe's challenge”, by C. Wyplosz, Research Series, May
2000.

"The role of the exchange rate in economic growth: A euro-zone perspective”, by R. MacDonald,
Research Series, May 2000.

"Monetary union and economic growth”, by J. Vickers, Research Series, May 2000.

"Politique monétaire et prix des actifs: le cas des Etats-Unis", by Q. Wibaut, Document Series, August
2000.

"The Belgian industrial confidence indicator: Leading indicator of economic activity in the euro area?", by
J.-J. Vanhaelen, L. Dresse and J. De Mulder, Document Series, November 2000.

"Le financement des entreprises par capital-risque"”, by C. Rigo, Document Series, February 2001.
"La nouvelle économie” by P. Bisciari, Document Series, March 2001.
"De kostprijs van bankkredieten", by A. Bruggeman and R. Wouters, Document Series, April 2001.

"A guided tour of the world of rational expectations models and optimal policies", by Ph. Jeanfils,
Research Series, May 2001.

"Attractive prices and euro - Rounding effects on inflation", by L.Aucremanne and D. Cornille,
Documents Series, November 2001.

"The interest rate and credit channels in Belgium: An investigation with micro-level firm data", by
P. Butzen, C. Fuss and Ph. Vermeulen, Research series, December 2001.

"Openness, imperfect exchange rate pass-through and monetary policy”, by F. Smets and R. Wouters,
Research series, March 2002.

"Inflation, relative prices and nominal rigidities", by L. Aucremanne, G. Brys, M. Hubert, P. J. Rousseeuw
and A. Struyf, Research series, April 2002.

"Lifting the burden: Fundamental tax reform and economic growth", by D. Jorgenson, Research series,
May 2002.

"What do we know about investment under uncertainty?", by L. Trigeorgis, Research series, May 2002.

"Investment, uncertainty and irreversibility: Evidence from Belgian accounting data” by D. Cassimon,
P.-J. Engelen, H. Meersman and M. Van Wouwe, Research series, May 2002.

"The impact of uncertainty on investment plans”, by P. Butzen, C. Fuss and Ph. Vermeulen, Research
series, May 2002.

"Investment, protection, ownership, and the cost of capital”, by Ch. P. Himmelberg, R. G. Hubbard and
I. Love, Research series, May 2002.

"Finance, uncertainty and investment: Assessing the gains and losses of a generalised non-linear
structural approach using Belgian panel data", by M. Gérard and F. Verschueren, Research series, May
2002.

"Capital structure, firm liquidity and growth", by R. Anderson, Research series, May 2002.

"Structural modelling of investment and financial constraints: Where do we stand?", by J.-B. Chatelain,
Research series, May 2002.

"Financing and investment interdependencies in unquoted Belgian companies: The role of venture
capital”, by S. Manigart, K. Baeyens, |. Verschueren, Research series, May 2002.

"Development path and capital structure of Belgian biotechnology firms", by V. Bastin, A. Corhay,
G. Hibner and P.-A. Michel, Research series, May 2002.

"Governance as a source of managerial discipline”, by J. Franks, Research series, May 2002.

"Financing constraints, fixed capital and R&D investment decisions of Belgian firms", by M. Cincera,
Research series, May 2002.
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"Investment, R&D and liquidity constraints: A corporate governance approach to the Belgian evidence",
by P. Van Cayseele, Research series, May 2002.

"On the origins of the Franco-German EMU controversies", by I. Maes, Research series, July 2002.

"An estimated dynamic stochastic general equilibrium model of the euro area", by F. Smets and
R. Wouters, Research series, October 2002.

"The labour market and fiscal impact of labour tax reductions: The case of reduction of employers' social
security contributions under a wage norm regime with automatic price indexing of wages", by
K. Burggraeve and Ph. Du Caju, Research series, March 2003.

"Scope of asymmetries in the euro area”, by S. Ide and Ph. Moés, Document series, March 2003.

"De autonijverheid in Belgié: Het belang van het toeleveringsnetwerk rond de assemblage van
personenauto's”, by F. Coppens and G. van Gastel, Document series, June 2003.

"La consommation privée en Belgique", by B. Eugene, Ph. Jeanfils and B. Robert, Document series,
June 2003.

"The process of European monetary integration: A comparison of the Belgian and Italian approaches", by
I. Maes and L. Quaglia, Research series, August 2003.

"Stock market valuation in the United States", by P. Bisciari, A. Durré and A. Nyssens, Document series,
November 2003.

"Modeling the term structure of interest rates: Where do we stand?", by K. Maes, Research series,
February 2004.

"Interbank exposures: An ampirical examination of system risk in the Belgian banking system", by
H. Degryse and G. Nguyen, Research series, March 2004.

"How frequently do prices change? Evidence based on the micro data underlying the Belgian CPI", by
L. Aucremanne and E. Dhyne, Research series, April 2004.

"Firms' investment decisions in response to demand and price uncertainty”, by C.Fuss and
Ph. Vermeulen, Research series, April 2004.

"SMEs and bank lending relationships: The impact of mergers”, by H. Degryse, N. Masschelein and
J. Mitchell, Research series, May 2004.

"The determinants of pass-through of market conditions to bank retail interest rates in Belgium", by
F. De Graeve, O. De Jonghe and R. Vander Vennet, Research series, May 2004.

"Sectoral vs. country diversification benefits and downside risk", by M. Emiris, Research series,
May 2004.

"How does liquidity react to stress periods in a limit order market?", by H. Beltran, A. Durré and P. Giot,
Research series, May 2004.

"Financial consolidation and liquidity: Prudential regulation and/or competition policy?", by
P. Van Cayseele, Research series, May 2004.

"Basel Il and operational risk: Implications for risk measurement and management in the financial
sector", by A. Chapelle, Y. Crama, G. Hibner and J.-P. Peters, Research series, May 2004.

"The efficiency and stability of banks and markets", by F. Allen, Research series, May 2004.

"Does financial liberalization spur growth?", by G. Bekaert, C.R. Harvey and C. Lundblad, Research
series, May 2004.

"Regulating financial conglomerates"”, by X. Freixas, G. Loranth, A.D. Morrison and H.S. Shin, Research
series, May 2004.

"Liquidity and financial market stability”, by M. O'Hara, Research series, May 2004.

"Economisch belang van de Vlaamse zeehavens: Verslag 2002", by F. Lagneaux, Document series,
June 2004.

"Determinants of euro term structure of credit spreads”, by A. Van Landschoot, Research series, July
2004.

"Macroeconomic and monetary policy-making at the European Commission, from the Rome Treaties to
the Hague Summit”, by I. Maes, Research series, July 2004.

"Liberalisation of network industries: Is electricity an exception to the rule?", by F. Coppens and D. Vivet,
Document series, September 2004.

"Forecasting with a Bayesian DSGE model: An application to the euro area", by F. Smets and
R. Wouters, Research series, September 2004.

"Comparing shocks and frictions in US and euro area business cycle: A Bayesian DSGE approach”, by
F. Smets and R. Wouters, Research series, October 2004.

"Voting on pensions: A survey”, by G. de Walque, Research series, October 2004.

"Asymmetric growth and inflation developments in the acceding countries: A new assessment”, by S. Ide
and P. Moés, Research series, October 2004.

"Importance économique du Port Autonome de Liege: rapport 2002", by F. Lagneaux, Document series,
November 2004.
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"Price-setting behaviour in Belgium: What can be learned from an ad hoc survey”, by L. Aucremanne and
M. Druant, Research series, March 2005.

"Time-dependent versus state-dependent pricing: A panel data approach to the determinants of Belgian
consumer price changes", by L. Aucremanne and E. Dhyne, Research series, April 2005.

"Indirect effects — A formal definition and degrees of dependency as an alternative to technical
coefficients", by F. Coppens, Research series, May 2005.

"Noname — A new quarterly model for Belgium”, by Ph. Jeanfils and K. Burggraeve, Research series,
May 2005.

"Economic importance of the Flemish maritime ports: Report 2003", by F. Lagneaux, Document series,
May 2005.

"Measuring inflation persistence: A structural time series approach”, by M. Dossche and G. Everaert,
Research series, June 2005.

"Financial intermediation theory and implications for the sources of value in structured finance markets",
by J. Mitchell, Document series, July 2005.

"Liquidity risk in securities settlement", by J. Devriese and J. Mitchell, Research series, July 2005.

"An international analysis of earnings, stock prices and bond yields", by A. Durré and P. Giot, Research
series, September 2005.

"Price setting in the euro area: Some stylized facts from Individual Consumer Price Data", by E. Dhyne,
L. J. Alvarez, H. Le Bihan, G. Veronese, D. Dias, J. Hoffmann, N. Jonker, P. Linnemann, F. Rumler and
J. Vilmunen, Research series, September 2005.

"Importance économique du Port Autonome de Liége: rapport 2003", by F. Lagneaux, Document series,
October 2005.

"The pricing behaviour of firms in the euro area: New survey evidence, by S. Fabiani, M. Druant,
I. Hernando, C. Kwapil, B.Landau, C.Loupias, F.Martins, T.Matha, R. Sabbatini, H. Stahl and
A. Stokman, Research series, November 2005.

"Income uncertainty and aggregate consumption”, by L. Pozzi, Research series, November 2005.

"Crédits aux particuliers - Analyse des données de la Centrale des Crédits aux Particuliers”, by
H. De Doncker, Document series, January 2006.

"Is there a difference between solicited and unsolicited bank ratings and, if so, why?", by P. Van Roy,
Research series, February 2006.

"A generalised dynamic factor model for the Belgian economy - Useful business cycle indicators and
GDP growth forecasts”, by Ch. Van Nieuwenhuyze, Research series, February 2006.

"Réduction linéaire de cotisations patronales a la sécurité sociale et financement alternatif’, by
Ph. Jeanfils, L. Van Meensel, Ph. Du Caju, Y. Saks, K. Buysse and K. Van Cauter, Document series,
March 2006.

"The patterns and determinants of price setting in the Belgian industry", by D. Cornille and M. Dossche,
Research series, May 2006.

"A multi-factor model for the valuation and risk management of demand deposits”, by H. Dewachter,
M. Lyrio and K. Maes, Research series, May 2006.

"The single European electricity market: A long road to convergence", by F. Coppens and D. Vivet,
Document series, May 2006.

"Firm-specific production factors in a DSGE model with Taylor price setting", by G. de Walque, F. Smets
and R. Wouters, Research series, June 2006.

"Economic importance of the Belgian ports: Flemish maritime ports and Liege port complex - Report
2004", by F. Lagneaux, Document series, June 2006.

"The response of firms' investment and financing to adverse cash flow shocks: The role of bank
relationships”, by C. Fuss and Ph. Vermeulen, Research series, July 2006.

"The term structure of interest rates in a DSGE model", by M. Emiris, Research series, July 2006.

"The production function approach to the Belgian output gap, estimation of a multivariate structural time
series model", by Ph. Moés, Research series, September 2006.

"Industry wage differentials, unobserved ability, and rent-sharing: Evidence from matched worker-firm
data, 1995-2002", by R. Plasman, F. Rycx and |. Tojerow, Research series, October 2006.

"The dynamics of trade and competition”, by N. Chen, J. Imbs and A. Scott, Research series, October
2006.

"A New Keynesian model with unemployment”, by O. Blanchard and J. Gali, Research series, October
2006.

"Price and wage setting in an integrating Europe: Firm level evidence", by F. Abraham, J. Konings and
S. Vanormelingen, Research series, October 2006.

"Simulation, estimation and welfare implications of monetary policies in a 3-country NOEM model", by
J. Plasmans, T. Michalak and J. Fornero, Research series, October 2006.
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"Inflation persistence and price-setting behaviour in the euro area: A summary of the Inflation
Persistence Network evidence ", by F. Altissimo, M. Ehrmann and F. Smets, Research series, October
2006.

"How wages change: Micro evidence from the International Wage Flexibility Project”, by W.T. Dickens,
L. Goette, E.L. Groshen, S. Holden, J. Messina, M.E. Schweitzer, J. Turunen and M. Ward, Research
series, October 2006.

"Nominal wage rigidities in a new Keynesian model with frictional unemployment”, by V. Bodart,
G. de Walque, O. Pierrard, H.R. Sneessens and R. Wouters, Research series, October 2006.

"Dynamics on monetary policy in a fair wage model of the business cycle", by D.De la Croix,
G. de Walque and R. Wouters, Research series, October 2006.

"The kinked demand curve and price rigidity: Evidence from scanner data", by M. Dossche, F. Heylen
and D. Van den Poel, Research series, October 2006.

"Lumpy price adjustments: A microeconometric analysis", by E.Dhyne, C. Fuss, H.Peseran and
P. Sevestre, Research series, October 2006.

"Reasons for wage rigidity in Germany", by W. Franz and F. Pfeiffer, Research series, October 2006.

"Fiscal sustainability indicators and policy design in the face of ageing”, by G. Langenus, Research
series, October 2006.

"Macroeconomic fluctuations and firm entry: Theory and evidence", by V. Lewis, Research series,
October 2006.

"Exploring the CDS-bond basis", by J. De Wit, Research series, November 2006.

"Sector concentration in loan portfolios and economic capital’, by K. Dilllmann and N. Masschelein,
Research series, November 2006.

"R&D in the Belgian pharmaceutical sector", by H. De Doncker, Document series, December 2006.

"Importance et évolution des investissements directs en Belgique", by Ch. Piette, Document series,
January 2007.

"Investment-specific technology shocks and labor market frictions", by R. De Bock, Research series,
February 2007.

"Shocks and frictions in US business cycles: A Bayesian DSGE approach”, by F. Smets and R. Wouters,
Research series, February 2007.

"Economic impact of port activity: A disaggregate analysis. The case of Antwerp", by F. Coppens,
F. Lagneaux, H.Meersman, N. Sellekaerts, E.Van de Voorde, G.van Gastel, Th. Vanelslander,
A. Verhetsel, Document series, February 2007.

"Price setting in the euro area: Some stylised facts from individual producer price data", by
Ph. Vermeulen, D. Dias, M. Dossche, E. Gautier, |. Hernando, R. Sabbatini, H. Stahl, Research series,
March 2007.

"Assessing the gap between observed and perceived inflation in the euro area: Is the credibility of the
HICP at stake?", by L. Aucremanne, M. Collin and Th. Stragier, Research series, April 2007.

"The spread of Keynesian economics: A comparison of the Belgian and Italian experiences”, by |. Maes,
Research series, April 2007.

"Imports and exports at the level of the firm: Evidence from Belgium", by M. Mulls and M. Pisu,
Research series, May 2007.

"Economic importance of the Belgian ports: Flemish maritime ports and Liege port complex - Report
2005", by F. Lagneaux, Document series, May 2007.

"Temporal distribution of price changes: Staggering in the large and synchronization in the small”, by
E. Dhyne and J. Konieczny, Research series, June 2007.

"Can excess liquidity signal an asset price boom?", by A. Bruggeman, Research series, August 2007.

"The performance of credit rating systems in the assessment of collateral used in Eurosystem monetary
policy operations”, by F. Coppens, F. Gonzalez and G. Winkler, Research series, September 2007.

"The determinants of stock and bond return comovements", by L. Baele, G. Bekaert and K. Inghelbrecht,
Research series, October 2007.

"Monitoring pro-cyclicality under the capital requirements directive: Preliminary concepts for developing a
framework", by N. Masschelein, Document series, October 2007.

"Dynamic order submission strategies with competition between a dealer market and a crossing
network”, by H. Degryse, M. Van Achter and G. Wuyts, Research series, November 2007.

"The gas chain: Influence of its specificities on the liberalisation process", by C. Swartenbroekx,
Document series, November 2007.

"Failure prediction models: Performance, disagreements, and internal rating systems", by J. Mitchell and
P. Van Roy, Research series, December 2007.

"Downward wage rigidity for different workers and firms: An evaluation for Belgium using the IWFP
procedure", by Ph. Du Caju, C. Fuss and L. Wintr, Research series, December 2007.

"Economic importance of Belgian transport logistics”, by F. Lagneaux, Document series, January 2008.
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"Some evidence on late bidding in eBay auctions”, by L. Wintr, Research series, January 2008.

"How do firms adjust their wage bill in Belgium? A decomposition along the intensive and extensive
margins"”, by C. Fuss, Research series, January 2008.

"Exports and productivity — Comparable evidence for 14 countries”, by The International Study Group on
Exports and Productivity, Research series, February 2008.

"Estimation of monetary policy preferences in a forward-looking model: A Bayesian approach”, by
P. llbas, Research series, March 2008.

"Job creation, job destruction and firms' international trade involvement”, by M. Pisu, Research series,
March 2008.

"Do survey indicators let us see the business cycle? A frequency decomposition”, by L. Dresse and
Ch. Van Nieuwenhuyze, Research series, March 2008.

"Searching for additional sources of inflation persistence: The micro-price panel data approach”, by
R. Raciborski, Research series, April 2008.

"Short-term forecasting of GDP using large monthly datasets - A pseudo real-time forecast evaluation
exercise", by K. Barhoumi, S. Benk, R. Cristadoro, A. Den Reijer, A. Jakaitiene, P. Jelonek, A.Rua,
G. Rinstler, K. Ruth and Ch. Van Nieuwenhuyze, Research series, June 2008.

"Economic importance of the Belgian ports: Flemish maritime ports, Liege port complex and the port of
Brussels - Report 2006", by S. Vennix, Document series, June 2008.

"Imperfect exchange rate pass-through: The role of distribution services and variable demand elasticity",
by Ph. Jeanfils, Research series, August 2008.

"Multivariate structural time series models with dual cycles: Implications for measurement of output gap
and potential growth”, by Ph. Moés, Research series, August 2008.

"Agency problems in structured finance - A case study of European CLOs", by J. Keller, Document
series, August 2008.

"The efficiency frontier as a method for gauging the performance of public expenditure: A Belgian case
study”, by B. Eugéne, Research series, September 2008.

"Exporters and credit constraints. A firm-level approach”, by M. Mulls, Research series, September
2008.

"Export destinations and learning-by-exporting: Evidence from Belgium", by M. Pisu, Research series,
September 2008.

"Monetary aggregates and liquidity in a neo-Wicksellian framework", by M. Canzoneri, R. Cumby,
B. Diba and D. Lopez-Salido, Research series, October 2008.

"Liquidity, inflation and asset prices in a time-varying framework for the euro area, by Ch. Baumeister,
E. Durinck and G. Peersman, Research series, October 2008.

"The bond premium in a DSGE model with long-run real and nominal risks", by G. D. Rudebusch and
E. T. Swanson, Research series, October 2008.

"Imperfect information, macroeconomic dynamics and the yield curve: An encompassing macro-finance
model", by H. Dewachter, Research series, October 2008.

"Housing market spillovers: Evidence from an estimated DSGE model”, by M. lacoviello and S. Neri,
Research series, October 2008.

"Credit frictions and optimal monetary policy”, by V. Curdia and M. Woodford, Research series, October
2008.

"Central Bank misperceptions and the role of money in interest rate rules"”, by G. Beck and V. Wieland,
Research series, October 2008.

"Financial (in)stability, supervision and liquidity injections: A dynamic general equilibrium approach", by
G. de Walque, O. Pierrard and A. Rouabah, Research series, October 2008.

"Monetary policy, asset prices and macroeconomic conditions: A panel-VAR study”, by K. Assenmacher-
Wesche and S. Gerlach, Research series, October 2008.

"Risk premiums and macroeconomic dynamics in a heterogeneous agent model”, by F. De Graeve,
M. Dossche, M. Emiris, H. Sneessens and R. Wouters, Research series, October 2008.

"Financial factors in economic fluctuations", by L. J. Christiano, R. Motto and M. Rotagno, Research
series, to be published.

"Rent-sharing under different bargaining regimes: Evidence from linked employer-employee data", by
M. Rusinek and F. Rycx, Research series, December 2008.

"Forecast with judgment and models", by F. Monti, Research series, December 2008.

"Institutional features of wage bargaining in 23 European countries, the US and Japan”, by Ph. Du Caju,
E. Gautier, D. Momferatou and M. Ward-Warmedinger, Research series, December 2008.

"Fiscal sustainability and policy implications for the euro area”, by F. Balassone, J. Cunha, G. Langenus,
B. Manzke, J Pavot, D. Prammer and P. Tommasino, Research series, January 2009.

"Understanding sectoral differences in downward real wage rigidity: Workforce composition, institutions,
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