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Abstract;

This empirical analysis aims at assessing the effethe economic climate and the intensity of tzdpi
utilisation on companies’ capital retirement belawi. It is conducted using individual company data,
as well as original data on the degree of utilisatiof production factors. The sample includes 6,998
observations over the period 1996-2008. This datalig, to our knowledge, unique for the empirical
analysis of the intensity of capital utilisation émrms’ capital retirement behaviour. We adjust for
endogeneity biases by means of instrumental vasabl

The main results obtained from the estimation gfite& retirement models may be summarised as
follows: i) The retirement rate decreases with Hagiations in cyclical pressures measured by the
changes in output and the workweek of capital; tt@ktion corresponds to a countercyclical
decelerator effect on capital retirement; ii) Thapdal retirement rate increases with the struclura
intensity of capital utilisation; this effect, whicorresponds to a wear and tear one, is neversisele
small compared to the decelerator one; iii) Thefprmte does not have a significant impact on the
retirement rate. Compared with the existing litewrat here mainly Mairesse and Dormont (1985), the
contribution of these results is to show, throubé tise of unique survey data, that the effectef th
intensity of capital utilisation on capital retir@mt is structurally positive, via a wear and tedfeet,
and cyclically negative, via a decelerator effettich completes that already taken into account via
the effect of changes in value added.
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1. Introduction

The macroeconomic literature underlines the deeisble of the capital stock in the potential output
evaluation, and also in determining the positiontltd economy in the business cycle and the
inflationary pressures. Not surprisingly, investinpltays an important role in this literature which,

nevertheless, ignores generally the capital retrgrfirm behaviour.

To our knowledge, the assessments of the fixedalagtbck conducted by national statistics instiut
always assume invariant distributions of the lifars of fixed assets (law of obsolescence) over time
for each one of the different products that makecapital (for a summary, see OECD, 2009). The
retirement rate of capital measures that resuthfittese approaches may then vary over time dug to:
changes in the product structure of the capitttheflaws of obsolescence differ for each produt; i
changes in the age structure of the capital iflaiaes of obsolescence suppose that the retiremant ra
varies according to the age of equipment. Given ddficult it is to model and estimate in all its
complexity companies' capital retirement behavithe,assumption of invariant obsolescence laws by
product adopted by national accountants seems mrudspecially as its divergence with economic
reality probably has no significant consequenceteranalysis of growth factors over relativelydon
periods or between periods characterized by sinayatical pressures. However, it may have more
significant consequences in short-term analyseas tite event of large cyclical shocks. For example,
the sharp fall in capacity utilisation rate indmat during the current crisis was probably accorgzhn
by acceleration in capital retirement. Assessmdrasing on capital series based on the assumption
of time-invariant obsolescence laws could show as f an uncertain scale. Thus, measures of
potential GDP based on such assessments of capitédl overestimate the potential GDP and
therefore the output gap (in absolute terms) aadseguently, the disinflationary pressures cauged b
the crisis.

The aim of our study is to analyse empirically ttepital retirement behaviour, using for this
individual French firm data. The estimated modehralterises the companies’ capital retirement
behaviour, and devotes a particular attention ® distinction of the specific impacts, on the
retirement rate, of cyclical and structural effects

Intuition suggests that the intensity of capitallisggtion must probably have an impact on the
retirement rate through two channels: i) the figijch is structural, corresponds to a simple vesat
tear effect: the retirement rate increases withinlensity of capital utilisation; ii) the seconuore
cyclical, corresponds to the lags in the adjustnuérttapital to its targeted level through investinen
alone, which would result in an adjustment, at tléaspart, via capital retirement. In this second
channel, the retirement rate would decrease witrite in pressures on the utilisation of capitake
capital retirement behaviour would add its effdotshe investment behaviour to adjust the capital t
its targeted level. To the investment acceleratechmnism would corespond a capital retirement one.
Beyond the mere structural and cyclical effectxapital utilisation, intuition also suggests thiag t
financial situation of companies probably has apdnt on their capital retirement behaviour: ifranfi
has problems financing its targeted investmentl Jéveould lower its retirement rate.

To our knowledge, the only analysis of companiegitl retirement behaviour based on individual
firm data is that conducted by Mairesse and Dorni@885). This analysis is based on panels of
several hundred French, German and US companiegiatia used being drawn from balance sheets
and profit and loss accounts. It shows that congzrgapital retirement behaviour is, to a large
extent, influenced by cyclical developments. Véoiag in value added have an adverse effect on the
retirement rate, which suggests the existence afumtercyclical effect on capital retirement, while
the profit rate is found to have a generally nablegeffect.



Our analysis builds on that of Mairesse and Dorn{d885), using a large sample of French firms. It
is based on unique data on the degree of utilisatib production factors. More precisely, our
empirical analysis is based on a database whichemdwo sorts of individual company data collected
by the Banque de France: those from the FIBEN dataland those obtained from a specific survey
on the utilisation of production factors. FIBENawery large individual company database that draws
on annual tax statements including balance sheetpfit and loss accounts. This database can be
used to calculate retirement rates, changes inubatpd corporate profitability. The survey on the
degree of utilisation of production factors hasrbearried out every year since 1989 by the Bangue d
France at plant level. Companies are questioneth@ichanges in the workweek of capital and their
use of shift work. This information gives us anigadion of the intensity of capital utilisation aitd
cyclical variations. The merger of these two daselkaresults in an unbalanced sample of 35,679
observations over the period 1989-2008. Given dgestructure used for estimations, these may be
carried out on 6,998 observations corresponding,443 companies over the period 1996-2008. To
our knowledge, this individual company databaasmigue for conducting an empirical analysis of the
effects of the intensity of capital utilisation oaompanies’ capital retirement behaviour. The erogiri
analysis of companies’ capital retirement behaviguconducted with these data and adjusted for
endogeneity biases by means of instrumental vasabl

The main results of the analysis may be summaiaseidllows: i) The retirement rate decreases with
the variations in cyclical pressures measured byctianges in output and the workweek of capital;
this relation corresponds to a countercyclical tegor effect on capital retirement; ii) The capit
retirement rate increases with the structural isitgnof capital utilisation; this effect, which
corresponds to a wear and tear one, is nevertheteal compared to the decelerator one; iii) The
profit rate does not have a significant impact ba tetirement rate. Compared with the existing
literature, here mainly Mairesse and Dormont (1985¢ contribution of these results is to show,
through the use of unique survey data, that thecefff the intensity of capital utilisation on dapi
retirement is structurally positive, via a wear a&edr effect, and cyclically negative, via a decatlar
effect which completes that already taken into anteia the effect of changes in value added.

These empirical results give some perspectivésedheoretical studies on growth or those based on
calibrated models which often assume that theeratint rate increases with the intensity of capital
utilisation (see, for example, among others, GremuyHercowitz and Huffman, 1988, and Burnside
and Eichenbaum, 1996). To use the same termin@e@bove, these studies assume usually that the
structural wear and tear effects outweigh any oppatecelerator effects on capital retirement. This
assumption is, however, not based on any empicafirmation. It could have an important impact
on the evaluation of short term impact of shockshhological or others) on growth, since the chpita
retirement influences the investment expectedatiteturn (Cf. Veracierto, 2002).

The literature on capital retirement is mainly coctgéd at the macroeconomic level. Several papers
underline the complexity of a measurement of thgitahretirement at this macroeconomic level,
pointing that this measurement should be linkealsumptions concerning the technological progress,
incorporated or not (see among others Diewert ag#ioff, 2006, or Bitroset al, 2007), and that it
could use available data concerning the capitabresbtiand market (for a survey, see Jorgenson,
1996). Our study is, whith Mairesse and DormonBg)9one of the rare ones which link the business
cycle to the capital retirement behaviour.

Section 2 presents the data used in the empinedysis. Sections 3 and 4 present the results dieino
estimations first by taking no account of the degoé capital utilisation, then by factoring it in.
Section 5 concludes.



2. Data

The empirical analysis is based on a databasedbalts from the merger of two types of individual
company data collected by the Banque de Franceethontained in the FIBEN database and those
obtained from a specific survey on the utilisatidproduction factors.

FIBEN is a very large individual company databasat draws on annual tax statements including
balance sheets and profit and loss accounts. &rs@ll French companies with an annual turnover of
over EUR 0.75 million or with a loan of at least B0.38 million. It contains annual account data for
roughly 200,000 companies. It may be used to catlelfbr every company and for every year the real
value added(@), the stock of capitakK), the volume of investmenk)( the retirement ratdR|)) and the

profit rate PR)l:

- The real value adde®Y is calculated by dividing the nominal value addbgda sectoral value
added price index supplied by the national accodrtie nominal value added is the maximum
of both the value added (output minus intermed@rsumption) and the compensation of
employees.

- The volume of capital stocl] is the sum of the volume of capital for two protiu buildings
and equipment. For each of these two productsydhane of capital is obtained by dividing the
gross capital stock at historic cost obtained frommpany accounts by an investment price
index supplied by national accounts, this indexfdagged by the average age of capital. The
average age of capital is calculated for eachedahwo products using the share of depreciated
capital in the gross capital stock at historic cost

- The volume of investment)(is calculated by dividing productive investmemtiominal terms
(investment in tangible fixed assets minus theatam in gross land stock when it is positive)
by an investment price index obtained from theameti accounts.

- The retirement rateRR) is obtained by dividing capital retirement inlreems ) of the year
under consideration by the stock of capital at ¢he of the previous yeaRR = R,/ K4).
Capital retirement in real termB)(is calculated as the variation in the volume aybital minus
the volume of investmenR(= 4K — ).

- The profit rate PR) is calculated by dividing the gross operatingofus by the stock of capital
in nominal terms, i.e. by capital stock in realmtermultiplied by an investment price index
supplied by the national accounts. The gross opgraurplus is the difference between value
added and the compensation of employees.

The survey on the degree of utilisation of produtfiactors has been conducted every year since 1989
by the Banque de France on 1,500 to 2,000 compaftese companies are those usually questioned
in the framework of the Banque de France’s monghiywey on business activity. In the survey on the
degree of utilisation of production factors, companare questioned about the changes in the
workweek of capital, with respect to the previoesly and their use of shift work. These variables
give us an indication of the intensity of capittlisation. Two variables from this database ared.is

1n this study, the variables in upper or lowerecadlicate respectively their level or their natyrapieren)
logarithm, andA before a variable corresponds to its change coedpaith the previous period.



the following empirical analysis: the change in therkweek of capital from one period to the next
and the proportion of years during which the fissing shift work :

- The change in the workweek of capitatw;; ) is obtained by the answer to the questidihat
is (in %) the change in the workweek of capitalnestn the reference week of year t-1 and that
of year t (no decimals)?'The explanatory note attached to the questionr@iozides a
definition of the workweek of capital: it is defih@s the average number of hours during which
the capital is used over the reference periododischot include maintenance time, but covers all
the time during which the machine is running inahgothe time required to prepare production.

- The proportion of years during which the firm isngsshift work §W;) is obtained by dividing
the number of years during which the firm is ussidft work by the total number of years
during which the firm appears in our estimationiqur(1996-2008). The use of shift work is
known from the answer ¥&s or “no’) to the question: Mave you practice shift work during
the reference week?Figure A1-3 in Appendix 1 is an histogram of thégiable, showing that
it is highly concentrated around 0 and 1, whichficors that the use of shifwork is mainly a
structural choice.

The survey on the workweek of capital is condugtethe plant level, while the FIBEN data concern
companies that may be composed of several plantenVgeveral plants of a same company are
covered by the survey on the degree of utilisatibproduction factors, the replies of the different
plants are aggregated. The survey variables aredhleulated at the company level by means of a
sum weighted by the share of each plant in the emyip total employment. The database only
includes the companies for which the sum of th# etaployed by the different plants is at leastadqu
to 50% of employees contained in the FIBEN datablastotal, only 64 observations of the database
used here correspond to multi-plant companies.

The merger of these two databases results in aalamted database of 35,679 observations over the
1989-2008 period. Given the lag structure usedHerestimations, the latter may be performed on
6,998 observations corresponding to 1,443 compamies the 1996 - 2008 time period. To our
knowledge, this individual company database is wmifpr conducting an empirical analysis of the
effects of the intensity of capital utilisation oapital retirement. Descriptive statistics of tlaiables
obtained are presented in Table Al1-1 of Appendikigure Al-1 presents kernel density estimates of
the retirement rate. The distribution is highly centrated around its mode and looks like a log-
normal distribution, with almost half of the obsatiens ranging between 1% and 6% (Table Al-1).
The right-hand tail is longer than the left-hanitlgaven the lower bound of 0. Mairesse and Dormont
(1985) report similar average retirement rategrotind 3% to 6% in the 1970s in France.

The average retirement rates calculated for eagipany separately range between 0% and 41%, with
a standard deviation of 5%. Slightly larger vadati are observed over time for a given company.
Indeed, the retirement rate showsithin standard deviation of 6%. Thgthin firm variations in the
retirement rate are thus slightly larger thanlibeveerfirm variations, an observation that represents
a further incentive to study what lies at the rafbtetirement rate dynamics at the firm level.

3. A reduced-form model of capital retirement

The first part of our approach builds on an acedter— profit model, in line with Eisner (1977) and
Mairesse and Dormont (1985). It is reduced form ehauostly used for the analysis of corporate
investment (see Bond and Van Reenen, 2007, fonayu We extend later the specification to account



for business cycles. Finally, we focus on the pena level of capital retirement at the firm lewsier
the whole time period, that we model using firmsaacteristics.

3.1. The model

We denote by the firm index and by the year index. The first relation we study isduced form of the
accelerator — profit type. It relates the capitdirement rate with the production and profits,hbotirrent
and past, so that the adjustments can occur wgthdaving to rigidities. It has the following genlei@am:

(1) RRit = Bo + B10-Aqit + B11-AGit—1 + P12-Aqit—2 + B2o- PRit + B21.PRjt—1 + Po2. PRyt +
de +p; + €.

This specification relates the capital retiremeate RR;; with the value added growth rafe;, and its
values lagged up to two periods, the profit rBfe, and its values lagged up to two periods, yearly
indicators d; , a fixed effecty; specific to each company and capturing the unebdeheterogeneity at
the level of the firms, and lastiy.d gaussian error termss;. The number of lags is arbitrarily set to two,
as will be discussed in Section 4.1. The modelatanously be adjusted to a different number of &g
variables. Equation (1) is formulated in rates eatthan in levels, to reduce the variability reisigltfrom

the size differences among firms, and so heter@skimity problems.

Equation (1) captures the role of the demand, tiinahe value added, and of the financial statehef t
firm, through its’ profit rate. Indeed, the firm peanently adjusts to its’ optimal level of activapdal,
knowing that insufficient capabilities can preventto satisfy its’ demand, whereas an excess of
capabilities raises maintenance and opportunityscddairesse and Dormont (1985) find that output
variations have a negative effect on the retirematet This decelerator effect of the activity leoe the
capital retirement rate is related to the williogkeep a substantial capital stock to face a pesitemand
shock. Conversely, companies use phases of slavitado reduce the costs related to overcapabditi
and enhance their productivity in scrapping unusedipments. The intuition suggests that the capital
retirement behaviour can also depend on the fiahstate of the firm. Indeed, the most profitaliten$

can more easily finance new productive capital, #mts easily scrap the less performing equipments.
Conversely, the less profitable firms can hardigdfunew equipments and reduce the capital retirement
We thus consider in the model a measure of thesfiprofitability. Mairesse and Dormont (1985) da no
find a clear effect of profitability on capital ietment.

We then extend the accelerator-profit model to antor business cycles. We first want to asse#zeif
effect of the activity on the retirement variesrgathe cycle. A decelerator effect of activity dam
explained by the choice to adjust capital to a dehshock, either positive or negative. We wantsgeas
whether this effect is strengthened during theradiog or descending phase of the cycle.We alloviter
possibility that both effects differ in magnitudg $eparating the valued added increases and desrigas
the model. Subsequently, we add variables meastihgrorkweek of capital. Indeed, work shifts may b
arranged in different ways due to their market fiadties (daily interruption, weekly interruptioetc.).

It translates in different capital workweek (heteaflabelled CW), that can vary both structuralhda
cyclically. We focus here on cyclical variationsdathus include in the specification the variatiowsr
the last 12 months of the workweek of productivpited Variations in capital utilisation also dotno
necessarily produce symmetrical effects on capititement, and we therefore distinguish between
increases and decreases in the capital workweek :

(2) RRit = Bo + Pron-1_Aqit + Brop-D_Aqit + P20 PRit + B3on-I_Acwi + B3op. D_Acwye
+dy + 1 + €,



wherel_Aq;; andD_Aq;; measure increases and decreases of the value @dded is always positive
andD_Agq;; negative), andl_Acw;; andD_Acw;; denote increases and decreases over the last dthsno
of the workweek of productive capital. The expectghs of coefficients3;,, and Bsq, is at first
unknown. Indeed, variations in the workweek of talpian enable to adjust the production capadities
their desired levels in accordance to the retiramate. A negativeds,, (B30, respectively) is related to,
when the capital workweek is increasing (decregsimg increased (decreased) intensity in the ugkeof
equipments and to a lesser (higher) retirement, ihaeverything else equal, to an acceleration (a
deceleration) in capital accumulation. These twahmaeisms lead to an increase (decrease) in producti
capacities, and are complementary from this petisge®©n the opposite, wheffy;, or B0, are positive,
the evolutions of both the capital workweek anddtoek of capital are conflicting. In this caseriagons

in the capital workweek allow softening the impatthe retirement on production capacities.

In a last stage, we are studying the impact ofstiectural workweek of capital on capital retiremen
Theoretical works on growth models assume a wedtear effect, implying that a high activity leadsa
high level of retirement. To assess this point, ave investigating the variations between firms of a
measure of retirement net of cyclical effects. Th&asure is obtained after estimation of equaynand

consists in the estimated firm fixed eﬁeﬁté They can be regressed on the average ovemtiegpieriod
of the firm characteristics:

(3) i = Yo + v1SW; + v2IND; + y3SIZ; + w,

whereSW; is the proportion of years some part of workfoofdirm i works in shifts. It does vary only
with the number of years in which work is organizedguccessive shifts. Therefore, it is only redate
the duration of period of tense capital workweekrigblesIND; andSIZ; are sets of industry and size
dummies. This simple specification enables us widaany cyclicality in the measure of the struckura
workweek of capital. Furthermore, it provides estied standard-errors adjusted for any correlatfdheo
error terms within firms.

3.2. Selection of instrumental variables

Numerous sources of endogeneity are likely to Hi@sestimators. On one side, it is very likely that
capital retirement, value added, profitability aletermined simultaneously. Indeed, the retirematd r
and the profit rate are both normalized by thetehpi the previous year, the value added can gagyto
change in intermediate consumptions resulting ftbenretirement of obsolete capital, and the prafie

is a function of the value added. On the other,sttie variable measuring changes in the capital
workweek displays values concentrated on a fewtpoltigure A1-2, in Appendix 1, is a histogram o t
changes in the capital workweek over the previaer.yMost variations are concentrated around -20%,
10%, -5%, 0%, 5%, 10% and 20%, whereas the varigliibeild at the first glance be continuous. It is
therefore likely there are measurement errorserottserved workweek of capital.

We choose to correct the endogeneity biases witiuimental variables, using essentially laggedeslu
of the explanatory variables, in the spirit of Bliel and Bond (1998). Lagged variables can be ased
instruments under the weak exogeneity assumptieaning the absence of correlation betwegrand
the previous values of the explanatory variablédgs Assumption holds here if the current levelagditl
retirement does not depend on lags older thanre imcluded in the model (1) and (2).

2 A method to estimate the firm fixed effects irirear model for panel data is provided in Wooldeidg001, p. 273).



Our set of instruments consists in the lagged whrel two more variables. The first one is the stigu

yearly average of the changes in the workweek pft:mla?’ and the second one is a variable indicating
limits to extensions of the capital workweek. Mamecisely, it is a dummy equal to one when the firm
answers during the survey that it encounters olestéc extend the workweek of capital while the dach
allows for it. Estimates of fixed effects Logit nedg, not reported in the paper, let us think tlwaganies
just raising the workweek of capital during theqaeding years are most likely to declare themsedges
restricted.

Our instruments must satisfy two conditions to laidz They must be free of any correlation with the
error terms and be reasonably correlated with titerpially endogenous variables. Internal instrutsien
are generally used in great numbers, whereas aaehsoonly weakly correlated with the endogenous
explanatory variables. This can lead to substartiates. Angrist and Pischke (2009, pp. 205-216)
describe the problems raised by the use of wedkuments. To restrict the number of instruments and
include only the ones containing most of the infation on the variables, we follow a pragmatic siggt

We first estimate model (1) including as instrursetfite lagged values of all the explanatory vargble
until t-6. Hence, based on the first stage results, we dobppeweaker instruments. We are enabled by
Sargan’s statistic to test the exogeneity of th&trimimments, and by Cragg — Donald (1993) statistic
associated to Stock and Yogo (2002) critical valuestest their correlation with the endogenous
explanatory variables. We hence obtain a set dfuments for equation (1), whose properties are
discussed in Section 4.1. We apply after the apmit® decomposition in increases and decreases to
obtain model (2) instrumental variables, and theded the lagged values related to workweek of ahpit
As the lagged values of the workweek of capitalsargceptible to measurement errors, we preferd@ss
instruments dummies of their increases and decse#iss indeed unlikely that such broad variatiamns
missmeasured by the answering firm. As previousl,include lags up t¢-6 before removing some
instruments based on the first stage results. Riep®f the instruments are presented in Sectidn 4

We use the LIML estimator. This choice is motivabydseveral reasons. First, it is far less susiokpto
biases than the usual two-stage GMM estimator @sgmce of weak instruments and finite samples, as
shown by the values tabulated in Stock and Yog0Zp€or the LIML and two-stage GMM, as well as by
Hahnet al. (2004). Several other alternative estimators ase ldased than the two-stage GMM estimator
when the model is overidentified, as it is the chsee. The LIML estimator neverthess seems superior
with respect to several criteria (Flores — Lagur&7). Furthermore, Stock and Yogo (2002) provides
tables allowing the directly test the assumptiorwefik instruments with Cragg-Donald statistic. Thos
tables have been obtained under the assumptiondbind homoscedastik errors. We are not aware of
similar tables under the assumption of heterosti&dasors, that could be used for example to \atbd
instruments used by the CUE-GMM estimator of Haretesd. (2006). As it seems of importance to us to
reduce as far as possible potential biases, asawdleing able to discuss the relevance of theumsints,

we decide to use the LIML estimator. Estimatesmgdormed using Stata and the ivreg2 (Baetnal,
2010) procedure. Firms fixed effects are eliminatsithg the within transformation.

4. Results

In a first section, we present the results of aceltator — profit model similar to the one used by
Mairesse and Dormont (1985). We then introduce abdes which capture the intensity of capital
utilisation, first from a cyclical viewpoint is Séen 4.2, and second from a structural viewpoinsatction
4.3.

3 Sixteen industries are defined, according to tbembhclature Economique de Synthése of the INSEE.



4.1. The accelerator — profit model

Table 1 shows several estimates derived from emudti). A first set of results, denoted by W, are
obtained using thevithin estimator that assumes all the explanatory vasalbb be exogenous. We
examine in particular the lags structure that animent under this assumption. A second set afltes
obtained using the LIML estimator, assumes thatettfdanatory variables are endogenous and the error
terms homoscedastik. The choice of instruments ustt tables below is described in Section 3.2.

Table 1
Estimates of relation (1) with different lags and rogeneity assumptions
Estimateur w W W W LIML LIML
Aq;, -3.25 -3.43 -2.94 -3.26 -4.74 -2.06
(-5.31) (-5.72) (-5.49) (-6.28) (-2.17) (-0.68)
AqQir—q 0.25 -0.22
(0.38) (-0.38)
Aqi—s 0.59
(1.02)
PR;; 0.14 0.23 -0.18 -3.24
(0.29) (0.49) (-0.43) (-1.61)
PR;_, -1.03 -0.76 -0.71 0.20
(-2.09) (-1.73) (-1.85) (0.15)
PR;; 0.37
(0.86)
Year dummies Yes Yes Yes Yes Yes Yes
Firm fixed effects Yes Yes Yes Yes Yes Yes
Instrumental variables No No No No Yes Yes
Critical prob. of Sargan’s - - - - 0.77 0.84
test
N 6998 6998 6998 6998 6998 6998

Note: - the Student statistics are in brackets;
- the coefficients in bold characters are signiftcat the 5% threshold.

All the within estimates indicate lower value-adddthnge coefficients for lagged values than for the
current value, which is coherent with a model whbeecapital adjustments are slowed by rigiditi@sly

the coefficients of contemporary values are sigaiit. Conversely, the profit rate is not significaven
under different lags structure. Similar resultsevebtained by Mairesse and Dormont (1985).

The LIML estimator here used the first set of instents presented in Section 3.2. The validity ef th
instruments is tested in a variety of ways. A Sarigst concludes at the threshold of 77% to therates

of a correlation between the instruments and thar éerm. We test the assumption of weak instrusment
using Stock and Yogo (2002) procedure. The Craggalib(1993) statistic is evaluated 17.78, for the
model in the penultimate column, and 25.51 forahe in the last column. The critical value for thisIL
estimator when there are two endogeneous varianéssix excluded instruments is of 4.06 (Stock and
Yogo, 2002, Table 4, p. 61). We can thus rejecagsimption of weak instruments in both specificeti
First stage results are show in Table A2.1 in Apjpeg.

The results obtained with the LIML estimator indedhat the coefficient og;; remains significant
when the endogeneity is taken into account ancttineent profit rate is included among the covasate
Compared to the within estimates, the LIML one<tread decrease when we use instrumental variables.



This let us think there is here a simulataneityt thast be handled. As we did with the within estiona
we test different specifications including sevees and therefore several sets of instrumentsir The
results indicate that the contemporary values efdkplanatory variables capture most of the dynamic
and that no lagged variable has any significarectfbn the capital retirement rate, nor increakes t
model fit. The adjustment periods do not play apantant role either in the results of the withitiraator

or in the results of the LIML one. We thus focugdadter on a specification that only introduces
explanatory variables at time

Taking all the specifications together, we obsdhat a growth in value-added has a negative impact
the capital retirement rate. This decelerator éffgiceady found by Mairesse and Dormont (1985)amse
that in the event of a cyclical positive demandckh@ompanies adjust partly their production caydny
reducing the retirements. Conversly, in the eveniveak business, firms increases the retirement of
useless equipments.

4.2. The effects of cyclical variations of the capitavorkweek

This Section presents the estimates of model (2) fi¥§t assess whether the decelerator effect gaiint
Section 4.1 is strengthened during the ascendinigsrending phase of the cycle; with a specifioattiat
allows growth in value added to have asymmetriffalces on capital retirement. Then, we broaden this
specification to assess how the decelerator effmits to variations in the capital workweek. Alet
results are obtained using the LIML estimator idesrto correct the estimates for endogeneity proble

Table 2
Estimates of the relation (2)
Estimateur LIML LIML LIML LIML
I Aq;, 5.49 5.47 3.77
(1.68) (1.67) (1.09)
D_Aq;, -11.76 -11.28 -9.66 -8.36
(-3.95) (-3.63) (-2.94) (-2.73)
PR;; -1.77 -1.82 -2.04 -2.83
(-1.09) (-1.12) (-1.21) (-1.74)
Acwy, -0.03
(-0.54)
I Acw;, -0.27 -0.29
(-2.25) (-2.33)
D_Acw;, 0.27 0.29
(1.86) (1.99)
Year dummies Yes Yes Yes Yes
Firm fixed effects Yes Yes Yes Yes
Instrumental variables Yes Yes Yes Yes
Critical prob. of Sargan’s 0.45 0.40 0.70 0.53
test
Cragg-Donald statistic 9.57 9.03 3.92 4.99
N 6998 6998 6998 6998

Note: - the Student statistics are in brackets;
- the coefficients in bold characters are significat the 5% threshold.

We study in several ways the properties of theunsénts used to obtain the results displayed ineT2b
Firstly, a valid instrument has to be exogeneous. & models reported in Table 2, the absence of
correlation between the residual and the instrusenaccepted to at least the 40% level. Secotiaky,
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instruments must not be weak. We document this getppusing Fisher and Cragg-Donald (1993)
statistics. Indeed, Staiger and Stock (1997) sugrgea rule of thumb, in model with a single endmges
variable, to consider instruments as weak whernr tfiet stage Fisher statistic does not excess the
threshold of 10. Our model comprises multiple emh@pus variables, and this rule does not apply. here
We however report in Table A2-2 in Appendix 2, foformation, the results of the first stage and the
Fisher statistics computed with the number of edetlinstruments of the model in the last column of
Table 2. An approach dedicated to model with migtgndogeneous variables is described in Stock and
Yogo (2002). They propose to test the assumptioneatk instruments in comparing the Cragg - Donald
statistic with values they tabulate. However, cativalues are only tabulated for models with s

two endogeneous variables, where they are respbcif 3.31 and 3.54 for the LIML estimator of a
model with 15 excluded instruments (Stock and Y&@§®2, Table 4, p. 61). Those values are far hems t
Staiger and Stock (1997) threshold of 10. Our maehprises four endogeneous variables. Cragg —
Donald statistics of more than 9 for the two fireddels and of 4.99 for the last one let us thirdt the
instruments are reasonably strong and that thediae at most small. Results of the third modeéerey

the test statistic is greater than the availahigéisa values, have to be considered more cangfull

Rises and falls in value added have different &ffddnlike falls, rises have virtually no impact cepital
retirement. A 1% fall in value added is associatét a rise from 8 to 12 precentage points in estient.

The adjustement of production capacities throughrétiirement thus does seem to occur only in a weak
activity setting, companies thus retiring uselessrcapacities. This result is not impacted by tiwuision

of variables measuring the capital workweek.

The effect of increases and decreases in the wetkwé capital are also differenciated. Whereas the
magnitude of the coefficients is similar, theirrsfgcancy is not. A decrease in the workweek ofitzdp
does not have a clear significant effect. On thposjie, an increase of 1% in the capital workwesk i
related to a decrease in retirement of -0.29 péagenpoints, showing a complementarity in the iasee

of production capacity between capital retiremert more intensives capital workweeks.

4.3. The effect of the structural intensity in capitalusage

Model (3) is now estimated, so as to charactetieeimpact of the structural intensity of usage lom t
retirement. In this model, the permanent level eiffrement is measured by the firms fixed effets
estimated with the last model of the preceedingi@e¢Table 2, rightmost column). Those fixed effec
are regressed on the proportion of years duringlwbompany organized its’ work in successive shifts
This variable captures the structural intensityha equipments usage over the time period, andré&igu
Al-3 in Appendix 1 displays its’ histogram. It thoeasures the impact of an intensive and duralgefis
capital over several years. We also include asrebwériables industry dummies (5 different indiesr
are considered) and size dummies (4 different simsesponding to the quartiles of the sizes).uRes
are provided in Table 3 below.

Tableau 3
Estimates of the structural effects
Estimator OLS OLS OoLS
sw; 0.0l 0.00 0.01
(2.98) (1.15) (2.16)
Industries :
- food 0.00 0.00
(0.22) (0.34)
- consommer goods 0.02 0.02
(6.44) (6.47)
- automotive 0.01 0.01
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(1.35) (1.26)

- capital goods 0.01 0.01

(3.29) (3.16)
Workforce :

- first quartile -0.01 -0.01
(-2.94) (-3.01)

- second quartile -0.01 -0.01
(-2.15) (-1.76)

- third quartile -0.01 -0.01
(2.23) (-2.11)
N 1443 1443 1443

Note : - the Student statistics are in brackets;

- the coefficients in bold characters are signiftcat the 5% threshold;
- the industry reference category is the interntedi@ods ;
- the workforce reference category is the fourthrtjle.

Once the heterogeneity at the industry and sizeldeig accounted for, the coefficient of the stk
intensity variable is positive and significant. Tieirement rate is hence increased when some ldurab
pressure is put on the equipement. This result imé with the intuition of a wear and tear effethis is
however a mechanism of low magnitude. A companyageuy its’ workforce in successive shifts during
all the 9 years of the period under study hsgreater of 1 percentage point, and thus its’eetent rate,
than a similar firm having never used work in sgstee shifts. Compared to the influence of the alu
added, whom a decrease of 1% induces an increak2 pércentage points, the impact of the wear and
tear effect seems of minor importance.

Contrary to short term variations in the capitakrkveeek, which have a decelerator impact on thetakpi
retirement, long term levels of intensity of usevdnan accelerator effect. The capital workweek thas
two distinct and opposite effects: cyclically, tbapital workweek contributes through the retiremtent
adjust production capacities, and structurally, ¢heital retirement is increasing with the intensf
capital usage.

5. Conclusion

The empirical analysis of individual company datagmsed in this study uses not just the data from
the company accounts to calculate the retiremeat variations in value added and the profitability
rate, but also other original data from a surveytanutilisation of production factors. The lattelis

us to what extent companies resorted to shift wam#dl to what degree the workweeks of capital
varied. The extent to which a company resorts tft wlork is used to explain the structural integsit
of capital utilisation. Variations in the workweekcapital tell us more about cyclical variationghe
intensity of capital utilisation. The sample usedthe estimates includes 6,998 observations dwer t
1996-2008 period. This individual database is,aasaé we know, unique for the empirical analysis of
the effects of the intensity of capital utilisation capital retirement. The empirical analysis abital
retirement behaviour is conducted with this datd adjusted for endogeneity biases by means of
instrumental variables.

The principal results obtained from the estimatiérrapital retirement models can be summarised as
follows: i) The retirement rate decreases with ¥aeiations in cyclical pressures measured by the
changes in output and the workweek of capital; tlEktion corresponds to a countercyclical
decelerator effect on capital retirement; ii) Thapital retirement rate increases with the struttura
intensity of capital utilisation; this effect, wiiccorresponds to a wear and tear one, is nevesthele
small compared to the decelerator one; iii) Thefiprate does not have a significant impact on the
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retirement rate. Compared to previous studiesimfibld, notably Mairesse and Dormont (1985), the
contribution of these results is to show, usinggiodl survey data, that the intensity of capital

utilisation influences capital retirement in a sturally positive way, via a wear and tear effectd in

a cyclically negative way, via a decelerator effénztt completes the already-accounted-for effect of
variations in value added.

The approach proposed here is still very partiaindre in-depth representation of capital retirement
behaviour would need to be based on a more compietiel of the dynamics of capital, analysing the
relationship between capital accumulation and ehpétirement. Nevertheless, the results obtained
appear fairly robust and they comply with basicregpic intuition. They suggest that during the
current crisis — which notably involved a sharp licad contraction of business activity and the
intensity of capital utilisation — the retiremerftaapital must have experienced a marked acceberati
An impact of this nature is not negligible in asseg the potential level of production, and
consequently, in determining the position of theneeny in the business cycle, for example, using
output gap indicators.
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Appendix 1

Table A1-1
st st rd
Variable Notation Source* 1. L , Median 3 . 9" decile Average Staf.‘d"?‘“
decile quartile quartile deviatior
Retirement rate RR FiBEn 0 0.0089 0.0322 0.0643 0.1206 0.0527 @074
Changz('jr(‘jgfja' value g FIBEn -0.0016 -0.0006 0.0002 0.0009 0.0019 0.0001.0018
Profit rate PR FIBEn 0.0003 0.0011 0.0022 0.0039 0.0069 0.003®.0042

Change in the

workweek of capital Acw EUFP

-0.05 0 0 0.01 0.1 0.0099 0.0879

*: FiBen and EUFP are short fBichier Bancaire des Entreprises and Enquéte dutilisation des Facteurs de
Production(Bank Company Accounts Databasesl Survey on the Utilisation of Production Factors).

Figure Al-1

Estimate of the probability density of the capitalretirement rate.
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0 2
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Source: FIBEn database and Survey on the Utilisaifd’roduction Factors. The density is estimated kernel

method.

15



Figure Al1-2
Histogram of the variations of the capital workweekover the last 12 months
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Source : FiBEn database and Survey on the Utitisaif Production Factors.

Graphique A1-3
Histogram of the work in successive shifts (in peent of years where the firm is observed)
=

o
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Source : FiBEn database and Survey on the Utitisaif Production Factors.
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Appendix 2
Results of the first stage regressions

Table 2.1
Results of the first stages of the estimates shownTable 1
Variable Aq;; TREN,;

AQie—q -0.32 0.08
(-20.51)  (3.89)
AQip—s -0.25 0.08
(-15.94)  (3.82)
Aqi_3 -0.20 0.07
(-13.46)  (3.54)
AQi_y -0.16 0.03
(-11.48)  (1.80)
Aqie_s -0.06 0.03

(-5.30) (1.98)
TREN;_, -0.07 0.27
(-6.43) (19.27)
F 156.22 108.25
N 6998 6998
Note : - The Studertt are in brackets ;
- Fisher statistics are evaluated with the numbexoluded instruments.
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Table 2.2
Results of the first stage regressions of Table 2
Variable D Aq;; PR, Icw; D_cw;

D_Aq;_4 030 010 -1.33 0.50
(-20.42) (3.23) (-1.58) (0.73)
D_Aq;_» -023 010 -278  -0.64
(-14.72)  (3.07) (-3.22) (-0.91)
D_Aq; 5 022 007 -283 -0.46
(-14.09) (2.19) (-3.26) (-0.65)
D_Aq;_s -0.16 006 -1.67  -0.13
(-12.10) (2.16) (-2.19) (-0.21)
D_Aq;_s -0.12 0.04 -0.86 -0.95
(-8.82) (1.32) (-1.14) (-1.55)
PR;,_, -004 027 -044 -045
(-6.57) (21.23) (-1.25) (-1.58)
W, 0.0f 001 040 056

(452) (1.65) (3.09) (5.33)
I Acwi_q 0.06 0.00 -0.0f -0.00
(3.83) (2.64) (-2.44) (-2.00)

I Acw;,_, 0.00 0.00 -0.01 -0.00
(0.56) (0.47) (-4.97) (-0.71)
I Acwyy_s 0.00 0.00 -0.01 -0.00
(1.92) (1.21) (-4.30) (-0.47)
I Acwyy_y -0.00  -0.00 -0.01 -0.00
(-0.26) (-1.64) (-4.17) (-2.04)
I Acw,y_s 0.00 000 -0.01 0.00

(1.57) (2.48) (-4.65) (0.50)
ID_Acw;,_, -0.00  -0.00 0.00 0.01
(-0.65) (-1.91) (0.47) (5.90)
ID_Acw;_3 0.00 -0.00 -0.00 001
(1.15) (-1.48) (-1.79) (4.76)

0_cw;, 0.00 0.00 0.01 0.01
(3.64) (1.05) (6.50) (6.89)

F 61.26 4496 11.29 10.60

N 6998 6998 6998 6998

Note : - The Studertt are in brackets ;
- Fisher statistics are evaluated with the numbexoluded instruments.
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