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THE M EASUREMENT AND DECOMPOSITION OF PRODUCTIVITY
CHANGE : EXERCISES ON THE NETHERLANDS' M ANUFACTURING
INDUSTRY

Summary: An important issue in productivity measwest, with potential
influence on national economic policy design, consdhe relation between
aggregate and firm-level figures. Aggregate produigt change depends not
only on intra-firm productivity change, but also @me dynamic process of
expansion and contraction of firms, emergence ofv nérms, and
disappearance of old firms. Amongst researchergetigdiscussion not only
on the proper decomposition method but also onratbeceptual issues.

Taking the Netherlands’ part of the study on prdolity and firm dynamics,
coordinated by the Economics Department of the OF&&#2 OECD 2001a),
as our point of departure, this study focuses @nsémsitivity of the results.

First, we conclude that the decomposition methoidsudsed by Balk (2001),
can be grouped into two sets, between which thelteediffer remarkably.
Using one set of methods, the continuing firms appe account for most of
the aggregate productivity change. Using the othet, the entering and
exiting firms appear to be the most important ptaye

Second, the sensitivity of the results with respedhe productivity concept
used (based on gross output or value added) wikxmmined. For example,
it appears that gross output based measures leakbwer percentages of
annual productivity change than value added basedsures.

Finally, supplementing production survey data wittiormation from the
business register leads to a more precise defmitid the entry and exit
process. This in turn appears to lead to a sigaifity lower contribution of
entering and exiting firms to aggregate productivdhange.

Keywords: Productivity change, decomposition meshod

1. Introduction

Over the last decades a number of powerful econmmmnetethods have been
developed to explore the sources of productivignge at the firm or industry level.
Numerous case studies have been published, angveeléarned that productivity
change can be caused by technological changeieeific change, scale effects and
input- or output-mix effects. These distinctiong @amportant for industrial policy
purposes.

At least as important is to understand the reldbetwveen productivity change at the
micro level and at the meso or macro level. Herehaee the interplay between



productivity change at the firm level and changeshie industrial structure which
are caused by factors such as growth or declineesutiy or exit of firms. The
availability of firm-level data underlying officigl publicized aggregate figures
makes it possible to explore this area.

Recently, the OECD carried out a comparative stayhe manufacturing industry
of ten countries. The main results were reporte@HCD (2001a) and Barnes et al.
(2001). The OECD study inspired us to execute &r{sensitivity) analyses on the
Netherlands’ manufacturing industry. In particulee study the dependency of the
outcomes on the firm-level productivity measured sbe decompaosition method,
and the definition of entry and exit of firms.

The structure of the paper is as follows. In sec®othe concepts of productivity
measurement and the different decomposition methddidbe reviewed. Section 3
describes the data that are available for analySisction 4 describes the
methodological features of our study and the resaflian initial scenario. In section
5 the results of various alternatives will be presd. Section 6 concludes.

2. The measurement and decomposition of productivityltange

The productivitychangeof a production unit (firm, industry, or econontygtween
two time periods is usually defined as the raticacfuantity index of output to a
quantity index of input.Alternatively, the productivityevel at a certain time period
can be defined as some measure of real outputedivity some measure of real
input. Productivity change is then obtained asr#i® of the productivity levels at
the two periods. These concepts will be explaimedeiction 2.1 in more detail. As
will appear, the approach to productivity measuneméa the level concept is
especially fruitful when the population of prodactiunits varies through time.

A well-known measure of productivity (change) is€f labour productivity (index).
In the Netherlands’ National Accounts, for instgnite labour productivity level is
defined as the amount of nominal value added (aicbprices) per full-time
equivalent job. Labour productivity levels and iceh are presented in a single table
for different industries and for the economy ashole. Table 1 provides some lines
from this table for the purpose of illustration.

The productivity figures in this and similar tablesncern aggregates of firms. They
are frequently used to say something about theyatodty change of the 'average
firm'. However, the relation between aggregate petigity change and firm-
specific change is not that simple. Because of dgpamic behaviour of the
underlying population of firms, aggregate produtfichange cannot be considered
as a simple average of productivity changes atdhel of the individual firms. In
the economic reality we have to deal with the psscef entry, exit, growth, and
decline of firms.

! Alternative definitions are discussed by Diewerd &lakamura (2003).



Table 1. Labour productivity for the Netherlandsbaomy and its manufacturing
industry

1996 1997 1998 1999 2000 2001

Economy

Level 1000 euro 50 51 53 55 58 60
Volume index 1995=100 100.4 100.9 102.2 1039 1055 1051
Volume change % 0.4 0.5 1.3 1.7 15 -0.4
Manufacturing

Level 1000 euro 53 54 56 58 62 63
Volume index 1995=100 101.7 103.0 1051 1076 113.0 1133
Volume change % 1.7 1.3 2.0 2.4 5.1 0.3

Source: Statistics Netherlandsyrovisional figure

In order to obtain insight into the effect of thpeocess on aggregate productivity
change, this change must be decomposed into a ec@mpattributable to intra-firm
productivity change and a component attributablethe process of industrial
restructuring. There are several ways to do thischviwill be the substance of
section 2.2.

2.1 Productivity concepts

A firm will here be considered as an input-outpegtem. At the output side we have
the commodities produced: goods and/or serviceshdétinput side we have the
various commodities consumed by the firm. These codities are traditionally
classified into five, mutually disjunct, categoriesmpital inputs K), labour inputs
(L), energy E), materials 1), and servicesq. Let for the output side the
commodities be numberet2,---,M and for the input sidg,2,---,N An important

assumption is that the firm operates in a marketirenment, so that every
commodity comes with a value (in monetary terms)riae and/or a quantity. For
every commodity it must be so that value equalseptimes quantity. At the output

side we haveM commodities, each with their pricg! and quantityy" , where
m=12---,M, iis a firm label and denotes an accounting period. Similarly, at the

input side we havldl commodities, each with their pricg and quantityx' , where
n= ]_’2,..., N.

The firmi’'s revenue, the value of nominal gross outgBaO), during accounting
periodt is

M
GO'=p' ¥ =3 pyn- 1)
m=1
Its production costRC) is given by

N
PC'=w'[X'=) WX, . (2.2)
n=1



All inputs are assumed to be allocatable to the dategories mentioned earlier. The
entire input price and quantity vectors can then Ipartitioned as
W= (wh,wEwE W wE) and Xt =(xg, X X, Xy, Xs ) respectively. The firm's
value added\(A) is defined as its gross output minus the combicxd of energy,
materials and services, that is

VA = pt O - w O - O —wl O (2:3)

Energy, materials and services together form thegoay of intermediate inputs,
that is, inputs which are acquired from other firms imported. Now we can
conceive the firm as producing value added (thamnisney) from the primary input
categories capital and labour.

The firm’s profitability is defined as its revend®&ided by its cost, that is

Goil _ pit B/it

— = 2.4
Pclt Wt D(It ( )

As shown by Balk (2001), the link between the measient of productivity levels
and the measurement of productivity change at iitme fevel is provided by the
concept of real profitability. Nominal profitabyitis defined as total revenue divided
by total cost. Real profitability, that is deflateeenue (output) divided by deflated
cost (input), is set equal to the productivity lleviéhe index of productivity change
then allows various interpretations, namely asrdt® of two productivity levels,
the index of real profitability, the index of da#a revenue relative to the index of
deflated cost, or the output quantity index dividgdthe input quantity index.

There are a number of ways of conceptualizing pebidty levels and productivity
change. One of the main distinctions is betweeglsifactor productivity and multi
factor productivity. In the first case a measureesl output is related to a measure
of a single type of real input. A well-known exampk labour productivity. For
multi factor productivity, a measure of real outputelated to a measure of a bundle
of real inputs. Total factor productivityTEP), a special form of multi factor
productivity, relates a measure of real output toeasure of total real input.

For the measure of real output the main choiceetsvéen gross output and value
added. Gross output includes the value of totalawer, the change in stocks, and
the margin on trade and other revenues. Value adaedilready mentioned, is
defined as the difference between gross outputtladtost of intermediate inputs.
When all these components of output and input eadlable, one can construct the
four different productivity measures representedahle 2. For a more detailed
discussion the reader is referred to the OECD (BpGhanual of productivity
measurement.



Table 2. The most important productivity concepts

Single Factor Productivity Total Factor Productivity
Output Input Input
GO L KLEMS
VA L K, L

Productivity level per firm

The productivity level of firm at time period is generically defined as

. _ real output"

PROD —. (2.5)
real input"

Especially in the intertemporal framework, when tanng a single firm over time,
the concept of real output and real input is imgatrt For example, one wants to see
whether its gross output change or its productiost change is caused by changed
prices or by changed quantities. We consider twags, labelledt =0 (which will

be called the base period) ahd1 (which will be called the comparison period).
Real (gross) output is defined as

RGOO = piO [yio
RGol = piO [yiOQom(pil, yil’ piO, yiO) - pil l:yil/ Pom(pil’ yill piO, yiO).
For the base period, real gross output is simplygoual to nominal gross output.

For the comparison period, real gross output isnddfas base period gross output
inflated by an output quantity index numb€), (), measuring the effect of

(2.6)

differing output quantities. Or equivalently, asngmarison period nominal gross
output deflated by an output price index numiBy (), measuring the effect of
differing output prices. Put otherwise, comparisperiod real gross output is
comparison period gross output at the ‘price leséthe base period.

Real input (production cost) is defined as

RPC°® =w° [X°

Rpcl = \NIO D(|0Qin (W11X|1,Wo1X|O) :\Nll D(lll Rn(wl,xll,wo,xlo). ( )

For the base period, real input is simply set eqomalominal production cost. For
the comparison period, real input is defined a% @iod production cost inflated
by an input quantity index numbep, (I, or, equivalently, as comparison period

nominal production cost deflated by an input pif@ex numberP, (.

Real value added is defined as

RVA® =VA°
RVA" =VA"Q,,, (P, Y Weys: Xeus: P, Y7, Wi, X (2.8)

=V'A\i1/ F?nout( pil' yi17VV:ElMS' X:;MS’ pio’ yiO'VV:EOMS' X:E(:VIS "



Since value added is a function of inputs as webatputs, we expect the price and
guantity components to depend on output and inpige pndices and output and
input quantity indices.

Real capital and labour input is defined as

RPGY = w? X2 +w° X°
qulL = (WKO D(:(O + WLO |j(II_O)Qm (WKlL ' X:(lL 1 VVJKOL ! IO (29)

= W T+ WE O R, (W X W2, X

KL 7KLY KL’

Based on (2.8) and (2.9), the value added based fexttor productivity levels,
VATFP, of firmi at periods 0 and 1 can be calculated as

; RVA° VA° VA°
VAT = PG WO B + WP K KC" +LC" (2.10)
L K =N L=
VATFFI‘1 = RVAI VA IR Inout(p " WEIMS’ IElms’ p IO WEOMS' :E?\/IS .

RPQ(L (KCIO + LCIO)Qm (\NIKIL ’ XlKlL’WKOL' « )

In this expression comparison period real valueeddis nominal value added
deflated by a price index number, while real prditunc cost is base period
production cost inflated by a quantity index number

Aggregate productivity level and productivity chang

Disregarding interactions between firms, the natureasure of PROD, the
aggregate productivity level of all firms existirag periodt, is the sum of firm-
specific real output divided by the sum of firm-sifie real input:

> realoutput

PROD = . (2.11)
Z realinput

This can easily be rewritten as a weighted aritionetean of the firm-specific
productivity levelsPROD",

realinput" real output
Zreallnput" real input"

PROD = Z
(2.12)
:ZH“PROD‘

where the weight@" are firm-specific real input shares. They addaprte.

For the value added based total factor productiewgls of (2.10), for instance, the
following firm specific real input shares are séete appropriate:



o _ KciO + LciO
Z(KCiO + LCiO)
Lo . L (2.13)
1 __(KC®+LC")Q, (Wi, X s Wat s Xt

Z(KciO+Lci0)Qin(\Nil Xil \Nio XiO

KL KLY "TKL Y 7KL /"

Aggregate productivity change between two period@ 1 can be measured as a
difference,

APROD® = PROD - PRODY, (2.14)

and the percentage change is obtained by diviiRROD° by PROD.

In the OECD (2001a) study the aggregate produgtievel was instead of (2.12)
defined as a weighted geometric mean

PROLL, =[] (PROD")?, (2.15)

which, by taking natural logarithms, gets the faamniform of a weighted arithmetic
mean of logarithmic productivity levels:

InPROL, =) 6" In PROD'. (2.16)

Aggregate productivity change between periods 0 dndmeasured as the
logarithmic difference,

Aln PRODY = In PROL, - In PROLE, (2.17)

can then be interpreted as a percentage change, sin

InPROT ~In PROTE =In[ 2RO | _ (1., PROG: ~PROG
PROLY PROLY .18
_ PROQ, -PROG; _ PROD, _, '
PROCY PROY
WheneverPRoQ —PROCE is small.

PROD}

2.2 Productivity decomposition methods

The two main factors contributing to aggregate potidity change aréntra-firm
productivity change anihter-firm reallocation. This reallocation is caused thg
dynamic process of expansion, contraction, entiy exit of firms. In this section
we will review a number of methods to decomposeregate productivity change
into intra-firm and inter-firm components.

Let us again consider two periods, a base periadda comparison period 1. The
set of firms existing in both periods, the contimmfirms, will be denoted bg. The



set of firms existing at period 0 but disappeaiadesthen, the exiting firms, will be
denoted byX. Finally, the set of firms which came into existerbetween base and
comparison period, the entering firms, will be deaobyN. Hence, the set of firms
existing at period 0 i€ 0 X and the set of firms existing at period 107 N.

Aggregate productivity change between periods 0 &ndan then initially be
decomposed as

APROD’ = PROD - PROD
= > #"PROD'- > 6°PROD’

iOCON iocox
=Y 6"PROD' + 3 6"PROD* (2.19)
iON icoc

- 6°PROD’ - > 6°PROD".
i0c

i0Ox

With respect to the weight®8" , measuring relative size, we recall that

>.6t=>6°=1 (2.20)
iOCON iocox
Ideally, as shown in expression (2.12), the retasiize measur@" should be the
real input share.

If the aggregate productivity level is measurea ageighted arithmetic mean, then
both sides of (2.19) must be divided IBROD’ to get a decomposition of the
percentage productivity change. If the aggregavelyrtivity level is measured as a
weighted geometric mean, then insteadRiROD the natural logarithmin PROD
should be used in (2.19).

Expression (2.19) shows that aggregate productirignge can be decomposed into
a contribution of entering firms, a contribution a@bntinuing firms and a
contribution of exiting firms. The contribution obntinuing firms is the outcome of
the interaction between intra-firm productivity cdge, PROD'-PROD°, and

inter-firm relative size changé)* —8'°. In the literature, several methods have been
developed to further decompose the contributiorthef continuing firms. Slightly
adapting the review of Balk (2001), five methods be distinguished.

Decomposition method 1

The first method decomposes the contribution of toatinuing firms into a
Laspeyres-type contribution of intra-firm produdtyvchange and a Paasche-type
contribution of relative size change:

APROD" =) #"PROD"

iON

+> 6°(PROD" - PROD") + ) (6" -6"°)PROD* (2.21)
i0C i0C

-> 8°PROD".

iox



The second term at the right hand side relatestta-firm productivity change and
uses base period weights. It is therefore callkdspeyres-type measure. The third
term relates to relative size change and is weihhtg comparison period
productivity levels. It is therefore called a Pdwstype measure. This
decomposition was used in the studies of Bailyl.e(1892) for the USA and Hahn
(2000) for Korea. Due to the fact that the baséopesind comparison period weights
add up to 1, see expression (2.20), we can insatlitrary scalaa to obtain

APROD’ =3’ §*(PROD" - a)

iON

+ ZG‘O(PRODl ~PROD’) +) (6" -6°)(PROD' -a) (D.1)

i0C
-> 6°(PROD’ -a).
iox

Thus, entering firms contribute positively to aggate productivity change insofar
their comparison period productivity level exceeqsand exiting firms contribute
positively insofar their base period productivigwél falls short of. Since there are
two different periods involved here, it is not guitlear which value foa it would
be reasonable to take.

It is easily seen that letting tend to zero will lead to a larger contributiontbé
entering firms, the exiting firms, and the relatsize change of continuing firms, at
the expense of the component of intra-firm proditgtichange.

Decomposition method 2

The second method uses a Paasche-type measurgrdefiim productivity change
and a Laspeyres-type measure for relative sizegeharhis leads to

APROD" =" 6*(PROD" - a)

iON

+2_6"(PROD' ~PROD") + 3 (" -6")(PROD ~a)  (D.2)

i0c i0c
- 6°(PROD’ - a).
iOXx
Again, it is not obvious which value farit would be reasonable to take.
Decomposition method 3

It is possible to avoid the choice between the kgsgs-Paasche-type and the
Paasche-Laspeyres-type decomposition. The thirthadetises for the contribution

of both intra-firm productivity change and relatigize change Laspeyres-type
measures. However, this simplicity is counterbatahnloy the necessity to introduce
a covariance-type term:



APROD" =" 6*(PROD" - a)
iON
+> 6°(PROD" - PROD’) + ) (6" - 6°)(PROD" - a)
< _ e (D.3)
+> (6" -6°)(PROD" - PROD’)
i0Cc

- 6°(PROD’ - a).
iOXx
In view of the Laspeyres-type perspective, a natahmice fora seems to be
PROD’, the base period aggregate productivity level. sTheads to the
decomposition proposed by Haltiwanger (1997).

Decomposition method 4

Instead of the Laspeyres perspective, one mightthisdPaasche perspective. The
covariance-type term accordingly appears with aatieg sign. Thus, the fourth
decomposition is

APROD" =" 6*(PROD" - a)
iON
+> 6*(PROD' - PROD’) + ) (6" - 6°)(PROD" - a)
i0oc i0oc
Lo _ _ (D.4)
- (8" -6°)(PROD' - PROD’)
ioc

- 6°(PROD’ - a).
iox
The natural choice foa would now bePROD', the comparison period aggregate
productivity level.

Decomposition method 5

The fifth method avoids the Laspeyres-Paasche thamp altogether, by using a
symmetric method which goes in essence back to &efir920). One takes the
arithmetic average of the first and the second oeethr the third and the fourth
method. The covariance-type term then disappeénss,T

APROD" =" 6*(PROD" - a)
iON

0i1+6i0 _ _
+; 5 (PROD' - PROD")

{1 {0
+Z(9il‘9i°)( PROD ;PROD _aJ
ioc

(D.5)

- 6°(PROD’ - a).

iox

A rather natural choice faa is now PROD + PROD)/2, the average aggregate
productivity level. Substituting this in the lastpeession, one obtains

10



APROD" = Ze‘{PROD’l - 5

iON

PROD + PROD)J

il i0
+ZH *8 (PROD' - PRODY)
itc 2

. . (D.6)
1 0
idc
—ZH’O(PRODO _ PROD ; PRO[?J_
iox

For simplicity we refer to this method as (D.6)aligh it is nothing but a special
case of (D.5). Entering firms contribute positivétyaggregate productivity change
if their productivity level is above average. Siamiy, exiting firms contribute
positively if their productivity level is below axege. Continuing firms may
contribute positively in two ways: if their produaty level increases, or if the firms
with above (below) average productivity levels ease (decrease) in relative size.
Decomposition (D.6) is basically the one used i pioneering work of Griliches
and Regev (1995). In view of its symmetry it shobédthe preferred one. Moreover,
Haltiwanger (2000) notes that (D.6) is less sersitd (random) measurement errors
than (D.3).

Baldwin and Gu (2001) suggested that the choicetHerscalara should be the
aggregate productivity level of the exiting firms,

PROD, =) 6°PROD"/ Y 6"°. (2.22)
ioXx iox
The idea beyond this suggestion is that enteringsfiessentially replace exiting
firms, so that the productivity level of enterinignis must be compared with the
aggregate productivity level of exiting firms. Dgin this, the term

> 6°(PROD’ -a) vanishes.

iox

3. The data

The data come from the production surveys of thaufacturing industry in the
Netherlands from 1984 to 1999. These annual surgegtain detailed information
on revenue and cost of private firms. The variabk=d can be found in appendix A.

The statistical unit in the production surveyshis firm? considered to be the actual
agent in the production process, characterisedsbgiitonomy with respect to that

2 Notice that it can happen that for all continufirgns PROD" > PROD® but that nevertheless the
total contribution of the continuing firms to aggage productivity change is negative. This ‘paradox
was discussed by Fox (2002).

3 This corresponds to the Kind-of-activity Unit ihet context of the European Union and to the
establishment in the context of the United Nations.
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process and by the sale of its goods or servic#isetanarket. A firm can consist of
one or more juridical units or can be part of agdarjuridical unit. Firms are
classified according to their main economic acfivit

For 1984 to 1986 more data are available thanHeryears thereafter, since the
observation threshold was changed in 1987. Prighi®year all firms with 10 or
more employees were surveyed, while from 1987 mihd with at least 20
employees were surveyed. Firms with less employeese sampled. Bilateral
comparisons are restricted to firms with 20 or memgloyees.

The focus is on firms of the manufacturing industepnsisting of the 2-digit
industries 15 to 37 of the Standard Industrial Slfasation (SBI} used in the
Netherlands. There are no data for SBI 36631, kfmtiacreation. Appendix B lists
these 2-digit industries. The industrial classtiima has been changed in 1993. This
caused a break in the data series and led to sifivelltles in finding appropriate
deflators for the years prior to 1993. Also becanfsthat change data for 1992 were
classified in two ways.

Nominal gross output and value added are deflayegrbducer output price index

numbers for total turnover. Where available, thdidas at the three-digit level of the
Netherlands’ Standard Industrial Classification eveised, otherwise those at the
two-digit level. To assign these sectoral priceided to firms, one must know to

which industry a firm belongs. This can change dlto time, however. The

pragmatic solution is, that per firm the industiytive comparison period is taken,
unless there is no observation in that period. Tthenndustry of the base period is
taken.

The cost of materials, energy and services is weflay producer input price index
numbers for total expenditures at the two-digielesf the SBI classification.

Since the production surveys do not contain datéhencapital stock, depreciation
cost is used as input variable. The nominal vahfedepreciation cost will not be
deflated.

For each year, firms with an incomplete data re@nrd/or zero or negative values
are deleted from the database. In addition, tHeviahg outlier removal procedure is
applied. Initially, for each firm nominal output @ivided by nominal input. The
observations falling in the first and the ninetythi percentile of the distribution of
nominal output divided by nominal input at the mdstailed level of the STAN
industry classificatiohare deleted.

4 The SBI 93 is an extension of the NACE Rev.1 (Nmwiature statistique des Activités economiques
dans la Communauté Européenne), formulated by Eairddp to the 4-digit level these classifications
are the same. Up to the 2-digit level the SBI '93ni accordance with the ISIC Rev.3.1 (Internationa
Standard Industrial Classification of all economtivities), recommended by the United Nations.

® The STAN industry classification is used by the@IEfor cross-country analysis. For a detailed
scheme of this classification the reader is refetoeBartelsman and Barnes (2001).
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The information in the data records allows us, whawssible, to link the data over
the years. After linking two periods, the firms whiappear to be outlier in either
one of the periods and the firms with incompletéadia either one of the two

periods are deleted. The entry or exit status dfrra is determined from the

remaining data. If a firm occurs with data in adaegriod but not in a comparison
period, this firm was defined as an exiting firfalfirm does not occur with data in
a base period but does so in a comparison peiiifitm was called an entering
firm. The drawback of this approach is that theyeahd exit sets are polluted with
firms which are sampled in but one of the two pasidt would be better to define
exit and entry from a business register. Registéesietd data allow firms to be tracked
through time because addition or removal of firmwsrf the register usually reflects
the entry and exit of firms in the ‘real world’. Will return to this issue in section

5. Deleting from each comparison firms with incogiplrecords as well as outliers
prevents many cases of unreal entry and exit. Agipe@ contains the pseudo-code
of the procedure outlined above.

4. Initial scenario for the computations of productivity change

Our starting point is the project on productivitydafirm dynamics of the Economics
Department of the OECD, carried out by an inteoreti team of experts. The data
of the ten countries involved were, to the exteggible, harmonised and a common
analytical framework was used. We were kindly p#&edi to use some of the
project’s computer codes, but adapted them in aévespects, since we are only
interested in the Netherlands’ situation. For exi@mipnstead of using certain values
obtained by averaging over the ten OECD countrmsly values from the
Netherlands are used. We also adapt the measuealoihput; instead of a sort of
Cobb-Douglas function we measure real input by irgalt cost.

We define an initial scenario and from thereof wéeerd and change the variables
used. In section 4.1 the initial scenario is désadi In section 4.2 the results are
presented, respectively the annual percentagesramfugtivity change and their
decompositions. Section 5 is devoted to the exteissi

4.1 The productivity concept

The initial scenario uses value added based tatbif productivity. Hence, the
input factors are capital and labour. Aggregatelpctivity is a weighted arithmetic
mean of firm-specific productivities.

Expression (2.10) provides the formal definition tbé value added based total
factor productivity level of firm at periods 0 and 1. However, not all variables and
index numbers are available. Also the fact thatrethare entering firms at the
comparison period necessitates an adaptation afghations. For these firms there
is by definition no base period information. Thereftheir comparison period value
added is treated as real output and their capitalabour cost as real input. Thus,

13



VA”°

VATFP' = . . VAil/. P"ﬁt . . foridC
(Kclo + LClO)Qin(Llll LIO, KCll/ KClO)
VA* .
:m foriON

whereVA' is the value added of firinat periodt, KC" is the depreciation cost of
firm i at perioct and LC" is the labour cost of firmat periodt. Furthermore,

(Y (kerY
Qi”(m_(FJ [Wj (4.2)

is a Tornqvist type input quantity index witi being the number of employees of
firm i at periodt and

1 Lc® Lc*
=— - — + - - .
i 2[ KC®+LC® KC™+ LC'IJ “3

being the average labour factor share of firfinally 5' =1-a'.

Since the production surveys do not contain volumaga on the capital stock,
depreciation cost is used in the input quantityeind

P is a producer output price index for the industigss to which firmi belongs.

These index numbers are used since no proper afldor value added are
available.

The aggregate productivity levelATFP , is defined as the arithmetic mean of the
individual productivity levels, see expression @,with real input shares

g = KC® +LC™

= : — foriDC DO X 4.4
Z(Kclo +LC|O) ori ( )
gt = (KC*+LC")Q,(L*/L° KC"/KC") forinC
D (KC+LC)Q,(L*/L°,KC*/KC®) + ) (KC" +LC™)/ Py,
ioc iON
(KC"+LCH/ P,

= . . — . —oul . . — foriON.
D (KC+LC)Q, (L*/L° KC*/KC®) + ) (KC* +LC") /P,
i0c

out
iON

For the entrants in period 1, as already notedgeti® no information concerning
period 0. In the denominator &, however, we must sum real capital and labour
cost for continuing and entering firms. But for tbentinuing firms this cost is at
base period prices and for the entering firms atmarison period prices. Deflating
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the cost of the entering firms by the producer outprice index numbers
pragmatically solves this discrepancy.

4.2 The results

Table 3 presents the numbers of entering, exitind eontinuing firms and the
average of the labour factor shares per firm, dgdré 1 shows the aggregate
productivity changes.

Table 3. Mean of the labour factor shares per fand total numbers of continuing,
entering and exiting firms corresponding to VATFP

Period Mean of a' c N X

1984-85 0.88 4643 493 451
1985-86 0.88 4633 464 478
1986-87 0.88 4581 529 440
1987-88 0.87 4424 907 651
1988-89 0.86 5060 487 208
1989-90 0.86 5187 431 293
1990-91 0.86 5194 719 354
1991-92 0.86 5448 659 384
1992-93 0.86 5468 502 438
1993-94 0.86 5351 529 432
1994-95 0.86 5288 530 558
1995-96 0.86 5141 488 627
1996-97 0.86 5101 503 506
1997-98 0.86 5197 551 365
1998-99 0.86 5310 558 407

VATFP change, total manufacturing

7,16

4 4 3,46

annual percentage
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period

Figure 1. Annual percentage change of VATFP faaltotanufacturing using
weighted arithmetic mean as aggregate productieitel
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One sees an irregular pattern of productivity cleamgth troughs in 1986-87, 1988-
89 and 1995-96 and peaks in 1985-86, 1987-88, 849%nd 1996-97.

Each of the methods reviewed in section 2.2 deceep@ggregate productivity
change into an entry, an exit, a between, and lEmitomponent; in two cases there
also is a covariance-type term. Figure 2 showsréiselts of decomposition (D.5)
with a = 0, which is the average of decomposition (D1d decomposition (D.2),
the results of which do not differ much.

Decomposition 5 ( a =0) of VATFP change

Dexits
Oentry5
Elbetween5
M withins

84- 85 86- 87- 88 89- 90-9191:92 92- 93- 94- 95- 96- 97- 98-
85 86 87 88 89 90 93 94 95 96 97 98 99

period

Figure 2. Decomposition 5 of the annual percentelggnge of VATFP for total
manufacturing

For decompositions (D.3) and (D.4) the choice efyhlue fora is determined in a
more ‘natural’ way. The average of these decomjppostis (D.6). In figure 3
decompositions (D.3) and (D.6) are presented.

Decomposition 3 of VATFP change

0,12 -

0,10 -
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0,06 - cross3
Oexit3
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B between3
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0,02
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-
-0,02 1 &

-0,04

-0,06
84- 85- 86- 87- 88 89- 90- 91- 92- 93- 94- 95 96- 97- 98-
85 8 87 8 89 90 91 92 93 94 95 96 97 98 99

period
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Decomposition 6 of VATFP change

Oexité
Oentryé
Elbetween6
M withiné

84- 85- 86- 87- 88 89- 90-919192 92- 93- 94- 95 96- 97- 98-
85 86 87 88 89 90 93 94 95 96 97 98 99

period

Figure 3. Decompositions 3 and 6 of the annual petage change of VATFP for
total manufacturing

Figures 2 and 3 show what we already have noticedhé discussion of the
decomposition expressions; lettingend to zero will lead to larger contributions of
the entry, exit, and between component at the esgpehthe within component.

We prefer decomposition (D.6) because of its symneilso the fact that this

method is arguably less sensitive to measuremerdrsercontributes to this

preference. From figure 3 one sees that the mgsbritant factor behind aggregate
productivity change is the within component, ttgtthe productivity change within

the firms. The between component is relatively $raaltl for most years positive.
The entry component is alternately positive andatigg. The exit component is
from the period 1992-93 onwards positive, which nsethat the productivity level

of exiting firms is on average below the averaggregate productivity level.

There are many country-specific studies of the dgmsition of productivity
change, but it is difficult to compare them duethe variation in time period,
frequency and measurement method. Foster, Haltigrangd Krizan (2001) and
Ahn (2001) reviewed a number of those studies. hmppeared to be some
common patterns. Among others Foster et al. (26@1the US, Disney et al. (2000)
for the UK, and Hahn (2000) for Korea found evidetitat the within effect rises in
cyclical upturns and falls in recessions, thus leitinig procyclical behaviour. The
effects of entry and exit exhibit reverse behavioupoking at the relative
importance of these components in the NetherlaredBng similar patterns.

For the impact of entry and exit the time spanhaf tomparison is an important
factor. Ahn (2001) observes that the share of atdrar exiters is likely to increase
as the length of the interval over which the congmer was made increases. This is
due to the fact that all firms that entered betbeelast year are regarded as entrants
and all firms that exited after the first year aegarded as exiters. In the OECD
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study five-yearly productivity changes were conside Compared with the results
of Barnes et al. (2001), the share of net entriipndeed smaller when productivity
change is measured between two adjacent yearotaaira five year interval.

If we follow the suggestion of Baldwin and Gu (2001he exit component
disappears. The results look like those of the ithamethods. The within
components are the same, and the between and emmgonents remain small
relative to the within components. The results dbprovide additional insights.

In Appendix D the detailed results of the six depositions for each pair of

adjacent years are given. Table 4 presents thagegover the whole period 1984 -
1999. We find for total manufacturing an averaggragate productivity change of
about 2.1% per year, with a standard deviation t¥3

Table 4. Percentage change of VATFP, averages tamdiard deviations for
decompositions 1, 2 and(&=0) and 3, 4 and 6 over the period 1984-1999, total

manufacturing

" D.1 D.2 D.5 D.1 D.2 D.5

Decomposition
average average average st dev st dev st dev

VATFP change 0.0212 0.0212 0.0212 0.0309 0.0309 0.0309
Within 0.0216 0.0162 0.0189 0.0301 0.0298 0.0299
Between 0.0049 0.0103 0.0076 0.0307 0.0297 0.0302
Cross
Net entry -0.0053 -0.0053 -0.0053 0.0327 0.0327 0.0327
Entry 0.0688 0.0688 0.0688 0.0503 0.0503 0.0503
Exit -0.0741 -0.0741 -0.0741 0.0598 0.0598 0.0598

. D.3 D.4 D.6 D.3 D.4 D.6
Decomposition

average average average st dev st dev st dev

VATFP change 0.0212 0.0212 0.0212 0.0309 0.0309 0.0309
Within 0.0216 0.0162 0.0189 0.0301 0.0298 0.0299
Between 0.0048 -0.0004 0.0022 0.0032 0.0042 0.0034
Cross -0.0054 0.0054 0.0027 0.0027
Net entry 0.0002 0.0000 0.0001 0.0058 0.0061 0.0060
Entry 0.0006 -0.0011 -0.0003 0.0070 0.0076 0.0071
Exit -0.0004 0.0011 0.0004 0.0055 0.0068 0.0060

5. Several modifications and extensions

5.1 Alternative value added based productivity concepts

We vary the analysis with respect to the followipgints. First, instead of the
weighted arithmetic mean (2.12), the aggregate ywibdty level will be computed

as weighted geometric mean (2.15). Second, relcall tb calculate real input the
input quantity index (4.2) was used. Instead oP)4he following alternatives are
considered;ij all firms their own labour factor share basedyamh period 0 or 1;

(ii) all firms the same labour factor shardi)(labour factor shares calculated
relative to value added instead of the sum of ehpitd labour cost. Third, there are
different possibilities to define the relative siaka firm. Instead of the real input
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shares based on all input factors, relative sizasmes based on the input factor
labour only and on real output are considered.hin last subsection value added
based labour productivity is presented and compuaiitid the labour productivity
measures from the National Accounts.

5.1.1 Geometric mean aggregate productivity level

In almost all empirical studies aggregate proditgtievels have been computed by
using weighted geometric means. It is well knowat tRROD, < PROD . For the
productivity change between two periods such dicglaloes not need to hold.

Productivity changes based on weighted arithmetid geometric means are
displayed together in figure 4. Except for the pési 1993-94 and 1995-96 the
productivity change based on geometric means idleiminan the productivity

change based on arithmetic means. The differenbemdelves are not very
important.

VATFP change, total manufacturing

annual percentage

84-85 85-86 86-87 87-88 88-89 89-90 90-91 9192 92-93 93-94 94-95 95-96 96-97 97-98 98-99

period

Figure 4. Annual percentage change of VATFP faaltotanufacturing using
weighted arithmetic mean (diamonds) and geometeam{squares) aggregate
productivity level

5.1.2 Alternative input factor shares

In the initial scenario labour factor shares per firm, averaged over base and
comparison period, were calculated for the inpuardity index number (4.2). To
study the impact of this specific choice, labourtda shares either from the base
period or from the comparison period are calcutated
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KC" +LC" ®1)
i

It appears that aggregate productivity change doesliffer much whethea'’, o

or the average of both is used. Henceforth theualbactor share averaged over the
base and comparison period is used.

Another alternative is to use one aggregate labaeior sharea instead of labour
factor shares per firn':

1 chiO ZLcil

a :E Z(chuo + LCiO) + Z(chil + Lcil) * (52)

The summations are taken over all firms existinggexiods 0 and 1 respectively.
Table 5 provides per pair of adjacent years theeaggde labour factor share. Since
a does not play a part in the outlier removal pracedthe numbers of continuing,
entering and exiting firms remain those of table 3.

Table 5. Aggregate labour factor shares per firm

Period a Period a
1984-85 0.84 1992-93 0.80
1985-86 0.83 1993-94 0.80
1986-87 0.83 1994-95 0.80
1987-88 0.82 1995-96 0.80
1988-89 0.81 1996-97 0.80
1989-90 0.80 1997-98 0.80
1990-91 0.80 1998-99 0.80
1991-92 0.80

Figure 5 depicts productivity changes based onexgde labour factor shares and
those based on labour factor shares per firm. Taphg are almost the same. One
may conclude that it does not matter much whether labour factor share is
calculated aggregatetively or individually. Hengéfiothe labour factor shares are
calculated individually.
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VATFP change, total manufacturing
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Figure 5. Annual percentage change of VATFP faaltotanufacturing using labour
factor shares per firm (diamonds) and aggregatelatfactor shares (squares)

As final alternative the labour factor share is pobed as

i0 il

Instead of dividing labour cost by total cost obdar and capital, labour cost is
divided by value added. These labour factor shawere used in the OECD study,
and are familiar in the growth accounting approdahly under the assumption that
value added is equal to capital and labour costjabour factor shares' and a™

are the same. Inaccuracies and measurement etritvs frm level could however
lead to unwanted results. The ratio of labour towstalue added can easily exceed 1
in one or both periods, which then results in aatigg contribution of capital. For
these firms, the ratio is fixed to 1 in the periadscerned. As a consequence the
labour factor shares become on average about 8e& table 6) instead of 0.87,
since labour cost has a smaller contribution inealdded than in the sum of capital
and labour cost.

In figure 6 one sees that for all periods the potidity change is smaller when
using the ratio of labour cost to value added thsing the ratio of labour cost to
total capital and labour cost.
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Table 6. Mean of the labour factor shares per fimiculated as ratio of labour cost
to value added

Period Mean of a” Period Mean of ¢
1984-85 0.76 1992-93 0.75
1985-86 0.75 1993-94 0.75
1986-87 0.74 1994-95 0.73
1987-88 0.74 1995-96 0.72
1988-89 0.73 1996-97 0.71
1989-90 0.72 1997-98 0.71
1990-91 0.72 1998-99 0.71
1991-92 0.73

VATFP change, total manufacturing

annual percentage

84-85 85-86 86-87 87-88 88-89 89-90 90-91 9192 92-93 93-94 94-95 95-96 96-97 97-98 98-99
period

Figure 6. Annual percentage change of VATFP faaltotanufacturing using labour
factor shares calculated as the ratio of labourtdoscost of labour and capital
(diamonds) and as the ratio of labour cost to veddéded (squares)

As shown in section 4.1 however, the ratio of laboost to the sum of capital and
labour cost appears to be the ‘natural’ labourdiashare.

5.1.3 Alternative measures of relative size

From the definition of the aggregate productivigyel (2.11) the real input share
was found to be the ‘natural’ measure of relatiize .sAll input factors are included
in this measure. In the literature, among other§&iitiches and Regev (1995) and
Barnes et al. (2001), measures only based on emgloly levels are found.
Therefore, the consequences of using employmenteshare explored. The
employment shares are defined as
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Figure 7 compares the results. The differencesgpeeciable.

eit (54)

VATFP change, total manufacturing

annual percentage

84-85 85-86 86-87 87-88 88-89 89-90 90-91 9192 92-93 93-94 94-95 95-96 96-97 97-98 98-99

period

Figure 7. Annual percentage change of VATFP faaltotanufacturing using real
total input weights (diamonds) and real labour ibpeeights (squares)

In other empirical studies, for example Baily et(@992) and Haltiwanger (1997),
instead of real input based relative size measousut based size measures are
being used, especially gross output based. Forevallded based total factor
productivity the following output shares seem appiate:

i0
go= YA (5.5)

IS

1_ VAP

This results in a different distribution of the iorpance of individual firms and
therefore a somewhat different pattern of aggrepeateuctivity change, see figure
8. The productivity change between 1985 and 1986ery high with 14.9%. It
appears that some firms with a relatively high attghare have a high change of
relative size and productivity. Ignoring these frmesults in a more moderate
productivity change of 7.1%.
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VATFP change, total manufacturing
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Figure 8. Annual percentage change of VATFP faltotanufacturing using real
total input weights (diamonds) and real output visg(squares)

5.1.4 Value added based labour productivity

In table 1 labour productivity levels and index rhers from the Netherlands’
National Accounts have been presented. Labour ptivity was defined as the
amount of nominal value added (at basic prices)fpietime equivalent job. The

productivity figures concern aggregates of firms.this section a comparison is
made between the figures at the macro level ansetloalculated from the micro
data.

To compare the figures directly, the same variablesuld be observed. However,
with respect to labour the production surveys @ thanufacturing industry cover
only the number of employees and the labour cdstrdis no information about the
number of full-time equivalent jobs.

The value added based labour productiwtfLP, is calculated as

i0
VALP® =ﬂ foridCcOX 5.6
LclO
- VA'/P! .
VALP‘:L :ﬁ foridC
LC (L /L)
il
= \L/é‘l foriON

where VA" is the value added of firmat periodt, LC" is the labour cost of firm
at periodt and L" is the number of employees of firinat periodt. Again, P is a

out

producer output price index for the industry claswhich firmi belongs.
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The aggregate productivity leveVALFP , is defined as the arithmetic mean of the
individual productivity levels, see expression @,with real input shares

i0
go=C forinco X 5.7)
> LC!
i0 il i0
= — L? ((!‘/L) —— foridC
D LCO(LH /L) + ) LCH /Py,
i0C iON
LC*/P2 .
= ____— —__ ou — fori ON.
DILCO(L/L)+ ) LCH/ P
i0C iON

Since the input variable has been changed, théepu#moval procedure marks
other firms as outliers. In table 7 the numbersaftinuing, entering and exiting
firms are given. Figure 9 contains the results aathpares the microdata-based
outcomes to those published in the National Accaurithe graphs show a
remarkable similarity. Comparing the developmentatiour productivity to that of
total factor productivity in figure 1, one observde same pattern. Percentage
changes o¥/ALPtend to be higher than those\GATFP.

Table 7. Total numbers of continuing, entering arding firms corresponding to
VALP

Period C N X

1984-85 4802 506 476
1985-86 4750 476 494
1986-87 4701 545 458
1987-88 4545 926 668
1988-89 5190 506 211
1989-90 5328 446 301
1990-91 5339 745 360
1991-92 5617 667 390
1992-93 5646 518 449
1993-94 5520 545 448
1994-95 5473 543 577
1995-96 5326 489 653
1996-97 5282 516 520
1997-98 5390 565 373
1998-99 5485 569 420
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Figure 9. Annual percentage change of VALP forltotanufacturing using micro
data (diamonds) and using macro data (squares)

5.2 Gross output based productivity concepts

Besides the value added based productivity meashees are gross output based
productivity measures. Note that gross output ciesif deliveries to final demand
and intermediate products. The split between these categories depends very
much on the level of aggregation. In contrast, #sddded enables one to compare
firms belonging to different industries. Ignorirtgetcomplications of intra-industry
deliveries, aggregate productivity change for thtaltmanufacturing sector will be
calculated. In appendix E the focus is on aggregaté¢he two-digit level of the SBI
classification.

We calculate for each firinthe total factor productivity leveGOTFR, as

GOiO

GOTFP = o for i0COX (5.8)
GOTFP* = : Goi.llp"iul‘ — for i0C
(KC|0 + LClO + MClO)Qilrjll
Goil

= i1 il il for I D N

(KC" +LC" +MC")
where GO" is the value of gross output of firin at periodt, KC" is the
depreciation cost of firm at periodt, LC" is the labour cost of firm at periodit,

and MC" =GO" -VA" is the intermediate input cost of firm at periodt.
Furthermore,
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. Ll Kcll Mclll F)”:l
Q _(LiOJ (KcioJ ( MC'° j (5.9)

is a Tornqvist type input quantity index wili being the number of employees of
firm i at period,

1 LC® LC"
og=if___LC =~ _ 5.10
Z(KC'O +LC°+MC"” KC'1+LC'1+MC'1J (5-10)

being the average labour factor share of firm

(5.11)

¥ =2 keP s Le v me® T KC T+ LCT T MCT

1( MC'® MC™ J
5 +

being the average intermediate input factor shifieno i, and ' =1-a' - /.

Since the production surveys do not contain volwaé on the capital stock,
depreciation cost is used in the input quantityeindrinally, P'* is a producer input

price index for the industry class to which fiinbelongs, andP!’ is a producer

out

output price index for the industry class to whichn i belongs.

The aggregate productivity leveEOTFP, is defined as the arithmetic mean of the
individual productivity levels, see expression @,with real input shares being

o _ Kci0+LciO+Mci0

DT forinc O X (5.12)

(KC® +LC'"® + MC*)Q!

e : . — , . — foriOC
D> (KC +LC"° +MC*)Qi + > (KC™ +LC" +MC"™)/ P
idc iON
i1 i1 i1 i1
(KC"+LC"+MCH)/P,, tor i0IN.

~ Y (KCP +LC° +MC")Q2 + Y (KC™ +LC™ + MC™)/ P
ioc

out
iON

Due to the change of the industry classificatioappeared to be difficult to obtain
reliable results for the years prior to 1992. Thane we consider only the period
1992-1999. The means of the labour and intermedigtat factor shares per firm
are presented in table 8. Since the output and wgriebles have been changed, the
outlier removal procedure marks other firms asiergl The numbers of continuing,
entering and exiting firms are also given in thillé.
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Table 8. Mean of the labour and intermediate infator shares per firm and total
numbers of continuing, entering and exiting firmsresponding to GOTFP

Period Mean of o' Mean of ' C N X

1992-93 0.33 0.62 5472 501 433
1993-94 0.33 0.62 5353 530 427
1994-95 0.32 0.63 5290 529 559
1995-96 0.31 0.65 5149 488 626
1996-97 0.30 0.65 5104 499 499
1997-98 0.29 0.66 5203 545 363
1998-99 0.29 0.66 5303 557 396

Figure 10 shows the development@DTFP. Notice that the percentage changes of
GOTFPare lower than the corresponding one¥ATFPin figure 1.
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Figure 10. Annual percentage change of GOTFP ftaltmanufacturing

5.2.1 Gross outpuexcludingchanges in inventories

Instead of taking the total production value to suga outputwe could also take the
value of total turnover, which means that the cleaimginventories is excluded. In
some industries and periods it is likely that laggentities of produced goods were
stocked. In those cases a productivity measuredbaseotal production would be
economically less relevant.

Table 9 presents the mean of the factor sharesfiperand the numbers of
observations for this approach. The results asctipin figure 11 give no reason to
suppose that at this level of aggregation the amfte of inventory behaviour is
large. Although the percentages differ, the trendlinost the same.
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Table 9. Mean of labour and intermediate input dacthares per firm and total
number of continuing, entering and exiting firmsresponding to GOTFP with
total turnover as output

Period Mean of o' Mean of ' C N X

1992-93 0.33 0.62 5439 490 426
1993-94 0.33 0.62 5322 509 423
1994-95 0.32 0.63 5270 525 541
1995-96 0.31 0.65 5139 474 625
1996-97 0.30 0.65 5100 493 486
1997-98 0.30 0.66 5189 541 362
1998-99 0.29 0.66 5299 552 390

GOTFP change, total manufacturing

annual percentage
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Figure 11. Annual percentage change of GOTFP ftaltmanufacturing using
gross output (diamonds) and total turnover (squpessoutput

5.3 Entries and exits defined from the business registe

Until now, the entry or exit status of a firm wastefmined from the production
survey data. In any bilateral comparison, if thees an observation of a firm in the
base (comparison) year and not in the comparis@sejbyear this firm was
automatically defined as an exiting (entering) firivarge, unreal numbers of
entrants and exiters are due to a number of causes:

e« If a firm temporarily falls below the observatiomréshold, there is no
observation during this period.

e If a firm temporarily does not respond, there isobgervation.

An alternative is to use a business register tindehe entry and exit status. The
Netherlands’ business register is continuously temlaand comprehensive. It is
simple to extract a subregister of all firms exigtiduring a certain year. This
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register contains information on the mutations thate taken place. It is known
whether a firm has been ‘born’ or has ‘died’, bigoawhether there has been a
restructuring due to, for example, a merger orke-taver. Firms without exhibiting
mutations we will call continuing firms (C). Firmexhibiting a mutation can be
divided into three groups: entering firms (N), et firms (X), and firms with
mutation other than entry or exit (H)

As an example we consider the period 1997-98. Wesider the initial scenario
described in section 4.1. Thus productivity chaisgeased on value added as output
and capital and labour as input. The two sets adfiyetion survey observations were
linked to the business register to enhance theredisens with mutation codes.
After pooling and matching, the deletion of incostpl records, and the application
of the outlier removal procedure, there are 61i@idileft in the pooled dataset.
These firms can be classified in a number of distgroups. Table 10 displays the
result.

Table 10. Firms in 1997-98 with the business registutation codes

Code 1997 Code 1998 Code 1997-1998 Number of firms

H - 119
N 14
409
9
27
278

20

TOOI I ITIT
N

219
13
4619
17
219
14
- 131

X OZIXOIXOIXO0Nn2ZZ

O 0

IXo0o0000Z2Z2Z2TITI:-
x

z
[y

Total 6113

The first four lines apply to firms with an obsetiea in 1998 but without a
corresponding observation in 1997. Data-drivenseheb1 firms would be classified
as entering firms. However, the mutation code risviieat only 14 of them are really
new firms.

® Note that there are firms with a mutation code tidly occurs for administrative reasons. Another
point of attention is the delay between the ocaweeof a mutation in the real world and the
registration of that mutation in the business regis
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A similar story applies to the last four lines abke 10. These lines apply to what
data-driven would be called exiting firms, of whittere were 365. However, only
14 of them were exiters according to the businegister mutation code.

A third category is formed by the firms with a clictfng pair of mutation codes. In
particular, the 13 firms with codes (C, N) wereadetl from the analysis.

The remaining 5184 firms were classified eithecastinuing firms (C) or as firms
that have undergone some kind of restructuring THE final number of firms used
in the analysis turned out to be 5212, of which 48&re continuing firms, 527
restructured firms, 14 entrants, and 14 exiters.

Table 11 contains the corresponding numbers ofsfifon all the pairs of years for
which this procedure could be applied.

Table 11. Mean of labour factor shares per firm aotl numbers of continuing,
restructured, entering, and exiting firms

Period Mean of a' c H N X

1993-94 0.86 5223 128 12 15
1994-95 0.86 4822 455 8 13
1995-96 0.86 4599 527 17 33
1996-97 0.86 4580 505 11 12
1997-98 0.86 4657 527 14 14
1998-99 0.86 4834 455 14 28

VATFP change, total manufacturing

annual percentage

85-86 86-87 87-88 88-89 89-90 90-91 9192 92-93 93-94 94-95 95-96 96-97 97-98 98-99

period

Figure 12. Annual percentage change of VATFP ftaltmanufacturing where
entry and exit is based on the business registprai®s) and based on the data
(diamonds)
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Figure 12 depicts the aggregate productivity chapgeentages. The difference
with the corresponding part of the initial scenanibere no use was made of the
business register is not large.

The decomposition results, however, change draaibtid\otice that there is now
also a within and a between component for theuestred firms (coded H). Figure
13 contains the results for (D.5) wigh= 0. Compared with figure 2, the entry and
exit components have become very small. The betweemponent of the
restructured firms is mostly negative. This medrat for most of these firms the
relative size has declined. The between comporfethieccontinuing firms is mostly
positive, which means that the relative size oséhirms has increased. The within
component is overall the largest one.

Decomposition 5 (a=0) of VATFP change

0,2 -

0,10
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mwithins
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-0,04
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93-94 94-95 95-96 96-97 97-98 98-99
period

Figure 13. Decomposition (D.5) (a=0) of the annpalcentage change of VATFP
for total manufacturing where entry and exit is éd®n the business register

For decomposition (D.6) the within component wasady the most important one.
Now this is magnified. The between, entry, and eginponents are hardly visible
in figure 14.

We may conclude that the precise definition of ymind exit is an important issue.
Judged from the production survey data there asedbentries and exits, but most
of them appear to be artificial. Especially whertdimes to decomposition of the
aggregate productivity change the consequencemaratant.
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Decomposition 6 of VATFP change
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Figure 14. Decomposition (D.6) of the annual petage change of VATFP for
total manufacturing where entry and exit is basadle business register

6. Some conclusions

We summarize our findings. To some extent our paihtdeparture was the
Netherlands’ part of the study on productivity dimch dynamics carried out by the
OECD. In particular we study the dependency of dhtcomes on the firm-level
productivity measure used, the decomposition method the definition of entry
and exit of firms.

It appears that the decomposition methods can tepgd into two sets, between
which the results differ remarkably. Using one afeinethods, the continuing firms
appear to account for most of the aggregate pradiycthange. Using the other set,
the entering and exiting firms appear to be thetimegortant players.

The percentages of productivity change do not diffeich whether a weighted
arithmetic mean or a weighted geometric mean id @izecalculating the aggregate
productivity levels.

The outcomes are quite insensitive to the inpuhtjiyaindex which is used for the
calculation of real input. In particular the wayettabour factor shares are defined
does not matter much.

Total factor productivity change can be based doevadded or on gross output.
The percentages derived with gross output are ldkgr those derived with value
added.

We checked the sensitivity with respect to therdéfin of entry or exit of a firm.
Supplementing production survey data with inforimatfrom the business register
leads to a more precise definition of the entry exitiprocess. This in turn appeared
to lead to a significantly lower contribution of tering and exiting firms to
aggregate productivity change.

The appropriate measurement of capital input resnaimopic for further research.
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Appendix A

Variables used from Production Surveys Manufacturimdustry 1984-1999
(eps84set t/m eps99set):

Variable description Variable in eps..set
Gross output GO eps78pw

Turnover eps78iv

Value added VA eps78btw

Capital input KC eps84afs

Number of employees L eps78wkn

Labour cost LC eps78ak
Intermediate input cost MC eps78pw-eps78btw

Deflators used from Statistics of Prices:

Nominal value added and gross output were deflayegroducer price indices for
total turnover. Where available, the indices at theee-digit level of the SBI
classification were used, otherwise those at tleedigit level.

The intermediate input cost was deflated by prodyméce indices for total
expenditures at the two-digit level of the SBI slisation.
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Appendix B

Table 12. 2-digit SBI '93 industries

SBI industry Description

15 Food products and beverages

16 Tobacco products

17 Textiles

18 Wearing apparel; dressing and dyeing of fur

19 Tanning and dressing of leather; manufactutaggfage, handbags, saddlery,
harness and footwear

20 Wood and products of wood and cord, except fiurej articles of straw and plaiting
materials

21 Pulp, paper and paper products

22 Publishing, printing and reproduction of recatdeedia

23 Coke, refined petroleum products and nucledr fue

24 Chemicals and chemical products

25 Rubber and plastic products

26 Other non-metallic mineral products

27 Basic metals

28 Fabricated metal products, except machineryeguipment

29 Machinery and equipment n.e.c.

30 Office machinery and computers

31 Electrical machinery and apparatus n.e.c

32 Radio, television and communication equipmentapparatus

33 Medical, precision and optical instruments, Wwatcand clocks

34 Motor vehicles, trailers and semi-trailers

35 Other transport equipment

36 Furniture; manufacturing n.e.c (excluding SB638, social job creation).

37 Preparation for recycling
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Appendix C

Summary overview of the analysis of value adde@ta&stal productivity change:

The code consists of two parts. During the firsagghthe database with all the data
is prepared for use. This means among others tieatlassification hierarchy is
constructed and outliers are identified. At the efidhis step we have a database,
which can be used for measuring productivity char8m® in the second phase the
data for the time periods considered are filtereminf the database and used to
calculate productivity change and various companehtiecompaosition methods.

The industrial classification SBI has been changed993. Since we consider
annual changes we split the database in two plnds;production data for 1984-

1992 according to the classification SBI 1974, secproduction data for 1992-

1999 according to SBI 1993. So, for 1992 we have different datasets, because
the number of firms belonging to the manufacturimdustry according to the old

classification is somewhat different from the numbgfirms according to the new

classification.

Preparation of the datasets:

* Merge the production data with the classificaticerdrchy.

Delete the records that have a classificationrglioutside the manufacturing
industry.

¢ Mark incomplete records.

* Observe only the complete records. Define recosdsudliers falling in the first
and ninety-ninth percentile of the distribution méminal output divided by
nominal input at the most detailed level of the SlAdustry classification.

« Optional: use the business register ABR to consth&entry and exit status.

Calculating productivity change between periodl andt and the components of
the decomposition methods:

< Filter production data for periotd—1 and period from the production database.
« Filter price data for period—1 and period from the price database.

* Merge production data of the two periods by usihg firm identification
number.

* Delete records that are incomplete in one of thége or are outlier in one of
the periods. (Doing this prevents the occurrencgpafious entry and exit).

e To combine price data with the production data waketthe SBI Industry
belonging to period. If there is no observation in peribdthe SBI Industry of
periodt —1 is taken.

¢ Merge price data with production data.
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Define the status of the firm. Is it an entry, etita stayer?
Define input factor sharés

Calculate the productivity level per firm in peridd-1 andt. Nominal values
are expressed at prices of perio€dl.

Define the relative size of the firm in period1 andt?

Calculate with the relative size and the produttivevel per firm aggregate
productivity level of the manufacturing industryperiodt —1 andt>.

Calculate aggregate productivity change betweeioghér-1 andt.

Calculate the various components of the decomposithethods and some
general descriptives of the analysis.

1) Methods to calculate input factor shares:

Input factor share per firm averaged over basecantparison period
Input factor share per firm from either the baseanparison period

One aggregate input factor share averaged overamseomparison period (for
each firm the same factor share)

Input factor share per firm calculated as a rafidabour cost to value added
instead of labour cost to total capital and labanst.

2) Methods to calculate relative size of a firm:

Based on all input factors, the real input shares
Based on employment, the number of employees

Based on real output.

3) Methods to calculate aggregate productivity lleve

arithmetic

geometric.
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Appendix D

Table 13. Change of VATFP, total manufacturing

Period VATFP change Within Between Net entry Entry Exit
1984-85 -0.0074 -0.0079 0.0195 -0.0190 0.0941 11
1985-86 0.0716 0.0851 -0.0242 0.0107 0.0923 -0.0816
1986-87 -0.0071 0.0048 0.1110 -0.1228 0.0611 -@183
1987-88 0.0346 0.0205 0.0150 -0.0009 0.2436 -0.2445
1988-89 -0.0179 -0.0178 -0.0059 0.0058 0.0576 AB05
1989-90 -0.0017 0.0035 -0.0153 0.0101 0.0372 -.027
1990-91 -0.0039 -0.0061 -0.0110 0.0133 0.0579 4504
1991-92 0.0146 0.0131 -0.0121 0.0136 0.0806 -0.0670
1992-93 0.0377 0.0243 0.0163 -0.0028 0.0513 -0.0541
1993-94 0.1009 0.0941 -0.0100 0.0167 0.0563 -0.0396
1994-95 0.0201 0.0255 -0.0085 0.0030 0.0533 -0.0503
1995-96 0.0052 0.0058 0.0002 -0.0008 0.0353 -0.0361
1996-97 0.0361 0.0349 -0.0024 0.0036 0.0361 -0.0326
1997-98 0.0260 0.0241 0.0035 -0.0015 0.0414 -0.0429
1998-99 0.0093 0.0201 -0.0029 -0.0079 0.0345 -@L042
average 0.0212 0.0216 0.0049 -0.0053 0.0688 -0.074
st deviation 0.0309 0.0301 0.0307 0.0327 0.0503 5980

VATFPis calculated by (4.1). Decomposition (D.1) watkr 0. Total manufacturing is defined as the 2-
digit SBI industries 15 to 37. Net entry = Entryexit. Figures may not add up due to rounding.

Table 14. Change of VATFP, total manufacturing

Period VATFP change Within Between Net entry Entry Exit
1984-85 -0.0074 -0.0121 0.0237 -0.0190 0.0941 qL11
1985-86 0.0716 0.0802 -0.0193 0.0107 0.0923 -0.0816
1986-87 -0.0071 0.0024 0.1134 -0.1228 0.0611 -@183
1987-88 0.0346 0.0182 0.0174 -0.0009 0.2436 -0.2445
1988-89 -0.0179 -0.0243 0.0006 0.0058 0.0576 -@051
1989-90 -0.0017 0.0000 -0.0118 0.0101 0.0372 -.027
1990-91 -0.0039 -0.0129 -0.0043 0.0133 0.0579 4504
1991-92 0.0146 0.0089 -0.0079 0.0136 0.0806 -0.0670
1992-93 0.0377 0.0220 0.0185 -0.0028 0.0513 -0.0541
1993-94 0.1009 0.0862 -0.0020 0.0167 0.0563 -0.0396
1994-95 0.0201 0.0149 0.0022 0.0030 0.0533 -0.0503
1995-96 0.0052 0.0016 0.0044 -0.0008 0.0353 -0.0361
1996-97 0.0361 0.0301 0.0024 0.0036 0.0361 -0.0326
1997-98 0.0260 0.0192 0.0084 -0.0015 0.0414 -0.0429
1998-99 0.0093 0.0088 0.0084 -0.0079 0.0345 -0.0424
average 0.0212 0.0162 0.0103 0.0688 -0.0741 -0.0053
st deviation 0.0309 0.0298 0.0297 0.0503 0.0598 3210

VATFPis calculated by (4.1). Decomposition (D.2) watkr 0. Total manufacturing is defined as the 2-
digit SBI industries 15 to 37. Net entry = Entryexit. Figures may not add up due to rounding.
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Table 15. Change of VATFP, total manufacturing

Period VATFP change Within Between Net entry Entry Exit
1984-85 -0.0074 -0.0100 0.0216 -0.0190 0.0941 11
1985-86 0.0716 0.0827 -0.0217 0.0107 0.0923 -0.0816
1986-87 -0.0071 0.0036 0.1122 -0.1228 0.0611 -®@183
1987-88 0.0346 0.0193 0.0162 -0.0009 0.2436 -0.2445
1988-89 -0.0179 -0.0211 -0.0026 0.0058 0.0576 ARB0O5
1989-90 -0.0017 0.0018 -0.0135 0.0101 0.0372 -A.027
1990-91 -0.0039 -0.0095 -0.0076 0.0133 0.0579 4504
1991-92 0.0146 0.0110 -0.0100 0.0136 0.0806 -0.0670
1992-93 0.0377 0.0231 0.0174 -0.0028 0.0513 -0.0541
1993-94 0.1009 0.0901 -0.0060 0.0167 0.0563 -0.0396
1994-95 0.0201 0.0202 -0.0031 0.0030 0.0533 -0.0503
1995-96 0.0052 0.0037 0.0023 -0.0008 0.0353 -0.0361
1996-97 0.0361 0.0325 0.0000 0.0036 0.0361 -0.0326
1997-98 0.0260 0.0216 0.0059 -0.0015 0.0414 -0.0429
1998-99 0.0093 0.0144 0.0028 -0.0079 0.0345 -0.0424
average 0.0212 0.0189 0.0076 -0.0053 0.0688 -0.0741
st deviation 0.0309 0.0299 0.0302 0.0327 0.0503 5380

VATFPis calculated by (4.1). Decomposition (D.5) watk 0. Total manufacturing is defined as the 2-
digit SBI industries 15 to 37. Net entry = Entryexit. Figures may not add up due to rounding.

Table 16. Change of VATFP, total manufacturing

Period VATFP change  Within Between Cross Net entry Entry Exit

1984-85 -0.0074 -0.0079 0.0011 -0.0042 0.0035 010 -0.0066
1985-86 0.0716 0.0851 0.0016 -0.0049 -0.0103 -G013 0.0033
1986-87 -0.0071 0.0048 0.0030 -0.0024 -0.0125 4000 -0.0106
1987-88 0.0346 0.0205 0.0049 -0.0024 0.0116 0.01560.0040
1988-89 -0.0179 -0.0178 0.0073 -0.0066 -0.0009 @600 -0.0075
1989-90 -0.0017 0.0035 0.0025 -0.0035 -0.0042 §200 0.0010
1990-91 -0.0039 -0.0061 0.0105 -0.0068 -0.0015 01@0  0.0004
1991-92 0.0146 0.0131 0.0061 -0.0042 -0.0004 0.00810.0085
1992-93 0.0377 0.0243 0.0118 -0.0023 0.0039 0.00270.0011
1993-94 0.1009 0.0941 0.0076 -0.0080 0.0071 -0.00130.0083
1994-95 0.0201 0.0255 0.0043 -0.0106 0.0009 -0.00350.0043
1995-96 0.0052 0.0058 0.0022 -0.0042 0.0014 -0.00300.0044
1996-97 0.0361 0.0349 0.0030 -0.0048 0.0030 0.00100.0020
1997-98 0.0260 0.0241 0.0044 -0.0049 0.0024 0.00040.0020
1998-99 0.0093 0.0201 0.0018 -0.0113 -0.0013 -®005 0.0043
average 0.0212 0.0216 0.0048 -0.0054 0.0002 0.000€0.0004
st deviation 0.0309 0.0301 0.0032 0.0027 0.0058 O0MO  0.0055

VATFPis calculated by (4.1). Decomposition (D.3). Tetalnufacturing is defined as the 2-digit SBI
industries 15 to 37. Net entry = Entry + Exit. Figsimay not add up due to rounding.
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Table 17. Change of VATFP, total manufacturing

Period VATFP change Within Between Cross Net entry Entry Exit

1984-85 -0.0074 -0.0121 -0.0028 0.0042 0.0034 ®010-0.0074
1985-86 0.0716 0.0802 -0.0017 0.0049 -0.0118 -A.021 0.0093
1986-87 -0.0071 0.0024 0.0014 0.0024 -0.0133 -@L001-0.0118
1987-88 0.0346 0.0182 0.0021 0.0024 0.0120 0.0077 .004G
1988-89 -0.0179 -0.0243 0.0006 0.0066 -0.0008 ®&007-0.0083
1989-90 -0.0017 0.0000 -0.0010 0.0035 -0.0042 §100 0.0010
1990-91 -0.0039 -0.0129 0.0037 0.0068 -0.0014 4600 0.0002
1991-92 0.0146 0.0089 0.0021 0.0042 -0.0006 0.00740.0077
1992-93 0.0377 0.0220 0.0093 0.0023 0.0041 0.0009 .0032
1993-94 0.1009 0.0862 0.0006 0.0080 0.0061 -0.00710.0132
1994-95 0.0201 0.0149 -0.0063 0.0106 0.0008 -0.00460.0054
1995-96 0.0052 0.0016 -0.0020 0.0042 0.0014 -0.00320.0046
1996-97 0.0361 0.0301 -0.0017 0.0048 0.0030 -0.00020.0032
1997-98 0.0260 0.0192 -0.0006 0.0049 0.0026 -0.00060.0032
1998-99 0.0093 0.0088 -0.0095 0.0113 -0.0012 -@006 0.0048
average 0.0212 0.0162 -0.0004 0.0054 0.0000 -0.001D.0011
st deviation 0.0309 0.0298 0.0042 0.0027 0.0061 07MO  0.0068

VATFPis calculated by (4.1). Decomposition (D.4). Tetelnufacturing is defined as the 2-digit SBI
industries 15 to 37. Net entry = Entry + Exit. Higsimay not add up due to rounding.

Table 18. Change of VATFP, total manufacturing

Period VATFP change Within Between Net entry Entry Exit
1984-85 -0.0074 -0.0100 -0.0009 0.0034 0.0105 7000
1985-86 0.0716 0.0827 -0.0001 -0.0110 -0.0173 R006
1986-87 -0.0071 0.0036 0.0022 -0.0129 -0.0017 201
1987-88 0.0346 0.0193 0.0035 0.0118 0.0117 0.0001
1988-89 -0.0179 -0.0211 0.0039 -0.0008 0.0071 7000
1989-90 -0.0017 0.0018 0.0007 -0.0042 -0.0052 @001
1990-91 -0.0039 -0.0095 0.0071 -0.0015 -0.0018 @B00
1991-92 0.0146 0.0110 0.0041 -0.0005 0.0076 -0.0081
1992-93 0.0377 0.0231 0.0106 0.0040 0.0018 0.0022
1993-94 0.1009 0.0901 0.0041 0.0066 -0.0042 0.0108
1994-95 0.0201 0.0202 -0.0010 0.0009 -0.0040 0.0049
1995-96 0.0052 0.0037 0.0001 0.0014 -0.0031 0.0045
1996-97 0.0361 0.0325 0.0006 0.0030 0.0004 0.0026
1997-98 0.0260 0.0216 0.0019 0.0025 -0.0001 0.0026
1998-99 0.0093 0.0144 -0.0039 -0.0013 -0.0058 ®004
average 0.0212 0.0189 0.0022 0.0001 -0.0003 0.0004
st deviation 0.0309 0.0299 0.0034 0.0060 0.0071 060

VATFPis calculated by (4.1). Decomposition (D.6). Tatelnufacturing is defined as the 2-digit SBI
industries 15 to 37. Net entry = Entry + Exit. Figsimay not add up due to rounding.
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Appendix E

Table 19. Change of GOTFP and VATFP, 2-digit l@febBI

Period SBI Number of GOTFP  VATFP  SBI Number of GOTFP  VATFP
observations  change  change observations  change change

92-93 15,16 878 -0.70 311 23 16 -1.78 21.58
93-94 15,16 873 2.93 3.87 23 15 1.28 8.12
94-95 15,16 891 1.24 2.60 23 15 -0.49 -9.40
95-96 15,16 882 -1.59 2.50 23 14 3.23 4.98
96-97 15,16 871 1.48 1.04 23 16 -4.07 -3.53
97-98 15,16 854 -2.92 0.57 23 17 -7.26 25.04
98-99 15,16 849 -0.97 1.16 23 16 8.60 -8.57
92-93 17 219 -0.88 1.50 24 277 2.24 9.82
93-94 17 210 1.56 4.55 24 290 6.14 29.87
94-95 17 225 0.77 -0.61 24 292 1.17 12.23
95-96 17 213 1.68 8.44 24 296 -0.19 -10.51
96-97 17 188 1.65 4.82 24 303 1.50 3.93
97-98 17 174 0.55 0.96 24 311 -3.78 -3.25
98-99 17 172 0.47 1.61 24 313 5.48 3.57
92-93 18 117 -2.22 3.59 25 336 -0.98 -1.37
93-94 18 107 -0.75 -2.26 25 345 5.87 11.63
94-95 18 103 -0.99 -6.94 25 346 0.82 -3.00
95-96 18 92 0.76 4.78 25 335 0.24 8.01
96-97 18 73 0.04 0.47 25 328 1.83 2.86
97-98 18 73 -5.11 -1.76 25 333 0.14 5.45
98-99 18 69 -1.74 0.70 25 331 -1.58 -0.60
92-93 19 71 1.03 1.09 26 282 -0.33 2.38
93-94 19 59 0.64 -0.84 26 273 3.85 10.44
94-95 19 55 0.46 7.65 26 276 0.25 -0.53
95-96 19 48 2.62 7.70 26 267 -0.70 -0.32
96-97 19 43 4.10 5.09 26 258 3.77 6.13
97-98 19 44 -4.13 0.06 26 262 -0.75 -0.36
98-99 19 42 -4.14 -5.40 26 263 1.58 4.83
92-93 20 187 1.85 112 27 79 1.43 8.38
93-94 20 189 242 1.88 27 87 3.93 14.13
94-95 20 190 -1.70 1.36 27 88 -1.80 2.28
95-96 20 192 1.52 3.26 27 80 1.25 -1.99
96-97 20 174 1.84 1.32 27 83 0.89 6.22
97-98 20 185 0.60 3.42 27 81 -0.10 0.64
98-99 20 193 0.61 1.83 27 84 2.50 0.38
92-93 21 163 2.35 5.59 28 1026 -1.40 -2.48
93-94 21 162 0.18 271 28 1022 341 5.82
94-95 21 158 -4.12 -7.77 28 1023 2.33 1.10
95-96 21 160 5.70 11.62 28 1010 -0.97 3.90
96-97 21 166 1.00 5.17 28 1005 1.76 3.59
97-98 21 192 0.07 1.34 28 1031 0.04 1.06
98-99 21 198 0.09 1.72 28 1077 -2.73 0.51
92-93 22 737 -1.01 1.68 29 919 -1.49 -0.68
93-94 22 708 3.98 7.46 29 896 2.73 6.30
94-95 22 702 4.46 0.29 29 911 3.35 5.13
95-96 22 682 -0.98 431 29 895 0.30 3.69
96-97 22 657 0.98 4.95 29 839 1.32 3.39
97-98 22 631 1.13 3.58 29 853 -1.64 -3.64
98-99 22 632 -0.30 0.74 29 892 -0.95 1.02
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Period SBI Number of GOTFP VATFP SBI Number of GOTFP VATFP

observations  change change observations  change change

92-93 30 32 -2.64 -6.47 34 137 -1.40 -2.68
93-94 30 29 7.67 19.96 34 142 4.88 26.37
94-95 30 28 6.16 6.93 34 145 0.92 -1.13
95-96 30 24 10.84 15.19 34 143 -1.91 -0.88
96-97 30 25 3.98 15.26 34 143 -0.02 3.01
97-98 30 22 7.05 33.29 34 146 0.58 4.26
98-99 30 23 0.07 0.48 34 150 -0.91 -4.11
92-93 31 151 -0.59 0.11 35 163 -4.60 -6.61
93-94 31 149 1.37 3.53 35 154 0.63 4.37
94-95 31 153 -1.24 -1.04 35 157 1.32 0.13
95-96 31 161 291 9.68 35 162 -0.23 0.80
96-97 31 166 -1.03 -0.20 35 162 0.54 3.03
97-98 31 160 0.65 2.93 35 151 0.02 5.66
98-99 31 161 1.16 2.75 35 148 -2.39 -1.61
92-93 32 47 6.79 13.60 36,37 392 1.20 4.95
93-94 32 41 3.93 6.18 36,37 381 0.94 2.50
94-95 32 43 0.51 124 36,37 393 0.48 0.84
95-96 32 40 -4.13 -1255 36,37 390 -0.36 1.87
96-97 32 39 5.23 13.69 36,37 385 2.38 412
97-98 32 43 0.02 3.71 36,37 374 -0.66 155
98-99 32 57 1.05 428 36,37 404 -0.96 -0.89
92-93 33 177 0.47 2.79

93-94 33 177 3.17 5.73

94-95 33 184 8.38 20.16

95-96 33 177 5.67 9.54

96-97 33 178 0.53 -0.58

97-98 33 174 0.44 4.72

98-99 33 182 1.33 2.58

The next pages report these results in graphical.ftn each panel the gross output
based productivity change is represented by diasyoand the value added based
productivity change by squares. The two graph$ased on the same observations.
Outliers are observations with th&dO/PC ratio in the 1 or 99" percentile of the
distribution at the most detailed level of the STANustry classification.
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