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MULTINATIONALS AND US PRODUCTIVITY LEADERSHIP:
EVIDENCE FROM GREAT BRITAIN®

Chiara Criscuolo ** and Ralf Martin®**
October 2003

Abstract

LIS plant level studies show US multinational enterprises (MNE) are more productive than other
MNEs. This could reflect US productivity leadership or could be due to the ease in which 1S
firms operate in their home surroundings. The evidence would therefore be more compelling if
US firms were leaders outside the US, We study the productivity of plants owned by US firms
located in the UK. Our study differs from many studies of foreign owned plants in three ways.
Firstly, using a newly available dataset we can identify not only foreign but also domestic MNEs.
We find that UK MNEs are less productive than US owned plants, but as productive as non US
oreign owned plants. Secondly, having a panel dataset we distinguish between different
hypotheses regarding the nature of the US and MMNE advantage. We find strong evidence that the
LS advantage lies in the ability to takeover already productive plants. Whereas we find some
evidence for a shared asset effect for MNEs in general we do not find any evidence that the US
advantage is driven by superior shares assets. Thirdly, this paper features a novel approach to TFP

calculation.

JEL  Classification: F230, L6000 Keywords: Multinational  Firms, Productivity, Foreign
Ownership, US leadership. Double Fixed-Effects.

*For extremely helpful comments we thank Nick Bloom, Richard Disney. Jonathan Haskel, Steve Nickell, Nick
Oulton, Steve Redding, John Van Reenen, Fergal Shortall and Prabhat Vaze. This work contains statistical data from
the Office of Mational Statistics (ONS) which is Crown copyright and reproduced with the permission of the
controller of HMSO and Queen’s Printer for Scotland. The use of the ONS statistical data in this work does not imply
the endorsermnent of the ONS in relation to the interpretation or analysis of the statistical data. Errors and opinions are
those of the authors alone.

“*University College London (UCL), Centre for Research into Business Activity (CeRiBA) and University of Siena;
c.eriscuolo@ucl.ac uk

#**Centre for Economic Performance] CEP). London School of Economics (LSE) and CeRiBA: ramartiniglse. ac uk
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LES MULTINATIONALES ET LE ROLE PREPONDERANT DE LA PRODUCTIVITE
AMERICAINE : LE CAS DE LA GRANDE-BRET AGNE*

Chiara Criscmslo™ ¢f Ball Marlin™*
ociehre 2003

i snnm

IVaprés des éudes américames au niveau de Mentreprise, les muluinationales americames sont plus
productives que les autres multinationales, Cefte situation pourrait s expliquer par le rdle prééminent de la
productivite aux Etats-Unis ow par la facilitg avec laquelle les entrepnizes améncaines exercent lewrs
activitds sur e territeire de leur pays, La demonstration semait plus convaincante si les entreprises
aménciines élaient en e & Pextérieur des Erats-Unis, Nous &udions la productivité des dablissements
industricls déenus par des entreprises américanes sitées au Rovaume-Uni, MNotre éude se démargue de
beaucoup d'études consserées aux élablissements industriels & capitaux étrangers de trois maniéres.
Premiérement, grice & wne nouvelle hase de donndes, nous pouvons identifier nen seulement les
multinationales érangéres. mais egalement les multinationales nationales, Nous concluons que les
multinatiomales du Rovawme-Uni sont meins productives que ks cablissements indusinels & capitau
améncains, mais aussi prodectives que bes autres dablissements & capilaux Elangers non americiins.
Deuxsemement, & partir d un panel de donndées, nous fsons une distinetion entre différentes hypothises
quant i la nature de "avantage des élablissements d copitaux améncains et des multinationales. 11 apparait
clairement que "avantage des multunationales améncames est hé a lo capacité de prendre le contrdle
d entreprises déja productives. Certams éléments vont dans le sens d'un effet de pantage d'actfs pour les
muliinationales en général, mais nen ne prowve gue Mavantage améncam soit dia i un phénoméneg plus
marqué de parage d'actifs. Tromemement, cette étude présente une nouvelle approche du caleul de la
FTF.

Classification JEL : F230, L600 Maots clés : Entreprises multinationales, productivilé, capitaus érangers,
leadership aménicain.

* Mows remercions de leurs commentaines exirémement uliles Nick Bloom, Bichard Dasney. Jonathan Haslel,
Steve Mickell, Mick Oulioae Steve Bedding, Johs Van Reenen, Fergal Shorall en Prabhal Vase Ces iravauy
contiennent des donndes statatigques de 1'Office of Mational Statistics (OMNS ) qui sonl soumizes aux drons d “astewr de
b Conronee el reproduntes avee Pamtorsaton du Controdler of HMSO @ do Cuoeen’s Ponter pour 1'Eeosse,
Lutilizsteon de donmees aatistiques OM5 dans ces iavaus n'implique pas gue POXS approuyve Uinterpréation ou
Famalyse de ces donndes. Les poinls de vee exprinees sont ceus des seuls auteurs, quin assument dgalensei
d*Eventuelles erreurs.

= University College Londen (UCL, Centre of Research into Business Actvity (CeRIBA) et University of Siena
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1 Introduction

International comparisons show that the US are the productivity leaders!
and much research has gone into understanding the determinants of this
productivity leadership. There are two broad categories of factors that could
be responsible: the business environment and firm or plant specific factors.
The business environment eomprises the quality of a country’s workforee,
the efficiency of public infrastructure, market size as well geographical ad-
vantages, Firm and plant specific factors include more eflicient production
processes and management techniques, better marketing or more valuable
patents or brands. Plant level analysis of units owned by firms based in
ditferent countries but operating in the same country can potentially dis-
tinguish between these two hypotheses. Sinee the business environment is
the same for all plants in the sample, any observed productivity differences
should be entirely due to differences in plant or firm specifie factors. Then. if
US leadership is to be attributed to plant or firm specifie factors, we should
find that US owned plants have higher productivity than others in the same
business environment.
Doms and Jensen [9] is the first study of this kind for the US that also con-
trols for the multinationality of the firms. They lind that plants owned by
US multinational enterprises (MNE) are the productivity leaders in the U5,
followed by foreign owned plants. Domestic non MNE plants come last.
Using a newly available dataset the Anmual Inguiry into Foreign Direct
Investinent (AFDI). which allows us for the first time to identify British

MNEs, we can do a similar study for Britain, This is not only of relevance

lsee for example O'Mahony and De Boer|[25]
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for Britain but allows us to qualify the findings of Doms and Jensen in one
important respect: in their study they cannot rule ot that the leadership
of US MNE owned plants is the consequence of a home advantage rather
than of transferable firm level advantages. The first innovation of our paper,
therefore, is to establish the leadership of US MNEs in Britain and thereby
show that the US MNE advantage found by Doms and Jensen is not a home
advantage.

Figure 1 shows why in studies on foreign ownership it is cruecial to eontrol

for multinationality of domestie plants. Foreign owned plants in any country

Figure 1: The populations of frms in a eountry

Home Country

Es

are by definition a subset of the set of multinational plants. Howewver. only
a small subset of domestic plants are cwned by MNEs. If MNEs have an
intrinsic produetivity advantage, the superior performance of foreign ownecd
plants might simply reflect a multinational advantage. Such an advantapge
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might come from superior technology: as outlined in Dunning [10]* setting
up abroad is likely to be more expensive than setting up at home. Factors
such as langnage barriers and ignorance of local business networks give for-
eign firms a disadvantage. If they nevertheless manage to stay in business,
they must have superior technology, Thus, MNEs are by delinition a self
selected elub of better firms. When comparing foreign owned plants to all
domestic ones it is therefore not surprising to find superior performance of
the foreign owned ones as has been established in many previous studies *.
The second innovation of our paper is that for the first time in Britain we
can establish that the foreipn cwnership advantage is indeed by and large a
MNE advantage.

The third innovation is that we disentangle the nature of the US and MNE
advantage further. We exploit the longitudinal dimension of our data to

examine two issnes’

. Firstly. is there a positive impact for domestie firms
of becoming a MNE? The answer is that the effect is positive but not sip-
nificant. Secondly, are the drivers of the MNE and the US advantage firm
or plant specifie? This distinetion is important because firm specific factors
would imply that MNEs have a positive impact on the performance of plants
they takeover. Plant specilic factors imply that the MNE effect is driven by
an ability of MNEs to takeover plants which have superior productivity even
before the takeover. We find some evidence for rm MNE frm effects and
very strong evidence for plant effects. In particular the US advantage seems
to be primarily driven by plant effects: UsS MNEs take over plants that are

about 10 percent more productive than plants taken over by other MNEs.

*For a nice summary of Dunnings argument see Markusen [20)]

3Griffith [13], Griffith and Sinpson [12], Oulton[27], and Harris [15] using the ARD;
Conyon et al. [6] using firm level data; Davies and Lyons [7] using industry level data for
the UK. Doms and Jensen's study [9] for the TS, Lipsey and Sjoholm's study [19] examines
the hetter performance in terms of wages of foreign-owned firms in Indonesia

MWe have done this using two alternative methods: the first one i= a two-step procedure
described i section &; the second 15 a double fixed effects model as ploneered in the
emplover-emnploves literature and described in the appendix.
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The rest of the paper is organised as follows: in sections 2 and 3 we
deseribe our dataset. Section 4 shows that US owned plants are the produe-
tivity leaders in the UK. both in terms of labour produetivity and in terms
of total factor productivity (TFP), and that cnly part of the US ownership
advantage can be explained by a multinational effect. In section 5 we show
that this result is robust; using an approach on the lines of Olley and Pakes
[24] and Levinsohn and Petrin [18] which controls for the endogeneity of in-
puts and accounts for imperfect competition. In section 6 we disentangle
the US produetivity effect using a two-step estimation procedure. Section
7 concludes. Appendix A contains a more detailed deseription of the main
variables, Finally, appendix C caleulates firm and plant specilic effects and
briefly discuss the double fixed effects technique used for this purpose and
the assumptions entailed.

2 Data Sources

Our sample is drawn from the ARD® which is the UK equivalent of the US
Longitudinal Respondents Database (LED). It is a dataset made available
by the Office for National Statisties (ONS) based on information from the
mandatory annual survey of UK businesses, called Annual Business Inquiry
(ABI)®. The ARD’s unit of observation is defined by the ONS as an “a-
tonomons business unit”. We refer to this level of observation as a ‘plant’
and think of it as the smallest unit where profit maximization takes place”. It
is important to note that the ARD does not consist of the complete popula-
tion of all UK businesses. All businesses with more than 100 employees® are

Shore extensive descriptions of the ARD can be found in Barnes and Martin [23],
Griffith [13] and Oulton|26]

i Anmal Census of Production tntil 1098

"Some of these business units are spread across several sites and are therefore not plants
in the strict sense of the word. In about 280 percent of all cases a business unit is located
entirely at a single mailing address.

FIn some vears the threshold was 250 employees,



DSTI/DOC(2004)5

sampled, but smaller businesses are sampled randomly. Only data on British
plants — ie. excluding Northern Ireland — was made available to us. Each
vear the sampled plants account for around 90% of total UK mamfacturing
emplovment”. In sum, our sample is an unbalaneed panel of about 19,000
manufacturing plants which we observe annually for the vears from 1996 to
2000,
The country of cwnership of a foreign owned frm operating in the Uk
and thus the ability to identify foreign owned MNE plants in the UK - is
provided in the ARD!", While this identifies foreign owned plants, until now
it has not been possible to identify UK MNEs. To do this we use the AFDI.
The AFDI is an annual survey of businesses which requests a detailed break-
down of the financial Hows between UK firms and their overseas parents or
subsidiaries. The AFDI is thus a survey run at the firm and not at the plant
level as the ARD. The sampling frame of the AFDI is the population of all
UK firms which are engaging or receiving foreign direct investment (FDI).
The working definition of FDI for this purpose is that the investment must
give the investing linm a ‘significant” amount of control over the recipient firm.
The ONS considers this to be the case if the investment gives the investor a
share of at least 10 percent!! of the recipient firm's capital. To conduct the
AFDI, the ONS maintains a register which holds information on the conntry
of ownership of each firm and on which UK firms have foreign subsidiaries
or branches'®. This register is designed to capture the universe of firms that

T examine if our results are sensitive to the oversampling of larger plants we run
regresgions with inverse sampling probabilities as weights, These results are avallable
upon requests from the authors,

0The ARD data is supplernented here with mformation from DundBradstreet global
“Who own's Whom" database. According to DundzBradstrect, the nationality of a plant
i= determined by the conntry of residence of the global nltimate parent, e is the top-
most company of a world-wide hierarchical relationship identified bottom-to-top using any
company which owns more than 50% of the control (voting stock, ownership shares) of
another business entity,

120 percent hefore 1997

EThe ONS distinguishes between subsidiaries and hranches as follows: a ‘subsidiary’ is

10
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are involved in foreign direct investment abroad and in the UK. We conse-
quently define as ‘multinational’ each plant in the ARD that is owned by a
firm which appears in the AFDI register.

A problem with the AFDI register is that information is not always up-to-
date. If a rm engages or receives FDI, it will only be included in the AFDI
register after the ONS learns from various sourees, including commercial data
and newspapers, that this happened. Consequently. the register population
has varied spurionsly over the vears with the ONS' success in identifving suech
firms. However, we believe that this problem does not affect the conclusions
that can be drawn from our results. If some of the plants which we record
as non-multinational are actually multinational plants and we still find that
multinationals are more productive than non-multinational plants then this
means that this result would be even stronger if we measured the status of

all plants correctly.

3 Descriptive Statistics

Table 1 shows the munber of mmltinational plants that we can identifv in the
population and in the sample and their relevance in terms of employment
and value added. Column 1 reports the number of domestie plants with no
FDI, (defined as GB Non MNEs), British MNE= (GB MNE)., US MNEs and
non US foreign owned plants (Non US MNEs) in the whole population. Caol-
umn 2 shows the munber of plants for each group in the sample of plants
surveved by the ONS to compile the ARD. Columns 3 and 4 translate these
numbers into shares. Column 3 shows that 1 percent of all plants in Britain

are US owned, almost as much as all other foreign owned plants combined.

mainly a company where the parent company holds more than 50% of the eqnity share
capital; a ‘hranch’ is a permanent establishment as defined for Uk corporation tax and
double taxation relief purpcses; compames where the 1nvesting company holds between
10%, and 509 of the equity share capital. ie. does not have a controlling interest hut
participates in the management, are defined as ‘associates’. The country of ownership is
identified vsing the nationality of the immediate owner, ONS [11] p.120.

11
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Table 1: Importanee of MNE

[ Average numbers and shares 1996-2000)

numbsr of plants shares amp share va share
(13 {2 (3] (4] =) [15] (7 (=)
P sampk: . sample . sample wihtd urw ghid
GH Non MNEs 158 268 fapial] 0,906 075 .59 041 0.44 0.3l
GH MNEs 3,062 1427 002 0,13 0,21 0.20 0,27 0.2
I's MNEs 1,172 G15 0.0l 0.05 0.1 014 015 n.1a
Non S MNES 1,705 HAE [XAN) 007 011 01a 0,14 0.1s

Notes: Figures reparted are annual averages, Popalation refers to all businesses in the register, sample
refers to businesses in the ARD (all large plants plus a sample of smaller plants). Calunn 5 uses
aemployment information from administrative data for non-sarveyed plants, Column 7 and 8 use value
added at factor cost, Column 7 weights surveyed observations using employment weights caleulated as
described in the Appendic A to yield statistics representative of the whole population.

Source: Authors’ ecalenlstions uwsing matched ARD-AFDI data over the 1996-2000 period.

Indeed. US MNEs represent more than 40 percent of foreign owned plants
in Britain. Similar figures hold for the share in employvment (ecolumn 5) and
value added (eolumn 7)., where US owned plants represent 47 and 51 percent
of FDI. respectivelv. These figures are consistent with the faet that the most
productive companies are also likely to have the highest market share. Also,
since US MNEs are on average larger, the relative share of US MNEs in the
selected sample is mueh higher: whereas in the total population US MNEs
take a share of about 1 percent, in the sample the same [gure rises to 5
percent.

Table 2 reports averages and standard deviations for relevant variables. Panel
1 shows the US owned plants’ labour produetivity lead: averaging over the
whole production sector and not controlling for industry we lind that plants
owned by US finms have an advantage of 26 percent over British MNEs and
an advantage of 8 percent over other foreign MNEs. In terms of gross output
per employee (panel 2) the ranking changes: foreign non-US owned plants
are the most productive and in general the foreign advantage becomes more
dramatic. Panels 3 and 4 suggest that the figures in panel 2 can be partly

explained by the fact that non US foreign owned plants have much higher

12
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Table 2: Summary Statistics in the 1996-2000 pooled sample

GB non MNE  GB MNE us Foreign other
1 VA/Emp 27.06 3687 4G.57 43.10
(183.47) (30.30)  (80.79) (51.43)
2 GO/Emp TG6.55 105,35 146,23 156.39
(207.92) (132.22)  (232.02) (283.73)
3 Mat /Emp 50,54 G078 00,16 114.43
(B5.04) (85.01) (163.67) (221.25)
4 K/Emp 358.23 G543 =5.54 105.92
(02.78) (73.07) (125.61) (366.37)
5  Emplovment 142.15 475.02 537.00 445.62
(264.51) (054.81) (1304.88)  (1134.80)
6 AverageWage 17.25 21.35 24.13 23.40
(7.80) (10.13)  (8.53) (8.21)
7 VA /Sales (.43 (.40 .35 0.33
(0.17) (0.15) (0.15) (0.15)

Notes: Figures are unweighted averages over the sample period. Standard deviations in parenthesis.
Figures in panels 1 to 4 and 6 are in thousands of pounds. The number of obearvations is 38501,

Source; Authors’ caleulstions using matched ARD-AFDI data over the 1996-2000 pariod.

13
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materials-to-labour and capital-to-labour ratics than all other plants. Panel
5 shows that US plants are on average larger and pay higher wages. This
might imply that at least part of the US advantage is the consequence of seale
effects' and employment of higher skilled workers. Thus. the US advantage
might not be due to technological or managerial superiority but simply to
ditferent input choices.

Finally. note that the results in table 2 could be misleading because of com-
positional effects (e.g. MNEs are concentrated in certain industries). It is
therefore erneial to control for all these factors jointly which we do in the
next section.

4 Foreign or NMultinational Effect?

As with most other studies on plant level microdata we do have plant level
input and output data but no plant level price data. If we cannot assume
perfect competition which would imply equal prices across plants in a sector,
typical TFP estimates capture not only technological differences between
plants but also demand side differences arising from factors such as produet
differentiation and branding. We follow Klette and Griliches [16] in making
this explicit by specifving a demand funetion. What we observe at the plant
level is revenue 1y, = (03 Py deflated with a sectoral price index Pp,. Writing

all variables in logs we get the identity:
Fie — Pre = Qe + Pie — Pre (1)
Assuming Cobb Donglas technology!, we have. in log terms:

G = 0y +7 ) 0., (2)

zeX

BHere we refer to scale effects at the plant level. In owr study we cannot control for
the scale of the global operations of MNEs, which might also the performance of plants
located in Britain. We do not have information on ‘global emmployment”.

WiWe examine the sensitivity of our results to this assumption by adopting a more
flextible production function n section 5

14
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(estimates of Equation 7)
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{1} (2 (3 (41 %) (i)
dep, var value adided gross aukpt
fareign 115 0.320 0137 0130 0070 0,045 0.045
(0.a17y==- (0021 ==~ (0,020 == [o.ooTy=e- (L0 === (0.0 ===
foreign other 0,235 0.5 0047 0034 0013 0.0l
(O.asy==- [N RN (opay- (0. n0Gy==- {0007 {0L007 Y
mult 0.246 o.149 0.0:34 0,046
[LIAIEE (AN (o.oos - (o.omsyes
I 0.061 0. 058 01.06G%
. (0. 005 === (0003 === (0003 =
it 0.6190 0,610 0,614
[N (o.oosy=s (LR N
Inl, 0075 -0.009
(0,004 5= (0002
g 0012 0.0z
(0,003 = (0o
age® /10 -0.0005 -0
(o.omg = (oo
A eens -0 023 0013
(017} {0007y
ohs ARRO] EENO] AES0] RN | A=A ERA0]

Notes: Hobust standard errore in parent heses, estimated allowing correlation betwesn unobssrvables for

plants in the same frm. In eolumns 1-3 the dependent variable is log meal value added (at factor cost)

per employes, In columns 4-6 dependent variable is plant’s real gross ontput per employes, Both value

added and gross ontpot are deflated by d-digit anmal outpat price deflators. Agesens equals one il the

plant exists since 1980, All regressions includs times, region and 4-digit industry dommies.
different. from wero at the 10 percent level, ==

signifleantly different from sero at the | perosnt leval,

15

= signifleant ly
signifleantly different from wero at the 5 peroent level, ===
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Tahble 4: Eobustness checks

(1% {2 {3 (4% (53
.'.'.-'-f—' translag o-F TFP abs
MNMNE 0047 0,035 0.148 0.054 11938
{000y {0005 [LARN il {0,004 ="
(IETY [REREE] 0ols 01066 0033 2607
{0008y {0006~ (0.023)7" (0. 006"
Elnarth 0oy -0.011 0,01 -0.002 =01
(o.nty [ERANTLEN] {0,049y {o.oogy
FElsouth 0,006 -0.042 0,036 -0.016 =3
(0027 (0,020 [0.525) (0,024
Franos 0014 -0.017 0,004 0,005 152
(00123 {0, 00y {0, 0450 (0.011%
Garmany -0.014 -0 0018 -0.024 k]
(AN {0000 =- (0.054) {000y
Japan -0.018 -0.064 -0.011 -0.033 a6
(00153 RN B (0,074 (0013~
Netherlands 002 -0.014 -0.042 -0.021 AER
{0016y {0013 (0. 042% (o.o12ye
Tax -0, 104 -0.048 0,104 -0.06G0 ™
(002G~ (0022 =" (O.06T)" (0022
ather -0.028 -0.051 0,003 -0.050 137
{0028y (o.o2ny== (0052 (0.2 e
ot her Euraps [RERTHI] 0,025 -0.032 0013 341
IR (0.025) (0. 00:5) (0020}
otherECTD 007 -0.001 0,018 0,018 235
(oopaye=s (0016 (0.07H) (0016}
obe Aun0l 501 AT028 AE253

Notes: Columns 1, 2 and 4 mobust standard arrors in parentheses, estimated allowing eorrelation
betwesn unobesrvables for plants in the same firm. Column & bootstrapped standard errors in
parentheses, MNEs takes value 1if plant is part of an MNE groap, USA s ane il the MNE group is
Us-cwned. Similarly for the other country groups. Details on the country group elassifleations are in the
appendic A, In columns 1 and 2 the dependent variable is log real gross output per smployes, Column |
estimates 8 Cobb-Douglas production function, Unreported regressars includs log capital per employes,
loe materials per employes, log employment, and d-digit industry dummics. Colunn 2 estimates a
translog production function. Unreported regressors include quadratic polynomials, interaction terms of
the (log o j inputs, and d-digit ndostry dwmmiss. Cobuomn 3 reparts the sscond stage estimates using
the methad alomg the lines of Olley and Pakes described in section 5. In Column 4 the dependent
variable is log real TFP calewlated using a factor share mathod as outlined in the appendic A, All
regressicns include s quadratic polynomial in age, age dummy, times and region dummies, = significantly
ditferent from mero at the 10 percent level, *° signiflcantly different from sero at the 5 peroont level, =°F
signiflcantly different from sero at the | peroent leval, Colomn 5 row | reports the number of
ohearvations for all MNEs in the sample, row 2 reports the numbsr of oheervations for U5 MNEs, row 3
to 13 report the number of chearvations from MNEs in each country group reported in colonn 1.
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Our set of production factors 7 includes labour, materials and capital. ~
represents returns to scale. ag, captures lirm specilic variations in technology.

we further assume that demand of plant ¢ at time @ is given by:

3 N N
Qi = (T) Aley, (3)

where A is a demand shock specifie to the finm and Sy, is a sectoral shock
to demand'®. Taking logs of 3 and inverting gives:
1 1 1 .
h = —Ait — — i + —py 4
Fie — Pt I it - it - It (4)

where p = is the markup of price over marginal cost implied by profit

" . T
maximizing behavior and lower case letters denote logarithms. Combining

equations 4 and 2 with 1 we get:

y 1 .
Tie — Pre = m E Tz + Wy + ,u_ﬂ”' (5)
! zeX !
where wy, = I—'Ifri,-,_ + Ay) is what one obtains when estimating TFP in a

production funetion framework using deflated revenmes as output: not tech-
nological TFP a;,. but a combination of technology shocks a;, and demancd
shocks Ay, In our eurrent context this is exactly what we are interested in.
We want to capture if US [rms are superior becanse of both, more efficient
technology and produetion of inherently more valuable goods!®,

5This demand function can be derived by assuming monopolistie competition 4 la
Dixit-Stiglitz [5] in the product market

YT make the point clearer consider the example of two plants producing fizey drinks.
President’s Cola 1= TS owned whereas Queen’s Cola 1= the British competitor. Suppose the
twio plants employ exactly the same production technology so that the nnmber of cola cans
producel per input — e @y, — is equal across the two plants. Queen’s Cola can charge a
higher price because their branding resonates with the patrictic feelings of Britons. If we
only measured genuine TFP we would not capture this, Cruclally the differential in the
A component suggests that - ceteris paribus - shifting production factors from President’s
to Queen’s Cola or allowing President Cola to sell nsing Queen’s Cola hranding, will he
welfare Improving.
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We test if US firms have superior w by explaining the variation in w by a

multinational, US and other foreign ownership dumimies; i.e.:
wip = JUSApin + BoFORpip + BaMNE i vy + i (6]

where the subseript J(i.¢) indicates that plant ¢ is owned by firm J at time
{ and =5 is the error component. The MV E dummy takes the value of one
each time a plant @ is owned in period ¢ by a multinational firm. If this
multinational is US owned the dummy 75 A will be also one. Consequently,
4 represents the advantage of US MNEs over British MNEs 7. Thus. we

estimate the following equation:

Fit — Po— TLit = T2 .cp Ox(Taie — Trae) + TT0ie
+.'j'| I!I."- .CJ'I."1 S + _I'jg .|r'1() .H.“j £y + -'j':; l” .'q'l:- f’.-!,J'L.i R3] f?_:l
+#'f"r + Zit

where we have normalised gross output, capital and material inputs by
labour. Least squares estimates of 7 are subject to a number of eriticisms
including endogeneity of factor demands. inflexibility of funetional form and
absence of fixed effects. We address these issues below using a novel frame-
work in the spirit of Olley and Pakes'® [24]. The qualitative conelusions are
robust to the adoption of alternative frameworks, however. Consider first
the OLS results in table 4. Column 1 to 3 contain regressions of value added
per emplovee on various eontrols. Columns 4 to 6 report estimates of vari-
ous versions of equation 7 with deflated revenues per emplovee as dependent
variable,

In column 1 - besides industry controls — we only inelude US and non US
foreign ownership dummies and find that US owned plants enjoy a strong and
sipnificant labour productivity advantage of 39 percent and non US foreign
owned plants an advantage of 27 percent!” relative to the reference group

" The performance of U3 MNEs relative to domestic plants can, therefore, be ealenlated
as F) + [Fa

S For o nice explanation of Olley and Pakes method, see Pavenik|[28].

9The percentage differences are calculated from the coefficients of the dummy variables
in Table 4 according to the formuola diff = (2% — 1)
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of all British plants. US owned plants are significantly the most produe-
tive plants in the Britain. Column 2 shows that cnee we include a separate
dummy for being part of an MNE, US plants have a significant advantage
of 14.7 percent relative to British MNEs. The non US foreign advantage
drops to 4.7 percent and is signilicant only at the 5 percent level. Column
2 also shows that plants that are part of a British MNEs are 28 percent
more productive than non MNE plants. This result shows that only part
of the US productivity advantage is actually a multinational effect. Column
3 extends the results of the previous column: it accounts for seale and age
effects by including employment and a quadratie polynomial in age®™. The
coeflicients of US and Non US MNEs remain virtually unchanged, however
the MNE coellicient decreases by 40 percent but is still a strongly signifieant
16 percent. Column 4 looks at TFP by estimating equation 7, initially with
capital and material controls and foreign ownership dumimies only. Both
US and other foreign plants have a significant TFP advantage over British
plants. However, onee we control for multinationality of plants in column 5,
the advantage of other foreign MNEs disappears whereas the US plants show
a significant advantage of 4.5 percent. Column 6 controls for age and scale
effects and confirms that MNEs are on average 4.6 percent more produetive
than British non MNEs, US MNEs are still the produetivity leaders with an
additional advantage of 4.5 percent. while the foreign non US advantage is a
non significant 1 percent.

Our results so far supgest the following. Firstly, controlling for eapital
intensity, material usage, seale and age effects. US MNEs are the produe-
tivity leaders, with British and non-US foreign MNEs having a comparable
productivity advantage with respect to British plants that are not part of

an MNE. Secondly, for foreign non-Us owned plants, the labour productiv-

I8inee our age variable is left censored in 1930, we mclude an age censoring dummy.
We have tried alternative specifications for the age effect, meluding age categories and the
logarithim of age; the estimates do not change significantly from the ones ohtained under
the current specification.
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itv advantage estimated in previous studies?! appears to be largely an MNE
etfect.

5 Are our results robust?

Several issues arise when estimating Equation 7. We address them in turn
and report the results in table 4.

The first issue concerns the aggregation of all non-US foreign owned plants
in one group. This might hide the heterogeneity within this group. Thus,
we differentiate the “non US Foreign” group further into various country
groups™. Column 1 of Table 4 shows that US MNEs are still the produe-
tivity leaders together with Norway, Switzerland and other OECD countries
(mainly Canada and Australia) and a first glance at the following eolumns
show that only the US leadership is robust to further checks.

A second issue is whether our results are robust to the specilication of the
production function. In table 4, we have adopted a static Cobb-Douglas
specification, but in table 4 we show that our results are robust to the adop-
tion of a more flexible specification. such as the translog production funetion
(column 2 of table 4)%.

Thirdly, it is likely that the unobserved shock to productivity =, is corre-
lated with the factor demands used as explanatory variables. A way to deal
with the problems of endogeneity of inputs is to use as dependent variable
TFP caleulated using factor share methods (Baily et al.[3]) as deseribed in
appendix A. The results reported in column 4 show that the MNE advan-
tage and the US leadership are robust to this specification®. Factor share

Heited in footnote 3.

“details of the country groups classification can be found in the appendix A.

I unreported estimates we show that our results are also robust to the adoption of a
dynamic specification that includes lagoed output as regressor to capture adjustment lags
m the ontput following changes in the factors of production. These estimates are avallable
npon request from the anthors,

A p alternative method to estimate TEP controlling for the endogeneity of inputs would
be using GMM (Arellano and Bond, 1991 [2]) and System GMM (Blundell and Bond, 1998

20



DSTI/DOC(2004)5

methods assume perfect competition, immediate adjustment of all factors
and constant returns to scale.

To avoid these assumptions while also controlling for the endogeniety prob-
lem, we proceed as follows: to make less restrictive assumptions regarding
the production technology we follow Klette [17] and look at output levels
relative to the median lirm in each 4 digit industry. We assume that output
is produced using a differentiable production funetion which is homogenous
of degree ~:

Q.ir. = -"1.ir. [.u'r [K.i”]T [EJ

where X, is a vector of factor inputs and f{-) is a linear homogenous general
differentiable function. Using the mean value theorem we ean write output

relative to the median frnm as:

z
Git = G+ 3 0Tz (9)
z=1

where small letters denote log deviations from the median plant in a given

year?, -
. X?.ir .
oz = V[ (Kt ——=— (10}

J(Xae)

Jo(-) denotes the partial derivative of f{-) with respect to argument = and
X 18 some point in the convex hull spanned by X5, and X, .
The first order condition of profit maximization implies that

Qie o v : 1
ev—=— _f (] it = vl iy
it fl:}i:”Jf-l:'k rJ ,Hi-i =it “.J.J

[4]). We attemnpted to use this estimation methods on our sample, but we encountered
two problemns: firstly the tune period of our sample 15 too short, & vears, with less than 7
percent of the plants observed over the whole time period; secondly, doe to the fact that
the ARD surveys small plants randomly, only 12 percent of the plants have continmous
time series nformation.

Beg g = InQic — INQ Median,
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ie. prices must be such that the marginal value product is g times the
marginal cost W ot each factor. Our demand function implies that
1
H=—T"T1

11
i

As pointed out by Klette[17], Equation 11 ean only be expected to hold for
production factors which are easilv adjustable. We assume that this is the
case for intermediates and labour, but not for capital so that we get:

H‘.-?fl%',?.ir. |:J.2J
Ve = b————— — &=
= AR, o

where s, is the revenue share of factor z and = = { L, M}, Further, becanse

of homogeneity of degree + of the production funetion we get

U =7 — oy, — iy (13)
and therefore in equation 9:
Qit = @ + Uiz + Yhie + @i + O3 (14)
where
Vi = E Silroi — ki) (15)
K

is an index of all variable factors and p; is an iid error introduced by the
first order conditions not holding exactly®. Applyving all these results to
Equation 1 we get:

Pag — Mg = :—;R.:n + e + i I:lG:I

The variable factor index vig can be directly observed from the data. All that
is required are variables for factor inputs and revenne shares of the factors.

i Another interpretation for g, is measurement error n labour and materials which for
exainple could come from not ohserving the skill level of the emplovees, Martin]22] shows
how the current framework can easily be extended to correct for such measurement error
prohlems.

22



DSTI/DOC(2004)5

Consequently all that is still required to caleulate wy; is an estimate of ;T
The endogeneity problem now reduces to a potential eorrelation between wy,
and k. We address this problem using a modilied version of the approach
of Olley and Pakes[24]. Following them we assume that wy, evolves as a lirst

order Marlov Proecess:
c . — R . 1 E b
wi = Elwg|wi_y } + vy (17)

We also assume that eapital is only correlated with the expected component
of w;, but not with ,”". Then we can estimate equation 16 if we find a
control for £{wy/wy— |, In Appendix B we show that eonditional on eapital
and assuming that markups g are constant across firms in a narrowly delined
sector (four digit) there is a monotone relationship between profits — defined
as revenue minus variable costs — and w. Consequently we can invert the
profit funetion and write

wip = iy (R Ty ) (18)
We do not know what functional form E'w; |-} takes, but in equation 18 we
hawve found a way to express it in terms of observables so that we can rewrite

16 as

. y . .
Tig — Mg = H;i'jr. + glkie—1, Mi—y ) + v + o3 (19)
where g(-) = Elwyla()} is a function of unknown form. To estimate 19

we can either employ a semi-parametric procedure or approximate g(-) by a
third order polynomial which, for simplicity, is our strategy. An estimator

for wy ecan then be obtained as™

i

- . i .
\.L,'”. = i"”. -f.'!”. (;—f).li.” (2[];'

T00ey and Pakes assume that investiment in ¢ ean only be used for production int+ 1.

We follow a different strategy. We assume that investment is predetermined. Althongh this
would be problematic in Olley and Pakes methodology, 1t does not atfect our estimation
procedure,

EFormally this provides an estimator of wy + ;. But if we have no reason to belisve
that @; is correlated with the MNE ownership variables we want to recgress w;, mn the
second stage this is not a problem
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Compared to Olley and Pakes[24] the main innovation of our approach
is to use profits and not investment as predictor for wy. This has a number
of advantages. First, a major criticism of the Olley and Pakes framework
is that investment might be a very poor predietor of the fixed component

of wy?.

If firms are essentiallv in the steady state and the ecapital stock
in period ¢ reflects the firm's knowledge about w;; at ¢ — 1 the variation in
investment reflects primarily adjustments to news about w from period ¢. Our
approach — in common with Levinsohn and Petrin’s [18] who use material
inputs instead of investment — does not suffer from this problem. Plants
with high « will have higher profits whether or not they are in the steady
state. Second, compared to Levinsohn and Petrin, we can identify all relevant
parameters from a moment condition on eapital alone without having to
assume separability in intermediate inputs or relving on instrumental variable
techniques. Also, we do not require any assumptions on the substitutability
between various variable production factors™.

Column 4 in table 4 shows that when we estimate productivity as de-
seribed above, US are still the productivity leader and the MNE effect is
strong and significant. Therefore, the results shown in table 4 seem to be
robust: US MNEs are the most productive with British MNEs and foreign
Non US MNEs alternating each other in the second position. UK plants that
are not part of an MNE are the least produetive. In the next section we shed

more light on the factors which drive these differences®!

Mzee Griliches and Mairesse [14]

For an more elaborate discussion of our approach see Martin[22].

MOther unreported robustness checks, available upon request, include weighted regres-
sions, and a version of equation 7 with average wage as a proxy for the average skill
level in the plant, even though, unlike previous studies {eg Rachel Griffith et al [12])
we cannot further distinguish bhetween average wage for operatives and average wage for
administrative emplovess hecause since 1996 this nformation has not heen reported in the
ARD.
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Table 5: Status changes in the data _
(Transitions in ownership and MNE status in sample 1996-2000)

(1) () (3) (4)
dornestic GB MNE foreign 175 foreign other
Status changes
domestic 11164 GEO 205 an4
GB MNE 251 arvo 1 46
foreign 75 155 G2 1200 45
foreign other 138 42 2% LRGT
Status changes with ownership change
domestic 1511 55 225 304
GB MNE 164 5l 1m 46
foreign 175 155 G2 131 48
foreign other 138 42 2% 241

Notes: The table reports in pansl cne the numbser of plants that change their MNE status; in panel twao
the subest of these that alss experienced an ownership change. For exampls Row 1 Column 2 reparts
that thers are 589 transitions from GB non MNE to GB MNE. How 5 Column 2 reports that in 255
cases thess transitions also involved a takeswvar, Number of obssrvations in the sample is 358,501, The
pericd considersd is 1906G-2000, Soures; Authours™ caleulation using the ARD AFD] matehed data,

6 Explaining the US productivity leadership

What makes multinationals more productive than domestie plants? And
what makes US MNEs more productive than other MNEs? Using the time
dimension of the current data we try to distinguish between 3 hypotheses
on the sources of the MNE and US advantage. Firstly, plants owned by
MNEs might be more productive because multinational firms takeowver the
best plants in any eountry. We call this the plant picking effect. A second
hypothesis is that multinational firms are characterised by superior shared
assets that improve the performanece of any plant they takeover®. Examples
of these superior shared assets inelude international distribution networks,
special management techniques and reputation effects. We refer to this as
the best firm effect. Finally, multinational firms might gain a lead over other

We can think of this effect as the ‘ownership specific’ factors in Dunning’s explanation
of FDI cr the ‘knowledge capital” of the firm in Marknsen.
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Table 6: Sources of MNE and US advantage
(Produetivity is residnal of gross output regression

(1) (2% [3)
all change to MNE currently domestic
MNE 0.007 0.007 0.onT
(00T (0,00 {0,007
evar Uk flrm -0 -b.012
R (0020
ever U5 plant 0,00 a1 o121
(001G (RN (o2
aver other for frm o017 0,002
LR N ooy
aver ather for plant 0.04= 0.022 .05
{0015y =" (0,02 {0, 020y
ever WMINE fArm (L. GG U
(o.apays=- (00185
ever MNE plant 0155 [ER R
(0.025)=== f0.025)===
grasn dom -0.an7 0054 0.l
(0,010 (0,032 (0,012
gresn il 0037 [ERRLS
(oopaye (0057
green LIS 0,006 -0,087
(0,030 (0,073
green other .01 BRG]
(0024 (0072
b SRR EXRT ] ARNGE

Notes: Bootstrapped standard errors in parenthesss, Row | (MNE) reports frst-stage estimates of the
going global eflect. How 2 and below: cosflcients and standard errors are from the seeond-stags of our
mstimation procedurs, Dependent variable is faed affects estimated in the Arst step, ever MNE firm
equals 1 il the plant balongs at time ¢ o oa Arm which is MNE. ever MNE plant is 1l the plant has
ever benn owned by a MME over the course of the sampls period. Similarly for the ever U5 and ever
other foreign dummies. green dommies take value one For all plants that are established during the
comrse af the sample pericod ¢ 19096-2000%, zreen dom is one for plants owned by domestic firms when
mtahlished., green mult is one for plants owned by MNE drmes when established. green US (green
ather) is one for plants owned by S jother foreign) Hrme when established. Colommnm 1 use the whale
sample af 38 501 abservations. Cohunn 2 anly includes planis that inear a changs in status over the
periced they are present in the sample. Colomn 3 only kesps observations of non MNE plants and of
MME plants when owned by non MNE firms.

* signiflcantly different from wero at the 10 parcent level, ** signifleantly different from sero at the 5

signifleantly different from sero at the | percent leval.

peroent leval.
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firms as a direct consequence of starting to invest abroad, because of cheaper
options to hedge against exchange rate risk, for example. We call this the
going glabal effect.

We express these hypotheses formally using the following equation:

Prody = ovi + pe sy + Sie (21)

where py i = pain + Bave M N E e Le. productivity of plant i at time
t can be decomposed in an effect py g 4 due to the parent firm of plant @ at
time ¢ and a plant specifie effect 0;.™ g, g, is then decomposed further in
a time invariant firm specific effect s, and the time varying going global

effect: Fywp. The picking effect can be expressed in this framework as:
wleyli € MNEPlants) — E{ogli € nonM N EPlants} = 0
whereas the best firm effect can be expressed as:

Flugd e MNE}Y — Elps|lJ e neomMNEL =0

We separately identify the three effects from changes in multinational status
and ownership that we observe in the course of our sample period. We iden-
tity Sprnvp from domestie firms that start investing abroad while we observe
them. We rely on takeovers of domestic plants by MNEs to identify the
plant picking as opposed to best firm effect. If, subsequent to a takeover by
an MNE, the performanece of domestic plants improves, this is evidence for
a best firm etfect.

Table 5 reports the ocenrrence of all these changes in our dataset. The up-
per panel reports the number of status changes for each possible transition
between GB non MNE, GB MNE, US MNEs and Non US Foreign MNEs.
For example the cell in row 1. column 2 reports that there are 589 transitions
from GBE non MNEs to GB MNEs in our sample. The lower panel reports

3 For simplicity we abstract for the time being from differences hetween various types
of MNEs=.
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only the munber of status changes that also involved an ownership change.
Therefore, the cell in row 5 column 2 reports that 255 of the 580 British
plants that became multinational did so by means of an ownership change,
i.e. a takeover. This implies that 334 plants became part of a British MNE
because the firm they belonged to started investing abroad. This is the vari-
ation we use to identifv Jyvpe. In total, the upper panel shows that we have
1,118 changes between non MNE and MNE status®. The lower panel shows
that 784 of those involved a change in ownership, i.e. a takeover.

Our estimation strategy proceeds in two steps. In the first step our objective
is to obtain a consistent estimate of Gy, Given the assumptions of our
model the econometric problem is the potential correlation between the un-
observed effects a; and g and the variable of interest WN J<y; o, Note that
if we apply the following transtormation on our dependent and explanatory
variables the two lixed effects vanish:

_ 1 |
e L) > T (22)

i.e. we take deviations from the mean across all observations of a specifie irm

T s T =)

plant combination. This is like running fixed effects where the eross sectional
units are not the plants nor the firms but each firm-plant combination in the
dataset.

Consequently running a least squares regression on

"

Prodi, = MNEq3 + 5 (23)

will give us a consistent estimate of § which we can use to get estimates of

a fixed effect for all irm-plant combinations®:
i — - R .
fb i + oy = Prody — Snwe MN f’-.m ) (24)

i @, summing the off diagonal elements of row 1 and eolumn 1 in the upper panel
FNote that we are assiming Eley| MNE ;. = 0}, ie. changes in MNE status are
not correlated with the time varving shocks. We discuss this assumption further later in
this section.
I 0ne crucial assumption underlving equation 23 is that the change in MNE status is
not correlated with the time varving part of the error term. This implies the assnmption
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In principle we could now use a donble ixed effects estimator as it has been
done in the literature on matched employer-employvee panels to get an es
timate for each single a; and py. This is not without problems regarding
identification, precision of the estimates and computing time®”. However, as
we are only interested in the average performance of MNEs as opposed to
non MNEs, it is not necessary to compute each and every plant and firm

fixed effect. Rather. in the second stage we estimate the following regression:

jt .:m_f vi = Fnewgeeer MNEZSL + Bunpsper MNET™ (25)
i.e. we regress the fixed effects, estimated in the first stage, on two dummy
variables delined as follows: MNEE is equal to one if plant ¢ belongs at
time ¢ to a firm which is multinational. This duommy is alwavs equal to one
for foreign firms. It is also equal to one for British MNEs even before they
start investing abroad. MN Ef" is one if plant ¢ has ever been owned by a
MNE over the course of the sample period.
What do the coeflicients on these dummies capture? Least squares provide
an estimate of the expected value of the dependent variable conditional on
the explanatory variables:
E{psin + o MNERS,, MNE™ } (26)

Sy

that the tuning of the MNE statnus change is exogenons. A scenario where this might he
violated 15 as follows: plants could have a higher probability of being taken over in yvears
where they suffer from idiosyncratic large negative shocks, To examine the relevance of
this scenario we run probit regressions of the probability of changing status to MNE on
titne dummies and TFP growth in the previous vear. The results show that productivity
growth 15 not significantly correlated with the probability of being taken over by o MNE.
Al=o, since we do not have good instruments for changes in MNE status we thought of
controlling for the endogeneity of MNE status changes using GMM methods. However,
we cannot use these estimation methods as explamed in footnote 24,

TWe experimented with double fixed effects estimators. In the appendix we discuss the
result= and problems.
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Consequently Fasn fger - captures the ditference between MNE plants in non
MNE firms and non MNE plants in non MNE firms:

Ang v ggper = H{F".m.r.a + (0,1} ;’:{#.x.:a'_r.] + o |0, 0} (27)

Plant

If
E{psin|0.1} — E{pyan0,0} =0 (28)

i.e. if non MNE firms that own MNE plants are not systematically different
from non MNE firms that do not own MNE plants, Fiw Eger provides an
estimate of the expected difference of MNE and non MNE fixed plant effects.
What if condition 28 does not hold? This could for example be the case if
MNEs do not select individual plants but takeover whole lirms with above
average performance. In this case, -"i-"'f-"*:f'-'};‘r"rif.: wonld measure a composite
superior firm and plant effects, rather than the pure difference in plant fxed
effects. Thus i peger 18 still a good measure of the relevance of picking by
MNEs of either plants or whole firms.
Further, note that given onr model formulation Fyyn pgger is equally a mea-
sure of how MNE plants perform in MNE firms relative to non MNE plants
in MNE firms™

Ouwmser = E{pgen 4+ a1, 1} — E{pgg g + a;(1,0} (20)

Plant

This implies that our estimate of the picking effect might be inconsistent
to the extent that there are systematic interactions between lirm and plant
effects among MNE firms. To examine the robustness of our results to this
class of problems we run a regression using only observations involving non
MNE firms.

Consider next the interpretation of By g peper

Firm

Bunggeer = E{prag + o117 — E{pagy + 60,1} (30)

FThe possibility of a non MNE plant in an MNE firm can arise if a prospective British
MNE owns plants that are sold before the firm goes global.
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In order for By geper 10 be an estimate of the marginal difference between

MNEs and non MNEs firms we need the following restrietion:
Fla;|1,1} — E{a;|0,11 =0 (a1}

which is true if plants that are always cwned by MNE firms are not sys
tematically different from plants that are owned at least in some period by
non-MNE firms. One important case which might violate this condition con-
cerns greenfield investments by multinationals. Suppose that MNEs only
manage to embody the superior performance of their shared assets in plants
they actually setup themselves rather than takeover. To account for this case
we also include dummies which indieate if a plant was setup by an MNE. For
the majority of plants — more than 80 percent — we do not know by whom
they are setup becanse they were born before our sample started, however.
We report the results of our two-step procedure in Table 6. Row 1 re-
ports the coeflicient Ty estimated in the first step. Column 1 reports the
estimates obtained using the whole sample. The actual regression we run
includes not only dummies for MNE plant and rm effects but also dummies
for US and other foreign plant and firm effects. The definitions of these dum-
mies are equivalent to the dummies for MNEs in general which we discussed
above,
The coelficients’ estimates show the following: there is no significant positive
qoing global effect. as shown by the insignificant estimate of 0.007 in row
1. The MNE advantage seems to be due to hoth a plant picking effect and
a best firm effect, as shown by the signilicant coeflicient estimates of 0.066
and 0,155 respectively. We also have evidence that the additional US MNEs
advantage is likely to be due to plant picking rather than a best firm effect:
Plants that are at some point US owned have an average advantage of about
10 percent over MNE plants in general. Similarly we find a significant non
US MNE plant effect of about 5 percent.
There is no strong evidence of superior performance of plants that are setup
by MNEs as opposed to plants that are taken over, although we find a 4
percent advantage which is significant at the 10 percent level.
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How credible are the firm and plant effects estimates of column 17 Although
identifieation of firm and plant effects rests on plants changing hands from
non MNE to MNE firms, the actual point estimates incorporate information
from both, plants that actually change ownership and plants which never
change their status.

In eolunn 2 we examine if we can still find a MNE firm effect if we restrict
our sample to the sample of plants which were domestic at the beginning of
our sample or setup by a domestic firm during the course of our sample pe-
riod and were subsequently taken over by a multinational firm. It turns out
that the MNE firm effect found previously vanishes™. A possible explana-
tion could be that the firm fixed effects oy are more dynamic than suggested
by our simple double fixed effects structure (Equation 21). In particular, it
could be the ease that for a MNE frm to improve the performance of an
existing plant it takes longer than the few vears we observe a plant after the
takeover. To examine this hypothesis we would require a longer dataset.
Finally, column 3 examines the robustness of the plant effects found in eol-
umn 1. To avoid the effect of interactions between multinational plant and
firm effects we restrict our sample to non MNE plants and observations of
MNE plants when they are still owned by non MNE firms. We continue
to find a strong and significant advantage of MNE plants in general and an
additional advantage of plants owned by US firms during the sample period.
This suggests that there is indeed plant picking by MNEs.

7 Conclusions

We find that the US productivity leadership found in eross-country studies
is confirmed by microevidence when comparing US-owned plants with other
foreign owned and domestie plants in the UK.

MBecanse the sample is restricted to plants born before 1995 and plants s=tup by non
MNE firms we cannot identify all greenfield dummies. Equally we cannot wdentify the
MNE plant chunmy becanse all plants included are MNE plants
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Indeed, the ranking of productivity advantage from our level regressions is
exactly the same as the one found in the US by Doms and Jensen: 1US
MNEs are the most productive, followed by non US MNEs, both other foreign
and UK-owned, and establishments of domestic non-MNEs being the least
productive.

When we analvse the nature of the MNE advantage and US leadership using
the longitudinal dimension of our data we establish 3 results.

Firstly, there is no evidence for a going global effect.

Secondly, we find a general MNE lirm effect, but no evidence of additional
US or other foreign MNE firm effects. We have also some cireumstantial
evidence that the firm effects take several vears to unfold.

Thirdly, there is strong evidence of MNE plant effects, as well as additional
US plant effects. This suggests that the MNE advantage is driven by both,
the sharing of superior firm level assets across plants and the ability to seleect
the better plants in a country. The additional superiority of US firms over
other MNEs, on the other hand. seems to be entirely driven by more careful

selection of better plants.
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A Variable Definitions

o Capital stock: capital stock was caleulated using a perpetual inventory
method (PIMY. For a more detailed deseription of the method adopted
we refer to Martin [21]

o Deflators: to deflate output measures (gross output and value added)
we use producer price indices at the 4-digit SIC92 industry level. To de-
Hate intermediates, we use material price deflators at the 2-digit SIC92
industry level. The base year is 1995, Capital stock is deflated using
investment deflators with base vear 1995; for vears pre-1995 these are
implicitly derived from nominal and real sectoral ONS historical invest-
ment series. From 1995 cnwards we use the publicly available MMI17

series.
s Foreign plants are plants owned by foreign owned enterprise groups.
o Country groups:
EUnorth includes plants owned by Austria. Belgium, Denmark, Fin-

land , Luxembourg, Sweden and Republic of Ireland.

EUsouth includes plants cwned by Ttalyv, Spain and Canary Islands,
Portugal and Greece.

Tax includes plants owned by British Virgin Islands, Channel Islands,
Isle of Man, Liechtenstein, Antigna and Barbuda, Cyprus and 178
Virgin Islands.

otherEurope includes plants owned by Norway and Switzerland.

otherOECD includes plants owned by Australia, Canada, Czech Re-

public, Teeland, Mexico, Poland, South Korea and Turkey.

other is a residual category that includes plants owned by the rest of
the world and plants which are foreign owned but whose nation-
ality is unknown.
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o We caleulate TEP relative to the 4 digit industry median using the
differential TFP formula of Caves et al. [5]; i.e. we caleulate TEP as

InTFP;, = InY;, —InY},
ap(Inky — Ink;y)
ayp (Inly, — nly)
dnr(InMy — InMyy)

where {nY}, denotes the 4 digit industry median and the factor shares

are the mean of the plant factor share and the median industry factor
Vo = mphage, falphag,
share dy = SE0Ke TP 5 I .

o Weights are caleulated using the register emplovment information on

the basis of 4 digit sector, region and emplovment cells. For each cell

Numbsr of plants in register in eell i
Number of selected plants o=l i

i the weight is caleulated as
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B The monotone relationship between prof-

its and shocks

Start by noting that given our assumption of a homogenous production fune-
tion 8 we can write the cost minimization problem as
C(Kiowyie) = min Y wee X b, 1= f (h’,-,_.}{r,-,_:] (32)
Xvar - oo

where ; = %1'- with ¥; = (%‘i—) " Xy collects the same transformation
u

for all variable production factors in a vector. Total cost become in terms of
Equation 32
Ci = CiYa (33)
Next consider the profit funetion.
Tie( Hie. Aies e, Wie) = Hap — Clit
Given the demand function 3 and the cost funetion 33 we can write it as

AaBNT 1 - - .
;}n’) PO - CuYe (34)

Tl Ao, Aie it Wi ) = (

Note that the firm's profit maximization frst order condition is

INRe 1, - Y .
1-—— ==Y Kiy)— 35
(15) g, =520 Ry o
where B
T & M .
2(Yie, Kit) = ——Yie + Cle (36)
Y5,
Finally. note that the derivatives of profit with respect to changes in Ay and
@ are )
t‘l ]._.[.i,l. —1
S _ .
D ©
and |
1 R s .
E—bﬂ it f'ln.\l; (;1,-!.) =p Ry (37)

39



DSTI/DOC(2004)5

where the last equality follows from the first order condition 35" and

1 -1
q
".l'

As a consequence of all these results we get for the total differential of profits

o
I'3]

Ty, = ffj,%[fx)lj, + dag) = Ruduwsy

which establishes that there is a positive relationship between profits and

composite shoek index w;,.

WThis is an application of the envelope theorem
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Table T: Statistics on double fixed effects groups

(1) (2 (3)
ohs plants firm
min 2 1 1
max 534 201 55
median 3 1 1
oronps G754
obs 25338

Notes: The first panel reports sunumary statistics for the douhle fixed effects groups
(DFG) in our sample. Column 1 row 1 shows that the smallest DFG consists of 2
ohservations, the largest of 634 and the median oronp of 3 observations. Colummns 3 and
4 report the same statistics for the immbers of plants and firms.

C A double fixed effects approach

We suggested that Equation 21 could also be estimated nsing a double fixed
effects methodology, This section discusses how this could be done and the
problems it raises.

Firm and plant effects can be identified separately to the extent that plants
move between firms. Abowd et al.[1] have laid out in detail which firm and
plant effects we can hope to identifv'': They define sets of ‘double fixed
effect groups’ (DFG). A DF group DFGy is defined as the set of all firms
and plants which interact over the sample period. A firm and a plant interact
simply if the plant is owned by the irm. Two plants interact if they are both
owned by the same firm at some but not necessarily the same point in time.
Two lirms interact if they own the same plant at different points in time.
Abowd et al. [1] show that for each plant and each firm in a DFG one can
identify a fixed effect which is informative about its produetivity relative to
the group average, where the group average includes the fixed effect of an

UAbowd et al[1] work with matched employver-employee panels but their results apply
to our problem mmmediately once plants take on the role of emplovess and firms the mole
of emplovers.
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Table 8: Double fixed effects regression results

i1 {2

us -0.05 ] 0,035
(0013 (0,024 5"

MNE 0.002 0.020
{0.01#) ARy

other for 0,026 0,028
(0018 {0025

green dom [EALII(N]
(0021

green s 0,030
RN

groan other 0037
{0063

green il =000
{OLETY

ohs ag4a AEGS

Notes: Bootstrapped standard errors in parenthesss, Coefllcients and standard errors are from the
third-stags of the double-flxed affects model. In eolomn 1 the dependent variable is firm Axed sffects
estimated in the ssoond-stage. ever 1S firm is 1 for all US firme. ever MNE firm is | for all MNE
flrme. ever other fArm is 1 fr non US reign Arms. In Coluomn 2 the dependent variable is the plant
flxedd allfects estimated in the sscond-stage ever MNE plant is 1 for all plants that have ever besn
owned by a MNE over the course of the sample period. Similarly for the ever U5 and ever other foreign
dummics. The green dummiss take value one for all plants that are established doring the course of the
sample period (1996-2000), green dom is ona for plants owned by domestic flrms when establishad.
green mult is one for plants owned by MNE flrms when established. green 1S (green other) is one
for plants owned by Us (other foreign) firms when established.

* signiflicantly different from sero at the 10 percent level, *° signiflcantly different from zero at the 5
peroent leval, === signifleantly dilferent from wero at the | percent level.
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omitted reference firm, pp. and an omitted reference plant o,. Thus, any
estimated fixed effect has to be interpreted as relative to the omitted plant
and frm.
Table 7 reports some statistics on these groups. Consider first the second
panel which reports that there are in total 6754 such groups in our dataset.
Also note that the number of observations has now reduced because we can
only use observations from plants we observe at least twice. Panel 1 reports
various statistics on these 6.754 groups. We see that the majority of groups is
rather small. Both the median number of plants and firms (row 3 in eolumns
2 and 3) is 1 one which means that our dataset consists mainly of firms that
own one plant which is never sold. For these there is no chance of separating
firm and plant effects. Our sample thus reduces to those groups which eon-
sist of at least 2 plants or lirms. This eorresponds to about one third of our
original sample.
After establishing how many lixed effects can effectively be identified the
double fixed effects problem is in principle nothing else but a regression on
dummies for each plant and lirm whose lixed effect can be identified. How-
ever, this runs into eomputational problems becanse of the sheer size of the
matrices that are to be inverted. Abowd et al. apply some advanced linear
algebra techniques to get round this problem. However, sinee all coeflicients’
estimates are relative to a group, neither efficiency of consistency is lost if
estimates are obtained separately for each group. In our case the largest
group consists of 55 firms and 201 plants. This is still in the range feasible
for a normal dummy variable regression, which is our strategy. In each group
we can then estimate the fixed etfects of each plant and firm exeept for one
reference plant and firm:

a; a, - pr and  py T, - L5
where oy, is the reference plant and pg the reference firm.
To examine the existence of MNE firm and plant effects as diseussed in
Section 6 we regress these estimated fixed effects on MNE plant and firm
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dummies; i.e. for the frm effect:

e

- I a T 11_ L=l —. 3
iy — p — pp = Bunpgeer MNEF + 2 (39)
Can we hope that Fypy geeer  provides a consistent estimator of
nJ| E ] rever - ’ !
A pg| MNEG, = 1} (40

Ounly if we can assume that there is no systematic correlation between py + oy
and MNETY . However, this is unlikely because multinational firms are
more likely to interact with other multinational firms or with domestic firms
which have higher productivity so that E{pg|1} = E{ps 00 This would
introduce a downward bias in our estimate of Sy ypeeer - A similar argument
applies to our estimate of the MNE plant effect. Given the downward bias
we expect that regressions of 39 and the equivalent plant equation lead to
lower MNE firm and MNE plant estimates than the results found in Seetion
.

Table 8 shows estimates of equation 39 in column 1 and the equivalent plant
level equation in Column 2. All point estimates are lower than the compa-
rable estimates in Seetion 6 and most effects are found to be non significant.
Ouly the US plant effect is still significant at the 10 percent level {eolumn 2,
row 1), whereas The US firm effect estimate is now negative and signilicant

at the 5 percent level.



