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Abstract

his dissertation measures and analyzes the detantsiof firm level efficien-

cy and productivity using empirical parametric noeth. It is composed of

three essays with different contexts, for exampleerms of geography, indus-
try or methodology. Part | is set in Switzerland @stimates the transient and persistent
cost efficiency of a representative sample of Swigdropower plants. With a share of
roughly 60 percent, hydropower is Switzerland’s mspurce of domestic electricity.
However, its economic viability has suffered inaetyears due to several distortions
on a European level, such as an extensive subsatizaf new renewables or non-
internalized external costs of emissions. The sadngart Il and Ill is set in China,
where the government has two important topics ®magenda: to increase productivity
and to reduce the environmental impact of its itgu®art Il analyzes the effects of the
national Top-1000 Energy-Consuming Enterprises iRaragon the productivity change
of iron and steel firms. At that time, this regigat was part of the largest efforts ever
made to reduce the energy intensity of the Chieshestry. Part 11l studies the role of
management quality in explaining the productivityGihinese manufacturing firms and

the mediating properties of firm ownership.

Part | Electricity prices on the European market haveabsed significantly over
the past few years, resulting in a deterioratiothefcompetitiveness and profitability of
Swiss hydro power. One option to improve the sé&ctronomy is to increase cost effi-
ciency. The goal of this study is to quantify tiegdl of persistent and transient cost in-
efficiency of individual firms by applying the gemdized true random effects (GTRE)
model introduced by Colombi, Kumbhakar et al. (20&4d Filippini and Greene
(2016). As the first stand-alone empirical applmatof this newly developed GTRE
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model, the level of cost inefficiency of 65 Swisgllopower firms is analyzed for the
period of 2000 to 2013 based on a total cost foncth random effects and true random
effects specification is estimated as a benchnmarkhie persistent and transient level of
cost inefficiency, respectively. Results show tihespnce of both, transient as well as
persistent, cost inefficiencies. The GTREM preditis aggregate level of cost ineffi-
ciency to amount to 22.3 percent on average (7r€epetransient, 14.4 percent persis-
tent). The two components of cost inefficiency elifin their interpretation and implica-
tion. From an individual firm’s perspective, theyght require a firm’s management to
respond with different improvement strategies. EResting level of persistent ineffi-
ciency could prevent hydropower firms from adjugtitheir production processes to
new market environments. From a regulatory poinviefv, the results of this study
could be used in the scope and determination cduth@unt of financial support given to

struggling firms.

Part Il The economics of environmental regulations aneh foroductivity have
been debated in the literature for decades, howevainly for western economies and
on aggregate level. Literature on firm level iseta@specially for emerging economies
like China. The industrial sector has been a megotributor to China’s unprecedented
economic development, where fast growth rates daamel in hand with a neglect of
environmental protection. This study presents tret €mpirical evaluation of the ef-
fects of an environmental regulation on the togaltdr productivity (TFP) of Chinese
industrial firms using parametric methods. Furthemen this is the first contribution an-
alyzing such effects with respect to TFP changeamniponents of technical change and
scale efficiency change, and one of the first eivglirapplications estimating TFP
change via a cost function. The focus is on the and steel industry and the national
Top-1000 Energy-Consuming Enterprises Program (TBRPOwhich was introduced
within the Eleventh Five Year Plan and spanned 20)10. The regulation aimed to
reduce the energy consumption, and thereby dimattiradirect emissions, of the 1000
most energy-consuming industrial firms. The ironl ateel industry—still is one of the

country’s biggest polluters—was targeted the magsthe regulation in terms of the
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number of treated firms. Using detailed census dat®,340 firms for the period of
2003 to 2008, TFP is estimated to have grown onageeby 6.4 percent. The iron- and
steelmaking industry grew fastest, followed by s$heel rolling and ferroalloy smelting
industry. As one of only a few, this study provigaspirical support of a positive effect
of an environmental regulation on a firm’s produityi the T1000P is found to have
significantly increased yearly TFP change, andethgicompetitiveness of treated firms,
by 3.1 percent on average. Effects on technicahghand scale efficiency change are
positive and statistically significant as well. heontribute about equally to the overall
treatment effect. Results are robust in severakdsions, even when instrumenting for
policy exposure. For China, a boost in productiabupled with a reduction in envi-
ronmental degradation are two critical factors @intain international competitiveness
and long-term growth perspectives. Our evidencgastg that environmental regula-

tions could be supportive of both of these factors.

Part Il Tnis part probes the extent, to which managemeality matters in ex-
plaining the performance of 386 industrial firmseggting in the unique institutional
setting of China. This is the first empirical argasyon the role of observed management
qguality in determining the productivity of ChineBems. Furthermore, this is the first
contribution in general that links this role tonfirownership. In China, firm ownership
represents sharp distinctions among operating tondi In contrast to the main body
of literature, we apply production functions ofdilele functional forms and panel mod-
el specifications. Data stems from the annual Gla@nedustrial Census for the period
of 2003 to 2008. Observations on managerial quality taken from the World Man-
agement Survey. Two findings are in sharp contiashe modern literature. First, we
find the role of management practice as produdatpeit parameter by itself to be un-
correlated with variation in output. Second, statered enterprises (SOES) on average
are better managed than non-SOEs. We provideefingiirical evidence that the role of
management could be mediated by the institutiolehent of firm ownership with its

associated role of the government. There is ingicahat the adoption of modern west-
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ern management practices is mostly correlated mwgher output of SOEs. We explain

and discuss potential factors underlying our figgin



Zusammenfassung

iese Dissertation misst und analysiert die Einfalgeren auf die Effizienz

und Produktivitdt von Firmen basierend auf empivgst parametrischen

Methoden. Sie besteht aus drei Aufsatzen mit uciiérdlichem Kontext,
beispielsweise beziiglich der Geographie, Industter Methodik. Teil | fokussiert auf
die Schweiz und schétzt die transiente sowie pgergis Kosteneffizienz einer reprasen-
tativen Stichprobe von Schweizer Wasserkraftwerkaie. Schweizer Wasserkraft ist,
mit einem Anteil von rund 60 Prozent, die Haupttpieler heimischen Stromerzeu-
gung. Allerdings hat deren Wirtschaftlichkeit awfigd von Marktverzerrungen auf eu-
ropéaischer Ebene in den letzten Jahren gelitteh.IlTiend Il spielen in China, wo die
Regierung mit der Steigerung der Umweltfreundlicghked Produktivitat der Industrie
zwei wichtige Themen weit oben auf ihrer Agendahastehat. Teil 1l analysiert die
Wirkung des nationalen ,Top-1000 Energy-ConsumimgjeBorises Program® auf die
Produktivitatsdnderung von Firmen der chinesischeen- und Stahlindustrie. Diese
Regulierung war Bestandteil einer bis dahin uniib#enen Anstrengung seitens der
chinesischen Regierung zur Reduzierung der Enetgigitat der Industrie. Teil IlI
studiert den Einfluss von Managementqualitat aef Firoduktivitdt von chinesischen
Industrieunternehmen. Ein besonderer Fokus liegeidauf den Effekten der Besitz-

struktur der Unternehmen.

Teil | Der Strompreis auf dem europaischen Markt isten gtzten Jahren erheb-
lich zurickgegangen, was zu einer Verschlechterdeig Wettbewerbsfahigkeit und
Rentabilitdt der Schweizer Wasserkraftunternehnediihgt hat. Eine Moglichkeit, die
Wirtschaftlichkeit des Wasserkraftsektors zu stegigeesteht in der Erhéhung der der

Kosteneffizienz. Das Ziel dieser Studie ist es, Ma®au der persistenten und transien-
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ten Kostenineffizienz von Wasserkraftunternenmen Iife des Generalized True
Random Effects (GTRE) Modells zu bestimmen. Digdeslell wurde von Colombi,
Kumbhakar et al. (2014) und Filippini and Green@l@) eingefuhrt. In Form einer ers-
ten eigenstandigen empirischen Anwendung diesdaskarglich entwickelten GTRE
Modells analysieren wir das Niveau der Kosteniréffiz von 65 Schweizer Wasser-
kraftunternehmen zwischen 2000 und 2013 basieraheiaer Gesamtkostenfunktion.
Zusétzlich schatzen wir ein Random Effects und TRaadom Effects Modell. Die
Schatzwerte dieser beiden Modelle dienen als Vietgdgrosse fur die persistente und
transiente Kostenineffizienz. Die Ergebnisse zeigtass die Schweizer Wasserkraft
sowohl von einem persistenten als auch transieKt@stenineffizienzbestandteil ge-
kennzeichnet ist. Das GTRE Modell schatzt das diotwhittliche aggregierte Kostenin-
effizienzniveau auf 22.3 Prozent (7.9 Prozent ignis 14.4 Prozent persistent). Die
beiden Ineffizienzbestandteile unterscheiden soetol in ihrer Interpretation als auch
Implikation. Aus der Sicht der Unternehmen kénntka beiden Bestandteile unter-
schiedliche Verbesserungsstrategien nach sichrzidbas beobachtete Niveau an per-
sistenter Kostenineffizienz kdnnte die Wasserkraéitnehmen daran hindern, ihre Pro-
duktionsprozesse neuen Marktgegebenheiten flexdbelipassen. Aus regulatorischer
Sicht kdnnten die Ergebnisse dieser Studie dazutgewerden, um den Umfang und
die HOhe der finanziellen Unterstitzung fir diehsin Schwierigkeiten befindenden

Unternehmen zu bestimmen.

Teil Il Die 6konomischen Aspekte von Umweltregulierunged s der Literatur
seit Jahrzehnten diskutiert worden, jedoch vornalfér westliche Volkswirtschaften
und auf aggregierter Ebene. Literatur auf Firmenelst rar, vor allem ftr Schwellen-
lander wie China. Der Industriesektor ist massgabdin der beispiellosen wirtschatftli-
chen Entwicklung Chinas beteiligt gewesen, wo héfechstumsraten Hand in Hand
mit einer Vernachlassigung des Umweltschutzes egiigen. Diese Studie prasentiert
die erste empirische Evaluation der Effekte einemigltregulierung auf die totale Fak-
torproduktivitat (TFP) von chinesischen Industrigien anhand parametrischer Metho-

den. Des Weiteren stellt dies den ersten Beitragwielcher solche Effekte zusatzlich
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bezuglich den beiden TFP Anderungskomponentenedtinischen Effizienz und Ska-
leneffizienz abschatzt. Als eine der ersten berecHiese Studie TFP Anderungen mit
Hilfe einer Kostenfunktion. Der Fokus der Analyssgt auf der Eisen- und Stahlindust-
rie und dem nationalen ,, Top-1000 Energy-Consumintggprises Program“ (T1000P),
welches im Rahmen des Elften Funf-Jahres-Planetdhsn gerufen wurde und sich
Uber den Zeitraum von 2006 bis 2010 erstrecktew&seine von Chinas ersten gross
angelegten Umweltregulierungen. Das Programm zié#eauf ab, den Energiever-
brauch und damit die direkten und indirekten Enoissn der 1000 gréssten industriel-
len Energieverbraucher zu reduzieren. Die meistatetdehmen, welche Bestandteil
des T1000P waren, gehoérten der Eisen- und Stalslinewan. Diese Industrie ist noch
immer eine der gréf3ten Umweltverschmutzer des Lendiehand detaillierter Daten zu
5,340 Unternehmen fur den Zeitraum zwischen 20@B2008 wird das durchschnittli-
che jahrliche TFP Wachstum auf 6.4 Prozent gesthB& Firmen der Eisen- und
Stahlherstellung wuchs TFP am starksten, gefolgtden Stahlwalzfirmen und Firmen
in der Eisenlegierungshuittenindustrie. Als eine vm wenigen empirische Studien
finden wir empirische Belege flr einen positiveriekf einer Umweltregulierung auf
die Produktivitdt von Firmen: Es wird geschatztsslalas T1000P die jahrliche TFP
Anderung im Schnitt um 3.1 Prozent erh6hte. Andgemnin der technischen Effizienz
und der Skaleneffizienz trugen zu etwa gleich grnsBeilen zu dieser Erhdhung bei.
Die Ergebnisse sind robust beziglich mehrerer Dgiogen, unter anderem auch wenn
fur Teilnahme am Regulierungsprogramm instrumeintrgrd. Fir China stellen die
Steigerung der Produktivitat bei einer gleichzetigvinimierung der Beeintrachtigung
der Umwelt zwei kritische Faktoren dar, um inteloale Wettbewerbsfahigkeit und
langfristige Wachstumsperspektiven zu erhalten. ebnsResultate indizieren, dass

Umweltregulierungen zur Erreichung beider Zielentlah sein kdnnten.

Teil I Dieser Teil untersucht, inwieweit die Managemenlitfitadie Produkti-
vitdt von 386 Industrieunternehmen innerhalb Chieawzigartigem institutionellen
Umfelds erklart. Dies ist die erste empirische Amalzur Rolle von beobachteter Ma-

nagementqualitdt auf die Produktivitat von chingses Unternehmen und der erste
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Beitrag, welcher diese Rolle mit der Eigentimeidtrueines Unternehmens verknupft.
In China reprasentiert die Eigentimerstruktur geodsiterschiede in den Betriebsbe-
dingungen. Im Gegensatz zum Grossteil der Literadémwenden wir Produktionsfunk-

tionen von flexibler funktionaler Form sowie ParsEhmodelle. Die Daten stammen
vom chinesischen Industriezensus und decken ddaradei 2003 bis 2008; Beobach-
tungen zur Managementqualitat sind dem World Mamege Survey enthommen.

Zwei Ergebnisse stehen im scharfen Kontrast zuremmh Literatur. Erstens finden
wir keine Korrelation zwischen der Managementpraxisl der Veranderung der Pro-
duktion. Zweitens weisen staatliche UnternehmenDuarchschnitt eine héhere Ma-
nagementqualitat auf als nicht-staatliche UnterresnriiVir bieten erste empirische Be-
lege dafur, dass die Rolle der Qualitat des Managésnvom institutionellen Element
der Eigentumerstruktur und der damit verbundenelfeRizr Regierung abhangig sein
konnte. Wir finden erste Hinweise, dass staatlichtiollierte Unternehmen am meisten
von der Einfihrung moderner westlicher Managemeiktfken profitieren. Wir erkla-

ren und diskutieren mogliche Faktoren, die unséngebnissen zugrunde liegen kdnn-

ten.
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Introduction

Part I: Persistent and Transient Cost Efficiendwn
Application to the Swiss Hydropower Sector

Ever since Switzerland’s electrification at the ineing of the 28 century, hydropower
has been the country’s main domestic source ofradig. Over time, Swiss hydropow-
er firms have consolidated their position as rédéiabost effective renewable base and
peak load electricity producers. However, a gronshgre of firms has started to incur
financial losses in recent years. In the curremhmetitive context, it is of immediate
importance for them to identify strategies to i@ their competitiveness by reducing
production costs. The main goal of this study i®$timate the level of persistent and
transient cost efficiency in the Swiss hydropowestasr. For this purpose, we use a new
and representative panel of detailed informatiosB1Swiss hydropower firms between
2000 to 2013.

A distinction and measurement of the two componehts/erall cost efficiency is
interesting, because it allows a firm to elicitatsst saving potential in the short- as well
as the long-run. Moreover, from an economic popeyspective, a firm’s level of cost
efficiency, for example, might play a role undesubsidization program as it currently
is under political discussion in Switzerland. Withthe framework of such a program,
policy makers could ask the participating firmsdemonstrate a high degree of cost ef-

ficiency in order to qualify for subsidies.

The contribution of this paper to the scientifietature is threefold. First, it pro-
vides the first stand-alone empirical applicatidramovel approach recently introduced

by Filippini and Greene (2016). Their methodolodigwas splitting the level of produc-
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tive efficiency into a transient and a persisteatt.,pSecond, it uses a rich cost model
specification explicitly controlling for technolagl heterogeneity in hydropower elec-
tricity generation. Third, firm-level informationnothe two categories of persistent and
transient cost inefficiency can help the governntertesign an effective subsidy policy
by granting financial aids only if firms meet préded efficiency standards in both cat-

egories.

Colombi, Kumbhakar et al. (2014) and Filippini a@ceene (2016) discuss how a
cost inefficiency level can be split into the twarfs of persistent and transient ineffi-
ciency. The persistent part captures cost ineffgs which do not vary with time, like
inefficiencies due to recurring identical managemamstakes, structural problems
within the electricity generation process or factoisallocations that are difficult to
change over time. On the other hand, the transmmponent represents cost inefficien-
cies varying with time. Singular, non-systematicnagement mistakes are an example
thereof. In the short- to medium-run, a firm’s leage is expected mainly to be on the

improvement of the transient part of cost efficigenc

We estimate a homothetic translog frontier totadtdonction using three para-
metric model specifications. The first is the ramdeffects model proposed by Pitt and
Lee (1981) (REM hereatfter). It provides an estioratdf the part of productive ineffi-
ciency that does not vary over time (persistenfficiency). The second model is the
true random effects model (TREM hereafter) propdseGreene (2005a, 2005b). This
model produces values of the productive inefficietitat varies over time (transient in-
efficiency). The final econometric model is the gealized true random effects model
(GTREM) proposed by Filippini and Greene (2016)isTinodel offers the possibility to
estimate simultaneously the transient as well #grsigtent component of productive in-

efficiency, making it our preferred model specifioa.

The inefficiency term of the REM captures all timeariant unobserved hetero-
geneity, resulting in a median cost efficiency ealof 64.7 percent. This value is
considerably lower than the median persistent efigtiency estimate of 95.1 percent
obtained by applying the GTREM. In contrast, thedrae transient efficiency of the
TREM of 85.2 percent is more in line with the medteansient efficiency estimate of
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93.9 percent when using the GTREM specificatione Tdorrelation between the
estimated efficiencies obtained with the REM ar&l TREM is low, pointing to the fact
that they measure different sorts of cost efficienthe correlation between the
persistent and transient efficiency estimates ®fGAREM is even negative. It therefore
can be concluded that firms showing a high degifepeosistent efficiency are not
systematically exhibiting production processes ahutaneously high transient
efficiency. The correlation between the REM costiceincy and the persistent
efficiency component of the GTREM is—as expectedmygaratively high. The same
holds for the correlation between the TREM costcefency and the transient
efficiency component of the GTREM. Results furthenfirm the existence of positive

economies of density and scale for most firms.

We conclude the Swiss hydropower sector to be cltemaed by the presence of

both, transient as well as persistent, cost inefiicy. The GTREM predicts the aggre-

gate level of cost inefficiency to amount to 22e8gent on average (7.9 percent transi
ent, 14.4 percent persistent). The two compondntsefficiency differ in interpretation
and implication. The transient component represeost inefficiencies varying with
time, e.g., inefficiencies stemming from a wrong@jiibn of production processes to-
wards changing factor prices or singular managemmestiakes. On the other hand, the
persistent part captures cost inefficiencies noyiag with time. Examples are ineffi-
ciencies due to recurring identical managementakést, unfavorable boundary condi-
tions of the electricity generation process or dacghisallocations difficult to change
over time. Therefore, the two types of cost inédiicy might require a firm’s manage-
ment to respond with different improvement stragegFrom a regulatory point of view,
the results of this study could be used in the sc@p determination of the amount of
subsidies to be granted to a hydropower firm. Krealgk of the level of cost inefficien-
cy supports the government in avoiding a grantutisglies to inefficient hydropower
firms. If a hydropower firm shows a high level afst inefficiency, the subsidy should
be reduced or cancelled completely. However, thalatory authority should also con-
sider inertia in the short run possibilities of hyplower firms to ameliorate the level of

persistent inefficiency.
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Part | builds on joint work with Massimo Filippiand William Greene. A con-
densed version of this essay appeared in itsféirst in June 2016 as CER-ETH Work-
ing Paper 16/251 (Filippini, Geissmann et al., 20I&omas Geissmann is the primary

author of this essay in all regards.

Part Il: The Effects of Environmental Regulationtbe Produc-
tivity of the Chinese Iron and Steel Industry

China is an emerging economy with unprecedentedldpment, ranking second in size
within only a few decades and lifting hundreds dalfions of its inhabitants out of pov-
erty. The industrial sector has been an importaowth contributor for the country,
which is a major exporter of energy-intensive pirdduCombined with a strong focus
of the government to upkeep high growth ratesrdipel increase in energy demand has
resulted in multiple adverse effects, for examplethe reliability and security of ener-
gy supply, human health, and environmental intggfteing aware of these conse-
guences, the Chinese government has started aatesing process of the industry to
reduce its environmental impact, which includegduction of its energy intensity. In
this process, the understanding to simultaneouststoproductivity while minimizing
environmental degradation has gained more and moraentum. Productivity is criti-
cal for maintaining international competitivenessl austaining high long-term growth
rates. Finally, it represents a foundation of dosieelfare and living standards
(Greenstone, List et al., 2012; Krugman, 1997).

The scientific literature differentiates betweerotmain strands of how an envi-
ronmental regulation affects productivity: the fitexhalist view and Porter's hypothe-
sis. Both views take the perspective of the firde Traditionalist view predicts produc-
tivity of firms to be negatively affected by an @wvwmental regulation, while Porter’s
hypothesis expects the opposite to be true. Meastature supports the traditionalist
view, suggesting that firm heterogeneity in termipmductivity is adversely affected

by environmental regulations.
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The national Top-1000 Energy-Consuming Enterprizegram (T1000P) was an
environmental regulation introduced by the Chinesatral government within the
Eleventh Five Year Plan. The regulation was efiecbhetween 2006 and 2010. At that
time, the TLOO0OP was part of the most ambitiousrefver made in China in terms of
coverage and governmentally allocated resourcesdoce industrial energy use. The
program targeted about 1000 of the country’s mosrgy demanding firms, i.e. the
firms consuming a minimum of 180,000 tons of capliealent in 2004 (Price, Wang et
al., 2010). Due to its high energy consumption, ifghest share of firms targeted by

this regulation belonged to the iron and steel stigu

This study analyzes the effects of the T1000P wn-fevel total factor productivi-
ty (TFP) change. Its goals are, first, to estimBf® change of the Chinese iron and
steel industry using a parametric approach. Thanes of only a few studies estimating
TFP change via a cost function approach. Secondutdknowledge, this is the first
study estimating the impact of an environmentall&ipn on the productivity of Chi-
nese firms using parametric methods. Moreover, rgenat aware of any other scien-
tific study empirically analyzing spillover effectd an environmental regulation on the
TFP change subcomponents of technical change ahel sificiency change using par-
ametric methods. Such decomposition allows for aendetailed analysis of the effects
of the regulation than what has been common peaatithe literature. Third, to check
for robustness of the treatment effect, this sfuaposes an instrument for selection in-
to the program based on spatial firm level inforiorat

The study uses detailed census information of dralanced panel of 20,076
unique observations of 5,340 firms over the pef2003 to 2008. The cost function is
chosen to be of fully flexible translog paramefaem. Spillover effects of the T1000P
on TFP change are analyzed by applying a differemckfference research design. Re-
sults show that TFP on average was growing by éréegmt annually. The iron- and
steelmaking subindustry shows the highest annuadtyr rates, followed by the steel
rolling and ferroalloy smelting industry. The benwdrk specification finds the regula-
tion to have positively affected TFP change ofteddirms by 3.1 percent on average
between 2006 and 2008. The two components of teehohange and scale efficiency

change contributed about equally to this overditatf Temporal, spatial, subindustry
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and firm-specific heterogeneities are controlled idven assessing the impact of the
regulation on productivity. The average economicdbié of the program on a per firm
basis is estimated to amount to 148.7 million Cééneenminbi in 1998 values, leaving
the economic value of an improvement in the enwvirental integrity unaccounted for.
Results are robust when stratifying the samplesiresal dimensions, when accounting
for sample attrition and when instrumenting for TQB exposure. In conclusion, a firm
exposed to the regulation profited twofold. Firsprofited through the direct effect of
energy savings. Second, the regulation led to arase in TFP change relative to non-

treated firms, thereby increasing the competitigsra the treated firms.

Thomas Geissmann is the primary author of thisyeissall regards.

Part IIl: Management as Productive Input and thieRb
Ownership

The studying of management has a long-standingtibadn the scientific literature,
both, from an organizational theory (Barnard, 1988)vell as economic modelling per-
spective (Griliches, 1957). From the economic miaaglperspective, the omission of
management quality, which determines how efficieatid effectively the other produc-
tion inputs are used, has been thought to be thet aoonmon specification error when
estimating a production function (Griliches, 198%¥efford, 1986). Management might
be a factor contributing to the often observeddaagd persistent differences in produc-
tivity levels, not only between firms (BartelsmamdaDoms, 2000; Bloom, Eifert et al.,
2013; Syverson, 2011) comparable on many otherredisies like industry, technolo-
gy, product or location (Gibbons, 2006), but alet®en countries (Bloom, Sadun et
al., 2016). Hence, quantitative findings on thesrof management in determining firm
performance not only carry relevance for firms andinesses, but also for development
policy and institutional design on an aggregateellet{owever, empirical literature,
which analyses the degree to which observed maremgequality differentiates com-
petitors, is surprisingly scarce. This is even ntbeecase for studies that condition such

an analysis on firm and environmental charactegdike a firm’s ownership structure.



Introduction 7

In this paper, we probe the extent to which managgnuality matters in ex-
plaining the performance of 386 industrial firmseggting in the unique institutional
setting of China. Using data of the annual Chinaedestrial Census (CIC) for the peri-
od between 2003 and 2008, and observations on reaahguality contained in the
World Management Survey, we contribute to the aiiere in various ways. Our first
contribution is from an organizational theory poafitview. This study focuses on the
emerging economy of China during a period of rapidustrial growth in the mid-
2000s, while previous literature analyzed the retethip between managerial quality
and firm performance mainly for firms located irdirstrialized countries. The social
and political environment of the Chinese economylifferent to western economies,
what might result in management quality matteriog éther aspects than the ones
commonly observed in the current literature. Onghsaspect might be the structure of
firm ownership. In China, firm ownership represesttarp distinctions among operating
conditions, for example, by defining a firm’s degm@f access to capital via lending and
other means, regulatory burdens, political presstesources, and other intangible
sources of legitimacy. We test for first empirieaidence of the institutional element of
ownership mediating the relationship between oleermmanagement practices and firm

performance.

Our second contribution is from an economic modglierspective. The current
empirical literature exclusively applies Cobb-Dagylproduction function specifica-
tions and abstracts from the question of sepatalmfimanagement from other produc-
tive inputs. Furthermore, apart from two recentiplshed working papers by Bloom,
Sadun et al. (2016) and Bloom, Brynjolfsson ef(2016), it does not make use of the
data’s panel structure to control for time-consfanm-specific unobserved heterogenei-
ty. Following Mefford (1986), we implement sevefahctional forms and additionally
apply panel models controlling for unobserved rageneity. Results of this study pro-
vide new insights into the question of the extemtyhich modern western definitions of

management quality matter in explaining the pertoroe of Chinese firms.

Two of our main findings are in sharp contrasthe turrent literature. First, the
role of management practice as productive inpuarpater by itself is found to be un-

correlated with the variation in firm output. Sedpstate-owned enterprises (SOES) in
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China on average are better managed than non-S@Esthird main finding, we pro-
vide first empirical evidence that the role of mg@&ment in Chinese firms could be me-
diated by political economy elements, i.e. by titutional element of firm ownership
with its associated role of the government. Thenadlication that the adoption of mod-
ern western management practices is mostly coecklaith higher output of SOEs.

Several hypotheses could explain why managemeiitygb# itself does not uni-
versally function as a differentiator in terms ofrf productivity. Our setting is a rapidly
expanding and transforming economy (Tsui, Schooehet al., 2004). Here, short-run
tensions between improving management practices establishing or maintaining
competitive advantages via other means could becesdfy acute. For a firm operating
in China during a period of rapid growth, seizihg tight opportunity could be as im-
portant as the effort put into seizing it (Dou, 3D1IMoreover, to some degree China’s
past growth was investment based, similar to whed @bserved in other relatively un-
derdeveloped economies in the past (Gerschenki@82)1 According to Acemoglu,
Aghion et al. (2006), for investment-based growth—ebntrast to innovation-based
strategies—managerial skills are not crucial. Iohsa setting, experienced managers
and large incumbents are able to achieve largenntogical improvements and
productivity growth by simply copying and adoptiegisting technologies from the
world’s technological frontier (Acemoglu, Aghion at, 2006).

Multiple elements might underlie the second anddtmain finding. For example,
SOEs are required to develop plans, proceduresnamégement rules in order to allow
for increased state supervision (Wang, 2014). Tigesernmentally imposed require-
ments might also cause, at least partially, theeloabserved productivity of SOEs
compared to non-SOEs. On the one hand, SOEs ceudidypting better management
practices (in western sense) simply to improve fgdsoductivity and offset the general-
ly lower total factor productivity when being stadened. On the other hand, the Chi-
nese government has the ability to shape marketsacand to deliver potentially
productivity enhancing resources or domestic bigsim®nnections exclusively to SOEs
(Li and Xia, 2008; Nolan and Xiaogiang, 1999; O292). Such market opportunities
might be heavily guarded, especially in some ggiatendustries (Bai, Lu et al., 2006;

Wang, 2014). Good management practices could strenghannels of communication
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and influence of SOEs with government leadershgnde, good management practices
could not only reflect requirements imposed on SB¥#e state, but also SOES' access
to privileges (“institutional rents”), which coulge scaling with degree of compliance.
Furthermore, there is anecdotal evidence that SédEasverage could be more techno-
logically advanced and innovative than non-SOEsthla case, as predicted by Ace-
moglu, Aghion et al. (2006) for innovative firmsamagement quality could be of high-

er importance for SOEs.

While the findings of this study are to some extamtjue to China, where owner-
ship types are perhaps more clearly delineated ¢tsewhere, we take liberty to pro-
pose some general insights based on our findingssFeverywhere face varying de-
grees of legitimacy in their operating markets adl &s in the eyes of major govern-
ment and civil society stakeholders. Our results/igie directional evidence of the no-
tion of “management as a design”, implying thamnBruse management practices in a
way which fits their individual setting. Firms cdrened in one dimension, in our set-
ting by state ownership, could compensate to soxtent by developing capabilities
along dimensions that lie within their span of ecohtSuch compensation could be

achieved, for instance, through the developmebetter management practices.

Part 11l is partially based on a research effothwalerie Karplus and Da Zhang
and includes an extension focusing on a deepeogtn of microeconomic model-

ling. Thomas Geissmann is the primary author of dsisay in all regards.
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1 Introduction

Ever since Switzerland’s electrification at the ineing of the 28 century, hydropower
has been the country’s main domestic source ofradig. Over time, Swiss hydropow-
er firms have consolidated their position as rédiabost effective and renewable base
and peak load electricity producers. Hydropoweo d&las enabled Switzerland to play
an active role on the European electricity marRéte pursued business models can
roughly be summarized as follows: run-of-river gfaproduce base load electricity
while storage and pump-storage plants help coveziegtricity demand at peak hours,
usually occurring at noon and early evening. Atethtechnology types not only pro-
duce for the domestic market, but also are extehsinvolved in exporting activities to
the European grid. A special role is accorded ¢ophhmp-storage plants. Their business
model exploits the spread between peak and off-péadtricity prices. In addition of
using natural water inflows for electricity genévat they pump water into their reser-
voirs during off-peak hours at favorable prices—enftluring nighttime—by consuming
electricity directly from the high voltage grid. iBrelectricity is partly sourced from the
European electricity market, and especially from nench nuclear fleet. At peak load
times, the water is turbinated again and the géedrectricity is sold at comparatively

high prices.

This business model was very successful until 200&n, the economic crisis,
the low price of coal and CCertificates (not reflecting the emission’s ext&roosts)
and the subsidy system for renewable energies auevind and photovoltaics have led
to a significant drop in overall market prices &ectricity. In addition, the spread be-
tween peak and off-peak electricity prices on tlweoRean electricity markets has de-
creased, or at some hours, even disappeared cemplit this context, the competi-
tiveness of coal power plants has increased sogmfiy. Furthermore, since 2009 the
Swiss electricity market has been partially libened. Electricity distribution compa-

nies and large customers consuming more than 100 &Y year now have the possi-
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bility to purchase electricity from a producer béir choice in Switzerland or other Eu-
ropean countries or to buy electricity directlytbie European spot markets. Of course,
this reform has increased the level of competiaomong Swiss hydropower firms, re-
sulting in a pressure to reduce production costdahuary 2015, the decoupling of the
Swiss Franc from the Euro has led to an additioedliction in margins, since electrici-
ty traded on a European level is denominated iro&ufFor these reasons, a growing
share of hydropower plants has started to incluanitial losses in recent years. In the
current competitive context, it is of immediate mnance for them to identify strategies

to increase competitiveness by reducing productasts.

One possibility to achieve such goal is to imprdke level of cost efficiency,
which, as discussed in Colombi, Kumbhakar et &1 and Filippini and Greene
(2016), can be split into two parts: a persistert a transient one. The persistent part
captures cost inefficiencies which do not vary withe. These could be inefficiencies
due to recurring identical management mistakescttral problems within the electric-
ity generation process or factor misallocations #ra difficult to change over time. On
the other hand, the transient component represestgnefficiencies varying with time,
e.g., singular, non-systematic management mistdkethe short- to medium-run, a
firm’s leverage is expected to be mainly on therimwpment of the transient part of cost

efficiency.

Information on the level of cost efficiency is afiportance not only for the firms,
but also for the Swiss federal government. In fac015 the Swiss parliament decid-
ed, under some circumstances, to financially supgmadropower firms in financial dis-
tress. However, the political process of specifyihg details of such a subsidization
system is still ongoing. From an economic policynpof view, it is important to grant
such subsidies only to firms already operating &igh degree of efficiency. Hence,
knowledge on the level of cost efficiency suppdines government in avoiding subsidiz-
ing inefficient hydropower firms.

Despite the fact that hydropower still is the wiarldominant source of renewable

energy, the scientific literature only comprisdswa published studies on the productive
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efficiency of hydropower firmé Banfi and Filippini (2010) study the cost struetand
level of cost efficiency of an unbalanced pane#®fSwiss hydropower firms observed
from 1995 to 2002. Using a translog variable caosicfion, they employ the true ran-
dom effects model proposed by Greene (2005a, éo)aistochastic frontier approach.
The explanatory variables considered are: totallarnof electricity produced, number
of plants per firm, price of labor and capital $toEurthermore, four binary indicators
are added to the model controlling for differenpey of technology.Their empirical
results indicate economies of utilization as weltlze presence of cost inefficiency. Us-
ing a variable cost function approach as well, 8am@nd Peypoch (2007) examine the
cost efficiency of a balanced panel of 25 Portuguegiropower plants, all of them be-
longing to the main Portuguese utility, for the ige4994 to 2004.From the economet-
ric modelling point of view, these authors also aseanslog functional form and the
true random effects model. Finally, Barros, Cheale{2013) analyze the level of cost
efficiency of a relatively small panel of twelve i@ase hydropower firms for the period
2000 to 2010 using a total cost function in tragdhanctional form. They apply a sto-
chastic frontier latent class model to take intccamt possible differences in unob-
served production technologies affecting costsintatton results indicate the presence
of three distinct groups of firms. Their choiceuse a latent class model is an interest-
ing approach for the case where the firms’ produnctechnology is not directly ob-

served.

2 For a publication summarizing several studies fiiciency measurement in the general electricity
generation sector see, e.g., Barros (2008). Marentecontributions to the measurement of efficiency
in the electricity generation sector were madeehy,, Yang and Pollitt (2009) (China — coal plants
data envelopment analysis, DEA), Sueyoshi, Gotd.¢2010) (USA — coal plants — DEA), Liu, Lin et
al. (2010) (Taiwan — thermal plants — DEA), Shriaas, Sharma et al. (2012) (India — coal plants —
DEA), See and Coelli (2012) (Malaysia — thermahpda- stochastic frontier analysis, SFA) and Chen,
Barros et al. (2015) (China — thermal plants — BameSFA).

® The cost function specified in Banfi and Filippit#010) was also used by Filippini and Luchsinger
(2007) to quantify the economies of scale of thesSwaydropower sector using cost share equations
and the seemingly unrelated regression concepélriet (1962).

4 Using the same data and focusing on the period 89@004, Barros (2008) analyzes and decomposes
the productivity of hydropower firms by applyingdata envelopment analysis to a production func-
tion.
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Most of the empirical literature so far has falkgmort of a differentiation of the
persistent and transient component of productivieieficy. Also the aforementioned
studies only provide empirical information on thertsient, but not the persistent, part
of cost efficiency. This paper’s main goal is toasgre the level of persistent and tran-
sient cost efficiency for a sample of Swiss hydrgeofirms by estimating a homothetic
translog stochastic frontier total cost functione \l6e a new and representative panel of
Swiss hydropower firms. In a firm’s context, thergistent part of productive ineffi-
ciency may be due a variety of factors like regatet, investments in inefficient ma-
chines or infrastructure or lasting habits of thenaggement to waste inputs. The transi-
ent part of inefficiency on the other hand, for myde, may stem from temporal behav-
ioral aspects of the management or from a non-@btirse of some machines. Such dis-
tinction and measurement of the two components/efall cost inefficiency is interest-
interesting because it allows the firms to elibiit cost saving potential in the short- as
well as the long-run. Also, from a policy pointwaéw, firms can be asked to improve
their cost efficiency if they, e.g., become paradubsidization program, as it currently
is being discussed in Switzerland. Within the frarok of such a program, the policy
maker can ask the participating firms to improveirthevel of cost efficiency. Thereby,
he should differentiate between persistent anditean levels of inefficiency.

The contribution of this paper to the scientifietature is threefold. Firstly, from
an econometric point of view, we provide the fstind-alone empirical application of a
novel approach recently introduced by Filippini &igkene (2016). Their methodology
allows splitting the level of productive efficienayto a transient and a persistent part.
Secondly, a rich cost model specification is usedlicitly controlling for, e.g., the
technological heterogeneity between run-of-riveagragge and pump-storage plants.
Thirdly, firm-level information on the two categes of persistent and transient cost in-
efficiency can support the government in designamg effective subsidy policy by
granting financial aids only if a firm meets predetfi efficiency standards in both cate-

gories.

The structure of this paper is as follows: Cha@erontains a description and
gives and overview of the data used in the empiacalysis. Chapter 3 sets out the

concept of a cost function and cost efficiency. @ba4 describes the empirical cost



Data 19

model as well as the chosen functional form, araptdr 5 presents the econometric es-
timation methodologies. Results are summarizedhapter 6. Finally, chapter 7 con-

cludes and discusses the findings.

2 Data

Hydropower electricity generation in Switzerlandnainly based on approximately 600
plants operated by several dozen hydropower fireentributing roughly 55 to 60 per-
cent to the total domestic electricity generatidiost of these plants (ca. 80 percent) are
of run-of-river type, with storage and pump storgu@nts making up the remaining
share (BFE, 2013). The Swiss hydropower firms agamized according to a specific
structure, with the largest part of them being alted partner firms (“Partnerwerke” in
German). These firms sell the generated electriat$wiss utilities, who in turn are
mainly active in the distribution, sales and tradof electricity in Switzerland as well

as on the European electricity market (see alstioses).

The econometric analysis is based on an unbal&peee| data set comprising 65
hydropower firms over the time period of 2000 td 20The financial data was extract-
ed from the yearly annual reports of these firms extended by firm-specific technical
information contained in the “Statistik der Wassaftanlagen der Schweiz” (WASTA),
which is published annually by the Swiss Federdlc®fof Energy (BFE, 2013). By
means of this technical information, hydropowemgrare classified into three distinct
categories to account for heterogeneities in tloglysction processes. The three catego-

ries, representing the dominating power plant typerated by a firm, are: run-of-river,

> A hydropower firm may have several plants undezrafion. A plant represents a building containing
one or more turbines. Geographically, these plasislly are located in a close perimeter to ealh ot
er.

The underlying reasons for the data to be unbathiace, for example, firm mergers or annual reports
not being obtainable anymore due to, e.g., owngrsl@inges. None of the sample attrition was due to
firms ceasing production.
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storage and pump storage. Following Filippini, Baatfal. (2001), the classification is
conducted as follows: A storage firm produces astié0 percent of its expected elec-
tricity generation by storage power plants, whertiteyshare of the installed pump ca-
pacity is smaller or equal to 10 percent of thaltotaximum possible generator capaci-
ty. A pump storage power firm produces at leaspéftent of its expected electricity
generation by storage power plants, whereby theesbfathe installed pump capacity is
larger than 10 percent of the total maximum possij@inerator capacity. All other firms

are considered to be of type run-of-river.

A specific firm type does not imply that all plardperated by a firm are of the
same kind; it rather indicates the dominating pligpe. The technology of the firms
classified to be of type run-of-river is relativatpmogenous, i.e. most of these firms
exclusively or to a large extent operate run-oériplants. Furthermore, this firm type
runs comparatively few plants, usually one or twbis is in contrast to the plants run
by the storage and pump storage firms, which areerdoverse in type and larger in
number per firm. The average share of run-of-riyge firms in our sample is 58 per-
cent. The share of storage type firms is 19.9 pgread 22.1 percent for pump storage
type firms. Our sample of hydropower firms représethe Swiss hydropower sector
quite well, especially in terms of the installeghaeity and expected generation (cf. Fig-
ure I-1). For the period 2000 to 2013, we obsep@@ximately 60 percent of the total
expected generation of the Swiss hydropower pla#its an installed capacity larger
than 300 kWw.

The power plants usually are younger than 50 yeatsave undergone at least
once a major remodeling during the last five desadée highest share of plants in our
sample is located in Alpine cantons, correspontinipe general distribution of hydro-
power plants in Switzerland. For topological andifmogical reasons, the storage and

pump-storage firms are mainly situated in Alpinatoas.
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Figurel-1: Representativeness of the sample in 2013 in tefti® number of stations, the in-
stalled capacity and the expected generation.

Note: Figure I-1shows the degree, to which firms of the samplerepeesentative of the population of
Swiss hydropower plants with an installed capaoftat least 300 kW. This population of plants isi-co
tained in the WASTA. For example, the right bartloé right panel indicates our sample to represent
roughly 80 percent of the expected yearly genanaifdhe population of pump-storage plants.

3 Cost Function and Cost Efficiency

Our empirical analysis of the productive efficieraayd economies of scale and density
is based on a cost function approach. Hence, inhsegorthwhile to step aside for a
moment to focus on the concept of a cost funciisnproperties as well as the concept
of cost efficiency. A cost function reflects thestminimizing price-output combination

and is defined as
c(P,Y) =min[PX:XOV(Y)].

It represents the cost minimizing problem of a fimma mathematical form as a function
of a vector of strictly positive input pricEsand a non-negative outpyt VectorX con-

tains non-negative inputs and Y(is the input requirement set, which specifies the
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amounts of inputs necessary to produce a given tdwautput. It usually is assumed to
be non-empty and closed (Chambers, 1988). Givertuidity with the production func-

tion, a cost function is commonly assumed to sasisf/eral propertiés

@ ¢(P,Y) is non-negative and only assumes real values
@ ¢(P,Y) is non-decreasing iR

® c(P,Y) is concave iP

@ c(P,Y) is continuous irP

® c(P,Y) is positively linearly homogenous ih

® c(P,Y) is non-decreasing v

In appendix A.1 it is shown, how an empirical cfusiction can be tested for homoge-
neity (property 5), monotonicity (properties 2 a)dand quasi-concavity (property 3).
The property of positive linear homogeneity

c(¢P,Y)=¢dP,Y), ¢>0

will become relevant later on, when we empiricabtimate the cost function of a sam-
ple of hydropower plants. This property states ghatm bases its input allocation sole-
ly on the ratio of relative input prices; i.e. omblative prices matter with the cost min-
imizing demand for input being X;(¢P,Y)= X(P,Y), i ={1,...N} . Monotonicity
states that ifP">P and Y =Y, then C(P*,Y)Z dP.Y) and C(P,Y)Z dP.Y)
(Chambers, 1988). The cost functionV — R defined on the convex setdR" is
guasi-concave if its upper contour sets are corsg® (Mas-Colell, Whinston et al.,
1995).

Two cornerstone concepts of this study are theegtgpmf homotheticity and the
concept of cost efficiency. A cost function is hdhedic if c(P,Y) = ¢(P) h( Y) holds,
I.e. homotheticity is sufficient for output to beparable from input prices. Homotheti-

city implies that inputs< are non-decreasing in outputIn addition, the marginal rate

" For more detailed explanations of the propertfax®,Y) see Chambers (1988).
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of technical substitution between inputsand j only depends on relative inputs
X, (P,Y)/ X (P,Y) (Chambers, 1988)Under homotheticity, the slope of the isocost
line does not change if output expands and inpgeprremain constant. Instead, the
cost minimizing price-output combination simply exgls along a vector through the
origin point (cf. Figure I-2). This vector also repents the economies of scale line.
Hence, the elasticities of scale and size are atgnv under a homothetic cost function

(Chambers, 1988).

le

X
Figurel-2: Concept of homotheticity, with Y* > Y (adaptedifir@hambers, 1988).

8 This property easily can be shown by applying Sheg's Lemma toc(P,Y) = ¢(P) h( Y) with re-
spect to inputs price3 andP;. A homothetic cost function is consistent with@rtothetic single ag-
gregate input production function = f(X) (Chambers, 1988). See appendix A.1 of part Il dor
more detailed description of the properties of@pction function.
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Figurel-3: Radial measurement of technical [B}and allocative [1 — ¢ — 6)] cost efficiency
(adopted from Kumbhakar and Lovell, 2000).

The concept of cost efficiency is exemplified ipuh space by Figure I-3. It bases
on the concept of a radial measurement of effigiamith respect to the isoquant pro-
posed by Debreu (1951) and Farrell (1957). Herloe,literature often calls this the
.Debreu-Farell measure of efficiency” (Kumbhakardalovell, 2000). The isoquant
[(Y) borders the input requirement $&Y), which is assumed to be strictly convex. The
isoquant represents a production technology, li.poasible input combination yielding
the same amount of output. The cost minimizing irqmmbination of inputX; andX,
at the tangent point of isocost and isoquant isessmted by vectoX . The vector of
input choices<” is not cost minimizing, as we could produce anaégqmount of output
by reducing either input 1, or input 2, or bothri@iling such sub-optimal choice of in-
puts by the rati@ would allow the firm to reach poin® on the isoquant and thereby
achieve technical efficiency. However, while tedatlly efficient, such input combina-
tion still is not allocatively efficient and thewe® it is economically suboptimalThe
same amount of output could be produced at lowstsday increasing input 1 and sim-
ultaneously reducing input 2. Thereby, input coration X', i.e. technical and alloca-

tive efficiency, would be achieved. A further tririmg of input vectoX” by the ratiop

° The estimation of a production function would oalipw the inference of technical efficiency. Irchu
a case, allocative efficiency cannot be measuregriae information and therefore information oa th
isocost line are unobserved.
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would allow the firm to reack®, which lies on the same isocost line that alsindsf
the point of technical and allocative efficieny. Ratiog represents the overall cost ef-
ficiency of a firm. Hence, technical efficiencyasmeasure of the degree to which in-
puts could be reduced equiproportionally whildl gtibducing the same amount of out-
put. Allocative efficiency is a measure of the aegof suboptimal input choice, while
keeping the level of output constant. In both caseg prices are assumed to stay con-

stant!®

4 Empirical Specification

4.1 Parametrization of the Cost Function

The frontier total cost function represents the imum cost a firm potentially could
achieve in producing a given amount of output bipgis given technology and facing
given input prices. Usually, none or only a fewrf&r are operating at the cost frontier.
Failure to do so implies the existence of technaral allocative inefficiency. In what
follows, a stochastic frontier total cost functignestimated using panel data. Such es-
timation of the frontier necessitates the spedifocaof a parametric model, the choice

of a functional form and finally, the identificatiaf an econometric approach.

The cost of a firm operating one or more hydropoplants is influenced by
several factors such as output, factor prices, @izbe reservoir, production technology
(storage, pump-storage or run-of-river), age orrtmber of plants in a firm’s portfo-

lio. Therefore, the cost function for the Swiss tobwer firms may be specified as

10 See, e.g., Kumbhakar and Lovell (2000), Coellio Raal. (2005) or Fried, Lovell et al. (2008) fot
in depth description of the concept of technical aliocative efficiency as well as overall costi-eff
ciency.



26 1.4 Empirical Specification

C=c(Y,P,B. R, P FNR R} ®

whereC are the total generation costs. Firand timet subscripts are dropped for nota-
tional simplicity. The single outpui is gross electricity generation in kWh. The price
of labor is represented 3, the price of water bf? and the residual price of capital
by Px. The price of energy used in electricity productie Pe. To capture additional
heterogeneities in the production process, thefoostion includes on the one hand the
firm’s average load factdf. This variable helps to differentiate between,,eagun-of-
river or storage firm, as the latter usually sh@awsuch lower load factor than the for-
mer! To further control for the presence of differeypes of hydropower firms, tech-
nology fixed effectdDs and Dp are included into the model. These indicate whethe
firm uses predominantly storaged) or pump-storagelp) plants for electricity genera-
tion, with run-of-river representing the refererfaen type® With run-of-river firms
bunching up in the Swiss midlands, and storagepamdp storage firms being concen-
trated in Alpine regions, these variables in addittapture heterogeneity in terms of the
production environment. Finally, the number of péannder operatior\, measures the
impact on cost of jointly operating several plafigen though electricity generation by
hydropower is based on mature technologies, atiiemalt is included to capture exog-
enous technical change. Total costs are based @atcunting approach. Hence, it is

worth noting that the framing of the cost functfoliows a firm oriented perspective ra-

1 Next to being inherently connected to a firm’shiealogy, a low load factor also could indicate un-
planned plant shutdowns due to, e.g., poor maingnaf machinery. A subsequent repair would re-
sult in higher costs, translating into a poorerduciive efficiency. However, the annual reportsi-ind
cate that shutdowns either were occurring for pd@ihmaintenance or due to adverse natural condi-
tions. Furthermore, firms in general avoid wateerflows as marginal generation costs usually are
low. Therefore, and given the data’s yearly aggiegaand the extent of the installed capacity being

defined by long-term investment cycles, the loaddacan be considered to be exogenous.

12 Another approach to capture heterogeneities irpthduction process would consist of an application

of a latent class model, as done in, e.g., Bartoale(2013). However, we decided against this ap-
proach, because we observe technological heteritgeWée are also more interested in the distinction
between persistent and transient inefficiency. Wkekie that the latent class model is not compjetel
appropriate for the estimation of a cost functiasdd on a small sample and that our cost modei-spec
fication and econometric approach sufficiently colst for heterogeneities in the production processe
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ther than a society oriented one, i.e. the costtian does not account for possible ex-

ternal costs arising from the electricity genemagoocess.

Under the assumption of cost minimizing firms, atdoinction should satisfy the
properties of concavity and linear homogeneitynput prices. Furthermore, it should
be non-decreasing in output and input prices. Liheanogeneity in input prices can be
imposed by normalizing cost and input prices by ohehe input prices. The other
properties are to be verified once the translog ftosction has been estimated. We ar-
gue the necessary assumption of output levels betegenous to hold based on the
monopolistic structure of the electricity marketrnfs faced public service obligations
for most of the years considered in the empiricallgsis. Furthermore, the majority of
firms contained in the sample are so called pafinas. A shareholder (usually one or
several utilities that trade and sale electriaigp called mother companies) of a partner
firm has the right to claim a percentage sharehefdlectricity produced depending on
the share of paid in capital. Utilities then usis #lectricity to partially cover domestic
electricity demand as well as for export activiti€#se general production plan of this
firm type is defined on an annual basis, instead ofily basis depending on market

conditions.

We decided to use a translog functional form (Beraad Christensen, 1973;
Christensen, Jorgenson et al., 1973) to estimatedkt function in eq. (1). In a prelimi-
nary analysis, we tried to estimate a fully flegibtersion of the translog functional
form. However, due to the presence of highly catexl variables in the cost model,
such as output, load factor or number of statimush model specification suffered
from multicollinearity. For this reasdh we decided to estimate a homothetic version of

the translog cost function, a version that is njmesimonious in the number of coeffi-

'3 For the same reason we decided against the inolw§iMundlak factors. The idea of Mundlak (1961,
1978) consists of including firm-specific mean \e®@,, =T p,. X={ LW, K of a selec-
tion of cost function covariatep, , into the estimated equation. Mundlak’s idea west fipplied to a
stochastic frontier setting by Farsi, Filippiniadt (2005).T; represents the total number of years firm
is observed. Mundlak factors are meant to captiitare-constant unobserved heterogeneity correlat-
ed with p, , , thereby separating such heterogeneity from tiosydcratic error and inefficiency.

it,X
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cients to be estimated. Based on eq. (1), the Hwatiotversion of the translog cost

function can be expressed as shown in eq. (2).

cC=a+px+u+v

:a+IBYy+ Z :szz+:BFF+IBNn

z={LW,K}

+%(ﬁwy2+ > ﬁzzpé+/3FFF2+ﬁNNn2J+ > pupp. P

z{LW,K} z={w, Kk}

+ Bk Pw P t ByeYF+ Byyynt B o Frt B, Dt B o D ¢ B 1
+u+ v

For notational simplicity, the unit indexas well as the time indebare omitted. Lower

cases indicate values in natural logarithms, argithe intercept. Linear homogeneity in
prices is imposed by normalizing total costs araddiaprice variables by the price of
energy. Because of its comparative robustness regiard to outliers, the variables’
median value was chosen as point of approximatienthe estimated coefficients rep-
resent elasticities at the sample’s respective amegialues. As will be explained in
chapter 5, the concept of the stochastic frontrelysis splits the error terminto an

inefficiency component and the usual white noise teun.e. e =u+v.

4.2 Variable Definitions

Total generation costs include water fees, amditizafinancial expenses, profit before
taxes, material and external services, personrsscoosts for energy and grid access,
other taxes and dues as well as other costs. #lhtiial variables have been deflated to
real 2010 values using the Swiss producer pricexmqlblished by BFS (2014 The
price of labor,P., is defined as personnel costs divided by the raunolb employees.
For firms with missing information on the price labor, a year- and region-specific
price proxy is constructed, thereby allowing forustural differences in salaries be-

4 Data processing was conducted using Stata 13a(Sigp, 2013).
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tween geographic regiofi3The price of watePy, is defined as the ratio of the sum of
water fees and other concession fees to a firntéd testalled turbine capacity. Follow-
ing Friedlaender and Wang Chiang (1983), the chpitee, Pk, is estimated as residual
costs divided by the installed turbine capacityjohlserves as a proxy for the capital
stock. Residual costs are defined as total costaigriabour costs, energy costs and wa-
ter costs, i.e. they include material and extesealice costs, allowances for deprecia-
tion, financial expenses and profits before t&dinally, a single energy pric, is
assumed for all hydropower firms. In fact, energgts are mainly composed of ex-
penditures on electricity. The presence of a umf&uropean electricity market justi-
fies the assumption of firms facing a cross-secti®se constant price of energy.

Some firms activated additional capital allowanoes non-depreciable invest-
ments before the opening of the electricity matkeihcrease the level of competitive-
ness, especially around the beginning of the nellemmium. As some of these addi-
tional allowances exceed usually observed numbggs toultiple, they cause a signifi-
cant distortion of the respective firms’ cost stume. To avoid the distorting effect of
such special accounting measures, extraordinasyaftices in one year were corrected
for by adjusting the amortization rate of that yeathe firm-specific average amortiza-
tion rate of the other yeat§Furthermore, if mother companies delivered pumgrgn

free of charge, these opportunity costs were vakmd subsequently added to total

!5 This labor price proxy represents the year-speaidian labor price in a region. The seven gedgrap
ic regions of Switzerland are defined as followaké Geneva region (1), midland (2), Northwestern
Switzerland (3), Zurich (4), Eastern Switzerlany, Bentral Switzerland (6), Ticino (7). Furthermore
for the firms located on the German and French émtgvo separate regions (8 and 9) are defined.

'8 profits before taxes are assumed to represereghity yield rate. Unfortunately, we do not have al
the information necessary to estimate a capitaleppbiased on the economic approach of opportunity
costs of capital.

7 Such amortization cost correction affected 8 fifma total of 14 periods, i.e. ca. 1.7 percerthefob-
servations. The amortization rate is the ratiohef amortization costs to the sum of the reportazkbo
value of fixed assets (excluding assets under ngaotgin) and realized investments. We chose the
book value because not all hydropower firms pubtismbers on asset acquisitions. However, the use
of the book value implies a non-linear depreciagohedule, while hydropower firms usually depreci-
ate linearly.
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costs™® Finally, the load factoF is formed by a division oY, the gross electricity gen-
eration, by the total installed turbine capacitjheneby the latter is multiplied by the

number of hours per year. The variables’ descrpsitatistics are given in Table I-1.

Tablel-1: Descriptive statistics of the variables.

Mean Std.dev. Min. Max.
Total cost<C [million CHF] 24.20 30.96 0.32 195.92
Electricity generatiory [Gwh] 433.38  484.06 5.82 2,695.00
Price of laboP, [kCHF per employee] 127.80 19.10 74.90 247.15
Price of wateiPy, [CHF per kw] 4541 34.64 0.54 336.98
Price of capitaPy [CHF per kw] 145.90 108.22 17.00 739.68
Load FactofF [index] 0.492 0.331 0.104 2.608
Number of stationsl 2.49 2.03 1 13
Time trendt 7.46 4.02 1 14
Storage fixed effedDg 0.199 0.400 0 1
Pump storage fixed effeEtp 0.221 0.415 0 1

Note: This table presents descriptive statistics ofwtagables of the cost func-
tion given in eq. (1). CHF indicates Swiss Frafdte statistics are based on the
full sample of observations. Monetary values avegiin real 2010 values.

5  Estimation Methodologies

In what follows, the level of cost efficiency ofsample of Swiss hydropower firms is

estimated using a parametric approach, i.e. thehastic frontier analysis (SFA].

'8 This correction only affects 5 firms in a total3§ periods, i.e. ca. 4.5 percent of the obsermati®he
correction for non-allocated pump energy chargesrate of 3 cents per kWh accounts for the faadt th
consumed pump energy is of different quality thaa ¢lectricity generated by a pump storage plant:
From 2000 to 2013 (our sample period), water ugwadls pumped at nighttime when electricity prices
were low. Electricity generation, however, focused peak load times, usually at noon and in the

evening, since these periods were characterizedimparatively high prices.

1 The literature on the measurement of a firm's pative efficiency roughly can be divided into two

main methodological strands: the parametric and nibe-parametric analysis. SFA represents the
prevalent parametric approach, whereas the datelement analysis (DEA) constitutes the most
prominent non-parametric approach. Non-paramepra@aches do not necessitate an a priori specifi-
cation of a functional form and use linear prograngnwhile parametric approaches are based on

fFootnote continues on next page
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Econometric SFA models for panel data allow foreatimation of both parts of cost ef-
ficiency, i.e. of the transient and persistent pitbreover, parametric approaches are
suitable in case unobserved heterogeneity, liker@mwmental characteristics, influences

production processés.

The measurement of inefficiency using SFA has g-standing tradition in the
literature. The SFA methodology dates back to ticead the 1970s when first contribu-
tions—at that time focusing exclusively on crosstemal data—were made by Aigner,
Lovell et al. (1977), Meeusen and Broeck (1977) Battese and Corra (1977). Since
then, the concept of SFA was extended significatttlthe longitudinal setting by Pitt
and Lee (1981), Cornwell, Schmidt et al. (1990) #Bokene (20055 Recently,
Colombi, Martini et al. (2011) have proposed a rsechastic frontier model that sim-
ultaneously distinguishes between two parts of pctde efficiency, i.e. a persistent
and a transient part. However, estimation of thisdeh resulted to be complex and
cumbersome. Subsequently, Tsionas and Kumbhakd#d)2&umbhakar, Lien et al.
(2014) and Filippini and Greene (2016) proposetedéht econometric approaches to
estimate the model proposed by Colombi, Martirale(2011).

In this paper, we decided to use three alternagteehastic frontier models for
panel data. The first is the model proposed byd?itt Lee (1981) (REM hereatter). It
provides an estimation of the part of productivefficiency not varying over time (per-
sistent inefficiency). As in the basic stochastionfier model proposed by Aigner,
Lovell et al. (1977), the error term is composedvad parts. The stochastic error cap-
tures noise effects, while a one-sided non-negatistirbance represents the level of
inefficiency. Following the traditional literatumen panel data models, the REM

econometric concepts, allowing them to differeetibetween unobserved heterogeneity and ineffi-
ciency. Furthermore, non-parametric approachesiarable to distinguish in a satisfactory way be-
tween technical and allocative cost inefficienchish together form the overall cost inefficiency.

20 A more extensive discussion on methodologicakdéiices, as well as an extensive description of SFA
models, can be found in, e.g., Greene (2008b),liCéxo et al. (2005) or Kumbhakar and Lovell
(2000).

21 See Filippini and Greene (2015) for a review ofesal stochastic frontier models for panel data.
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G =a+px, ty+y 3)

interprets the random effects as inefficiency instead of unobserved heteroggneit
Any time-invariant group-specific unobserved hegemeity is absorbed in the ineffi-
ciency term. Hence, the REM provides an estimatbepersistent inefficiency level of
firms. However, if time-constant unobserved hetermity is not controlled for ade-
guately, the model might overestimate persistegffiziency. The existence of a closed
form solution for the integral of the log-likelihddunction of eq. (3) (cf. p. 59 ff. in Pitt

and Lee, 1981) allows the model to be estimateché&yimum likelihood.

The second model is the true random effects motREM hereafter) proposed
by Greene (2005a, 2005b). The model produces valtiise productive inefficiency

varying over time (transient inefficiency). The TRE

G =(a+r)+Bx +y +y 4)

includes group-specific random effectcapturing any time-invariant unobserved het-
erogeneity. In contrast to the REM, the randomat$fef the TREM are not used for the
estimation of the level of productive inefficiencfhe TREM hence comes with the ad-
vantage of controlling for time-constant unobserheterogeneity. On the other side,
the group-specific random effects absorb any tinwediiant component of inefficiency.
Therefore, the TREM tends to produce an estimatheofevel of transient inefficiency.

For the cost function in eq. (4), the simulatedli&glihood can be specified as

logL (B.4.0.0,)
Q lQ T E c—a—[}'X—U,Rq 9 A(c—a-px-o, F&)
_g'ogqqzﬂma‘”( o j q{ a H

whereo = /o’ +0? andA =0,/ 0, is the signal to noise ratio. The standard normal
density is represented lg(.) and the standard normal cumulative distributioncfion

by CD() The termarRq is theq™ simulated draw using Halton sequencewrdR for
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firm i, with R ~ N(O,II) (Greene, 2005a). For notational simplicity, uraind timet in-

dices are omitted for the other variables.

The final econometric specification is the geneeadi true random effects model
(GTREM). By adding a fourth random componhbinthis model offers the possibility to
simultaneously estimate the transient componguts well the persistent componént
of productive inefficiency. As discussed previoyshplombi, Kumbhakar et al. (2014)
provide a first theoretical and empirical discuasom the distinction between persistent
and transient inefficiency. For this purpose, tlsegcify the four random components

model:
G =(a+r+h)+px +y +y. (5)

Similar to the TREMy; andv;; capture time-constant and varying unobserved bgeer
neity unrelated to cost inefficiency, respectivaBy recognizing that the sum of the
four random components has a closed skew-normtibdigon, they apply a maximum
likelihood estimation for the numerical optimizatjovhich in practice however is high-
ly complex and cumbersome to estimate. The coeffisi are estimated using the two
step procedure of Parke (1986), which gives unHdiasgimates of thg-coefficients
(except the intercept) in a first step and of theances of the four random components
as well as the intercept in a second step. Ina timrd step, the four components’ pos-
terior expected values are calculated by usingrélspective closed-form conditional

likelihood functions.

To measure transient and persistent efficiencypnes and Kumbhakar (2014)
propose the estimation of a four-way error compomeodel based on Bayesian Mar-
kov chain Monte Carlo methods. Kumbhakar, Lienle{2014) introduce a method of
moments estimator based on OLS to simultaneousity@® persistent and transient in-
efficiency and test this estimator against five eotlpanel data models. Colombi,
Kumbhakar et al. (2014), however, find their apptoto yield more efficient and less
biased estimation results than the one of Kumbhdkan et al. (2014). They also test

their model against several other standard SFA kaoaled find the four-way error
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component model—due to its ability to distinguisttvileen unobserved latent hetero-
geneity and persistent inefficiency—to be apprdpriespecially if the panel is moder-

ately long and characterized by a relatively highgrée of firm heterogeneity.

Building on the theoretical platform provided by I@obi, Kumbhakar et al.
(2014), Filippini and Greene (2016) suggest a praltstraightforward and transparent
econometric method to estimate the GTREM. Filippimil Greene (2016) propose to es-
timate the two components of productive efficiemisyng a full information maximum

simulated likelihood estimator, which for the chstction in eq. (5) can be given as

logL(B,4,0,0,,0,)
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The termo, H,.

S theq™ simulated draw using Halton sequencewpH;" for firm i,

with H;" ~ N*(0,1) (Filippini and Greene, 2016). To reduce notationif i and timet

indices are dropped for the other variables.

The highly complicated log likelihood function ndten Colombi, Kumbhakar et
al. (2014) is simplified by exploiting the formula of Butler and Moffitt (1982) in the
simulation, where the log-likelihood function isnsputed using Hermite quadrature.
The log-likelihood function then is estimated byxmaum simulated likelihood using
Halton sequences. Instead of using four uniqueudiance terms as in Colombi et. al.
(2014), Filippini and Greene (2016) propose tormkef two-part disturbance term. Each
part of the disturbance term is characterized Iskewed normal distribution with, in
each case, one part assumed to be time-invariahth@nother to be time-variant. The
only difference between the TREM and GTREM settimgrefore consists of the latter
model containing a skewed normally instead of ndigrdistributed time invariant dis-

turbance term.
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The conditional expectation of a firm's level ostmefficiency of the REM and
TREM is estimated using a term proposed by Jondetwal. (1982), which is
Efule =] [Tw t(w) f(u-a) cu]/[[7 (W) H(n-8) du|  (Greene,
2008b). The functiond,(.) and f,(.) represent the density functions of the respective
variablesu andv. Details on these densities are given in TableTe GTREM com-
putes a firm's transient and persistent ineffige&g¢ h + y, |&, | using eq. (17F pre-
sented in Filippini and Greene (2016) on p. 192. Table I-2 sanmes the econometric

specification of the three models.

Tablel-2: Distributional assumptions of the stochastic dosttier models.

REM* TREM GTREM
& = UtV & =h U TV & =K R +y +y
u ~ N* (O,auz) U, ~ N+(O,Jf) u, ~ N* (O,auz)
Full random errog; — Vi ~ N (010\,2) Vi ~ N (010\,2) Vi ~ N (O,U\,Z)
I, ~N(O,Jr2) I, ~N(O,ar2)
h ~N*(0.07)
Persistent inefficiency estimator E[ui|£il,...,£iT] None E[h|£it]
Transient inefficiency estimator ~ None E[u]&] E[ul&]

Note: This table presents the distributional assumptafihe stochastic error and inefficiency compo-
nents of the REM, TREM and GTREM stochastic frantidels.

A: There are two mentionable variations of the REdcification according to Pitt and Lee (1981):tfirs
Schmidt and Sickles (1984) relax the distributioassumption of; by applying a fixed effects instead
of a random effects estimator using GLS. SecondtteBa and Coelli (1988) assume a truncated normal
instead of a half normal distribution foy:

22 |n this equation, matrix has to be multiplied by —1, because we estimatesa function instead of a
production function.
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6 Results

6.1 Cost Function Parameters

The estimated coefficients of the three frontiedels as well as their respective stand-
ard errors are listed in Table F3Linear homogeneity was imposed a priori by normal-
izing prices and output with respect to the cortsédectricity price. To ensure mono-
tonicity, microeconomic theory demands the costfimm to be increasing in generated
electricity and input prices. Furthermore, the tiotis expected to be concave with re-
spect to input prices. Such concavity implies owicgoelasticities to be negative, with
the Hessian matrix of second order partial deneatiof total costs with respect to pric-
es being negative semi-definfttThe cost function is generally well behaved. Excep
for the concavity condition (one of the four eigatlues is greater than zero), our results
obey the monotonicity and concavity restrictiong @ppendix A.1). We justify the
slight violation of the concavity restriction byetlestimation of a behavioral cost func-
tion: the frontier cost model builds on the imgliassumption of firms not fully mini-
mizing costs, which contradicts the concavity ctindis underlying assumption of cost

minimizing firms?°

%3 Stochastic frontier models were estimated usin@SLT 5 (EconometricSoftware, 2012).
4 See appendix A.1 for a detailed description of¢heroperties.
% See Bos (1989) for a discussion on behavioral foostions.
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Table|-3: Cost function estimation results of the REM, TRt GREM specification.

REM TREM GTREM
Coef.  Std.dev. Coef.  Std.dev. Coef.  Std.dev.
Electricity generationf) 0.543*** (0.016) 0.500*** (0.006) 0.486*** (0.006)
Labor price ) 0.030 (0.032) 0.058*** (0.016) 0.082*** (0.017)
Water price £w) 0.189*** (0.014) 0.171** (0.005) 0.161*** (0.005)
Residual capital pricesk) 0.643*** (0.006) 0.629*** (0.003) 0.654*** (0.003)
Number of stationssy) 0.067** (0.026) 0.309*** (0.009) 0.368*** (0.010)
Load factor gF) —0.745*** (0.029) —0.657*** (0.009) —0.615*** (0.008)
Time trend §,) 0.001 (0.001) -0.162 (0.003) —0.140** (0.003)
Byy) —-0.112*+* (0.015) 0.280*** (0.095) 0.114*** (0.106)
B 0.364*  (0.217) 0.057*** (0.004) 0.055  (0.004)
(Bww) 0.074*** (0.008) 0.212*** (0.009) 0.176*** (0.008)
(Bk) 0.197*** (0.013) 0.297** (0.014) 0.421*** (0.015)
(Bnn) 0.611*** (0.071) 0.084*** (0.003) 0.074*** (0.003)
(BrF) 0.124*** (0.009) 0.052*** (0.022) 0.054*** (0.020)
(BLw) 0.051  (0.046) —0.065** (0.021) —-0.030*** (0.025)
(BLk) -0.055  (0.057) —0.056*** (0.006) -0.043  (0.005)
(Bwk) —0.048*** (0.008) 0.024*** (0.005) —-0.027*** (0.005)
(Byn) —0.105*** (0.020) 0.197*** (0.003) 0.188*** (0.003)
(Byp 0.136*** (0.011) —0.141** (0.007) —0.149*** (0.007)
(BnE) -0.024 (0.027) 0.263*** (0.007) 0.179*** (0.006)
Storage FEAps) 0.163** (0.070) 0.421*** (0.008) 0.815*** (0.011)
Pump storage FEBfs) 0.309*** (0.076) 0.001*** (0.000) 0.001*** (0.000)
Constant ¢) 16.544*** (0.074) 16.895*** (0.010) 16.650*** (0.011)
Number of observations 873 873 873
Unit-specific constantr() 0.188*** (0.002) 0.221** (0.003)
A 10.077* (5.229) 3.564*** (0.310) 4.195%+* (0.406)
c 0.573*** (0.092) 0.092*** (0.002)
Oy 0.096*** (0.002)
Oh 0.816*** (0.030)
Log Likelihood 1073.54 1099.57 1084.05

Note: This table presents the estimation results whelyaqm the REM, TREM and GTREM to the
total cost function given in eq. (ZJE abbreviates “fixed effect”. Robust standard ergrghe firm
level are reported in parenthesis. Asterisks *digate significance at 1 percent level, ** at 5-per
cent level and * at 10 percent level.
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The estimated coefficients in general have the e&epesign and many are, to-
gether withlambd&?®, statistically significant at a level of 1 percefihe magnitude of
the estimated coefficients is similar across altleis. Technological progress in the hy-
dropower sector is small; major technological coneus like turbines or dams can be
considered as comparatively mature. Thereforendgative coefficient estimate of the

neutral technical chandés not surprising’

The first order coefficients of the translog fuoctiare interpretable as elasticities
at the sample median with the constant represemnditady costs at the approximation
point. The elasticity of the generated electrigtpositive and highly statistically signif-
icant. The negative and statistically significao&d factor indicates higher total costs
for storage and pump storage firms compared to t-of-river counterparts, since
the former technologies generally are characterimedomparatively low load factors.
The firm-type fixed effects also point towards regttosts of storage and especially
pump storage firms. Examples of factors contrilgutio these higher costs could be,
next to the pump energy consumption of the lattee trelatively high investment costs
for storage technologies in general, a higher cempl of operating such plants as well

as their geographical remoteness.

6.2 Cost Efficiency

Table 1-4 and Figure I-4 provide descriptive statsof the estimated levels of cost ef-
ficiency. The efficiency term in the REM captured tme invariant unobserved
heterogeneity. Hence, this model’'s median valuestimated cost efficiency of 65.3

percent is considerably lower than the median pinsi cost efficiency of 85.6 percent

% Lambda {) expresses the ratio of the standard deviatichefnefficiency termu; or u; to the standard
deviation of the stochastic tewn

%" Filippini and Luchsinger (2007) find a statistigasignificant effect of technical change in the iSsv
hydropower sector 6f0.018. They estimate a translog variable cost masielg a seemingly unrelated
regression and an unbalanced sample of 43 firmghéoperiod of 1995 to 2002. In Banfi and Filippini
(2010), statistically significant technical chareg@ounts t6-0.025. They estimate a translog variable
cost function applying a TREM specification and tle=same data as Filippini and Luchsinger (2007).



Results 39

when applying the GTREM. Median transient efficigin the TREM of 94.0 percent is
relatively similar in magnitude to the median trians result of the GTREM of 92.1
percent. The dispersion of estiamted efficiencedargest for the REM. To some
extent, this could be explained by the comparativelv degree, to which this model
separates further unobserved heterogeneity frorficiemcy. As depicted by Figure
I-5, mean efficiency estimates within the four dikes of the yearly efficiency
distributiatons are relatively constant across tinmedependently of the model
specification. Hence, we find robust empirical e&vide that Swiss hydro power firms
on average neither strongly increased nor decrethgadtransient as well as persistent
cost efficiency between 2000 and 2013.

Since the REM and TREM measure different sorts ost cefficiency, the
correlation between the estimated efficiency lewéhese two models is low (cf. Table
I-5). In contrast, the correlation between the REd4t efficiciency and the persistent
efficiency of the GTREM s, as expected, higffeFhe same holds for the correlation
between the TREM cost efficiciency and the trartsieficiency of the GTREM.
Accordingly, the correlation between the persisterd transient efficiency estimates of
the GTREM is negative. Therefore, it can be cometudhat firms showing a high
degree of persistent efficiency are not systemi@tiexhibiting production processes,
which are simultaneously characterized by a higbreke of transient efficiency. In
conclusion, the GTREM is our preferred model speaiion, because it allows for a
simultaneous estimation of the level of persis@ntwell as transient cost efficiency.
The predicted aggregate level of cost inefficieathis model amounts to 22.3 percent

on average (7.9 percent transient, 14.4 percesigpent).

%8 A comparison of the Spearman correlation coefficiaith the Pearson coefficient reveals this
corrleation to be linear, but not monotonic.
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Table|-4: Descriptive statistics of estimated cost efficiesc

REM  porsisiont TREM pangient
Mean 0.653 0.856 0.940 0.921
Min 0.316 0.844 0.705 0.670
Max 0.985 0.897 0.993 0.992
Std.dev.  0.191 0.011 0.041 0.051
25% Pc.  0.527 0.851 0.928 0.907
Median  0.647 0.852 0.951 0.939
75% Pc.  0.822 0.857 0.967 0.954

Note: This table presents descriptive statistics of ¢bst effi-
ciency estimates of the REM, TREM and GTREM frontred-
els. Statistics are based on the full sample oélagions.
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Figurel-4: Kernel log-densities of estimated cost efficienicie

Note: Figure I-4presents kernel log-densities of the REM, TREM &IREM cost efficiency estimates.
Vertical lines indicate the respective model’s meéfitiency estimate. The figure is truncated atp®®-
cent cost efficiency to improve readability. As simoin Table I-4, such truncation is binding only fo
small fraction of firms.
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Tablel-5: Correlation coefficients of estimated cost efficies.

REM TREM GTREM persistent ~ GTREM transient
REM 1 0.097 [0.084%] 0.121 [0.210*] -0.013 [-0.023]
TREM 1 —0.180 [-0.071*] 0.844 [0.763%*
GTREM persistent 1 —0.647[-0.499%

Note: This table presents the correlation coefficierseen estimated efficiencies of the REM, TREM
and GTREM frontier models. Spearman correlatioesgiven in [.] brackets. Asterisks * indicate sig-
nificance at a level of 5 percent.
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Figurel-5: Development of estimated cost efficiencies owes.ti

Note: Figure I-5presents the development of estimated cost efficésnunder the REM, TREM and
GTREM specification. For every individual year,nfilevel cost efficiency estimates are separateal int
quartiles. The figure shows the development ofyderly mean values of these quartiles.
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6.3 Economies of Density and Scale

The estimated coefficients reported in Table I-8 ba used to compute the firms’ level
of economies of density and scale. Following thenpering work of Caves,
Christensen et al. (1981) and Caves, Christensex. ¢1984), economies of density
(ED) and economies of scale (ES) are estimated as

Dit :;’
dInC,/aInY,

_ 1
~dInC,/dInY, +aInG /ON

ES

Economies of scale differ to economies of denstyr(etimes also called economies of
spatial scale) in the assumption that an increa$en size not only raises output, but
to the same proportion also the number of planteeunperation (Farsi, Filippini et al.,

2005). Economies of density and scale exist ifrdspective values of ED and ES are
greater than 1. Analogously, values smaller thamdicate diseconomies of density or

scale.

Table|-6: Economies of density (ED) and scale (ES) of thepsa

REM TREM GREM

1* quartile 1.567 1.579 1.675

ED Median 1.753 2.018 2.035
3 quartile 2.273 2.626 2.586

1* quartile 1.190 1.047 0.969

ES Median 1.489 1.179 1.107
3 quartile 2.888 1.558 1.543

Note: This table presents the economies of density aalt s
when using estimates of the REM, TREM and GTREM
frontier models. Statistics are based on the resmefirst,
second and third quartile firm observation.
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Tablel-7: Economies of density (ED) and scale (ES) of thypeeal firms.

REM TREM GREM
Small 1.416 1.627 1.619
ED Medium 1.843 2.002 2.061
Large 2.392 2.565 2.694
Small 2.303 1.433 1.398
ES Medium 1.643 1.237 1.172
Large 1.528 1.195 1.124

Note: This table presents the economies of density aalt s
when using estimates of the REM, TREM and GTREM
frontier models. Statistics are based on first,osdcand
third quartile typical firms.

Table I-6 illustrates the descriptive statisticdhe economies of scale and density
computed for all firms in our sample and Table grésents the values for a small, me-
dium and large hydropower firm. A small firm forstance is defined by valuesYand
N that correspond to the first quartiles of theristion of each variable. Accordingly,
for the medium firm we use the median value¥ ahdN, and for the large firm we use
the respective third quartile values. The reswdfsorted in the two tables confirm the

existence of positive economies of density andesfzalmost firms™>

7 Conclusions and Discussion

The goal of this paper was to estimate the pergisiad transient cost inefficiency
levels in the Swiss hydropower sector applying éhdestinct frameworks: a random
effects model (REM), true random effects model (MRE&Nnd generalized true random
effects model (GTREM). The empirical results of tB@REM implementation are

promising: the estimated persistent and transiesit inefficiency levels of the GTREM

% The study of Filippini and Luchsinger (2007) yieldimilar results. They estimate the economies of
scale (but not economies of density) in the Swigfrdpower sector for the period 1995 to 2002 and
find scale economies to amount to 1.76 for smaf8 for medium, and 1.76 for large firms.
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are similar in magnitude as, and also sufficiecthyrelated with, the respective REM
and TREM results. From a methodological point @w;jthe GTREM model seems to
be interesting because it allows to simultaneousiasure both types of inefficiency,
I.e. the persistent and transient one. The GTREMipts the aggregate level of cost in-
efficiency to amount to 22.3 percent (7.9 perceangient, 14.4 percent persistent) on
average between 2000 and 2013.

Results show that the Swiss hydropower sectorasacherized by the presence of
both, transient as well as persistent, cost inefficies. These inefficiencies are different
in absolute value and the negative correlationsdet them indicate that they indeed
measure two kinds of inefficiencies, which diffarinterpretation and implication. The
transient component represents cost inefficiencaeging with time, e.g., inefficiencies
stemming from a wrong adaption of production preesgowards changing factor pric-
es or singular management mistakes. On the otimet, tlae persistent part captures cost
inefficiencies which do not vary with time, likedfficiencies due to recurring identical
management mistakes, unfavorable boundary conditfon electricity generation or
factor misallocations difficult to change over timéhe two types of cost inefficiency
allow a firm to elicit its cost saving potential ihe short- as well as the long-run, but
they might require a firm’s management to respoiitti different improvement strate-
gies. From a regulatory point of view, the resuftsthis study could be used in the
scope and determination of the amount of substdié® granted to a hydropower firm.
Knowledge of the level of cost inefficiency supgathe government in avoiding a grant
of subsidies to inefficient hydropower firms. Ilhgdropower firm shows a high level of
cost inefficiency, then the amount of the subsidgusd be reduced or cancelled com-
pletely. However, the regulatory authority shoulffedentiate between persistent and
transient levels of inefficiency and consider irgerh the short run possibilities of hy-

dropower firms to ameliorate the level of persisiaefficiency.



A Appendix

A.1 Testing for Monotonicity and Quasi-Concavity
Linear homogeneity in factor prices of the costclion given in eq. (2) implies
(Y ARARARAR=ACY P R P P|A>C

To reduce notation, unitand timet subscripts are dropped. Homogeneity is imposed by
dividing total costs and factor prices by the prideenergy. Hence, what remains to be
tested is the monotonicity and quasi-concavityhef ¢ost function. Given the cost func-

tion of eq. (2), the estimated cost share equatoas

oinC _a _ 5 . - p -
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Monotonicity is ensured if total costs are incragsn input prices as well as in output,

i.e. if the following four conditions hold

lerr:\c( B+ By * BuF +Byn>0andS > 0ands,> Oang> ( (6)

Results of the evaluation of monotonicity at thengke’s mean and median are shown

in Table I-8. The results obey the restrictionsedadh eq. (6).
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Concavity is given if the Hessian matrix of secamder partial derivatives is negative
semidefinite. According to Binswanger (1974) p. 38& second order partial deriva-

tives of a cost function can be derived.as

62

°C _ C c_c )
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Table|-8: Monotonicity at sample mean and median.

REM TREM GTREM

Monotonicity at sample mean

y 0.024 0.053 0.726
S, 0.185 0.168 0.079
S, 0.649 0.636 0.158
0InC/dInY 0.721 0.753 0.659

Monotonicity at sample median

] 0.030 0.058 0.675
S, 0.189 0.171 0.082
S, 0.642 0.628 0.162
oInC/oInY 0.680 0.698 0.653

Note: This table presents the estimated cost sharesehsasvthe
first derivative of total costs with respect to putt of the REM,
TREM and GTREM frontier models evaluated at the ganmean
and median.
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Hence, at the approximation pdthfthe median), the Hessian matrix becorfies

B +B =B Bw+B. By Bu+B B« O.+B b,
ol Bt BB Bt BB BB 512D B |
Bu+B B, Bu*B By ButBi-Be OB B
e t0c B Que+0cBy O t0 By O +00

The o-coefficients are not estimated directly, due t® ahpriori imposition of the homo-

geneity assumption. However, given the linear haanegy constraints, they can be de-

rived as
o =1~ B~ B~ B«
5 =0- ﬁ /é IéLK’
8ve =0~ Buni= Bow= B
5- =0- ﬂA ﬂLK ANK’
5 =0- /é IBWE IBKE

The vector of fitted factor shares is

nm) 7Q’)) é{)) '_U))

Where S =1- S-'§-S. The cost function is concave if the roots of thatrix
H=G+s[$-diag(9 are non-positive, e. il <O L :{14} with detH -A(0,)= 0.
The roots of matriXd evaluated at the sample’s mean and median are giv&able
[-9. In section 6.1, a justification is given fdmng slight violation of the concavity condi-

tion.

%0 At the approximation point, all second order amgriaction terms of a translog function collapseee
ro.
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Table1-9: Roots of matri¥ at sample mean and median.

REM TREM GTREM
Concavity at sample mean
M 0.662 0.429 0.202
A2 0.000 -0.000 -0.000
A3 -0.102 -0.159 -0.184
s -0.449 -0.406 -0.419
Concavity at sample median
M 0.659 0.426 0.201
A2 0.000 0.000 -0.000
A3 -0.105 -0.162 -0.187
s -0.452 -0.409 -0.422

Note: This table presents the roots of matrixof the
REM, TREM and GTREM frontier models evaluated at
the sample mean and median. Critical, i.e. posiiaie
ues are given iitalics.
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“Once you start thinking about productivity growth,
it is hard to think about much else.”
— Robert E. Lucas Jr.



1 Introduction

China is an emerging economy with unprecedentee@ldpment, ranking it second in
size within only a few decades and lifting hundrefisillions of its inhabitants out of
poverty. The industrial sector has been a majowtirccontributor and constituted 54
percent to China’s gross domestic product in 20BS, 2014). The country is a lead-
ing exporter of energy-intensive products. Combimgth a strong focus of the gov-
ernment to upkeep high growth rates, the rapicese in the demand for energy, and
accordingly fossil fuels, has resulted in multipldverse effects on, for instance, the re-
liability and security of energy supply, human hlealnd environmental integrity. The
Chinese government has been aware of these drasvlackthus is increasingly tack-
ling environmental concerns through mandated réigus at national and provincial
level (Cao, Garbaccio et al., 2009; Zhang, Aunaal.e2011). Today, its emphasis is on
environmental protection alongside economic grov@imce productivity represents a
foundation of social welfare and living standardsrgenstone, List et al., 2012;
Krugman, 1997), the understanding to simultaneolisbst productivity when reducing
environmental degradation has gained more and moraentum in this restructuring

process.

The Chinese iron and steel industry has been armajoce of pollution because
of its high energy intensity (He, Zhang et al., 2&81Lin, Wu et al., 2011). Consequent-
ly, it has been a main target of environmentalgied. The national Top-1000 Energy-
Consuming Enterprises Program (T1000P) is one df segulation. It was introduced
by the central government within the Eleventh Fiiear Plan and covered the period of
2006 to 2010. The T1000P was part of the most amuisiteffort ever made at that time
to reduce industrial energy use in China and tath#te country’s top 1000 most ener-
gy demanding firms. The T1000P belonged to thedoad@egory of classical command-

and-control regulation and aimed for a significanprovement in the targeted firms’
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energy intensity, i.e. in the ratio of energy uped output produced. The energy con-

sumption reduction target was set by the governroergvery individual firm.

One important topic related to environmental regjoihes is how their introduction
affects the activities and performances of firnmsthis paper, we analyze the impact of
the T1000P on productivity change in the Chinese and steel industry. The direction
and magnitude of the net effects of an environmgumilicy instrument on firm level
productivity and hence competitive advantages mrowersially discussed in the litera-
ture, which can be divided into two main strande traditionalist view and Porter’s
hypothesis (also called the revisionist viéWRoth views are from the perspective of
the firm. The traditionalist view sees an environitaé regulation primarily as a cost
burden. It builds upon the assumption that, if amirenmental regulation would in-
crease marginal products or lower marginal costgmimizing firm implicitly already
would have acted in compliance with the regulati@fiorehand. Hence, the fact that
firms had to be regulated inevitably implies anr@ase of the firm’s private costs by
forcing it to either pay for its emissions, to chants production processes (technical
component) and/or to amend its input choice (atleeacomponent). Assuming that
units of output produced stay constant, a firm’edoictivity decreases (Ktuk and
Zipperer, 2013§?

Porter's hypothesis challenges the traditionalistwon the relation between an
environmental regulation and firm performance. #swcoined by Porter (1991), Porter
and Van der Linde (1995a) and Porter and Van dedd_{1995b) and claims that, while
still causing compliance costs, an environmentgulaion might pressure targeted
firms to increase their innovativeness or steepwativeness into another, potentially
more rewarding, direction. Such improvements indfnacture of innovation might off-

set compliance costs and, in form of a net effestult in a higher productivity and thus

32 For a presentation and discussion of these twosviee, e.g., Iraldo, Testa et al. (2011) oflgloand
Zipperer (2013).

% The analysis of an environmental regulation frospaietal instead of a firm-level perspective would
account for the environment’s public good charadtire, an environmental regulation might as well
result in an increase in output value through &ssronmental degradation or a more economical use
of inputs through the consumption of less undegratputs.
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competitiveness. Porter’s hypothesis builds upenrtBight of competitiveness primari-
ly stemming from the dynamic factor of innovativeseunder uncertainty and other
frictions, and not simply from the static efficighconcept of cost minimization under

perfect information (Porter and Van der Linde, 1995

Empirical evidence on the impact of environmentaligy instruments on firm
level productivity is scarce, especially for ChiRar this reason, this study proposes an
analysis of the impact of such a regulation onghdormance of Chinese firms. The
main goals of this study are, first, to estimate lgvel of total factor productivity of a
sample of Chinese firms operating in the iron aeelsndustry, and second, to analyze
empirically the impact of the T1000P on the growdte of total factor productivity of

these firms.

This study contributes to the scientific literatimanultiple ways relevant for aca-
demic scholars and policymakers alike. First, to knowledge, this is the first study
analyzing the impact of an environmental regulatom TFP of Chinese firms using
parametric methods, and thus is accounting for s@ied heterogeneity. Second, we
estimate total factor productivity (TFP) changehia Chinese iron and steel industry on
a firm level. The highest share of firms exposethtoT1000P belonged to the iron and
steel industry. The empirical analysis is basedaorunbalanced panel containing de-
tailed information on 20,076 observations belongmd,340 firms for the time period
from 2003 to 2008. Third, this is one of only a fetmdies eliciting TFP change via a
cost function approach. Fourth, TFP change is dpeosed into its subcomponents of
technical change and scale efficiency change. alasvs for a more detailed analysis
of the effects of the environmental regulation thdmat has been common practice in

the literature. We use a difference-in-differenpgraach to analyze the effect of the

% Porter's hypothesis relates to the assumption thaeal world, firms are not perfectly optimizinig
that sense, Porter’s hypothesis also ties to therdynParadox literature (see, e.g., DeCanio (1893)
Allcott and Greenstone (2012), who also provideeeent review of the Energy Paradox literature).
This literature finds that, despite short paybaokes, energy saving investments may not be carried
out without an initial regulatory pressure (Pored Van der Linde, 1995b). The propensity for such
investments may also depend heavily on firm charatics (DeCanio and Watkins, 1998). The Ener-
gy Paradox literature suggests the existence @havioral factor, through which firms might benefit
from an environmental policy.
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regulation on TFP change. Fifth, this study propase instrument for selection into the
T1000P that is based on spatial firm level infoiprato check the robustness of the

regulation’s estimated effect on firm performance.

TFP is estimated to have grown on average by 6rdepe with the iron- and
steelmaking industry growing fastest, followed bg steel rolling and ferroalloy smelt-
ing industry. The benchmark specification finds tbgulation to positively affect TFP
change of firms by 3.1 percent on average betw@&6 2and 2008. Hence, this study
provides empirical evidence for Porter's hypotheBfects on technical and scale effi-
ciency change are positive and significant as waetl contribute about equally to the
overall effect of the policy on TFP change. Resatts found to be robust in several di-
mensions of sample stratification, with respecsample attrition, and also when in-

strumenting for policy exposure.

The structure of this study is as follows: Cha@eummarizes the relevant litera-
ture. Chapter 3 contains a description of the TEOAAd of the Chinese Steel Industry.
Chapter 4 reviews the data and chapter 5 the melibgidal framework applied to de-
termine firm performance. Chapter 6 sets out tleatification strategy. The effects of
the environmental regulation on firm productivity a&valuated in chapter 7 and results

are tested for robustness in chapter 8. Finallgptdr 9 concludes and discusses.

2 Literature Review

To our knowledge, no empirical study so far hadyaea the effects of an environmen-
tal regulation on TFP (and TFP change) of Chinesesfusing parametric approaches.
Hence, this literature review is divided into twecsons. The first summarizes findings
on the productivity of Chinese manufacturing firmigh a focus on iron and steel firms.
The second reviews empirical results on the effet@n environmental regulation on
firm level TFP, without explicitly focusing on Chan Our study combines these two

strands of literature.
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2.1 Productivity of Chinese Manufacturing Firms

A large body of literature has set itself to thealldnge of uncovering the role of
productivity in the unprecedented growth of ther@sie economy in the past few dec-
ades. Many of these studies are conducted on aegajg level (industry, region). Tian
and Yu (2012) and Wu (2011) present an extensivia-aurealysis based on more than
200 primary studies on productivity in China. Imgeal, estimated productivity varies
widely, within and between studies, on aggregatevels as on firm levef® They ex-

plain the literature’s diverging results in estiewtproductivities and find choices of
methods and the aggregation level of the analyz¢a th be main sources. Most of the

studies are not considering relevant heterogeagittye more disaggregated firm level.

A limited number of studies estimate TFP levelshaf Chinese iron and steel in-
dustry® They usually are built on a comparatively smathpke size. The early contri-
bution of Jefferson (1990) analyzes TFP levels sdmple of 120 firms in year 1985 by
applying a translog production function with lal@ard capital as inputs. He controls for
the investment structure of the capital stock dfedentiating between productive and
unproductive capital. The composition of the cdpstack is found to have the largest
impact on TFP levels, followed by the product mixidhe level of a firm’s supervision.
Ma, Evans et al. (2002) estimate TFP to have grboyna. 3 percent per year on aver-
age between 1987 and 1997. They apply non-paramnigteiar programming methods
and use a sample containing 88 firms. Movshuk (2@6i@ds an average TFP change in
the range of 4.4 to 6.4 percent for the econonfmrme and restructuring process period
of 1988 to 2000. Subsequently, he decomposes TERgehinto technical efficiency
change and technical change. Technical changeduwuot as dominating contributor

towards TFP growth. The analysis is based on alp#Hn&2 state-owned enterprises

% Widely varying productivity not only can be obseavfor China, but for other countries as well, as d
scribed in section 1 of part III.
% We focus on TFP change when analyzing the effetieo T1000P. Nevertheless, most studies on the

estimation of TFP focus on TFP levels. Since theseconcepts are closely related, we do not limit
ourselves to only review literature on TFP change.
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(SOEs) and uses the Battese and Coelli (1995) astichfrontier model applied to a

translog as well as Cobb-Douglas production fumctio

More recently, and still focusing on the Chineseniand steel industry, Sheng
and Song (2013) find TFP to have steadily incredse@.1 percent per year between
1998 and 2007. They apply the system-GMM framewairkVooldridge (2009 to a
Cobb-Douglas production function framework and dhaih a sample of 1,654 (in 1998)
to 4,929 (in 2007) firms and a total of 33,778 obaBons. They identify firm size,
ownership and geographical location as importatérdenants of productivity levels.
He, Zhang et al. (2013a) apply a non-parametric Dapproach, i.e. a Malmquist
productivity index, to a panel of 50, mostly largéeel companies covering years 2001
to 2008. They observe technical change to con&ibubst to an estimated average an-
nual TFP growth rate of 7.96 percent.

2.2 Environmental Regulation and Firm Performance

There only are a few empirical studies on the inhgdicenvironmental policy instru-
ments on firm level TFP. These studies mainly supipe traditionalist view?® Kozluk
and Zipperer (2013) summarize empirical evidenceheneffects of an environmental
regulation on the productivity of firms. Their fimgjs can be condensed to three main
points: First, firm characteristics can play a yddat only a handful of studies account
for such. Second, the overall effect on the treéitets’ productivity is mainly found to
be negative. And third, short-term effects of autaion might be different from long-
term effects. The majority of the literature anatgzthe effects of an environmental

regulation on productivity applies non-parametrietnods, and thus abstracts from the

37 In addition to the method of Wooldridge (2009ythused several other common methodologies to de-
rive TFP levels via a production function in ordeitest for robustness of the results. These method
ogies were: pooled OLS, within estimates, estimdiased on first differencing and the semi-
parametric methods of Olley and Pakes (1996), lsotin and Petrin (2003) and Ackerberg, Caves et
al. (2015).

% For example, Iraldo, Testa et al. (2011) ok and Zipperer (2013) present and discuss sewéral
these studies.
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existence of unobserved heterogeneity. In whao'edl the focus will be on literature

applying parametric methods.

Among the studies using parametric methods, Gallup Roberts (1983) focus on
sulfur dioxide emission restrictions in the US é&liecpower industry by estimating a
cost function using observations on 56 electritities between 1973 and 1979. Most
studies, including ours, apply a two-step procedarderive the effects of a regulation
on productivity, with an estimation of productivity the first step, followed by an eval-
uation with respect to the regulation in the secatmvever, Gollop and Roberts (1983)
derive the effect of the 1970 Clean Air Act Amenainenvironmental regulation on
TFP change within one step directly from the estiomaresults of a cost functiof.
They find a negative effect of the regulation orPTdgrowth of 0.59 percentage points
per year, mainly due to higher costs for low suftwel. Gray and Shadbegian (2003) fo-
cus on 116 pulp and paper mills in the United Stdbe the period of 1979 to 1990.
They find higher pollution abatement operating sast wake of the Clean Air and
Clean Water Acts of the early 1970s to lower TRRIe by about 2.6 percent annually,
and that this effect significantly depends on apéatechnology’’ Their case exempli-
fies that the overall impact of an environmentgiulation might differ when accounting

for technological heterogeneity.

Greenstone, List et al. (2012) study the effedhefClean Air Act Amendment on
TFP levels of a large sample of US manufacturiramisl within the period of 1972 to
1993* TFP levels of polluting plants located in non-emaent counties (which there-
fore were under more intense regulatory oversighd)found to be significantly nega-
tively affected in the range of 2.6 to 4.8 percemtaverage. However, when looking at

% The effect of the regulation on TFP change isvéeriby applying the Divisia index of Gollop and
Jorgenson (1980) and Shephard’s Lemma.

% They estimate these effects by two approachest, Fia a two stage procedure, where TFP is estimat
ed in the first stage (based on a production fonctising labor, capital and material as inputs)d An
second, via a single step procedure by includirsgeabent costs directly into the production function

“1 This study builds on an earlier contribution oe@nstone (2002) that evaluates the impact of tearCl
Air Act Amendment on manufacturing activities of #nts (in terms of the number of employees,
the value of the capital stock and output) instela@FP levels. The regulation is found to have gign
cantly reduced manufacturing activity between 186d 1987.
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the four kinds of pollution regulations separatehgy found carbon monoxide regula-
tions to support Porter’s hypothesis by increaJiR§ levels. Effects are measured via a
two stage procedure: first, they estimate TFP keweh a Cobb-Douglas production
function and then, in a second step, regress TEmaes on regulation and other co-
variates including firm fixed effects. In contrast the methodology of Gollop and
Roberts (1983), such two-step procedure allowsrothimig for differences in character-

istics between treated and non-treated firms.

Another evidence of Porter’s hypothesis can bedanBerman and Bui (2001).
They study the effect of air quality regulation @hrefinery productivity in the US be-
tween 1979 and 1992. They find productivity of #agdants being regulated to increase
rapidly, whereas the productivity of the controbgp was decreasing. The dominant
support for the traditionalist view in the litereduusing parametric approaches might
root in empirical analyses using accounting datecwheflect the firms’ point of view,
and leave socially undesirable productive inputd/@noutputs (e.g., pollution) unac-
counted for. From this viewpoint, mandated investtean environmental improve-
ments are considered to be wasted unproductiveimes®with no offsetting rise in pro-
duction (Repetto, Rothman et al., 1997). Of couvee,should keep in mind that an
analysis from a societal point of view, which aéswounts for public goods like the en-
vironment, increases the probability of observingoaitive effect of an environmental

regulation on TFP?

“2° A number of estimation methodologies have beerldged to account for socially undesirable inputs
and/or outputs. However, while our study appliesapetric modelling, these methodologies are all of
non-parametric nature and thus cannot account observed heterogeneity. In chronological order,
cornerstone contributions to the non-parametri@logue of methods were made by Norsworthy,
Harper et al. (1979) (Divisia index, deduct pobutiabatement capital from the capital stock), Rittm
(1983) (multilateral index of Caves, Christenseale{1982), account for undesirable outputs based
prices extracted from abatement costs), Fare, Gop$set al. (1989) (data envelopment analysis
(DEA), convey the idea of Pittman (1983) by usinguatities of undesirable outputs instead of shadow
prices), Fare, Grosskopf et al. (1993) (DEA, actdanundesirable outputs based on shadow prices
using output distance functions), Yaisawarng anéirKl(1994) (extend the framework of Fére,
Grosskopf et al. (1989) by also including undedeaabputs) and Chung, Fare et al. (1997) (DEA
Malmquist-Luenberger productivity index, account fmdesirable inputs and outputs). An ad-hoc
measure applicabale to parametric methods couldistonf taking output per unit of emissions as
output variable or—as proposed in Repetto, Rothetaal. (1997), however not explicitly for the

fFootnote continues on next page
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We do not observe any literature on the evaluatfathe impact of environmental
regulations on productivity at the firm level inetltontext of China. This gap seems
surprising, considering that China is the worldiggest environmental polluter and a
government that has increasingly resorted to régylaactions to fight pollution. A
small number of studies, such as Xie (2008), condaenvironmental regulation eval-
uation at a macro (i.e. provincial) level for theeall Chinese industry. Thereby, they

ignore firm-specific heterogeneities in their réacttowards new regulatiorfs.

3 Background on the Chinese Iron and Steel
Industry and the Regulation

3.1 Chinese Iron and Steel Industry

China overtook Japan in being the world’s largeetipcer of primary iron and steel in
1993 (lISI, 2002). The Chinese iron and steel itguisas played a central role in de-
veloping the country’s economy (Guo and Fu, 20B&tween 1985 and 2013, output
grew on average by 10.8 percent, and constitutel gé&cent of the world’s output in
2013 (lISI, 1986; WSA, 2014). The industry’s energgnsumption went up by an

parametric case—of forming a weighted output intgxsubtracting the product of the quantity of
emissions and their marginal damage cost from thiipub value. Such output value would increase
with decreasing emissions. However, such procedoeld necessitate information on firm-level

emissions or marginal damage costs.

3 There is a considerable body of literature foogsin China that evaluates effects of measures which
could be related to the introduction of an enviremtal policy. However, these effects are evaluated
with respect to technical performance indicatoke lenergy efficiency or emission levels instead of
economic performance indicators like total factoyductivity. In this literature, due to its highergy
intensity and pollution levels, the Chinese irow @teel industry is well represented, see, e.cangh
Worrell et al. (2014) for a review. Newer contritouts are Hasanbeigi, Jiang et al. (2014), Ma, Gien
al. (2016), Xu and Lin (2016a), Zhou and Yang (20T&ng, Guo et al. (2016). For example, Xu and
Lin (2016b) find that R&D investments into energywmmg technologies could have a large potential to
mitigate CQ emissions of the iron and steel industry. Evahgatt the firm level, but still focusing on
other performance indicators than productivity, @ha@and Wang (2008) observe spending on several
energy saving technologies to positively affectsgroutput of Chinese iron and steel firms.
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equally significant amount of 8.7 percent per ybatween 1985 and 2010 (Lin and
Wang, 2014). In 2013, the iron and steel industnyscimed 29 percent of total Chinese
manufacturing and 23.6 percent of total induserargy (NBS, 2014).

Of course, the iron and steel industry’s high ep@@nsumption to some extent is
attributable to the intrinsic characteristics af froduction processésHowever, com-
pared to the iron and steel industries of develapetbns, the industry is also energy
inefficient (He, Zhang et al., 2013a; Ross and F48§1; Zhang and Wang, 2008). He,
Zhang et al. (2013a) mention several factors couting to this low energy efficiency
level. They list not only insufficient investmenitéo R&D, but also a low labor produc-
tivity and a low degree of industrial concentratiogsulting in foregone scale effeéts.
Also, the industry still pays little attention toexgy saving (Zhang and Wang, 2008).
As a result, the iron and steel industry is onghefcountry’s major sources of pollution
(He, Zhang et al., 2013a; Lin, Wu et al., 2011)aliks third in terms of Chinese carbon
dioxide emissions (after the power generation amdeant industry) by accounting for
roughly 10 percent of it (Zeng, Lan et al., 200Bhe high energy consumption and
emissions of the Chinese industry are not only lerahtic in terms of global warming
or environmental integrity (Davis, Caldeira et @010; Piao, Ciais et al., 2010;
Raupach, Marland et al., 2007; Stern, 2007). Liteeaalso shows immediate health ef-
fects on humans (Aunan and Pan, 2004; Chen, Waaly, @013; Ebenstein, Fan et al.,
2015; Kan, Chen et al., 2012; Shang, Sun et al32Uanaka, 2015; Xu, Gao et al.,
1994) or adverse effects on the reliability andusigg of energy supply (Levine, Zhou
et al., 2009; Yao and Chang, 2014; Yi-Chong, 2@0&ng, Aunan et al., 2011).

From an ownership point of view, it has to be nateat in the past two decades,

the share of state-owned firms has been decreas#aglily (Ma, Evans et al., 2002).

4 For example, Ma, Evans et al. (2002) or Zhang \Afathg (2008) give an overview of the industrial
structure and technological aspects of steel makir€hina. Zeng, Lan et al. (2009) present irord an
steelmaking processes and describe energy savihgaainon dioxide reduction potentials therein.

% The five largest plants hardly produced more tB@rpercent of the industry’s total output in thestpa
decade (He, Zhang et al., 2013a). The industryisdegree of concentration to some extent is the re-
sult of the historic roots of China’s economy with emphasis on local self-sufficiency in iron and
steel production (Ma, Evans et al., 2002). At tirae, entire communities devoted themselves to the
development of a system of state-owned iron arel fitens (Guo and Fu, 2010).
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This is in line with the transformation of the Céage industry and the change of the in-
stitutional structures from state to private owhgrs(Dougherty, Herd et al., 2007),

with an increasingly higher share of joint venturasd shareholding companies
(Jefferson, Rawski et al., 2000). In particularidgrthe years 2006 and 2007, a large
number of smaller iron and steel firms changed eo8hp, and their new owners were

supposed to reduce polluting emissions or shut tthenm*°

3.2 Top-1000 Energy-Consuming Enterprises Program

China’s environmental policy has increased in dspg, stringency, and enforcement
since 2000. Amid growing evidence of environmermtaimages, the Chinese govern-
ment declared the sustainable development a biades licy in 2002 (Yuan, Kang et
al., 2011). It then increasingly promulgated enmimental policies and regulation to re-
duce the levels of energy consumption and pollytioninstance, by specifying a bind-
ing target of a 20 percent energy intensity reauctin the 2006 legislative agenda
(Yuan, Kang et al., 2011Y.

The national Top-1000 Energy-Consuming Enterpridegram (T1000P) was in-
troduced by the central government within the Ehtlhrd=ive Year Plan (FYP). The lead
agency was the National Development and Reform Cssiom (NDRC) (Zhou, Levine
et al., 2010). Covering the period 2006 to 2016, Ereventh FYP targeted for a reduc-
tion in the country's five-year energy intensitynéegy use per GDP) of 20 percent
(StateCouncil, 2006). The T1000P became effectivipril 2006. It required the coun-
try’s largest 1,008 energy consuming industriabgprises, i.e. firms consuming a min-

imum of 180,000 tons of coal equivalent (tce) i®200f nine industries (Price, Wang

¢ This was a top-down program aimed at industrigraging and improving environmental protection.
This process is described in depth, e.g., by Zhaet al. (2014) for the case of an electricity gemx
tion company, or by Zhang, Aunan et al. (2011)tfer case of Shanxi province.

4" Further milestone environmental policies that beeaffective after our sample period ends were, for
instance, the revision of the Environmental Pradect.aw included in the 2011 legislative agenda
(He, Zhang et al., 2013b). In 2009, the governndeided to increase the level of technology used in
the production processes of the iron and steelsitngdiy supporting R&D investments and by initiat-
ing a restructuring and revitalization plan (Hea#h et al., 2013a).
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et al., 2010) to significantly improve their eneigyensity, i.e. to lower the ratio of en-
ergy used to output produced. Total energy sauviragisto amount to 100 Mtce by 2010
(NDRC, 2006). With energy savings far exceeding ithigal target—Zhao, Li et al.
(2016) mention savings of 165 Mtce and Ke, Pricalet(2012) of 150 Mtce—the
T1000P is widely considered as a success. Targats already reported being achieved
in 2008 when the NDRC announced savings of ca.M@® (Ke, Price et al., 2012).
While Zhao, Li et al. (2016) describes firms tolikely to overestimate self-reported
achievement rates, Ke, Price et al. (2012) conctagerted values to be reasonable and
confirm the program’s succe¥50f the firms evaluated in 2010 when the T1000P was
terminated, only 1.7 percent of the firms wereadfly found as non-complying with
the preset targets (NDRC, 2071)The high compliance rate to some extent might be
explained by the 100 Mtce saving target not beiag/\ambitious in light of the high
energy intensity of the targeted firms (Price, Inevet al., 2011)° The T1000P was ex-
tended to the Top 10,000 Enterprise Program withéenTwelfth FYP (Zhao, Li et al.,
2016).

At its time, the T1000P was part of the most arobgi effort of the Chinese cen-
tral government ever made to decrease energy ityasfsindustrial firms. While the
overall responsibility for the program was with ttentral government (and especially
with the NDRC), which also registered the firm-gfieabatement targets, the imple-
mentation and oversight was primarily delegateth&local, i.e. provincial and munic-
ipal governments (Price, Levine et al., 2011; Rritkang et al., 2010; Zhao, Li et al.,
2014). During the implementation process, the gawent provided guidance to the

8 Ke, Price et al. (2012) estimate energy savingedan overall industrial value added and energy co
sumption. Price, Levine et al. (2011) independentnfirm that the target already was achieved as
early as 2008 by estimating savings to have amdunté24 Mtce.

49881 firms were evaluated at the end of the T106QE10 and 15 firms were found as non-compliant.
The ratio of non-complying firms was 3.9, 3.1 and fiercent in 2008, 2009 and 2010, respectively
(NDRC, 2009, 2010, 2011). Due to, e.g., mergers@osures in years after the program announce-
ment, some firms were excluded temporarily or peendly from the T1000P, resulting in less than
1,008 firms being evaluated every year.

0 |n 2004, targeted firms contributed 33 percennational and 47 percent to industrial energy use
(Price, Wang et al., 2010). However, the planneatrgmution of the T1000P to the overall Eleventh
FYP energy saving target was only 15 percent (Ptieeine et al., 2011)
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targeted firms (Ke, Price et al., 2012; Price, Wah@l., 2010; Zhao, Li et al., 2014),
whereby firms collaborated especially with the loaathority (Li, Zhao et al., 2016;
Zhao, Li et al., 2014). The T1000P was a commarttdeamtrol regulation only in the
wider sense, as first energy intensity targets wegpotiated with a long-term outlook.
Subsequently, they were specified in the form ajdts in a contract between the pro-
vincial government and the firm (Price, Wang et 2010; Zhao, Li et al., 2014). Firms
had relatively large freedom in choosing appropriaeasures to save energy; while the
goals were clear, the approaches were flexibleoting to Porter and Van der Linde
(1995b), such flexible design of an environmen&gulation is fundamental to foster
innovation.

Firms were selected into the program based on groengsumption, i.e. firms did
not self-select into the program. Firms were alledaenergy saving targets primarily
based on their pre-regulation share in the eneogygumption of all firms exposed to
the T1000P (Zhao, Li et al., 2014, 2016). To soxterd however, other factors like in-
dustry affiliation, general situation or the tectogical level of the firm were also taken
into account when setting the targets (Price, Wetrgg., 2010). Due to time constraints,
this target setting process was not based on datetxientific bottom-up analysis of
individual energy saving potentials (Price, Levetal., 2011; Price, Wang et al., 2010).
The firms self-reported their progress in savingrgg directly to the Chinese National
Bureau of Statistics (NBS) via a website basedredegfined reporting standards (Zhou,
Levine et al., 2010). Subsequently, complianceimhd was evaluated yearly by the
provincial Energy Saving Offices. Assessment inetb@ghort on-site inspections, but
was mainly based on the firms’ self-examinatiorge tlulimited resources and the com-
plexity of the calculation of the energy savingigador (Li, Zhao et al., 2016; Zhao, Li
et al., 2014, 2016). Fraudulent reporting couldléa criminal investigations (Zhou,
Levine et al., 2010).

The literature describes various adjustment pr@seasdertaken by the firms in
response to the regulation. For example, they inggoor established internal energy
management and reporting capabilities, implememeentive payments or technologi-
cal retrofits (Price, Wang et al., 2010; Zhao, Lak, 2014). Hence, firms did not simp-

ly focus on “end-of-pipe”, but rather on fundameérg@alutions like reconfigurations of
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production processes. According to Porter and anLthde (1995b), fundamental re-
configurations increase the chance for innovatigsrwgfsetting the costs of compliance.
To incentivize firms and to reduce barriers for rggesavings, local governments ac-
tively supported targeted firms in achieving thetirergy reduction targets. They orga-
nized not only information dissemination (e.g., rgryeaudits) and skill building (e.qg.,
energy data reporting skills) campaigns, but alsect funding in form of subsidies or
guaranteed bank loans (Zhao, Li et al., 2014, 2811B)e program enjoyed substantial
attention over the whole spectrum of governmentakinchies and substantial resources

flew into it (Price, Levine et al., 2011).

The program did not predefine any punishments, mdinancial form, in case of
a firm’s non-compliance. However, provincial goverents introduced individual puni-
tive measures, e.g., by increasing energy pricesdn-compliant firms (Zhao, Li et al.,
2014, 2016). Also, the list of firms exposed to THEOOOP was made public (Price,
Levine et al., 2011). Hence, a further componenhefenforcement of the program was
social pressure from citizens and media. Firms emgnted incentive payments for
their staff conditional on the achievement of egesgving targets, which also could in-
clude salary cut-offs in case of nhon-compliancea@h.i et al., 2014). Furthermore, as
part of an extensive overall catalogtief performance assessment criteria, state-owned
enterprises (SOEs) and local government officialBrewvevaluated based on their
achievement of the T1000P energy-saving targetsZthao et al., 2016; StateCouncil,
2007; Zhao, Li et al., 2014). This personnel agalasystem was introduced in Novem-
ber 2007 by the State Council and strongly incergiy government officials in sup-
porting treated firms to reach their targets (Zhbeyine et al., 2010)® Awards and

*1 The organization of information dissemination wasfined to the local government. As described in
Price, Levine et al. (2011), the T1000P itself dat include a framework for systematic information
gathering and dissemination on a national level.

®2 This is the cadre evaluation system appraisingotrezall behavior of government officials, and not
just the behavior related to environmental regafatiompliance. The evaluation system is described i
greater detail in, e.g., (Zhang, Aunan et al., 2011

%3 At that time, not only the national, but also prmial governments adjusted their appraisal program
to put more weight on the sustainability of deveh@mt, rather than simply focusing on economic in-
dicators. These appraisal programs then were usexvdluate local government officials and firm

fFootnote continues on next page
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promotions were given in return for regulation cdiarce. In case of non-compliance,
firm managers and local government officials en@aed their promotion and a written
report was to be sent to the superior governmesitiding a specification of the time

frame for rectification (Zhao, Li et al., 2014).

4 Data

The empirical evaluation of the T1000P builds owesal types of data: firm level in-
dustrial census data, data on firm participatiothin TLO00P, data on deflators, data on
intermediate input prices and data on geograpHmrnmation. Accordingly, multiple
steps are implemented to combine these Hdtaa first step, firms contained in the
cross-section census data are linked over time.s€bend step links T1000P exposure
information to the census data, and the third anudithh step link the deflators and in-
termediate input price data. In a fifth step, infiation on the geographic location of the
firms is added. When implementing these steps, glagéity and correctness is continu-
ously monitored. All steps and procedures are medliin appendix A.1. In what fol-

lows, the data is described in greater detail.

4.1 Data Sources

The main data source of the analysis is the Chimgkestrial Census (CIC) of the years
2003 to 2008. This proprietary data was compiledhgyNBS. The CIC represents the
most extensive source of firm level informationtbe Chinese manufacturing sector. It
contains yearly observations on the balance sheaime statement and other non-

financial information of all industrial firms regesed in China with a yearly sales value

managers. A description of such an appraisal progfar example, is given in Zhang, Aunan et al.
(2011).

* Data processing was conducted using Stata 13a(Siap, 2013).
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higher than 5 million Chinese renminbi (RMB), wlatrresponds to ca. 800,000 US
dollars, and all state-owned firms (independenflyheir sales value). Most firms are
single plant firms (Brandt, Van Biesebroeck et 2012). Details on the data and pro-
cesses mentioned in this chapter are given in ampeénl. All costs and output values
are deflated to reference year 1998 using fourt-digiustry-specific input and output
deflators, which were used by Brandt, Van Biesetkast al. (2012) and were kindly
provided by Johannes Van Biesebroeck of KU Leu@&pmatial information on the cen-
troid longitude and latitude of 2,824 geographigstérs (counties) was obtained from a
private vendor (BW, 2016). Information on the gexric borders of these clusters was
obtained from of a publicly available shape fileA@@M, 2016). The CIC classifies
firms into several industries and subindustriesweler, there were changes in the in-
dustry classification of the Chinese statisticadtegn in 2003 and 2011. To ensure the
application of the correct price deflators, thdaidll industry mapping files of the NBS
were applied (NBS (2002) and NBS (2011)). Informaton firms participating in the
T1000P was disclosed by the NDRC. Of these firn3Q1 out of 1,008 (i.e. 99.3 per-
cent) could be matched with the CIC. While the gsiof labor and capital are derived
from information contained in the CIC, this is patssible for the price of material. The
subindustry- (iron, steel, steel rolling and all@y)d province-specific annual price of
material is calculated based on information on rsdibstry inputs and outputs obtained
from NBS (2007), coal prices and electricity priadracted from CEIC (2015) and
iron ore prices from CCM (2015). These prices taendeflated using an overall price
deflator constructed from NBS (2013). Appendix gites a more detailed description

on the construction of the price of material.

4.2 Characteristics of Treated and Non-Treated Firms

The CIC observes a total of 13,278 firms in tha@ iamd steel industry (or more precise-
ly, in the ferrous metal smelting and rolling inthy¥ over the period of 2003 to 2008.
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Out of this sample, 5,340 firms are consideredtierempirical analysi¥ The panel of
firms is unbalanced with 2,047 observations (oB3&rcent) forming a balanced panel.
37.3 percent of the sample was observed for fiasyel8.4 percent for four years, 5.0
percent for three years and 0.9 percent for twosyd2escriptive statistics of the 5,340
firms for the full sample period are given in Tall& in columns 1 to 4. The mean firm
produces a gross-output value of 353.8 million RMBiploys 506.2 people, total assets
of 340 million RMB and current assets of 129.4 iill RMB. It utilizes intermediate
inputs of 298.1 million RMB. On average, labor soft.1 percent) and capital costs
(5.0 percent) sum to 9.1 percent of total costt) e remaining part being attributable
to material costs. On average, 9.6 percent of bsemvations exported in a given year.
Firm heterogeneity with respect to several of them#ables is large. For example, the
25 percentile gross output value is 7.3 times snalian the 75 percentile value, and
the ratio is 4.5 for the number of people employétk iron- and steelmaking subindus-
try accounts for 18.3 percent of the observatiéds3 percent stem from the steel roll-
ing and 17.4 percent from the ferroalloy smeltingiedustry. Furthermore, 0.6 percent
of the observations are central SOEs, 9.4 perama ISOEs and 90.0 percent non-
SOEs®

*5 The CIC is notorious to contain misreported fimformation. Therefore, an extensive data screening
process was implemented to detect and discardfsuth Further firms had to be dropped in the panel
generation and variable adjustment processes. Titesesses are described in greater detail in appen
dix A.1. Most excluded firms were small in sizec#tin be hypothesized that small firms have weaker
reporting standards than large firms. As a rethdt, sample used for the empirical analysis stitligh-
ly representative of the underlying populationiofis (cf. Table II-21 in appendix A.1).

%% Classifying Chinese firms into ownership typesi simple or straightforward. Several decades of
economic reforms have resulted in varying degrdédsaasformation from state to private ownership
across the economy. Some firms that were previostslie-owned were fully privatized, while others
were partially privatized or publicly listed, whileetaining a state-linked controlling shareholder.
Meyer and Wu (2014) give a detailed overview of evghip structures in the Chinese economy. This
study defines firms as being state-owned (SOEhéf/thave a controlling shareholder linked to the
state. The CIC dataset includes a firm-level vagialesignating state control. Interestingly, udinig
measure, state control of China’s iron and stetdrprises did not change significantly between 2003
and 2008 and even slightly increased from 8.1 t@ percent, while the share of state paid-in chpita
in total paid-in capital diminished substantiallyeo this period with a decrease from 5.6 to 3.3 per
cent.



Tablel1-1: Descriptive statistics of firms.

Years 2003 to 2008

Years 2003 to 2005 (pre-regulation period)

All firms Treatment group Control group Difference
Mean  Std.dev. Min. Max. Mean Mean
1) (2) 3) 4) (5) (6) (1)

Gross output (MRMB) 353.8 2,226.1 0.016  89,784.2 798.8 115.4 4,680.4***
Employees 506.2 3,202.1 8 120,6p8 9,009.8 225.0 8437
Total assets (MRMB) 340.0 3,113.6 0.324 127,167.6 ,98%5 88.9 5,900.6***
Current assets (MRMB) 129.4 1,013.2 -2.181 38,334.2 2,263.3 47.1 2,216.2%*
Intermediate inputs (MRMB) 298.1 1,810.3 0.001 38,0 3,909.5 98.7 3,810.8***
Age 7.85 8.78 0 108 22.19 6.48 15.71%*
Exporter (1 if exporting) 0.096 0.295 0 1 0.273 ar.0 0.206***
Total costsC (MRMB) 335.9 2,158.5 0.482 90,3630 4,595.1 107.3 JABAT***
Capital pricePyx (kRMB / K) 0.245 1.297 0.000 93.831 0.145 0.232 -0.087*
Labor priceP_ (kRMB /L) 15.77 13.96 0.030 618.37 20.62 12.79 7.83***
Intermed. inputs pric@y (index) 156.14 38.12 68.31 313.80 133.15 137.13 —3.98***
Profitability 0.030 0.091 -2.722 2.102 0.046 0.027 0.019**=*
# firms / # observations 5,340/ 27,076 148 /410 ,198/12,173 5,340 /12,583

Subindustry shares in [%]: iron- and steelmakisteél rolling / ferroalloy smelting:

18.3/64.2/17.4

Share in [%)] of central SOE / local SOE / non-SOE:
3.7/40.5/55.9

0.6/9.4/90.0

Share in [%)] of regions East / Central / West:
45.6/34.1/20.2

59.2/23.4/17.4

449/459/9.3

18.2/6413.8

0.5/4.0/95.5

59.5/233.0

Distribution of firm size (number of employees)[%] of observations in intervals [0;50], (50;10Q100;500], (500;1,000], (1,000;5,000] and more t6&00:
244/246/399/55/4.1/15 |

0.0/0.2/2 8//99.8/37.6

26.3/25.6/40.2/5.4/2.3/0.2

Note: This table shows descriptive statistics of theraWesample (columns 1 to 4) for the period 2002@08 and conditional on treatment (columns 5 gnibi6the pre-
regulation period of 2003 to 2005. Data is at fiewel with monetary values given in real 1998 vali®tal costscapital price labor priceandmaterial priceare described
in greater detail in section 5.Profitability is the ratio of total profits to gross output. @ah 7 shows the results of one-sided unpaifests comparing the respective
means of the treatment and control group. Robasidstrd errors at the firm level are reported ireptresis. Asterisks *** indicate significance apércent level, ** at 5

percent level and * at 10 percent level of the sitled unpaired-ests.

21eq
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Summary statistics differentiating between the w@nand treatment group are
given in columns 5 to 7 of Table II-1. 148 out ¢B40 firms are observed to participate
in the program, accounting for 848 observatiores, 3.1 percent of total observations.
The average firm of the control group is considiramaller than the average firm of
the treatment group in all listed variables. Thgorbetween the treatment and control
group in average gross output in the pre-regulatieriod amounts to 41.6. Further-
more, this ratio is 40.0 for the number of empleyes¥.4 for total assets, 48.1 for cur-
rent assets and 39.6 for intermediate inputs. @defitms tend to be older and to have a
higher propensity to export. Statistical testshef tlifferences between treated and non-
treated firms are given in column 7 of Table IIResults indicate large disparities in
fundamental firm characteristics between treatedl mon-treated firms before the im-
plementation of the regulation, with all differesdeeing highly statistically significant.
For example, larger firms were much more likelyo® exposed to the regulation than
smaller firms. Nevertheless, this finding is notpsising, since program participation
was conditional on an energy consumption level dafge firms achieve. In addition,
more state controlled firms were selected for theg@m than their industry share
would predict, what partly can be attributed taesteontrolled firms on average being
larger in size. However, it cannot be excluded thase firms were also more likely to
be exposed to the T1000P, simply because they state controlled. In fact, this even
could have been an important consideration. Ofsmurve are aware that dispersions in
important characteristics between treated and reatdd firms should be considered
carefully in the empirical analysis. In addition ¢ontrolling for these heterogeneities
directly in the benchmark analysis, we will implarh@n extensive set of robustness

checks and instrument for TLO00P exposure.
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Spatial distribution of the firms of the completerple
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Figurell-1: Spatial distribution of the sample firms by sulisialy in 2005. Marker size is rel-
ative to the number of firms observed in a county.
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Spatial distribution of the treated firms
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Figurell-2: Spatial distribution of the treated firms by suhustry in 2005. Marker size is rel-
ative to the number of firms observed in a county.
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Figure II-1 shows the spatial distribution of the@rgle. In line with the general
spatial distribution of economic activity in theusdry, most firms are located in eastern
provinces, with the province of Jiangsu containit®2 percent and the province of
Zhejiang 11.2 percent of the observatioh$he share of Hebei, Liaoning and Shan-
dong province is 7.3, 7.3 and 6.8 percent, respagti Figure 1I-2 depicts the spatial
distribution of the treated firms. Consistent wiitle overall distribution shown in Figure
[I-1, most treated firms, especially of the iromdasteelmaking and ferroalloy smelting
subindustry, are located in eastern provinces. p8r@ent of the treated observations
are located in Hebei province and 10.6 percent @adlangsu and Shanxi province, re-
spectively. In contrast, most treated firms of fin@oalloy smelting industry are located
in the west region. It is reassuring that we albseove a higher share of ferroalloy

smelting firms being located in this area, compdcetthe other two subindustries.

5 Firm Productivity

5.1 Estimation Methodology

The relationship between the T1000P and firm peréorce is evaluated based on two
main steps. First, firm performance is calculatethg the unbalanced panel described
in section 4. Second, effects of the regulatiorfion performance are analyzed using
parametric models. Firm performance is expressetbtal factor productivity (TFP)

change and the subcomponents thereof, which aneitat change and scale efficiency

" |t is differentiated between three regions. Thet eéagion embraces the provinces Beijing, Fujian,
Guangdong, Hainan, Hebei, Jiangsu, Shandong, Shanglanjin and Zhejiang. The central and
northeast region encompasses the provinces Anlemaii Hubei, Hunan, Jiangxi and Shanxi (central)
and Jilin, Heilongjiang and Liaoning (northeastheTwest region comprises the provinces Chongging,
Gansu, Guangxi, Guizhou, Inner Mongolia, Ningxianghai, Shaanxi, Sichuan, Xinjiang and Yun-
nan.
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change® An analysis of the effects on TFP change subcompisrallows for more de-
tailed insights into the effects of the policy. Tbencept of productivity has a clearer
economic interpretation than other firm performaimgdicators like employment or in-
vestment, because productivity speaks to the corafdmpw efficient inputs are turned
into outputs (Greenstone, List et al.,, 2012). Wéebe that the use of total factor
productivity as performance indicator is supermthe use of partial productivity indi-
cators such as labor productivity, as single faptoductivity measures can be viewed
as being distorted (Syverson, 2031Yhis chapter describes the procedure to compute

the firm performance indicators.

TFP change can be measured using three approaghdse index number ap-
proach, the parametric (including semi-parametaigproach and the non-parametric
approactf® Index numbers construct a measure of TFP by takiagatio of an output
index to an input index. Index numbers come with déldvantage of not requiring a lot
of data. However, this approach does not allow ogumsing TFP into its components.

The parametric approach is based on the estimafipnoduction or cost functions (or

*8 This study does not focus on TFP levels. TFP charan be considered to better represent the re-
sponse of a firm to changes in its environmentahg business. It explicitly measures the degree of
TFP relevant activity, which is less the case for stock variable of TFP levels. TFP change is a
measure that is transitive over time, while TFRelswould be transitive cross section wise. By &dop
ing the line of argument in Ehrlich, Gallais-Hamoret al. (1994), the evaluation of a regulatiorhwit
respect to TFP levels can be described as beimgdéhasive in the short-run. The compounding effect
of short-run alterations in TFP change, howeveghiiesult in large differences in long-run TFP-lev
els. In addition, Brandt, Van Biesebroeck et a1(?) find TFP change to be more relevant than TFP
levels, in the sense that between 1998 and 20@%g entrants in the Chinese manufacturing sector
were selected based on TFP change rather thaneMeR.| A multilateral measure of TFP levels pro-
posed by Caves, Christensen et al. (1982) couldobstructed by using eq. (1) and taking the year-

and subindustry-specific means instead of laggeidbias in the denominator.

% Single factor productivity measures are distotiedause they do not account for factor substitation

between inputs and therefore are affected by ttengity of use of the excluded inputs. Syverson
(2011) exemplifies such problem by two firms, whate applying the same production technology,
and nevertheless are showing highly differing laparductivities, because, e.g., one firm uses much

more capital relative to the other due to factiks & favourable price of capital.

® For a discussion of these approaches, see, egel8nan and Doms (2000), Coelli, Estache et al.

(2003), Van Biesebroeck (2007), Eberhardt and Hednf2010), Syverson (2011) or Van Beveren
(2012). Most studies estimate TFP via a produdtimetion. For a list of common methods to derive
TFP from a production function see also footnote 37
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frontiers) using econometric methods. Finally, tto@-parametric approach uses linear

programming methods to construct production or fiosttions (or frontiers).

Parametric and non-parametric approaches havedilentages that productivity
changes can be decomposed into various componecis as technical change and
change in the scale of productirBut they also differ in multiple dimensions, like
whether or not they control for unobserved hetemedg, or in their underlying eco-
nomic assumptions, for example, in terms of retuonscale or separability of inputs.
Non-parametric methods allow for firm-specific ppation functions and do not require
a priori assumptions regarding the functional foHowever, their deterministic nature
does not explicitly control for unobserved hetertgty. Also, they usually restrict the
production technology to be of constant returnsdale. In contrast, parametric ap-
proaches based on panel data are able to accowmdbserved heterogeneity, but typ-

ically assume a certain functional form.

The iron and steel industry is, compared to otheustries, highly energy de-
manding. At the same time, it shows a comparatibeljnogenous production process
with relatively uniform output good®.This makes it an industry well suited to base a
parametric framework upon. Given the, neverthellesge degree of heterogeneity ob-
served in our sample, the parametric methods’tglith separate noise from signal is
recognized as an essential advantage. Furthertherestimation of TFP change using
parametric approaches allows for a decompositionF# change into its components,

which may prove to be insightful. Therefore, thep@mal analysis presented in this

1 Some empirical studies estimate production or frosttiers. The estimation of frontiers allows for
decomposition of productivity change into threetgatechnical change, scale efficiency change and
productive efficiency change. See, for instanceyeB41990).

%2 For example, Ma, Evans et al. (2002) (for thequbof 1987 to 1997) or Sheng and Song (2013) (for
the period of 1998 to 2007) describe the Chinese &nd steel industry as mainly focusing on low
value-added products with a dominating (compareother major steel producing countries) share of
long products in output, relative to flat produdtsirther literature describing the production peses
in the Chinese iron and steel industry is listetbwtnote 44.



76 [1.5 Firm Productivity

study is based on a parametric appr83dte. on the estimation of a cost funcfibos-

ing econometric methods.

To derive TFP change from a cost function, we fell€oelli, Estache et al.
(2003). We apply the quadratic approximation lenoh®iewert (1976), as proposed
by Orea (2002). Thereby, TFP change (TFPC) of fibatween two periodsandt — 1,
consisting of the two subcomponents of technicalnge (TC) and scale efficiency

change (SEC), can be estimated using eq. (1).

TFPG, = In[TTFFFi)t J
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Total costs are represented Gyand the single output /. Output elasticities (which
are the inverse to the returns to scale elasti@ty)n data point are estimated as

e, =0In G /0InY (Coelli, Estache et al., 2003).

A calculation of TFP change according to eq. (essitates the empirical speci-
fication of a cost function for the Chinese irordateel industry, which can be divided
into the following three subindustrissiron- and steelmaking, steel rolling and ferroal-
loy smelting. The production processes of thesensgluistries are heterogeneous. There-
fore, from an empirical point of view, it is intesteng to estimate a separate cost func-
tion for each subindustry. This allows for subindyspecific coefficients reflecting

heterogeneity in production technologies, resultimgnore accurate TFP change esti-

% For comparison, a non-parametric index number atkih form of the Térnqvist index was estimated
alongside. Derived TFP changes were in the ballpathe parametric estimation results.

% Under the assumption of exogenous input pricesisa function is less prone to the common bias af-
fecting estimation results of a production functibfirms choose inputs based on unobserved produc-
tivity shocks. See, e.g., Eberhardt and Helmer&@R€or a description of this bias.
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mates compared to results derived from an oveesi function® In this study, we as-
sume the subindustiy/= {1,2,3}-specific production process to be chaéeazed as fol-

lows:
C.=c(Y. R, Ry R 1 )

Total costsC are defined as the sum of total intermediate irqmsts, labor costs and
capital costs, whereby capital costs include degtiea and interest expenses and an
assumed opportunity costs on equity of 3 per&&hhe single outpuY is deflated gross
output. The price of labd?_ is represented by the ratio of the sum of wagevegithre
payments to the number of employees. The pricapital Pk is defined as capital costs
divided by the real capital stock. The calculatudrthe real capital stock is based on the
perpetual inventory methdd Main materials used in the production processeisoof
and steel are coal, coke, iron and electricity. $tleindustrys- and province-specific
price of materiaPy is derived via a Torngvist price index of thesarfmain material
inputs®® A time trendt is added to the cost function in order to confol technical
change. All costs and output are deflated to refereyear 1998 using the input respec-
tively outpuf® deflators described in appendix A.1. Descriptitatistics of the main

covariates are given in Table II-1.

® For the sake of completeness, TFP change wasastirbased on an overall cost function as well. The
mean result of TFP change when applying subindisgiegific cost functions was similar in magni-
tude to the result of an overall cost function.

% Opportunity costs on equity of three percent refoim the following assumptions: 20% return to
capital — 12% depreciation — 5% interest rate. &oextensive overview of the returns to capital in
China, see, for example, Bai, Hsieh et al. (2006).

" The perpetual inventory method is adopted forrmBraVan Biesebroeck et al. (2012) and described
in more detail in Brandt, Van Biesebroeck et al1(®). See appendix A.1 for more details.

% While this price measure is not firm-year- but\inoe-year-specific, it bears the benefit to befuna
fected by firm-specific unobserved heterogeneitijeptially also related to total costs, what would
yield in biased estimation results. We describdetails how the price of material is computed in ap
pendix A.1. Of course, we are aware that the poiceach main material could have been included
separately into the cost function. However, suclid@hgpecification resulted in severe multicollinear
ty problems when estimating a fully flexible trasglcost function.

%9 A subindustry- and year-specific output pricessianed; an assumption generally made by the litera-
ture if firm level information on output prices usmobserved. In addition, this assumption can b jus

fFootnote continues on next page
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For the estimation of eq. (2) we decided to useastog functional form, since
this flexible functional form does not impose aoprirestrictions on the technology pa-

rameters? The subindustrg-specific cost functions are specified as

— d
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with small lettersy andp indicating output and prices in natural logarithfth$he panel
is unbalanced (cf. section 4.2) with a firm beindicated byi = 1,..N and time being
indicated byt. Firms are observed yearly for the periodt 6f{2003,...T.}, T, < 2008.
The intercepti represents total costs at the approximation p&int fixed effects are
captured by, and control for firm-specific time invariant un@ged heterogeneity.
The error term is given by;. Subindustry-specific median values of the exgianya
variables are chosen as approximation points ofrreslog cost functions. Expression
(3) is estimated using a fixed effects estimatdnattis, running OLS on

G, —GC =|3'(>§t —>_g)+(é1‘t —E) using Huber (1967)/White (1980) cluster robustdsan

fied by the homogenous production process and catipaely homogenous structure of output goods
in the iron and steel sector compared to otherstrias.

0 See Berndt and Christensen (1973) and Christedsegenson et al. (1973) for a discussion on the
properties of the translog functional form.

™ The price of material is an index and thereforealy has the interpretation of an elasticity. Mais-
able has not been transformed to log values.

2 The fact that; is time-constant makes this parameter irrelevanttfe estimation of TFP change.
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wich estimates at the firm level (accounting fothydeteroskedasticity and serial corre-

lation), whereC = 'I}’lzt G . The variableX, andZ, are constructed analogougfy.

5.2 Results

Table 1I-2 presents estimated values of TFP ch&mg§®C) and, to gain additional in-
formation on productivity drivers, its subcomporgemif technical change (TC) and
scale efficiency change (SE€)Results were derived using the estimated costifumc
coefficients reported in Table 11-22 in the appendihe cost functions of the three sub-
industries are well behaved, as they are founcetmbnotonic (Table 1I-24) and quasi-
concave (Table 1I-25). TFP growth is positive fdr taree subindustries, suggesting
continuously increasing TFP levels in the Chinese and steel industry on average be-
tween 2003 and 2008.TC contributes about 60 percent to average TFRgehand
thus is of higher importance than SEC. The irord ateelmaking subindustry shows
highest average TFP growth, followed by the stekihg and ferroalloy smelting sub-
industry. Again, TC is the dominating contributomaards TFP growth in the steel roll-
ing subindustry, while TC and SEC roughly are elguahportant in the ferroalloy

smelting industry.

3 For a detailed description of the fixed effectsineator see, e.g., Greene (2008a) or Cameron and
Trivedi (2005).

™ All estimations in this study were computed usBigta 13 (StataCorp, 2013).

> These findings are, in terms of sign and magnitiméne with the general body of literature onPTF
growth in the Chinese iron and steel industry citeslection 2.1.
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Tablel1-2: Descriptive statistics of estimated TFPC, TC aB€ S
Mean Median  Std. dev. 10% perc. 90% perc.
Full period (2003-2008)

All subindustries [# firms: 5,340 / # observations: 27,076]
TFPC 0.064 0.056 0.108 -0.028 0.171
TC 0.041 0.042 0.039 0.001 0.085
SEC 0.023 0.015 0.098 -0.053 0.110
Iron- and steelmaking [# firms: 1,025 / # observations: 4,968]
TFPC 0.100 0.086 0.119  -0.009 0.222
TC 0.064 0.068 0.037 0.016 0.108
SEC 0.035 0.023 0.111 -0.058 0.133
Steel rolling [# firms: 3,353 / # observations: 17,391]
TFPC 0.058 0.051 0.085 -0.016 0.141
TC 0.039 0.040 0.022 0.011 0.066
SEC 0.019 0.013 0.081 -0.048 0.094
Ferroalloy smelting [# firms: 962 / # observations: 4,717]
TFPC 0.051 0.053 0.155  -0.102 0.203

TC 0.024 0.030 0.069 -0.069 0.106
SEC 0.028 0.019 0.134 -0.073 0.149

Pre-regulation period (2003-2005)

Treated [# firms: 148 / # observations: 410]
TFPC 0.026 0.023 0.055 -0.033 0.085

TC 0.012 0.015 0.036 -0.035 0.052
SEC 0.014 0.002 0.042 -0.011 0.048
Non-treated [# firms: 5,192 / # observations: 12,173]
TFPC 0.088 0.073 0.115 -0.013 0.212

TC 0.051 0.051 0.030 0.019 0.085
SEC 0.037 0.023 0.108 -0.058 0.148
SOE [# firms: 326 / # observations: 725]
TFPC 0.048 0.036 0.083 -0.034 0.133

TC 0.034 0.033 0.038 -0.010 0.081
SEC 0.014 0.004 0.070 -0.039 0.079
Non-SOE [# firms: 5,120 / # observations: 11,858]
TFPC 0.088 0.073 0.116 -0.014 0.213

TC 0.051 0.051 0.031 0.018 0.085
SEC 0.037 0.024 0.108 -0.057 0.149

Note: The first four panels show the descriptive stassof overall and subindustry-specific mean TFPC,anhd
SEC values for the period of 2003 to 2008. The dveadues (first panel “All subindustries”) are teakon all ob-
servations of the sample, i.e. the three subinigissaire implicitly weighted by their number of obsgions. The
four panels at the bottom of the table show thessitzs for treated and non-treated firms for the-gegulation pe-
riod between 2003 and 2005. Firms might change oshiie over time. For that reason, the number of S@d
non-SOEs does not sum to the total number of firms.
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The mean difference in the TFP growth rate betwkerl® and 9 percentile is
large; over all three subindustries it amounts.1®9. Similar numbers are observed for
the TFP change subcomponents. Given an annual eRugrowth rate of 6.4 percent
across all three subindustries, the standard denigtterein is relatively large with 10.8
percentage points. Our finding of widely varyingPTgrowth rates adds to the literature
observing large heterogeneities in TFP leveByverson (2011) mentions as factors
contributing towards widely varying productivityiels not only heterogeneities in pro-

duction processes, but also, for example, extgnmaluction environments.

TFP growth is considerably lower for treated firmsthe pre-regulation period
(cf. Table 11-2). A relatively high share of tredtéirms were SOEs (cf. Table II-1).
Sachs and Woo (2001), for instance, note thateatithe their study appeared, the con-
sensus of scholars was a lagging productivity perémce of SOEs relative to non-
SOEs’’ They hypothesize Chinese SOEs might have seriefisitd in their allocative
efficiency.”® However, such inefficiency remains unmeasurechia study, as eq. (1)
does not include the factor of cost efficiency amalfgiven no stochastic frontier is es-

timated).

6 Examples of this literature are Bartelsman and B¢2000), Syverson (2011) or Hsieh and Klenow
(2009). For China, Hsieh and Klenow (2009) findrage dispersions in TFP levels between th& 10
and 9" percentile in year 2005 af* 4.9 when taking revenues as output, andeof 011.5
when measuring output by an approximation of phatgijcantities. Hence, their measured dispersions
in TFP levels are a multiple of the dispersion$ kP growth found in the study at hand.

" Focusing on TFP levels, more recent literature sieh and Klenow (2009) supports this notion by
finding TFP levels of SOEs in the Chinese industripe 40 percent lower compared to non-SOEs. For
the Chinese iron and steel industry, Sheng and &) find a higher proportion of private owner-
ship in a firm’s real capital to be positively riedd to TFP levels between 1998 and 2007.

8 Chinese SOEs essentially are extensions of thergment and, for example, carry out functions of
providing employment and social services, as wels@rving as a conduit for the implementation of
regulations. These functions not always posses®fit potive. For more details on differences be-
tween SOEs and non-SOEs in various dimensionsasedllp especially section 2.2.
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© Identification Strategy

The effect of the T1000P on firm performance (TFPC,and SEC) is identified apply-
ing a difference-in-difference (DD) approaCtiThis approach derives causal treatment
effects by comparing the performance of treated mod-treated firms in the pre-
regulation and regulation period. As describedaatisn 3.2, the point of intervention
was April 2006 for all firms participating in theqggram. Firms are assumed not to have
anticipated the regulation and, accordingly, toenandertaken regulation related ac-
tions affecting firm performance beforehdfidhlso, while firms were chosen to partic-
ipate in the TLOOOP mainly based on energy consompalso other criteria like indus-
try affiliation played a role (cf. section 3.2).rfds did not actively self-select into the
program. For the DD approach to yield valid resuhge assumption of a parallel trend
has to be satisfied. This assumption implies adtianfirm performance before the in-
troduction of the regulation that does not diffetvieeen firms of the treatment and con-
trol group. Given the parallel trend assumptiondepkhe average effect of the regula-
tion on firm TFP change, called average treatméetieon the treated (ATT), can be

identified via

TFPQI :aO+6Yi +et +ﬁATTTi pt +’leit +0l7z +£}t ! (4)

where TFPC is the total factor productivity chamddirm i in yeart. This procedure

can be followed analogously to analyze the ATT @ and SEC by replacing TFPC

" The DD methodology is described in greater détaippendix A.2. Other methodologies to evaluate
the effect of the regulation would be matching egression discontinuity. Since energy consumption
is unobserved and no good proxy variable is avig]ake restrained from conducting a regression dis-
continuity analysis. This study incorporates eletmnaf the underlying idea of a matching procedure
by using stratified samples to check for robustr@she results. Given that results were foundédo b
robust, we restrained from an additional implemgémaof a matching procedure. For an extensive re-
view of policy evaluation methods the interesteaider might consult Lance, Guilkey et al. (2014) or,
for a more qualitative description, Gertler, Magtiret al. (2011).

8 We consider this assumption to be credible, asT#H@00P was framed within a comparatively short
time period (cf. section 3.2).
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with one of these other performance indicators. itexcept isno and firm fixed effects
a; control for firm-specific time-constant unobserveeterogeneity affecting firm per-
formances. Vectod; capture year fixed effects and controls for ygmeesfic shocks on
firm performance common to all firms. Pre-regulat@nd regulation periods are cap-
tured by the binary variablg, , taking the value one for all regulation periodsl @ero
otherwise, with the year of change being 2006. Gihary variabler, indicates wheth-
er or not a firm was part of the treatment groupe ATT is estimated by coefficient
Bur- We assume a single homogenous effect of the aggalon firm performance
across all regulation perio85Vector X;; contains two variables to control for time
changing heterogeneity affecting firm performandéese variables are ownership
structure and firm size. Size effects are contdofier by the natural logarithm of the
number of employees. Ownership related effectsraasured by a binary variable dif-
ferentiating between SOEs and non-S&Hrovince-year effect®, 77 control for prov-

ince 77 - and yea#-specific shocks.

The appropriateness of the DD approach is onlyrgivéhe treatment conditional
on time and firm effects is as good as random (Bed, Duflo et al., 2004). Hence, it
may be important to control fat;, 8; and X;;.. The inclusion of firm fixed effects;
avoids biased estimation results if time invariambbserved firm level heterogeneity is
not orthogonal with the ATT or other covariatesr kstance, these effects might cap-
ture potential endogeneities in terms of an exposarthe T1000P, if the underlying

firm level heterogeneity is time-constant. SOEs obanging ownership over time

8 In_principle, the estimation of year-specific ATTgould be possible as well by including
thT* ,BtATTGtTi in eq. (4) instead off,17,0,. However, the observation of only three regulation
periods renders the additional insights from ediimyayear-specific effects to be small.

8 Note that firm size and ownership can vary oveeti 17.7 percent of the observations (19.9 pemfent
non-treated and 5.1 percent of treated firms) cadram being state controlled to being non-state co
trolled. A transition in the other direction is @pged for 3.7 percent of the observations (3.7 qrarof
non-treated and 5.2 percent of treated firms)héngre-regulation period, 14.7 percent of the olzser
tions (17.4 percent of non-treated and 6.7 perotheated firms) change from being state contiblle
to being non-state controlled. A transition in tither direction is observed for 0.8 percent of dbe
servations (0.7 percent of non-treated and 2.1emérof treated firms). The effect of the geographic
location is allowed to vary by year.
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might have been benefiting from financial suppdn¢ady before the introduction of the
regulation in 2006, what could allow them to becamae productive also after 2006.
At the same time, state ownership could have ise@she probability of being exposed
to the T1000P. Other time-constant conditions #figcthe outcome of a firm might be
geographic heterogeneity like a favorable geog@aptgation close to iron and coal
mines or ports (Greenstone, 2002), preferentiatipal treatment, regional differences
in the appliance and enforcement of regulationetsrg@tc. Examples for year-specific
shocks on firm performance common to all firms,taegd by6;, are output market dis-
ruptions or political ruptures on a national levidhe two-way fixed effects model (year
fixed effects are included as well) is estimatedi@scribed in section 5.1, again by us-
ing cluster robust sandwich estimates at the fevel. By this, we are avoiding a poten-
tial downward bias in the estimated standard ewbtke treatment effect due to uncon-

trolled positive serial correlatidf.

A threat to the identification strategy, if remaidnenaccounted for, is time varying
unobserved heterogeneity not orthogonal to theénrewat effect or other covariates. By
construction of the regulation, only large energnsumers were exposed to it, i.e. the
distribution of participating firms is heavily sked towards large firms (cf. Table 11-1).
In addition, anecdotal evidence in the literatunel @bservations made earlier in this
study (cf. section 3.2, 4.2 and Table II-1) suggeBtm’s exposure to be dependent on
other determinants than simply an above threshodilgy consumption. Firm size and
ownership evolve as two main suspects. These tatorkacan be expected to be corre-
lated with firm performance as well, and hence stepwise controlled for by vector

Xi..2* Province- and year-specific shocks, capturedfy, can be thought of as being

% The issue and implications of serial correlatinrai DD analysis are discussed in detail by Bertrand
Duflo et al. (2004).

8 For example, Sheng and Song (2013) provide evalehd@FP levels in the Chinese iron and steel in-
dustry being dependent on ownership structure immdsize. Also Hsieh and Klenow (2009) find TFP
levels in the Chinese industry being related tmfaize and ownership. We cannot reject a priofhsuc
relations not to hold with respect to TFP chandee $tepwise inclusion of the variables of vectgr
also serves as a robustness check. If resultobtestracross the different model specifications,itih
as due to other, still unobserved, time varyingdeonly might be minor.
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caused, e.g., by changes in a province’s polistalcture. Shocks therein potentially
can be correlated not only with firm performancet with, e.g., TLOOOP exposure as
well. Another example could be labor unions (Grémms, 2002). These might be more
prevalent in geographic locations with a high dignsf state controlled firms. The ac-
tivism of labor unions might differ over time, widbme provinces being more affected

than others at some point in time.

We implement several approaches to test for rolesstiof the results. First, we
apply the DD identification strategy to samplesitsfied with respect to several dimen-
sions. Second, results are tested for robustnebsr@spect to sample attrition. In form
of a final third robustness check, T1000P expossiiestrumented for. These robust-

ness check procedures are described in greateridethapter 8.

As discussed previously, the DD analysis buildshen core assumption of TFP
change (or TC or SEC) of the treatment group amdatinterfactual, the control group,
following a parallel trend in the pre-regulatiorripd. The parallel trend, with the year
of implementation of the regulation being indicatedT *, is tested by the following

expression:

TFPG =a,+a +At+ Af +1'X, +877 +§ | t<T*. ()

Expression (5) is based on an overall time treadd a time trend for the treated group
(indicated by tr”), t* =tr, , and estimated using observations of the pre-atigul pe-
riod only. The parallel trend assumption is safif the null hypothesis qf?{” =0is

not rejected. A similar test shown in eq. (6) cetssin the assessment, whether there are
pre-treatment effectg’, ;. = 7, 8,,,.. Under the assumption of an exogenous treatment,

no such effects are expected to eXist.

8 For a discussion on how to test for a paralleidrer pre-treatment effects see, e.g., Lance, ik
al. (2014) or Khandker, Koolwal et al. (2010). Teew/o diagnosis tests are also listed in Bertrand,
Duflo et al. (2002).
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TFPG =ay+a +6, +§ ot B T, 4 7' X, 0T +6 (6)

The assumption of no pre-treatment effects hold&!jf = 0 is not rejected® In con-
trast to expression (5), expression (6) makes tiggedull panel of information. It also
includes an estimation of the, in our case ovéddllfootnote 81), ATT. Firm fixed ef-
fectso; capture the information of the covariateas well, for which reason it is not in-
cluded in above three specifications. Tests foamlfel trend and pre-treatment effects
in TC and SEC are conducted analogously by reggatkPC with one of these respec-

tive variables.

{  Effect of the Regulation on Total Factor
Productivity Change

In this chapter, we describe the findings on thensive margin of the T1000P on TFP
change (including its subcomponents) and therefomepetitiveness of treated and non-
treated firms in the Chinese iron and steel ingu&efore focusing on the econometric
approach outlined in the previous chapter, we @iestduct a deterministic evaluation of
the T1000P’s impact on TFP change to exemplifyuheerlying idea of a DD analysis.

The regulation is found to positively affect TFRange and subcomponents of technical

and scale efficiency change.

% |In case more than one pre-regulation treatment-fiead effects are observed, their joint insignifi
cance can be tested via a conventiditdst.
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7.1 Deterministic Approach

The deterministic approach compares the differenceserage TFP change before and
after the introduction of the regulation in y&ér(i.e., year 2006) between the treatment
group (indicated bytt”) and control group (indicated byd’). Here, the ATT of the
environmental regulation on aggregate producticiiange is the differential in ex-
pected values of the differences in average TFRgd®of the treatment and control
group before and after the introduction of the tagon. In contrast to the econometric
approach, this framework does not account for uaiesl heterogeneity. The determin-
istic approach to computing tAel' T can be expressed by the following formula:

ATT=E TFPG(t F) - TFP( & 9 |

AE[TFPG]

—E[TFPGX(t= T) - TFPCY & ) |.

AE[TFPG]

Results are shown in Table 1I-3. The introductidrin@ T1000P is found to have
increased TFP change of treated firms relativdnéocontrol group by, on average, 1.8
percent. The highest effect is recorded for theodloy smelting industry with an in-
crease of 2.8 percent. However, these effects niighdistorted with at this point un-
known direction, as other heterogeneity than T10€Qbsure affecting TFP change is
not accounted for.
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Table |1-3; Deterministic analysis of the treatment effeahef TL000P on TFPC.

Control group Treatment grouf Differences Diff-in-diff
Pre-T1000F T1000P Pre-T1000F T1000P [(2)-(1)] [(4)-@3)] [(6) - (5)]

E[TFPG®] E[TFPG°] E[TFPC'] E[TFPG'] AE[TFPG’] AE[TFPG/]

(t<T* t=T% t<T (t=T%
1) (2) 3 4) (5) (6) (M
Subindustry-specific cost function (mean)
0.088 0.055 0.026 0.011 -0.033 -0.015 0.018
(0.115) (0.104) (0.055) (0.036) (0.002) (0.004 oQm)
Iron- and steelmaking
0.116 0.103 0.013 0.004| -0.013 -0.009 0.005
(0.132) (0.112) (0.069) (0.033) (0.004) (0.007 oQm)
Steel rolling
0.078 0.049 0.034 0.017 -0.029 -0.017 0.012
(0.096) (0.078) (0.028) (0.031) (0.002) (0.003) oQm)
Ferroalloy smelting

0.096 0.031 0.051 0.014| -0.065 -0.037 0.028
(0.153) (0.153) (0.062) (0.058) (0.005) (0.015 0Q2)

Note: In column 7 this table presents deterministic défee-in-difference results of the
mean effect of the T1000P on TPFC. The treatmemigcontains 848 observations (148
firms) and the control group 26,228 observationd43 firms). The pre-regulation period
covers 2003 to 2005 and the regulation period 2606 to 2008. Standard deviations are
given in parentheses. Standard errors of columnan® (6) are calculated as

(E[TFPG(t< MDY N t< ) « ETFPE &) 7 & 297 Y &, thco
while [(AE[TFPC]) %/ N +(AE TFPET) %7 9] ¥° yields the standard error of col-
umn (7).N is the number of observations in the treatment@mdrol group, respectively.
Note that this calculation of the standard errasds on the assumption of zero correlation
betweenAE[TFPC/( t< T)] and AE[TFPG/(t= T)] as well as betweeAE[TFPG]

and AE[TFPqttr] . Given positive observed correlations, this imaservative assumption.
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7.2 Econometric Approach

The econometric approach to the DD analysis, inrashto the methodology shown in
Table 11-3, allows controlling for other heterogdgpe¢han T1000P exposure that poten-
tially is affecting changes in productivity. Theomometric approach also allows testing
for a potential threat to identification of the atment effect in form of different pre-
regulation trends in the outcome variables betwbencontrol and treatment group or
pre-treatment effects. The test of the paralleidris based on eq. (5). Pre-treatment ef-
fects are tested for by using eq. (6). Resultheftivo tests with respect to TFP change
and its subcomponents are given in Table II-4. Resue shown for the test of model
specification DD-3, our, as discussed later onfepred modef” With a statistically
non-significant coefficient estimate of the intdran between the time indicator and the
treatment, both methods—i.e., eq. (5) and eq. (6)d-their respective null hypothesis
to hold for all three firm performance indicatof@PC, TC and SECY The time trend
and year 2005 fixed effect, even though statid§icaisignificant, suggest that TFP

change on average was slightly slowing down witietin the pre-regulation period.

87 Using eq. (5), the parallel trend was tested, fandd to hold, also for model specifications DD-+#Ha
DD-2.

8 Of course, we are aware that the number of yeaserwed before the introduction of the regulati®n i
relatively small in order to test for a paralledrid.
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Tablel1-4: Testing for a parallel trend and pre-treatmentet in TFPC, TC and SEC based
on eg. (5) and eq. (6).

Dependent variable TFPC TC SEC

Specification DD-3[Testing based on eq. (5)]
Time trend x Treatment (,8:') 0.001 (0.012) 0.003 (0.003) -0.002 (0.011)
Time trend (3) -0.068  (0.045) 0.001 (0.004) -0.069 (0.044)
Size 0.063*** (0.019) 0.003 (0.002) 0.086¢ (0.019)
Ownership 0.016 (0.037) 0.000 (0.008) 0.016 (0.035)

Province x Year 2005 : :
Constant¢,) -0.075 (0.130) 0.036***(0.014) -0.111  (0.129)
R 0.728 0.894 0.705

# firms / # observations 4,708/ 7,243 4,708 /7,243 4,708 /7,243

Specification DD-3[Testing based on eq. (6)]

Year 2005 x Treatment( 6’2‘;05) -0.008 (0.008) 0.003 (0.002) -0.011 (0.008)
ATT (B.) 0.026™* (0.007) 0.01Z™* (0.003) 0.012 (0.007)
Year 2005 ¢,,.) -0.043  (0.031) 0.000 (0.003) -0.043 (0.030)
Year 2006 ¢,,,) -0.046  (0.030) 0.002 (0.004) -0.048 (0.028)
Year 2007 @,,,,) -0.058* (0.027) -0.002  (0.005) -0.053* (0.025)
Year 2008 @,,,,) —0.059* (0.028) 0.02T* (0.005) —0.080°™* (0.026)
Size 0.027*** (0.004) -0.001 (0.001) 0.028* (0.004)
Ownership  0.010** (0.004) 0.003* (0.001) 0.0867 (0.004)
Province x Year 2005 : :
Constant¢,) -0.039* (0.020) 0.055***(0.004) -0.093** (0.020)
R 0.399 0.749 0.324
# firms / # observations 5,340/ 21,736 5,340 724&, 5,340/21,736

Note: This table shows the results of the testing foagaltel trend and pre-treatment effects in TFPC,
TC and SEC using the model specifications of ejjatfl eq. (6)R? is unadjusted. Robust standard er-
rors at the firm level are reported in parenthe&ierisks *** indicate significance at 1 perceatél,

** at 5 percent level and * at 10 percent level.
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Treatment effects are estimated based on expre@piowith results being shown
in Table 11-5%° For comparison purposes, as explained in chaptere6estimate three
model versions (DD-1 to DD-3), which in a stepwisgnner account for time varying
structural heterogeneity. The most parsimoniousiBipation is the first model (DD-1).
The second model (DD-2) additionally accounts iimetvarying heterogeneity related
to ownership and size. Finally, the third model 3 allows for year-specific shocks
on provincial level as well. The T1000P was impleted and surveyed mainly on pro-
vincial level with the local governmental officialseing evaluated based on the
achievement of the T1000P energy-saving targetssédtion 3.2). Hence, changes in
provincial politics in the pre-regulation periodutd affect not only firm performance,
but also the propensity of being exposed to theOUPO Political shocks on provincial
level during the regulation period could be relgydor example, in terms of the en-
forcement of the regulation by affecting regulatsiringency. All three models include
firm fixed effects and capture political shocksrational level via year fixed effects.

Even though the respectietests reject the coefficients of the additionally
cluded variables to be jointly equal to zero, eated treatment effects are robust in
terms of sign, magnitude and significance acrdsthae model specifications. This in-
creases our confidence that no significant bia ibe expected to stem from unob-
served heterogeneity correlated with the additignatiuded variables. Given such ro-
bustness, the third model is our preferred spetiba nevertheless, as it most exten-
sively controls for potential cofounding factora. line with our deterministic findings
in Table 1I-3, TFP change of treated firms on agere positively and statistically sig-
nificantly affected by the T1000P. Model specifioatDD-3 estimates the annual TFP
growth rate to increase by 3.1 perc@im wake of the regulation and thereby provides

8 We only have observations on three years wheraebelation was active. However, firms are de-
scribed to have started early with energy savirjgsachent processes as the T1000P forced them to
comply with yearly targets. Zhao, Li et al. (2054)ydy the behavior of a power plant and obsens thi
plant to have addressed most of the internal ener@yagement reforms, including retrofits, by 2007.
See also Price, Wang et al. (2010) for a descriptiofirst year energy saving measures of firms ex-
posed to the T1000P.

% An annual increase in TFP change of 3.1 percemesponds to an additional, regulation induced av-

erage yearly increase in TFP levels of treatedsfiofe”* —1 [ 0.031 compared to non-treated firms.
fFootnote continues on next page
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empirical evidence of Porter's hypothéSisAs treated firms showed an average TFP
change of 2.6 percent before the implementatioi@®fT1000P (cf. Table 1I-2), the ad-
ditional, T1000P induced increase in TFP changeuantsoto 0.081 percentage points.
The disaggregation of TFP change into its subcompisnyields further insights in
terms of whether firms responded to the regulabgradjusting technical change TC
(e.g., by installing new machinery) or their scaféciency SEC (e.g., by increasing
output?). Both subcomponents are significantly affectedtsypolicy and, on average,

contribute about equally to the overall treatméfec.*®

In what follows, we qualitatively hypothesize ondenlying factors contributing
to these results. Clearly, the design of the T10@0$ome extent was special. Enforce-
ment was overseen by multiple governmental bodmek@nishment in case of non-
compliance was not determined a priori and expiciEurthermore, firms received
governmental support on many levels, from infororagprovision on provincial level,
to skill building, over to government-funded loaausd subsidies. We cannot exclude
such financial support to some part being respém$dn the significant and positive ef-
fect of the T1000P on firm performance. And, ashaee no information on the amount
of these financial supports, we cannot evaluatethvener not they exceeded the (from a
firm’s perspective) estimated monetary benefitthefincrease in TFP change. Notably,
firms were free in in their decision of how to ame their abatement targets. According

to Porter and Van der Linde (1995b), this is a &egelition of a properly designed en-

Treated firms showed an average gross output &487mRMB in 1998 values before the introduc-
tion of the regulation. Hence, on a per firm basiback of the envelope calculation of average annu
private benefits induced by the regulation thropgbductivity gains for the period of 2006 to 2008
yields 148.7 mRMB( in 1998 values).

Porter's hypothesis builds on the assumptionfihas must comply with the regulation. As described
in section 3.2, the compliance rate of the firmpased to the T1000P was indeed very high. Our find-
ings do not imply that the policy had no negatiffects on productivity change through an increase i
cost with no offsetting rise in output. We rathierdf evidence of a positive net effect on produtfivi
change, i.e. of positive effects through, e.g.oirative activities outweighing negative effects.

91

%2 The firms of all three subindustries on averagesvieund to exhibit positive returns to scale {ible

[1-23 in the appendix).

Due to a generally observed low industrial concgittn, Price, Levine et al. (2011) described Clina
energy intensive industrial sector to still havgéaenergy saving potential through mergers andiacq
sitions and promoting economies of scale.

93
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vironmental policy. Hence, our result of a positivet effect of the T1000P on TFP

change may not be entirely surprising.

Tablell-5: ATTs on TFPC, TC and SEC.

DD version: DD-1 DD-2 DD-3

ATT on TFPC 0.029*** (0.004) 0.029*** (0.004) 0.03¢ (0.005)
ATTonTC 0.013*** (0.002) 0.013*** (0.002) 0.012* (0.002)
ATT on SEC 0.017*** (0.003) 0.016*** (0.004) 0.019* (0.004)
# firms / # obs. 5,340/ 21,736 5,340/ 21,736 6,321,736

R (TFPC/TC/SEC)  0.368/0.685/0.300 0.373/0.686 / 0.307 0.89249 / 0.324
F-statistic (TFPC / TC / SEC) 22.63*%/ 2,00 / 25.45%  4.70%* [ 21.26%** | 3.07**
Size No Yes Yes
Ownership No Yes Yes
Province x Year No No Yes

Note: This table shows the ATT on TFPC, TC and SEC betvw&#06 and 2008 using eq.
(4). Only estimates ofarr are shown. For the sake of conciseness, estinoht@sy and
province-year effects are not shown. All three mapecifications (DD-1 to DD-3) control
for firm fixed effects.R? values of the estimations with TFPC, TC or SE@esendent vari-
able are unadjustedk-statistics show the joint significance of the didhially introduced
size, ownership and province-year variables. Robusidard errors at the firm level are re-
ported in parenthesis. Asterisks *** indicate sfipgance at 1 percent level, ** at 5 percent
level and * at 10 percent level.

8 Robustness

We check the robustness of the previously presestepirical benchmark results via
three approaches. The first robustness check d@ssmmaodel (4) using stratified sam-
ples. Sample stratification with respect to keyialales refines the counterfactual
groups and ensures that treated firms are compargchilar non-treated firms only. As
noted by Greenstone (2002) or Meyer (1995), a coisga of treated and non-treated
firms should be based on similar entities to engffieiency and consistency. We strati-
fy the sample, and thereby increase similaritythe dimensions of size, ownership,
subindustry affiliation and geographic region. Setowve test robustness with respect to

sample attrition. And finally, in form of a thir@lbustness check, we use an instrumen-
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tal variable approach to account for potential tiagying unobserved heterogeneity not
orthogonal to T1000P expostite.

8.1 Sample Stratification

The following estimations are based on sampledifgdch with respect to firm size,
ownership structure, subindustry and geographioned able [I-6 shows every stratum
to contain enough observations on treated firmssfatistical inference. As a first ro-
bustness check, we re-estimate model (4) basedsample which only includes firms
of the fourth quartile of the size distribution.rgar firms, for example, might be more
capable of affording investments into productioogaisses, independently of whether or
not a firm is exposed to a policy and especiallynature heavy industries like the iron
and steel industry. Furthermore, positive scaleat$f (cf. Table 11-23 in the appendix)
lower the adoption costs of new technologies pérafroutput, while productive bene-
fits of the new technology might be independenimfrihe level of output. As the main
selection criterion of the T1000P was an energysaomption of at least 180 ktce, only
large firms were exposed to the regulation andoimsequence, all treated firms belong
to the fourth quartile of the size distribution.€eTtesults presented in Table [I-7 are in
the ballpark of the benchmark results of Table, Ww8h treatment effects being slightly
larger for the sample only including large firms.

The relationship between firm ownership and proditgtof Chinese firms has
been well documented (Dollar and Wei, 2007; Douthéterd et al., 2007). However,

% Some firms could have been forced to reduce #reirgy consumption to a higher degree compared to
pre-regulation levels than other firms. If suchyiag regulation stringency is correlated with obser
covariates, estimated ATTs could be biased. Whilam-§pecific T1000P abatement targets and
achievement rates are reported, energy consumigtiets remain unobserved. It therefore is not pos-
sible to explicitly account for such potentiallystlirtionary effects. Furthermore, because we observ
only three regulation periods, we also restraimfranalyzing the role of general equilibrium effects
Non-treated firms, after having observed the pasitffect of the regulation on treated firms, could
have started to implement innovation enhancinggsses as well in order to reduce energy consump-
tion. Such general equilibrium effects could distiie estimated effect of the regulation on the per
formance of treated firms. It would reduce the efiéintial in TFP change between treated and non-
treated firms, and therefore could result in anenastimation of the treatment effect.
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the underlying mechanisms by which ownership infleess productivity remain poorly
understood. One difficulty inherent in relating @wship to outcomes is that ownership
is not uniform in the structures, incentives, aagarting relationships it implies, and
may be conditioned by a wide variety of circumgtdrfactors. State ownership, for in-
stance, could imply varying degrees of direct statetrol and preferential access, for
instance, to capital or land. Performance incestingy likewise vary widely within
state-owned enterprises, conditioned by subindwsty the level of government con-
trol.” Table 11-8 reports the results of the second roiess check based on a stratified
sample with respect to ownership. Models DD-2 abd-® are modified by excluding
ownership fixed effects. The regulation is founchwe a similar effect on TFP change
and subcomponents thereof for SOEs and non-SOEsh®pone hand, such finding
could contradict the hypothesis of SOEs havingiigmtly more resources available
to fund the fixed costs and undertake the riskseésting in innovative and TFP in-
creasing activities. Our finding is evidence tham$ of both ownership types faced
about an equal pressure to increase TFP. This walstd contradict the hypothesis of
SOEs having had weaker obligations to comply wité tegulation or having faced
softer constraints on the output and input markétat would have allowed to carry the
costs of compliance without becoming more comwetiti

Sample stratification with respect to subindusthgves controlling for factors like
time varying industry concentration. A higher mdrkencentration might increase in-
centives to innovate and become more productivénui@peter, 1942). Results are
shown in Table 11-9. Modell DD-3 has not been eatigd, because in several provinces
the iron- and steelmaking and the ferroalloy smglindustry are represented by a few

firms only. Results are found to be in the ballpafkhe benchmark specifications. Fo-

% See part IlI, especially section 2.2, for a moetaided description of the implications of ownepshi
the Chinese industry. It is to note that time dfere specific for a stratified sample, allowirptrol-
ling for time varying heterogeneity on the levelstfatification instead of the overall level. Anaex-
ple of time effects specific to firm ownership cdude time varying efforts of the government to im-
prove the competitiveness of SOEs through progritessubsidized access to capital. Such efforts
could be different in their extent across firms &intk, as they may have, for instance, grown st&ong
with the onset of the Eleventh FYP.
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cusing on model DD-2, the T1000P is found to h&eehighest impact on TFP change
in the ferroalloy smelting industry. TFP changetlué iron- and steelmaking and steel
rolling industry was affected to a lesser degree uAderlying factor of this finding, for

example, could be abatement targets varying in sereed stringency between the dif-

ferent industrie€®

Results of the sample stratified with respect toggaphic region are given in Ta-
ble 11-10. Time varying heterogeneity connectedhe geographic region could have
numerous implications on the treatment effect. Rakfactors range from the quality
of infrastructure over population density to locaput market characteristics. TFP
change of firms in the central and northeast regias most affected by the T1000P,
followed by the west and central regions. Most §yrireated as well as untreated, are
located in the east region (cf. Figure II-1 andurggll-2). Market oriented reforms were
strongest in the east region (Sheng and Song, 26{8)ce, firms face the strongest
competition on output and input markets in thisoegThe eastern industry on average
can be considered to be more developed than thefahe other regions. Hence, firms
in the east region might start from a higher praidity level at the time the regulation
became effective, what could render incremental TR¢?eases more difficult to
achieve and expensive, compared to the hypothigtiesls developed firms of the other

regions.

In conclusion, the results when using stratifiechgkes are in line with the results
of the benchmark specification of Table 1I-5. Tlesan indication that the dimensions
of stratification are not major sources of biagréasing our confidence in the con-

sistency of these results.

% According to our data, the average yearly abat¢taeget was 0.133 Mtce for a firm of the iron- and
steelmaking subindustry, 0.300 Mtce for the stelting subindustry and 0.037 Mtce for the ferrogllo
smelting subindustry. Data shows achievement ratethe end of 2008the program lasted until
2010—to amount to 168 percent, 125 percent and 88 peitéime respective industries. The compara-
tively low achievement rate of the ferroalloy srivgtindustry, despite relatively low yearly targets
average, could indicate that this industry faceshtgr challenges in complying with the policy.
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Table1-6: Number of treated and non-treated firms by strata.

Treatment group Control group
# firms # obs. # firms # obs.

Total 148 848 5,192 26,228
Stratification by size

4™ quartile of firm sizes stratum 148 848 1,187 6,311
Stratification by ownership type

SOE stratum 54 312 127 667

Non-SOE stratum 65 370 4,314 21,560
Stratification by subindustry

Iron- & steelmaking stratum 66 378 959 4,590

Steel rolling stratum 68 390 3,285 17,001

Ferroalloy smelting stratum 14 80 948 4,637
Stratification by region

East region stratum 68 387 3,054 15,646

Central and northeast region stratum 51 292 1,219 6,046

West region stratum 29 169 920 4,536

Note: This table shows the number of firms and obseraatimonditional on treatment and sam-
ple stratification. When stratifying by ownershypé, observations do no sum up to the total of
27,076, because firms changing their ownership oyeg time are dropped.

Tablell-7: ATTs of sample stratified to contain the fourtlamjle of firm sizes.

DD version: DD-1 DD-2 DD-3

ATT on TFPC 0.034*** (0.005) 0.033*** (0.005) 0.035 (0.005)
ATTonTC 0.010*** (0.002) 0.010*** (0.002) 0.010* (0.002)
ATT on SEC 0.024*** (0.004) 0.023*** (0.004) 0.025* (0.005)
# firms / # obs. 1,335/5,824 1,335/5,824 1,83824

R (TFPC/TC/SEC)  0.387/0.624/0.302 0.393/0.624/0.310 0.42587 / 0.331
F-statistic (TFPC / TC / SEC) 6.43** [ 0.06 / 6.38**  6.32%** [ 14.86%** [ 2,08+**
Size No Yes Yes
Ownership No Yes Yes
Province x Year No No Yes

Note: This table shows the ATT on TFPC, TC and SEC betvw&@06 and 2008 using eq.
(4). The allocation of firms to thé"4ize quartile is based on the number of peopld@yag

in 2005 (the year before the introduction of théd@0P). Only estimates @hrt are shown.
For the sake of conciseness, estimate8,,of and province-year effects are not shown. All
three model specifications (DD-1 to DD-3) contan firm fixed effectsR? values of the es-
timations with TFPC, TC or SEC as dependent vagialoé unadjustedk-statistics show the
joint significance of the additionally introduceides ownership and province-year variables.
Robust standard errors at the firm level are regbih parenthesis. Asterisks *** indicate
significance at 1 percent level, ** at 5 perceneleand * at 10 percent level.
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Tablel1-8: ATTs of samples stratified with respect to owrierglpes.

Model Version: DD-1 DD-2owner DD-3owner
SOE

ATT on TFPC 0.020** (0.009) 0.020** (0.010) 0.023* (0.012)

ATTonTC 0.010*  (0.005) 0.010** (0.005) 0.013* (@5)

ATT on SEC 0.010 (0.008) 0.010 (0.009) 0.010 (0)012

# firms / # obs. 181/798 181/798 181/798

R (TFPC/TC/SEC)  0.316/0.703/0.166 0.320/0.704/0.173 0.43487 / 0.299

F-statistic (TFPC / TC / SEC) 1.27/0.20/2.12 98.2%%% [ 17.9%% | 13 4#
Non-SOE

ATT on TFPC 0.024*** (0.006) 0.020*** (0.006) 0.023 (0.008)

ATTonTC 0.013** (0.003) 0.013*** (0.003) 0.012* (0.003)

ATT on SEC 0.011*  (0.006) 0.006 (0.006) 0.011 (@80

# firms / # obs. 4,379 /17,551 4,379/17,551 @ 377,551

R (TFPC/TC/SEC)  0.356/0.683/0.288 0.362/0.683 / 0.296 0.395%4 / 0.320

F-statistic (TFPC / TC / SEC) 39.28% [ 0.45 [ 44.27+* 13,00 [ 36.1% [ 116+

Size No Yes Yes

Province x Year No No Yes

Note: This table shows the ATT on TFPC, TC and SEC betvw&@06 and 2008 using eq.
(4). Firms changing their ownership type over tiame dropped from the analysis. For this
reason, observations do no sum up to the numbees gn Table 11-5. Only estimates gfr+
are shown. For the sake of conciseness, estimét@syoand province-year effects are not
shown. All three model specifications (DD-1 to DIp<8ntrol for firm fixed effectsR? val-
ues of the estimations with TFPC, TC or SEC as nidpet variable are unadjustelé:
statistics show the joint significance of the aiddially introduced size, ownership and prov-
ince-year variables. Robust standard errors dirtindevel are reported in parenthesis. Aster-
isks *** indicate significance at 1 percent levii,at 5 percent level and * at 10 percent lev-
el.
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Tablel1-9: ATTs of samples stratified with respect to substriles.

Model Version: DD-1 DD-2
Iron- & steelmaking
ATT on TFPC 0.020*  (0.008) 0.019**  (0.009)
ATTonTC -0.002 (0.002) -0.001 (0.002)
ATT on SEC 0.022*** (0.007) 0.020*  (0.008)
# firms / # obs. 1,025/ 3,943 1,025/ 3,943
RE(TFPC/TC/SEC)  0.363/0.946/0.299 0.368/0.949 / 0.307
F-statistic (TFPC / TC / SEC) 7.05%%* [ 35.41%%% [ 9 2Q*+
Steel rolling
ATT on TFPC 0.020*** (0.004) 0.020** (0.004)
ATTonTC 0.002 (0.002) 0.002 (0.002)
ATT on SEC 0.018** (0.003) 0.018** (0.003)
#firms / # obs. 3,353/14,038 3,353/14,038
R (TFPC/TCISEC) 0.350/0.825/0.298 0.354 / 0823304
F-statistic (TFPC/TC/SEC) 10.50%** [ 5.37%* | 11,55%+*
Ferroalloy smelting
ATT on TFPC 0.059*** (0.011) 0.065*** (0.013)
ATTonTC 0.021*** (0.005) 0.022*** (0.005)
ATT on SEC 0.038** (0.010) 0.043** (0.012)
#firms / # obs. 962 /3,755 962 /3,755
RE(TFPC/TC/SEC)  0.438/0.831/0.303 0.450/0.832/0.314
F-statistic (TFPC / TC / SEC) 9.68%** [ 6.41* | 6,99*+
Size No Yes
Ownership No Yes
Province x Year No No

Note: This table shows the ATT on TFPC, TC and SEC batwee
2006 and 2008 using eq. (4). Industry affiliatienbased on the
dominating sector code (defined as described irmagig A.1). On-

ly estimates offarr are shown. For the sake of conciseness, esti-
mates of, y and province-year effects are not shown. All two
model specifications (DD-1 and DD-2) control famnfifixed ef-
fects. R? values of the estimations with TFPC, TC or SEQas
pendent variable are unadjust@dstatistics show the joint signifi-
cance of the additionally introduced size, owngrsdmd province-
year variables. Robust standard errors at the Iéxmal are reported
in parenthesis. Asterisks *** indicate significanael percent level,
** gt 5 percent level and * at 10 percent level.
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Tablel1-10: ATTs of samples stratified with respect to regions

Model Version: DD-1 DD-2 DD-3

East region
ATT on TFPC 0.029*** (0.004) 0.026*** (0.005) 0.08Z (0.006)
ATTonTC 0.013*** (0.002) 0.013*** (0.002) 0.014* (0.002)
ATT on SEC 0.016*** (0.003) 0.013*** (0.004) 0.018* (0.005)
# firms / # obs. 3,122/12,912 3,122/12,912 392,912
R (TFPC/TC/SEC)  0.381/0.776/0.309 0.386/0.777 / 0.315 0.39789 / 0.327
F-statistic (TFPC / TC / SEC) 9.91%** [ 7.04% [ 10.98%**  3.63%** [ 14.99%** | 3 83***

Central and northeast region

ATT on TFPC 0.037*** (0.009) 0.040*** (0.009) 0.03% (0.010)
ATTonTC 0.017*** (0.004) 0.017*** (0.004) 0.011* (0.004)
ATT on SEC 0.020**  (0.008) 0.024*** (0.008) 0.025** (0.009)
# firms / # obs. 1,270/ 5,068 1,270/ 5,068 1,23M68
R (TFPC/TC/SEC)  0.333/0.661/0.264 0.336/0.661/0.269 0.33915/0.285
F-statistic (TFPC / TC / SEC) 3.75% [ 0.66 / 5.12%*  3.31%%+ [ 11,72% [ 2, 18%*
West region
ATT on TFPC 0.033*** (0.008) 0.033*** (0.009) 0.021 (0.011)
ATTonTC 0.013**  (0.006) 0.013** (0.006) 0.012* .@7)
ATT on SEC 0.020*** (0.007) 0.020**  (0.009) 0.009 0.010)
# firms / # obs. 949 / 3,756 949/ 3,756 949 /8,75
R (TFPC/TC/SEC)  0.396/0.692/0.323 0.410/0.693/0.338 0.43%34 / 0.356
F-statistic (TFPC / TC / SEC) 1267+ [ 1.10 / 11.74%*  4,29%%* | 25 4Q*r* [ 28] %+
Size No Yes Yes
Ownership No Yes Yes
Province x Year No No Yes

Note: This table shows the ATT on TFPC, TC and SEC betvw&@06 and 2008 using eq.
(4). The assignment of the different provinceshm three regions is described in footnote 57
on p. 68. Only estimates gfrr are shown. For the sake of conciseness, estimafgsy and
province-year effects are not shown. All three mapecifications (DD-1 to DD-3) control
for firm fixed effects.R? values of the estimations with TFPC, TC or SE@esendent vari-
able are unadjustedk-statistics show the joint significance of the diddially introduced
size, ownership and province-year variables. Robtastdard errors at the firm level are re-
ported in parenthesis. Asterisks *** indicate sfigg@ince at 1 percent level, ** at 5 percent
level and * at 10 percent level.
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8.2 Sample Attrition

Firms leaving the sample might distort the randassnef the panel and endanger its
representativeness to infer about the populatiaitéBi, 2008). Sample attrition could

be problematic in several dimensions. For exampdated firms characterized by low
TFP changes unilaterally could leave the sampks #fie implementation of the regula-
tion because compliance costs renders them uncdiv@giextensive margin of the

regulation on firm survival probability). Such sampttrition could result in an upward

bias of estimated treatment effects. Accordinglgpanward selection bias in estimated
treatment effects could result if more productiven$ unexposed to the regulation were
more likely to survive (intensive margin of the wégion). Robustness of our bench-
mark results with respect to such dynamics is desgeng a balanced panel, which can

be viewed as being freed from potential attritiffeets®’

The unbalanced sample contains 5,340 firms. Whitgad of 1,077 firms exit the

sample, only 6 out of 143 treated firms leave ti@me (all of them in 2007 A total

of 2,047 firms (out of 5,340) are observed overftiieperiod (2003 to 2008). As out of
2,173 firms entering the sample in 2004 only 4%&$i were founded in that year, i.e.
report a firm age of zero, the sample without t@tiniis defined by the 2,047 firms ob-
servable for the full range of years 2003 to 20Q& phe 1,354 firms entering in 2004,
which have a firm age older than zero years andalbsequently observed until 2008.
Defining the attrition free sample in this way al®us to partially keep the large num-
ber of firms entering in 2004. The re-definition tife sample necessitates a re-

calculation of the approximation points of the suhistry-specific translog cost func-

" Two other possibilities to correct for attritioab are described for instance in Greenstone,tisi.
(2012). The first approach would use a two-stageession approach of Heckman (1979) accounting
for firm survival in a first stage and includingrespective correction term in the second stage. The
second approach would consist of inferring the seolable TFP change (or TC or SEC) distribution
of exiting plants and subsequently using this imfation to correct the TFP change estimates suéferin
from selection bias.

% |t is unknown whether exiting firms actually cedgeoduction or were simply not covered by the cen-
sus of 2008. 50 firms exited in 2007 and 627 fiexted 2008. Over the whole period, 2,805 firms en-
ter the sample, with 2,173 firms entering in 200d &32 firms entering in 2005.
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tions and a subsequent re-estimation of TFPC, TICS#C values. The estimated coef-
ficients of the subindustry-specific cost functicea® given in the appendix in Table
[I-26 and the firm performance estimates in Talbli27l. The null hypothesis of a paral-
lel trend in firm performance before the introdoatiof the regulation is not rejected for
the new sample (cf. Table 1I-28). The evaluatiorthe effect of the T1000P on TFP
change and its subcomponents using the sampleffi@érition yields results (cf. Table
[I-11) staying in close range in terms of sign, magle and significance to those of the
corresponding benchmark specification. Hence, wisider the benchmark estimates as
being robust in terms of attrition bias, even thoudlge effect of technical change TC
gains slightly in importance when using the sanifded from attrition. As the ratio of
exiting firms is smaller for the treatment than tbe control group, this finding could
support the argument of lower performing firms loé tontrol group being more likely
to exit. In such a situation, using a sample wittadtrition would lead to an upward bi-
as in the estimated treatment effect on TC.

Tablel1-11: ATTs of attrition free sample.

DD version: DD-1 DD-2 DD-3

ATT on TFPC 0.028*** (0.004) 0.028*** (0.004) 0.033% (0.005)
ATTonTC 0.017*** (0.003) 0.017*** (0.003) 0.018* (0.003)
ATT on SEC 0.011** (0.004) 0.011*** (0.004) 0.01%5* (0.005)
# firms / # obs. 3,401/ 15,651 3,401/ 15,651 B 405,651

R (TFPC/TC/SEC)  0.285/0.716/0.226 0.291/0.716/0.234 0.32033 / 0.255
F-statistic (TFPC / TC / SEC) 16.04%% [ 1.22 [ 17.67**  3.69%* [ 18.74%+* | 28]1++*
Size No Yes Yes
Ownership No Yes Yes
Province x Year No No Yes

Note: This table shows the ATT on TFPC, TC and SEC betvw&@06 and 2008 using eq.
(4). The panel covers the period 2004 to 2008. @stimates ofarr are shown. For the sake
of conciseness, estimates@fy and province-year effects are not shown. All thmezdel
specifications (DD-1 to DD-3) control for firm fideeffects.R? values of the estimations
with TFPC, TC or SEC as dependent variable are jusgst.F-statistics show the joint sig-
nificance of the additionally introduced size, ovstep and province-year variables. Robust
standard errors at the firm level are reported arepthesis. Asterisks *** indicate
significance at 1 percent level, ** at 5 perceneleand * at 10 percent level.
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8.3 Instrumenting for Regulation Exposure

Firms selected into treatment were found to be liidifferent to firms of the control
group in several key dimensions like firm size mmership. So far, the evaluation ac-
counted for time-constant unobserved heterogemsityell as time varying heterogene-
ity with respect to size, ownership and geograpdsation. Then, we first tested for ro-
bustness with respect to further time varying lugeneity and heterogeneous regula-
tion effects by refining the counterfactuals usstigtified samples. In a second step, we
tested for robustness with respect to sampleiattritinally, as explained in chapter 6,
we will apply an instrumental variable (IV) apprbaa order to check for external va-
lidity and consistency of the estimated treatmdigice For example, even though state
ownership is positively correlated with firm sizedafirm size with energy consump-
tion, it is unclear whether there are additionadhserved time varying factors (e.g., po-
litical preferences) that underlie the observedtsbare of treated SOEs and are corre-

lated with the outcome variables.

The instrument is supposed to be orthogonal tobut not to the outcome varia-
ble. Our instrument for TLOOOP participation usg@ernmation on the geographic loca-
tion of firms. It is based on a distance weightedex of the ratio of the number of
treated firms to the total number of firms in theographic cluster of the firm and
neighboring clusters. The geographic clusters wisuch a group are indexed hy
with an individual cluster being defined by a coguqt As shown by Figure 1I-3, a coun-
ty is most probable to have 7 neighbors. The insént draws its validity from the roots
of the Chinese economy, with clusters of iron aeeldirms being dispersed across the
country (cf. Figure 1I-1 and Figure 1I-2). In came Ihypothesized that such industrial
clusters are inherently connected to unobserveeé trarying heterogeneity affecting
T1000P exposure like social, environmental, pdltior institutional characteristics.
Our instrument also can be assumed to satisfyxbkeigon restriction with clusters—

given firm fixed effects are controlled for—only\hiag limited influence on the per-
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formance of an individual firm. The instrument’ is based on year 2005 observations

and for a firmi in countyq can be given as

1
2,
v gh (7)

r’=———
1 1
;dqh

wheredq, is the distance in kilometers between the firmosirty g and neighboring
counties, as summarized by Figure II-3. The disgtameight of a firm’s own county is
1. The ratio of treated firms to the total numbkfirms in a cluster isg, . Note thatr"

does not differ between firms of the same clusteDescriptive statistics of’ are

given in Table 11-12.
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Figurell-3: Distributions of the number of neighbors and dists between clusters.

Table|1-12: Descriptive statistics of the instrumeit

Mean Std.dev. Min. Max. Corr?
T 0.027 0.071 0 0.950
0.537
T 0.032 0.176 0 1

Note: This table shows descriptive statistics of therimsent ri'V derived

according to eq. (7). For comparison, descriptitaistics of the instru-
mented variabler; are given as well.

A Correlation between the benchmark treatment bterig and the in-
strumented treatmerrgIV is based on the square root of the pseRfdeal-

ue of a logit regression cxfi'V onr .
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The empirical estimation is based on a panel dabastage least squares (2SLS)
within estimator. Our approach controls for firmdd effects and allows for a correla-
tion of errors between the two stages. Given that a binary variable and the out-
come variable of the second stage is continuousgeegded to follow Angrist (2001)
and use a linear probability model (LPM) in thesfiistage’”” As noted by Angrist
(2001), the estimation of a 2SLS model applyingPdLLin the first stage bears the ben-
efit of consistency, independently of whether ot the first-stage conditional expecta-
tion function is linear® As all variables included in the first stage afdiroited range,
the supporting restriction of the LPM of no regmgskaving infinite support is satis-
fied.!* Equation (4) first is within transformed, therehgcounting fora;, and then a
2SLS methodology is applied instrumenting forby 7" in the first stage. The meth-
odology is described in detail in Baltagi (2008).

First, the instrument,” was found to be valit’® First stage results are shown in
Table 11-13. Results shown in Table [I-14 indictttat instrumenting for TLO00P selec-
tion yields overall treatment effects, which areysimilar in terms of magnitude and
significance to the benchmark results of all thmezdel specifications (cf. Table 11-5).
TC gains in magnitude, while SEC loses significatdewever, these changes do not
translate into largely different overall resultstioé effect of the T1000P on overall TFP

change.

% The implications of such a procedure are alsoritest in Lewbel, Dong et al. (2012).

100f course, we are aware of that we also could haeel a logit or probit model in the first stage,an
for example, adjust the standard errors of the rmbtage via bootstrapping. As noted by Angrist
(2001), such a procedure however would carry thgvdack that, unless the first-stage conditional ex-
pectation function is correct, the second-stagenasés would be inconsistent.

11| some regressors would show an infinite suppbs,first stage estimation could yield fitted pabb-
ities of impossible magnitudes, i.e. below zeralbove one (Lewbel, Dong et al., 2012).

192The Davidson-MacKinnon test of exogeneity (Davidsmd MacKinnon, 1993) rejects at a 1 percent
significance level, indicating that the benchmarkTAvariable indeed might be endogenous. The
Kleibergen-Paap rk LM and rk Wale statistics (Kleibergen and Paap, 2006) both regeet signifi-
cance level of 1 percent. Hence, the instrumefadugrd be relevant, i.e. not weak.
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11.8 Robustness

Table11-13: First stage results of 2SLS.

DD version: DD-1 DD-2 DD-3
v 1.254*** (0.070) 1.257** (0.070) 1.258** (0.071)
Year 2005 @205 0.008*** (0.001) 0.008*** (0.001) 0.026** (0.012)
Year 2006 §2009 0.005*  (0.003) 0.007** (0.003) 0.010 (0.031)
Year 2007 §2007) 0.006** (0.003) 0.008*** (0.003) 0.009 (0.031)
Year 2008 §2009 0.008*** (0.003) 0.008*** (0.003) 0.008 (0.032)
Size 0.006** (0.002) 0.007*+* (0.002)
Ownership —-0.019*** (0.005) —-0.019**+* (0.006)
Province x Year : : :
# firms / # obs. 5,156 /21,199 5,156 /21,199 6,151,199
R 0.275 0.277 0.280
Size No Yes Yes
Ownership No Yes Yes
Province x Year No No Yes

Note: This table shows the first stage regression rexfltthe 2SLS procedure. All three
model specifications (DD-1 to DD-3) control fomfiffixed effects. For the sake of concise-
ness, estimates of province-year effects are rwsh¥’ is centered. Robust standard errors
at the firm level are reported in parenthesis. Asits *** indicate significance at 1 percent
level, ** at 5 percent level and * at 10 percemele

Tablel1-14: ATT on TFPC, TC and SEC when instrumenting fol0UPOexposure.

DD version: DD-1 DD-2 DD-3

IV-ATT on TFPC 0.032** (0.013) 0.035*** (0.013) 0.036*** (0.014)
IV-ATT on TC 0.025*** (0.005) 0.024*** (0.005) 0.02** (0.005)
IV-ATT on SEC 0.007 (0.012) 0.011 (0.012) 0.013 0@
# firms / # obs. 5,156 / 21,199 5,156 / 21,199 6,/1%1,199

R’ (TFPC/TC/SEC)  0.082/0.099/0.049 0.090/0.100/0.059 0.12281 / 0.082
F-statistic (TFPC / TC / SEC) 59.21%** [ 5.86* | 67.10%*  BOQ*** [ 3 253%%* [ 4G7*+
Size No Yes Yes
Ownership No Yes Yes
Province x Year No No Yes

Note: This table shows the second stage results of th& 2%ocedure of ATT on TFPC, TC
and SEC between 2006 and 2008 using eq. (4). Gitignates offarr are shown. For the
sake of conciseness, estimatespfy and province-year effects are not shown. All three
model specifications (DD-1 to DD-3) control fomfirfixed effects R values of the estima-
tions with TFPC, TC or SEC as dependent variabdecanteredF-statistics show the joint
significance of the additionally introduced sizeyn@rship and province-year variables. Ro-
bust standard errors at the firm level are repoitegharenthesis. Asterisks *** indicate
significance at 1 percent level, ** at 5 perceneleand * at 10 percent level.
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9 Conclusions and Discussion

In this paper, we analyze the effects of the TLOOOHFP change of Chinese iron and
steel firms from an economic point of view. The iemwmental regulation was intro-
duced in April 2006 and aimed to reduce the energgnsity of roughly 1,000 firms by
a significant amount. Being highly energy demandihg iron and steel industry was
the industry targeted the most by the regulatioeims of the number of treated firms.

The literature differentiates between two mainredeaof how an environmental
regulation affects firm productivity: the traditialist view and Porter’s hypothesis. Both
views are from the perspective of the firm. Thalitranalist view predicts that produc-
tivity of firms is negatively affected by an envmmental regulation, while Porter’s hy-
pothesis expects the opposite. Most literature asigga firm’s productivity to be ad-
versely affected by environmental regulations,sugports the traditionalist view.

This study uses a large and detailed panel of 5C3ifiese iron and steel firms
and a total of 27,076 observations between 20032808. We find a significant corre-
lation between firm level TFP change, subcompon#mscof, and T1000P exposure.
Hence, our empirical analysis yields evidence wofeof Porter’s hypothesis, in the
sense that positive effects of the regulation omdgi TFP change outweigh negative
ones on average. The treatment group experiensgatistically significant increase in
TFP change of 3.1 percent after the introductiothefregulation in comparison to the
control group, what is equivalent to an increasd iP change by 0.081 percentage
points. T1000P exposure positively affected tedidnichange and scale efficiency
change to a similar extent, i.e. firms compliedwthe regulation not only by changing
their production processes by, e.g., installing neachinery and equipment, but also by
expanding output. On average, the annual privaiaauic benefit of the regulation for
a treated firm through gains in productivity isiestted to amount to 148.7 mRMB in
1998 values. However, these are firm level beneditsl thus ignore social benefits of,
e.g., cleaner air or less degradation of the enuient. Results are robust in terms of
sign, magnitude and significance with respect eéodimensions of firm size, ownership
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structure, industry affiliation and geographic loca. Interestingly, non-SOEs on aver-
age experienced a similar positive effect of T10@posure on TFP change than
SOEs. Furthermore, results are found to be robitkt mspect to sample attrition and
potential endogeneity in T1000P exposure. In caichy a firm exposed to the regula-
tion profited twofold: first, it profited througheé direct effect of reduced costs through
less expenditure on energy. Second, the reguléd@md to an increase in TFP change
relative to non-treated firms and hence increa$edcompetitiveness of the treated

firms.

The contributions of this study to the literature anultiple. To our knowledge,
this is the first study analyzing the impact of emvironmental regulation on TFP of
Chinese firms and, in general, on the subcompora@rechnical change and scale effi-
ciency change using parametric methods. As dong within a few studies, we esti-
mate TFP change via a cost function approach. &umre, this study proposes an in-
strument using spatial information to account fotemtial time varying endogeneity in

the selection of firms into treatment.

Finally, what can we learn from a policy point aéw? Certainly, with productiv-
ity representing a foundation of social welfare @an@hinese government which is in-
creasingly resorting to environmental policies ligraits industry with higher environ-
mental sustainability, the public policy aspectsof results are multiple. First, the ef-
fects of an environmental regulation on firm pratiuty can be positive by incentiviz-
ing firms to use inputs in a more productive fashiorough innovation, as predicted by
Porter’'s hypothesis. Our findings oppose commomans of environmental regulations
hurting an industry’s competitiveness. Given Clsna@éed of further greening its indus-
try, evidence in this regard is more than welco@learly, the design of the T1000P to
some extent was special. Enforcement was oversgenultiiple governmental bodies
and punishment in case of non-compliance was netrréned a priori and explicitly.
Firms received governmental support on many levietsn information provision on
provincial level, to skill building, over to govenent-funded loans and subsidies. No-
tably, firms were free in in their decision of howachieve their abatement targets. Ac-
cording to Porter and Van der Linde (1995b), tkis ikey-condition of a properly de-
signed environmental regulation. Hence, our rasiudt positive effect of the T1000P on
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TFP change may not be entirely surprising. Theysigmlvas conducted from the view-
point of a firm. Additional social benefits obtath&om reduced emissions remain un-

accounted for and would add to the observed peséffect of the regulation.

There are diverse opportunities for future researdhe field of this study. Given
a future availability of high quality census dafatao more recent years, it could be ana-
lyzed whether observed treatment effects persist firolonged period of time, how ef-
fects are changing their magnitude over time, ooiild be tested for general equilibri-
um effects. Other effects potentially worth an eéibn given longer time series could
be inter-firm spillovers or the extent to whichated firms started crowding out non-
treated firms in the wake of gains in competitivened~urther examples are the imple-
mentation of a structural model to describe firnhdeor in terms of investing into in-
novation under uncertainty in response to a regula¢xposure. Such model could
build, e.g., on the “real options” theory of Dixibhd Pindyck (1994). For example, un-
certainty not only might be related to the cost effitacy of new abatement technolo-
gies or requirements of future regulations (Bermaad Bui, 2001), but also to firm
characteristics like the absorptive capacity or esship structure. It would be interest-
ing to shed more light onto the role of managenogmatity therein and to provide first
empirical evidence on the link between managemaatity and innovativeness in re-

sponse to an environmental regulation.






A Appendices

A.1 Panel Construction

The following sections describe the steps undenakenatch the different data sets as
well as various adjustment and plausibility chettkexclude unqualified observations.
Furthermore, the definition and adjustment of salveariables is described in greater

detail.

Linking Firms over Time

The following methodology to construct the paneladopted from Brandt, Van
Biesebroeck et al. (2012). Due to mergers, resirimg or missing information, the
unique firm identifiers given to each firm by th&8 was not sufficient to construct the
full panel, i.e. to connect all identical firms ouwame. In order to use as much within
variation as possible, an extensive procedure demented to connect the firms over
time. First, the data sets of each year are prdgarbe connected in a subsequent step.
Two versions of raw data were available for yeadd&@ne containing a higher number
of different variables but with missing information the level of the firms' administra-
tive authority, and another with fewer variableg. ewith missing firm ID, but contain-
ing the “authority level” variable. Therefore, tftgmer was used as the master data set
and then sequentially merged with the latter basedirm name (399,578 of total
423,948 observations merged) and area code pkhtmhe number (merge of 1,606 of
the remaining unmerged observations). For the sittaf each year, a variable is added
that indicates the prefecture city where the fisnoicated based on the location code in-

formation. Also, duplicate observations within agle year data set are dropped.

Panel construction is started by linking the dadts ©f two consecutive years

(step 1, illustrated in Figure 1I-4). For each pafitwo neighboring years, the firm ID is
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used to merge the two single year datadata ianddata_j(j =i + 1). Matched obser-
vations were kept and saved as a new datdaget ij_by ID The firm name then is
used to merge the unmatched observations (by fjmirl data_i anddata_j Again,
matched observations are kept and saved as a riavgetdata_ij_by nameSimilarly,
matched data sets were obtained by a code basthé @EO nameata_ij by code®?
and another code based on the telephone nudgier ij_by code®* Then, the two-
year unbalanced pangta ijis generated by appending these four matchedsdédao
the remaining unmatched observationsl@éa_ianddata_j which are named afata_-
i_unmatched_unique_code2and data j unmatched_unique_code2respectively.
Matching results for two consecutive years are showTable 11-15. Only looking at
the matching possibility between two neighboringrgemay ignore the situation that
one firm may not be able to match with the previpear for some reastfi but is able
to be matched in later years. To address the prgbibservations from the first year
and the third year in data sets of three consezytars that have not been indirectly
linked through observations of the second yeahéabove step are checked for a pos-

sible match.

Next, two neighboring two-year unbalanced pangéda ij and data_jk are
merged with one another, keeping the observatiatis thve full link of yeari, j andk,
and subsequently saved as a new balanced panetatéi@anced data ijkj =i + 1,
k=j+1). Only observations of yearare kept that are not contained in this balanced
panel data set and subsequently savedites d not_in_balanced _ijkSimilarly, data_-
k_not_in_balanced_ijkan be generated for ydarFirm ID and firm name are used se-
quentially to find possible matches betweakatia i not_in_balanced_ijenddata_k_-
not_in_balanced_ijkMatches are saved data ik by IDanddata ik by nameThe
unmatched observations frondata_i_not_in_balanced_ijkand data_k_not_in_-

balanced_ijkare then appended data_ik_by IDanddata_ik_by naméo generate the

193 Code 1 is the concatenated string of the CEO nalusethe 6-digit location code plus the sector code

1% Code 2 is the concatenated string of the telephaneber plus the 6-digit location code plus theaec
code.

%5 Either because of missing observations in that, yerebecause of missing or inconsistent variatilas
are used for matching.
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unbalanced panel for yeamandk (without observations that have the full linkbal-
anced_data_ijk Then, the variables of yepare brought to this panel by mergidg-
ta_ik with data_ij anddata_jkunder some minor adjustmelifs Subsequently, the re-
sulting data sedata_ik_with_j_mergeds appended to the balanced databsédnced_-
data_ijkto construct the unbalanced three-year panbblanced_data_ijkwith these
three-year panel data sets, variables of latesyigzally are added to the first three-year

panel year by year. This is step 2 illustratediguFe 11-4.

Then, illustrated as step 3 in Figure 1l-4, thatfiwo neighboring three-year un-
balanced panelata_ijk anddata_jklobtained from the step above=(2003,j = 2004,
k = 2005, = 2006) are taken. To connect the variables of y&2006) to the first three-
year panel data, observationsdata_jkl that have observations in 2006 matched with
observations in 2005 are added firstiada_ijk Then, observations mhata_jklthat have
observations in 2006 matched with observationQ2only are added. Finally, obser-
vations indata_jkl that have observations in 2006 not matched witbenfations in
2004 or 2005 are added to form the four-year umiald panelnbalanced_data_ijkl
Using this new panel and the remaining data coethin the three-year unbalanced
panels, the variables from 2007 to 2008 are addatbgously to construct the unbal-

anced six-year panel that serves as the basissadttidy.

1% 50me merging conflicts were found in this stepase of the inconsistency of the original raw data
sets. For instance, one observation in yean be matched with one observation in ydar firm ID,
and the same observation in yeaan be matched with one observation in yely firm name with a
different firm ID. However, another observationyigarj, different from the year observation above,
can be matched with the observation in yehy firm ID.
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Figurell-4: Panel construction steps.
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TableI1-15: Matching results for two consecutive years.

Number of  Number of Number of

. Number of Matching matched ob- unmatched unmatched
Year pair matched ob- . . )
. method servations observations observations
servations

by method  former year latter year
firm ID 138,429
firm name 555

2003-2004 144,337 42,560 128,652
codel 23
code2 330
firm ID 225,227
firm name 1804

2004-2005 229,479 43,510 35,976
codel 1648
code2 800
firm ID 239,096
firm name 1279

2005-2006 242,617 22,838 52,244
codel 1433
code2 809
firm ID 267,122
firm name 977

2006-2007 270,017 24,844 59,455
codel 1254
code2 664
firm ID 279,709
firm name 5228

2007-2008 290,207 39,265 113,929
codel 3626
code2 1644

Note: This table shows the results of the matching ofsrsectional data sets of two
consecutive years to a panel data set containsm@tbrmation of two years.

Table 11-16: Matching results for three consecutive years.
1'and 24 2%and ¥ 1%and &

. 1%yearno 2"yearno 3“yearno All years
Year pair year year year
match match match matched
matched matched matched
03-04-05 38,456 31,072 33,136 12,377 96,254 2,820 33,203
04-05-06 39,135 3,594 47,907 19,225 32,325 4,332 0,394
05-06-07 21,044 4,113 57,667 20,718 48,113 1,784 1,829
06-07-08 22,494 7,379 111,557 31,840 52,052 2,333 38,187

Note: This table shows the results of the matching af panel data sets containing the information of two
consecutive years to a panel data set containsmiformation of three years.
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Linking of T1000P Information

Most firms contained in the T1000P data set argyetewith the census data based on
their Chinese firm name. However, the name of séimes differed slightly between
the two samples. For the subsample of the T100€Pvdzere firm names did not match
exactly with a firm in the census data a fuzzy iaig process is implemented based
on the Levenshtein edit distant®Then, firms are checked manually for identity by

means of their Chinese firm name.

Price of Material

The subindustrys-specific (iron, steel, steel rolling and alloy) agll as provincer-
specific price of material is calculated as follovascording the input-output table of
NBS (2007) (cf. Table 11-17), the production prog@sthe iron and steel industry main-
ly uses coal and coked), iron ore {r) and electricity €él) as material inputs. Specifical-
ly for the period of 2003 to 2008, the relevantlqméces and electricity prices are ex-
tracted from CEIC (2015) and the iron ore pricemmfrCCM (2015). Subsequently,
these prices are deflated using an overall pridlatde (constructed from NBS (2013),
cf. Table 11-18) with respect to reference year 89Rinally, deflated prices are aggre-
gated to a material price ind€, by using the following Térngvist index described i
Coelli, Rao et al. (2005):

P
Piw= > —2[p ., t={2003,..,2008,

x={ cq ir, e} I:)><,'sr2003

wherep is the subindustry-specific input-value share am@d in the input-output table.

Subindustries are indicated bwnd provinces by. The reference year is 2003.

97The calculations were done using Stata 13.0 biyaypthe commandatrgroup
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Table11-17: Input value shares used to calculate the pricenaferial Ry.

Iron Steel Steel rolling Ferroalloy
Coal input value share 0.401 0.346 0.244 0.162
Electricity input value share 0.073 0.166 0.170 26.3
Iron ore input value share 0.526 0.488 0.586 0.514

Source:NBS (2007).

Table 11-18: Deflators used to adjust the price of materiatdéerence year 1998.
Year 2003 2004 2005 2006 2007 2008
Deflator 1.0259 1.0693 1.0392 1.0381 1.0764 1.0776

Source:NBS (2013).

Note: Deflators were constructed by taking the ratidghaf nominal GDP growth rate to the real
GDP growth rate.

Input and Output Deflators

It is of great importance to base the empiricalysis of production functions on a reli-
able and detailed measurement of input and outpesp This study uses comparative-
ly disaggregated input and output price deflatargha four-digit industry level, which
were kindly provided by Johannes Van BiesebroeckKdfLeuven. The deflators are
differentiated between the three subindustriesaf and steel production, steel rolling
and ferroalloy smelting, and further between inpatsl outputs. Such differentiation
addresses price inflation in Chinese data in allddtananner by allowing for subindus-
try-specific price developments in the respectiyeut and output markets. Furthermore,
the more detailed the price deflators, the lower tisk of deflated output and input
measures being contaminated by the effect of markupe to market power. The subin-
dustry-specific input and output deflators are swamped in Table [I-19 and Table
[I-20. The online appendix of Brandt, Van Bieselztoet al. (2012) describes the con-

struction of these deflators.
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Table11-19: Output deflators (reference year = 1998).

Year Iron Steel Steel rolling Ferroalloy smelt.
2003 1.1449 1.0059 1.0284 0.9714
2004 1.3613 1.1960 1.2227 1.1550
2005 1.4246 1.2517 1.2796 1.2087
2006 1.3676 1.2016 1.2284 1.1604
2007 1.4757 1.2965 1.3254 1.2521
2008 1.7670 1.5524 1.5870 1.4993
Average annual inflation rate
9.44% 9.44% 9.44% 9.44%

Source:Brandt, Van Biesebroeck et al. (2012).

Table11-20: Input deflators (reference year = 1998).

Year Iron Steel Steel rolling Ferroalloy smelt.
2003 1.0203 1.0042 1.0106 1.0074
2004 1.1305 1.0856 1.0947 1.0927
2005 1.1854 1.1278 1.1386 1.1395
2006 1.2075 1.1404 1.1591 1.1541
2007 1.2753 1.1865 1.2110 1.2027
2008 1.5341 1.3779 1.4284 1.3520
Average annual inflation rate
8.69% 6.66% 7.31% 6.13%

Source:Brandt, Van Biesebroeck et al. (2012).

Geographical Information

Spatial geographic information on centroid longéwahd latitude information for 2,824
counties is obtained from a commercial source (B®4,6) and merged with the census
data by using information on county names in Chendhis merge is successful for
5,132 out of 5,274 firms, i.e. 637 observationsncarbe allocated longitude and lati-

tude information.

The construction of the instrument necessitate®niytinformation on longitudes
and latitudes, but also on the neighboring courdfes county. The information on the
borders of a county is extracted from a shapedidgained from (GADM, 2016). The
shape file contains border and centroid longituak latitude information of 2,408 geo-
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graphic identities of China. However, the centrotdsthese counties do not exactly
match the geographic information that was matcleethé census beforehand. There-
fore, the centroid information of the firms is nma#d to the shape file based on the
shortest geodetic distance to a centroid of theeslfi,e. Subsequently, the neighbors of
every centroid are defined and the geodetic elifz@alistances between the individual

centroids are calculated based on longitude aitddatinformation°®

Data Screening Process

Often present when working with Chinese firm ledata is the issue of misreported da-
ta. The CIC, given its sheer extent by containithgndustrial firms with a yearly sales

value of more than 5 million RMB, is prone to meaasnent errors and unrealistic outli-
er values (Nie, Jiang et al., 2012). As describedhe following paragraphs, several
plausibility checks are conducted to ensure thepgaioes not include misreported da-

ta.

Starting with 13,278 firms (43,357 observationkgrein 190 treated firms, 324
firms (1,263 observations) are deleted because is$ing observations. 6,750 firms
(10,843 observations) are deleted because noneewofdbservations overlap with the
regulation period of 2006 to 2008. It is checkedethler all firms exist for at least 2
years, no firm is dropped. Following Nie, Jiangaét(2012), 96 firms (398 observa-
tions) are dropped because their mean sales vakrelwe years is lower than 5 million
RMB. Following Brandt, Van Biesebroeck et al. (2R1P32 firms (595 observations)
are dropped because their number of employeessshan 8, and therefore fall under a
different legal regime. Such number is also too towgualify as an above scale firm.
Then, following Cai and Liu (2009), several platigiyp checks are conducted: 2 firms
(12 observations) are dropped because the differehtotal assets minus liquid assets
is negative. It is checked that the differenceotéltassets minus fixed assets is positive

and no firm is dropped. 13 firms (71 observatica® dropped because the difference

1% The calculations were done using Stata 13.0, géthdetic ellipsoidal distances being calculatecthas
on the method of Vincenty (1975) by applying thencaandgeodist
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of total assets minus net value of average fixegtass negative. 22 firms (125 obser-
vations) are dropped because the difference ofnaglaied depreciation minus current
depreciation is negative. 83 firms (398 observajare dropped because paid-in capi-
tal is smaller or equal to zero. 27 firms (137 obsgons) are dropped because their
cost of sales is smaller or equal to zero. 7 fi(B% observations) are dropped because
their expenses for wages are smaller or equal to. &firms (45 observations) are
dropped because their welfare payments are sntlaflarzero. 8 firms (45 observations)
are dropped because their depreciation expensesraiéer than zero. 16 firms (77 ob-
servations) are dropped because fixed assetsgmalkprices are smaller or equal to ze-
ro. Fixed assets in original prices are used toutale the amortization rate, which is
the ratio of depreciation expenses in a year aadvitiue of this type of assets in the
previous year. It then is checked whether the amation rate of the firms is smaller,
larger or equal to zero and all firms obey thisdiban. 1 firm (6 observations) is
dropped because in one year it showed an amodizatite greater than one. It is
checked if welfare expenses of some firms are gm#lhn zero in a certain year and no
firm is dropped. However, 13 firms (64 observatjomse dropped because intermediate
input values are smaller or equal to zero. It isckled for duplicate firms in terms of
identical financial values and no firm is droppddl firms (70 observations) are
dropped because the dominating sector code isarbtop the iron and steel industry.
The dominating sector code is defined as the imgusstctor (subindustry) the firm be-
longs to for more than 50 percent of its observetiffirms might change their subin-
dustry over time). If the dominating sector coddiféerent to 3210 (ironmaking), 3220
(steelmaking), 3230 (steel rolling) or 3240 (fettmasmelting), the firm is dropped.
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Table1-21: Representativeness of the sample.

Mean values Share
Variable Non-excluded  Excluded t-Test (non-excluded/total)
Overall

Output (MRMB) 353.8 1319  w* 81.71%
Employees 506.2 248.9  *x* 77.21%
Age 7.85 6.12  ***
# observations 27,076 16,254 —

Year 2003
Output (MRMB) 287.8 128.9  x* 73.80%
Employees 710.2 396.3  *** 69.33%
Age 8.48 9.16  **
# observations 2,535 2,009 —

Year 2004
Output (MRMB) 244.1 105.2  x* 80.40%
Employees 468.5 235.0  *** 77.90%
Age 6.44 6.77 *
# observations 4,708 2,662 —

Year 2005
Output (MRMB) 279.5 135.8  w* 86.56%
Employees 454.4 303.2 ** 82.43%
Age 6.76 7.06
# observations 5,340 1,706 —

Year 2006
Output (MRMB) 346.9 125.4  xx 86.91%
Employees 467.4 252.8  *** 81.60%
Age 7.75 5,58  ***
# observations 5,340 2,226 —

Year 2007
Output (MRMB) 447.5 1419  w* 83.37%
Employees 509.9 216.1  *** 78.95%
Age 8.75 495  w*
# observations 4,890 3,077 —

Year 2008
Output (MRMB) 508.7 143.7  ** 76.74%
Employees 535.9 192.1  *** 72.22%
Age 9.48 5,12  ***
# observations 4,263 4,574 —

Note: This table presents differences in variable mednes of non-excluded and
excluded firms. Asterisks *** indicate significane¢ 1 percent level, ** at 5 per-
cent level and * at 10 percent level of one-sidepairedt-tests. The ratio of the
cumulative sum of the respective variable betwéennon-excluded and all iron
and steel firms contained in the CIC is given ia tight column.
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Due to inconsistencies in the different yearly sresctions of the CIC, some im-
portant variables might be missing in one or sdwsars and have to be determined.
Given the availability of panel data, there areéhpossibilities to derive values of vari-
ables which are missing in some years. First, liygusccounting rules and observed in-
formation on other variables for the year of migsinformation. Second, by using
econometric estimation techniques, or third, viéeterministic calculation based on ra-
tios. The latter two approaches are based on irgtom of other years than the year of
missing information and then use this informatiordérive the missing value of a vari-
able. This study applied all three techniquesetms of the second and third technique,
it was found that the predictive power of ratiossviegher in years where there was in-
formation on the value of a variable with missimgprmation in another yeaf® Key
missing variables were gross output in 2004, inégfiate input cost in 2008 and depre-
ciation expenses in 2008. Gross output was appednby the sum of main business
revenue, outside business revenue and the incneasgentory of finished goods in
2004. The firm-specific mean value of the sharentdrmediate input cost in total cost
of sales in other years than 2008 and total cosalgs in the missing year are used to
estimate intermediate input cost. The mean valug fofm’s amortization rate in other
years than 2008, multiplied with the fixed assatseriginal prices, yields an estimate of

the depreciation cost in the missing year.

Finally, 24 firms (125 observations) were droppedaduse it was not possible to
assign these firms to a dominating sector code.d¥ew such code is needed to merge
observations on material prices to these firms.nTt3d firms (147 observations) are
dropped because they have missing material prif@nvation. Furthermore, it was
checked whether variables of the cost function myiire eq. (3) are unreasonable in
terms of size in some years they are observedwvhether they are smaller or equal to
zero. ForY these are 16 firms (84 observations), KoR12 firms (1098 observations),

for L no firm, forM no firm, forPx 134 firms (634 observations), fBr no firm and for

1% The regression approach for prediction of a vagiabith missing information in a certain year intiu
ed as covariates a linear and quadratic time tasndell as variables closely related to the missarg
iable. For example, the variables included in th&@®@egression to predict intermediate inputs in£200
were cost of sales, a time trend and a quadratie tiend.
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Pm no firm. Then, the capital structure is checkedriasonable values, i.e. whether
paid-in capital of several categories is largeeqgual to zero. For state capital 1 firm (6
observations) did not obey this restriction andpiovate capital 1 firm (6 observations).
Observations of collective, corporate, Hong KongiElaTaiwan and foreign capital
were found to satisfy this restriction. It is totedhat this screening process over-
proportionally reduced the number of non-treatechdi 7,896 non-treated firms were
dismissed from the analysis, while this was the das only 42 treated firms. A reason
for this ratio might be that treated firms on ageravere much larger with implied
higher reporting standards. As a result, the samgdel for the empirical analysis is still
highly representative of the underlying populatadrfirms (cf. Table 1I-21). In conclu-
sion, 5,340 firms, therein 148 treated firms, afd026 observations are used for the

empirical analysis.

Real Capital Stock

The calculation method of the real capital stockadopted from Brandt, Van
Biesebroeck et al. (2012) and Brandt, Van Bieseatlrat al. (2014). Following their
recommendation, we calculate the firm-level regtlited stock to acquire a more accu-
rate measurement of a firm’s capital input. Thénestion extends their method, which
is described in detail in Brandt, Van Biesebroetkle(2014), with slight adjustments
we believe to be important to improve the restift.he real capital stock 5 of firm

i of subindustrys in provincer in yearT' a firm is first observed (2003 or later) is esti-
mated using the “original fixed assets” val§™® observed in the CIC, which is the
sum of past investments at historical prices. $inmib Brandt, Van Biesebroeck et al.
(2012) and Brandt, Van Biesebroeck et al. (2014,assume the annual investment
growth rate before yeaF' to be constant and approximate it by the two-digitstry-
and province-specific average nominal capital stpakvth ratey, between the years

1993 and 1998. The price deflator for investmemtgeart (using 1998 price as a refer-

10For example, we change the year for the real alagiiock extension from 1998 to the first year that
firm actually is observed in the dataset.
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ence) is represented lgg. A constant discount rate(9%) is assumed for all years. In
form of a simplifying assumptioy is defined either by the firm’s founding year bet
year 19 years prior td', depending on which year is later. Such simplifyassump-
tion can be justified with only a limited number wpéars prior tolT’' being relevant
when accounting for past investments due to degtieni and potential growth in in-
vestments. The real capital stock of a firm in y&ait is first observed can be shown to

amount to the expression given below.

Ki_??al — i - Ki?'ng ( 1-0 \7—t Poos
YL )T g
’ (ﬂ)T'-t
< 1+y, Aoos
=To ZLTO A+y)" a4

— 1 Orig
- KiT’

For later years (T’ <t< T|Ts 2008) , the observed change in the firm's “original fixed
assets” is used as an estimate of nominal fixedstment ;. The real capital stock now

can be given as

Ki?eal = Ki?ffl(1_5)+%-

A.2 Methodology of Difference-in-Difference Analysis

The difference-in-difference (DD) analysis evalsatbe causal effects of the T1000P
on TFP change. The conceptual framework of usirgunterfactual to estimate the
causal effect of a treatment goes back to Rubii4)L9rhe following explanation of the
difference-in-difference (DD) analysis follows Kidker, Koolwal et al. (2010) and
Lance, Guilkey et al. (2014). LatFPC/ define the TFP change of a firnin periodt
that is exposed to the T1000P regulation (i.e. filoelongs to the treatment group, in-

dicated by tr”) and TFPC"" the performance of theamefirm in periodt if it would
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not have been exposed to the T1000P. The expeatesiceffect of the T1000P on the
performance of the treated firms in peripde the average treatment effect on the treat-

ed ATT), can be expressed as

ATT = E| TFPG — TFPE7]. ®)

Above expression holds analogously for the compnaif the average ATT over mul-
tiple periods, in which case the difference remdves the ATT any time-constant un-
observed heterogeneity correlated with regulatigqposure. However, potentially time
varying heterogeneity of this sort remains unactedirfor. A firm commonly is as-
sumed not to anticipate the implementation of aulegn and, hence, not to undertake
any measures affecting TFP change beforehand. Uhideassumption, the ATT must
equal zero for the pre-regulation periods.

For demonstration purposes it now is assumed liesie tare several time periods
before the treatment and one period after thertrewat, with the treatment occurring be-
tween periodl — 1 andT. To identify theATT in eq. (8), the hypothetical performance
of a treated firm if it would not have been exposethe T1000PE[TFPQ{'D] has to
be estimated as it is non-obsert/édFor that means, a difference-in-difference (DD)
methodology can be applied as explained in greftil in Figure 11-5. Under the as-
sumption of a parallel trend in firm performancetioé treatment group (indicated by
“tr”) and control group (indicated byd’) in the pre-regulation periods, the observed

average trend in TFP change of the control group

E{ZATFPQ’" t< T}: E{Z( TFPE -~ TFPE,)| & }

serves as counterfactual for what would have haggpeén the average TFP change of
the treatment grou;E[TFPCﬁ'D] if the T1000P would not have been implemented. It

" Holland (1986) calls this the “fundamental probleftausal inference”.
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therefore is elementary that the assumption ofrallehtrend is not rejected for the DD
approach to vyield unbiased results. Given the [grdtend assumption holds,

E[TFPQ}'D] now can be expressed as

e[ TrPC7]- E{Tppq;_l( 1) %ZA TRPL] < ﬂ ©)

Hence, by inserting eq. (9) into (8) and as showhigure 1I-5, theATT can be stated

based on observable variables only as

ATT = E{ TFPQ —( TFPG., + %ZA TFPF] < m
= E[ATFPG; |- E{ZA RG] ﬂ

TFPC 4
ATT= EATFPG |- BY A TFPE| £ T

E [TFPQ} ] 7777777 \ /./ Treatment group

Control group

E[ TFPG? ]
E[ TFPGY, |
E[TFPGY, |

v

~

T-1 T

Figurell-5: Graphic representation of the difference-in-diffiece approach.
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A.3 Additional Empirical Results

Estimated Coefficients of the Cost Function

Table|1-22: Estimated coefficients of the subindustry-specit functions.

Subindustry  Iron & steel making Steel rolling Ferroalloy smelting

Coef. Std.dev.

Coef Std.dev.

Coef Std.dev.

Output By)
Price of capital £k)

0.825** (0.014)
0.057* (0.020)
Price of labor ) 0.080** (0.026)
Price of materialfy) 0.344** (0.092)
(Bvy) 0.033** (0.009)

0.869*** (0.010)
0.023* (0.011)
0.052%** (0.016)
0.436%* (0.056)
0.031** (0.012)

0.851** (0.037)
0.058%** (0.022)
0.150%** (0.046)
0.742%* (0.151)
0.079%(0.017)

(B) ~ 0.002  (0.007) -0.006*  (0.003) ~0.003  (0.006)
()  0.006  (0.009) 0.001  (0.007) ~0.012  (0.021)
(Buv) —0.093  (0.162) -0.149*  (0.089) ~0.677** (0.202)
(By) —0.005  (0.005) 0.003  (0.003) ~0.007  (0.006)
(By) —0.013* (0.006) ~0.015*** (0.004) ~0.048** (0.014)
(Byw) -0.003  (0.015) -0.003  (0.008) 0.002  (0.039)
(B) -0.007  (0.010) 0.002  (0.006) 0.000  (0.010)
(Bv) —0.030  (0.029) -0.023  (0.015) ~0.059* (0.027)
(Bm) -0.013  (0.039) -0.011  (0.024) ~0.134* (0.053)
Timetrend§)  0.018  (0.057) 0.021  (0.031) -0.281** (0.076)
() -0.020 (0.138) 0.035  (0.062) ~0.012  (0.121)
(By)  0.020 (0.012) 0.001  (0.009) -0.017  (0.021)
(Bw)  0.009  (0.024) 0.016  (0.012) 0.032*  (0.019)
(f)  0.000 (0.027) 0.027  (0.018) 0.092**10.033)
(Bw) —0.069  (0.139) -0.093  (0.064) 0.263* (0.124)
Constantge) 10.517** (0.043) 10.231*** (0.026) 9.858*** (0.066)
R 0.977 0.978 0.951
p) 0.658 0.519 0.429
# firms / # obs. 1,025/ 4,968 3,353/17,391 962 / 4,717

Note: This table presents the estimation results ofstii@ndustry-specific total cost functions given in
eg. (3). Robust standard errors at the firm levelraported in parenthesis. Given that intermediate
puts make up the dominant share in total costsT@ble 11-1), the coefficient of the price of masriis
highest in magnitude®? is unadjustedRho (p) indicates the ratio of the variance of the fixfécts to
the variance of the idiosyncratic error. Asterigksindicate significance at 1 percent level, ** &t
percent level and * at 10 percent level.
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Economies of Scale

We proceed analogously to section 6.3 of part | asel the estimated coefficients of
Table 11-22 to compute the economies of scale @&$3Sim i in yeart of subindustrys

as follows:

_ 1 _ 1
0InC,/0InY, 4 + Byt BuPi it BuPuit BywPu sut Bt

ES

Economies of scale exist if ES is greater than SuBindustry would be characterized
by diseconomies of scale if ES is smaller thanndl, lay constant returns to scale of ES
equals 1. Table 11-23 illustrates the descriptitetistics of the economies of scale dif-
ferentiated by subindustry. The results confirm éxestence of positive economies of

scale for most firms.

Table1-23: Economies of scale (ES) in the three subindustries

Mean Std.dev. Min. Max. 25% perc. 50% perc. 75% perc.
Iron & steel making  1.186 0.075 0.933 1.579 1.137 1.191 1.242
Steel rolling 1.148 0.060 0.930 1.575 1.110 1.154 193

Ferroalloy smelting 1.201 0.132 0.831 3.913 1.119 1.197 1.276

Note: This table presents the economies of scale usitigates of the subindustry-specific cost func-
tions given in Table 11-22.

Testing for Monotonicity and Quasi-Concavity

Testing for monotonicity and quasi-concavity of gubindustry-specific cost functions
is conducted analogously to the procedure desciibegpendix A.1 of part I. The es-

timated share equations for subindussy{l, 2,3} are

aInC As 5s s S5s s s A s
:SK: K+ﬁKKp(+ﬂYKy+18KL p_+ﬂKM I%\:'/I-'-ﬁKtt’
oInP,
aInC S s S5s 5s ~s A s ns
= :ﬁL+ﬁLLp.+ﬁVLy+ﬁKLp<+ﬁLM I?/I-l-l[;Ll t’
doInPk,
alnC:

INC - &= 5+ A R AL v Bl B R A
M
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To reduce notation, unitand timet subscripts are dropped. Small lettgrandp indi-

cate output and prices in natural logarithms. Téevdtion of total costs with respect to

output yields
0InC _ ~¢ | ~s ~ ~ ~
Sy S BN D Byt BuyPut Bt
Z={K 1}

At the approximation point, the Hessian mataecomes

Bot(B) B BirBIBE BatBIBS S +BB
Ba+BetBe Be+(BY-Bc Bo+BBS S+ BB”
Bou +Bi B Ba+BeBE Ba+(B) B dui+ButB
G+ BE  Sut&BE SatiBa S0y -4

and the coefficients of the unobserved ppgare estimated to

&, =1- B¢ - BBy

S =0 B = Be = Béu
85w =0- B B~ Biw .

S =0 B = Béw = Bl
Xy =0=05 =0 = 0 S -

The vector of fitted factor shargss

>

7]

SO0k

where§ =1- § - S-S and matrixH =G +s[$-diag(9 . Results show that all three

cost functions generally are well behaved.
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Table 11-24: Monotonicity at sample mean and median for thedhsubindustries.

Iron & steel making Steel rolling Ferroalloy smelting

Monotonicity at sample mean

y 0.026 0.015 0.024
S 0.064 0.063 0.086
S, 0.184 0.196 0.279
dInC/anY 0.847 0.872 0.852

Monotonicity at sample median

’ 0.029 0.016 0.030
S 0.067 0.068 0.108
S, 0.183 0.194 0.327
dInC/dInY 0.842 0.867 0.836

Note: This table presents the estimated cost shareglhssvthe first derivative of to-
tal costs with respect to output of the three silitries evaluated at the sample mean
and median.

Table 11-25: Roots of matri at sample mean and median for the three subinidgstr

Iron & steel making Steel rolling Ferroalloy smelting

Concavity at sample mean

M —-0.000 0.000 —0.000

v —0.083 —-0.054 -0.104
A3 -0.201 -0.161 —-0.310
Mg -1.019 -1.153 —2.318

Concavity at sample median

M 0.000 —0.000 0.000

Az —0.086 —0.056 -0.112
A3 —-0.205 —-0.168 —0.338
Ay -1.019 -1.152 —2.336

Note: This table presents the roots of matdxfor the three subindustries
evaluated at the sample mean and median. Critiealpositive values are
given in italics. However, none of these critical values is lartfgn
1.724e-16.
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Development of TFPC and Subcomponents thereof ives
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Figurell-6: Development of TFPC, TC and SEC of treatment antral group.

Note: Figure II-6presents yearly TFPC, TC and SEC values for ttarrent and control group. The dis-
tance between the spikes indicates the range dftdmelard deviation of the individual performantas
the treatment and control group.
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Estimation Results without Sample Attrition

Tablel1-26: Estimated coefficients of the subindustry-specifigt functions without
sample attrition.

Subindustry  Iron & steel making Steel rolling Ferroalloy smelting
Coef Std.dev. Coef Std.dev. Coef. Std.dev.

Output By) 0.816*** (0.019) 0.854*** (0.013) 0.84%* (0.037)
Price of capital £) 0.061* (0.027) 0.026** (0.012) 0.060 (0.029)
Price of labor 4,) 0.111** (0.033) 0.055*** (0.018) 0.098 (0.052)
Price of materialf) 0.273* (0.109) 0.445*** (0.063) 0.787* (0.189)
(Bvy) 0.032*** (0.009) 0.038* (0.015) 0.064* (0.019)

(Bkk) 0.011 (0.011) -0.005 (0.003) 0.000 (0.009)

B) 0.007 (0.009) 0.004 (0.009) -0.020  (0.026)

(Bwum) —0.095 (0.201) -0.245** (0.105) -0.676** (0.244)

By —0.004 (0.007) 0.005 (0.003) 0.001 (0.008)

(By) —0.020*** (0.006) -0.016*** (0.005) -0.060** (0.020)

(Bywm) 0.010 (0.017) 0.003 (0.008) -0.035 (0.032)

(B«w) —0.004 (0.011) 0.002 (0.006) 0.008 (0.016)

(Bkm) 0.001 (0.043) -0.033* (0.018) -0.07*  (0.037)

(Bv) —0.056 (0.049) -0.021 (0.028) -0.076* (0.065)

Time trend 8, 0.084 (0.067) 0.061* (0.035) -0.176¢°  (0.092)
(By) -0.140 (0.173) -0.090 (0.072) -0.099 (0.133)

(Bv) 0.013 (0.014) -0.005 (0.011) 0.018 (0.022)

(B«w) —0.031 (0.032) 0.023 (0.015) 0.039 (0.024)

B 0.010 (0.032) 0.033 (0.021) 0.087 (0.044)

(Bw) —0.005 (0.178) -0.007 (0.075) 0.231 (0.135)
Constant¢,) 10.823*** (0.054) 10.274*** (0.029) 9.999* (0.084)

R 0.979 0.979 0.953
p 0.698 0.557 0.496
# firms /# obs 547 /3,073 2,359 /13,225 495 /2,754

Note: This table presents the estimation results ofstit@ndustry-specific total cost function given in
eg. (3). The panel is defined as described in@@@&i2. Robust standard errors at the firm levelrar
ported in parenthesis. Given that intermediate tmoake up the dominant share in total costs @f. T
ble 11-1), the coefficient of the price of materialhighest in magnitud&? is unadjustedRho (p) indi-
cates the ratio of the variance of the fixed eff@éotthe variance of the idiosyncratic error. Aistey ***
indicate significance at 1 percent level, ** até&rgent level and * at 10 percent level.
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Table11-27: Descriptive statistics of estimated TFP change sutatomponents thereof for
sample free of attrition.

Mean Median Std. dev. 10% perc. 90% perc.

Mean of all industries [# firms: 3,401 / # observations: 19,052]
TFPC 0.052 0.049 0.098 -0.044 0.152
TC 0.031 0.030 0.045 -0.022 0.084
SEC 0.021 0.014 0.089 -0.054 0.104
Iron- and steelmaking [# firms: 547 | # observations: 3,073]
TFPC 0.077 0.074 0.105 -0.035 0.195
TC 0.046 0.047 0.055 -0.026 0.118
SEC 0.031 0.022 0.096 -0.054 0.123
Steel rolling [# firms: 2,359 / # observations: 13,225]
TFPC 0.046 0.045 0.085 -0.035 0.126
TC 0.028 0.029 0.033 -0.015 0.070
SEC 0.017 0.012 0.081  -0.050 0.091
Ferroalloy smelting [# firms: 495 / # observations: 2,754]
TFPC 0.050 0.042 0.136  -0.087 0.201
TC 0.024 0.026 0.070 -0.068 0.111
SEC 0.026 0.020 0.114  -0.070 0.135

Note: This table shows the descriptive statistics of mé&PC, TC and
SEC for the period of 2003 to 2008. The panel findd as described in
section 8.2.
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Table1-28: Testing for a parallel trend and pre-treatmenteeft in TFPC, TC and
SEC based on eq. (5) and eq. (6) for sample witathution.

Dependent variable TFPC TC SEC

Specification DD-3[Testing based on eq. (5)]
Time trend x Treatment(ﬁ:’) 0.003 (0.014) 0.006 (0.004) -0.003 (0.014)
Time trend (3) -0.063  (0.053) 0.019* (0.004) -0.082 (0.052)
Size 0.073*** (0.023) 0.004 (0.003) 0.069 (0.023)
Ownership 0.030 (0.039) 0.004 (0.008) 0.025 (0.036)

Province x Year 2005 : :

Constant¢,) -0.203 (0.156) -0.067*** (0.017) -0.135 (0.155)

R 0.651 0.893 0.610
# firms / # observations 3,401 /5,448 3,401 /5,448 3,401 /5,448

Specification DD-3[Testing based on eq. (6)]
Year 2005 x Treatment(&, ) -0.006  (0.009) 0.008° (0.003) -0.012  (0.009)

2005

ATT (B,.)  0.029™ (0.008)  0.022* (0.004)  0.008 (0.008)
Year 2005 @,,) -0.046 (0.036)  0.017* (0.004) -0.063 (0.036)
Year 2006 ¢,,)  0.003  (0.035)  0.04T* (0.004) -0.038 (0.034)
Year 2007 @,,) 0.010 (0.030)  0.06%* (0.005) -0.05Z (0.029)
Year 2008 6,,,) 0.009 (0.033)  0.087* (0.006) -0.078"* (0.031)

Size 0.026*** (0.005) 0.000 (0.001) 0.026 (0.005)

Ownership  0.011*** (0.005) 0.003 (0.002) 0.0868 (0.004)
Province x Year 2005 : :

Constant¢,) —0.097*** (0.025) -0.004 (0.006) -0.093** (0.024)

R 0.320 0.753 0.255
# firms / # observations 3,401/ 15,651 3,401 635, 3,401/ 15,651

Note: This table shows the results of the testing foagaltel trend and pre-treatment effects in TFPC,
TC and SEC using the model specifications of ejjatfl eq. (6)R? is unadjusted. Robust standard er-
rors at the firm level are reported in parenthe&ierisks *** indicate significance at 1 perceatél,

** at 5 percent level and * at 10 percent level.
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“Even a pig can fly if it stands at the center ofvhirlwind.”
— Lei Jun






1 Introduction

The studying of management has a long-standingtiobadn the scientific literature.

Both, from an organizational theory (Barnard, 1938)well as economic modelling
perspective (Griliches, 1957). From the economiaationg perspective, the omission
of management quality, which determines how effitieand effectively the other pro-
duction inputs are used, has been thought of & lteeé most common specification er-
ror when estimating a production function (Grilishd957; Mefford, 1986). Modern
empirical literature combining both perspectivedntyabuilds on the cornerstone con-
tribution of Bloom and Van Reenen (2007) and aimesowering the role of manage-

ment in a firm’s production based on a detailedsueament of managerial quality.

The literature associates several positive outcowids good management. For
example, Mefford (1986), White, Pearson et al. @96r Bloom and Van Reenen
(2007) find management quality to be positivelyatetl with higher productivity. Fur-
thermore, management quality is found to be rel&bed reduction in product defect
rates and inventory levels (Bloom, Eifert et abD13), improved environmental perfor-
mance (Bloom, Genakos et al., 2010; Boyd and Gu2i44), and superior employee
outcomes in terms of employment, earnings, andtth€bevine and Toffel, 2010) as
well as labor standard compliance (Distelhorstnidaieller et al., 2016). Management
might be a factor contributing to the often obsdrierge and persistent differences in
productivity levels, not only between firms (Basiglan and Doms, 2000; Bloom, Eifert
et al., 2013; Syverson, 2011) comparable on mamgraibservables like industry, tech-
nology, product or location (Gibbons, 2006), bsoabetween countries (Bloom, Sadun
et al., 2016). Given such wide variety of rolesilatttable to managerial quality, an un-
derstanding of how this quality determines firmfpanance carries relevance for de-

velopment policy, institutional design and firmgkal

Reviews of the empirical literature on firm produity (Bartelsman and Doms,
2000; Syverson, 2011) find differences in produttiviot only to depend on internal
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factors under a firm's direct span of control Iikanagement, but also on the operating
environment like firm ownership® Already Jensen and Meckling (1976) describe that
institutional conditions (for example, ownershipusture) shape firm priorities and im-
ply distinct agency relationships and incentivesnée, these conditions may play an
important role in explaining the origins, functig@sd impacts of management practic-
es. If the value of management, like other drivadrproductivity, depends on context,
there is unlikely to be one single set of produttirenhancing practices that applies
across firms, industries, geographies, and stafdswelopment. The identification of
optimal practices may not be straightforward, thgugecause not much is known on
how these environmental characteristics intera¢h vimanagerial ability (Bartelsman
and Doms, 2000). Still, many firms engage profesdiconsultants with the aim of up-
grading their internal management capabilities alighing them with growth objec-
tives, conditional on characteristics of the firodahe operating environment. Hence,
quantitative findings on such interactions are sakfor projecting the effectiveness of

performance-enhancing interventions.

In this paper, we probe the extent to which managgnuality matters in ex-
plaining firm performance for the unique institutad™* setting of China, and thereby
contribute to the literature in various ways. Fifstm an organizational theory point of
view: previous literature mainly analyzed the rielaship between managerial quality
and performance of firms located in industrializedintries. This study, however, fo-
cuses on the emerging economy of China during mgerf rapid industrial growth in
the mid-2000s (2003 to 2008). This period falls a0t the end of nearly 30 years of
sustained economic expansion averaging in the éadibits, and shortly follows Chi-

na's entry into the World Trade Organization in 200ur setting offers a unique oppor-

13Bartelsman and Doms (2000) provide an extensiveviae of firm level determinants of productivi-
ty. In addition to managerial ability, they list oership, technology, human capital, international e
posure or regulation as factors commonly founddaddevant. More recently, Syverson (2011) lists
factors like managerial practice, technology, desnamnarket structure, competition, a firm’s organiza
tional structure or human capital.

14 nstitutions can be seen as defining incentives structuring political, social or economic humaa e
changes (North, 1990). Edquist and Johnson (19@rifycthe concept of an institution and give a
gualitative overview of the role of institutionspnocesses and systems of innovation.
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tunity to study the relationship between managermgatttices and productivity in a rap-
idly expanding and transforming economy (Tsui, Sctimven et al., 2004). In such an
environment, short-run tensions between improvirapagement practices and estab-
lishing or maintaining competitive advantage viaestmeans can be expected to be es-
pecially acute. Furthermore, the social and p@alitenvironment of the Chinese econo-
my is different to western economies, what miglsulein management quality matter-
ing for other aspects than the ones commonly obsenv the literature. One such as-
pect, for example, might be the structure of firmnership. In China, the ownership
structure represents sharp distinctions among tipgreonditions of firms by defining,
e.g., a firm's degree of access to capital via ilegménd other means, regulatory bur-
dens, political pressure, resources, and othengttée sources of legitimacy. China's
case is particularly interesting, because its eagnencompasses a wide range of own-
ership forms that have proliferated since the aguinas begun to transition away from
near-complete state ownership in the late 1970steatefor first empirical evidence of
the institutional element of ownership mediating ttelationship between observed

management practices and firm performance.

Our second contribution is from an economic modgllperspective: modern em-
pirical literature exclusively applies Cobb-Douglasduction function specifications
and abstracts from the question of separabilitynahagement from other productive
inputs. Furthermore, apart from two recently puidid working papers by Bloom,
Sadun et al. (2016) and Bloom, Brynjolfsson et(20.16), it does not make use of the
data’s panel structure to control for time-consfant-specific unobserved heterogenei-
ty. Given large potential heterogeneities in prddurc processes and environmental
characteristics between firms and industries, sualssion might raise the question of
the robustness of results. Especially, as thealiiee commonly assumes a single pro-
duction function for all firms. Following Mefford1@86), we implement several func-
tional forms and, in addition, apply panel modetsteolling for time-constant firm-
specific unobserved heterogeneity. Results of $husly provide new insights into the
question of the extent, to which modern westerindefns of management quality mat-

ter in explaining the performance of Chinese firms.
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This study uses firm level data of the annual Céendustrial Census (CIC) for
the period of 2003 to 2008 and observations on gene quality in Chinese firms
contained in the World Management Survey. Two of main findings are in sharp
contrast to the current literature—summarized,ifgtance, in Bloom, Genakos et al.
(2012)—even though this literature is not specifycBbcusing on China. First, the role
of management practice as productive input paranbstéself is found to be uncorre-
lated with the variation in output of the firms.c8ad, state-owned enterprises (SOES)
in China on average are better managed than nors.S®Eorm of a third main finding,
we provide first empirical evidence that the rolamagement in Chinese firms could be
mediated by political economy elements, i.e. byitiséitutional element of firm owner-
ship with its associated role of the governmeneréhs indication that SOEs, i.e. state-
controlled firms with oversight at the central aoyincial level, benefit most and in
significant manner from the adoption of modern wastmanagement practices. We

discuss potential underlying factors of these fugsi

The structure of this study is as follows: Chatesummarizes the relevant em-
pirical literature on management as a productiyeiirand on the implications of own-
ership for Chinese firms. Chapter 3 describes #ta.dChapter 4 sets out the hypotheses
and estimation methodologies. Results are givechapter 5 and tested for robustness

in chapter 6. Finally, chapter 7 concludes andudises the findings.

2 Literature Review

2.1 Management as Productive Input

The role of managerial ability as a production dadias been subject to scientific re-
search as early as the contribution of Walker (188/& asks on p. 274 ff. where it
comes from some employers are making profits, witileers do not, and answers that

this surplus
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“[...] comes from directing force to its proper objést the simplest and shortest
ways; from saving all unnecessary waste of mateaald machinery; from boldly
incurring the expense [...] of improved processes apgliances, while closely
scrutinizing outgo and practising a thousand peitpnomies in unessential mat-
ters; from meeting the demands of the market nuit and instantly; and, lastly,

from exercising a sound judgment as to the timeaté and the terms of pay-

ment.”

Hence, management is not simply another kind adrafput. It rather might be a fur-
ther differentiator between firms making profitsdaorospering, and firms that merely
can survive. Modern literature has focused in gredétail on the practice of manage-
ment and specific channels through which manageuféstts firm outcome, both in a
quantitative as well as qualitative manner. Mintgbg004), for example, gives an in
depth qualitative study of the structure of managm@npractices. He describes man-
agement practices as being fundamentally “soft” amdiguous and greatly related to
traits like experience, intuition and judgementeTgractice of management can be fur-
ther understood as actions broadly aimed at settipdace routines, processes, and in-
centives that cause members of an organizatiodvaree a set of objectives. Gibbons
and Henderson (2012) note that management pracf@esrally cannot be reduced to a
set of well-defined action rules, but that they bardescribed as elements defining how

a firm prioritizes and executes on its objectives.

When moving focus to empirical literature quantitalty testing the economic
role of management quality in a production functi@miliches (1957) can be noted to
have been first in studying this role in depth. S&duently, in light of a potentially large
impact on firm performance, the role of modern ngg@maent in organizations has been
the focus of a growing body of scholarship (Gibbansl Henderson, 2012). However,
empirical literature in this field still is surpngly scarce, even more so, when condi-
tioning such an analysis on firm and environmentaracteristics. Related literature
roughly can be divided into two main strands, whiffier by the degree management
quality is observed. Table 1ll-1 and Table IlI-2/giexamples of cornerstone literature

for both strands.



Tablell1-1: Literature controlling for unobserved managemamldy in a production function.

Management quality unobserved Functional form Main inputs # firms / # obs. / # years Countries Method

Management measured via residual factors

« Alvarez and Arias (2003) gga:gﬁge?/:rggg cost function assuming managetmenty, G, T 84 /420/5 (1987 — 1991) Spain 2SLS
Translog production frontier assuming managemebgeto L, G, T, X 247/1,482 /6 (1993 — 1998) Spain MSL

« Alvarez, Arias et al. (2004 non-separable

Management quality measured via proxy variable
» Mundlak (1961f Cobb-Douglas production function L,GTX 66 /330/5 (1954 — 1958) Israel OoLS

« Dawson and Hubbard (198%) Translog production function assuming managenwentt K, L, G, X 405/810/2 (1980 — 1981) England/Wales OLS/2SAE
be non-separable

Note: Krepresent capital, labor,M material, T time, X other inputs an is unobserved or proxied management quality. Bpeeddent variables mentioned below refer to thelireark model. Some studies esti-

mate the effect of management on other firm outeolike total factor productivity as well. Additioheontrol variables mentioned below might not beluded all at the same time in a regression. Timebau of

firms, observations and years might differ by majedcification; numbers listed in the table onlyegan indication of the approximate extent of thalgsed sample.

A B.C.D Empirical applications focus on farmis® °: Output is litres of milkS: Output is the value of produced goots2SLS stands for two stage least squares instraineariable approach: InputsX are number
of cows, land and feedstuffs in kilogram. MSL stsfat maximum simulated likelihoof: InputsX are variable expenses, livestock value and amafuand irrigated®: InputsX are feed costs and rent.

2SAE stands for two-stage Aitken estimator.
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Tablell1-2: Literature controlling for observed managementlgyan a production function.

Management quality observed Functional form Main inputs # firms / # obs. / # years Countries Method
« Mefford (1986 Cobb-Douglas / CES / translog production functisn K, L G,T,X ?/127 /8 (1975 - 1982) ? oLSs
suming separability of management

« Bloom and Van Reenen (2007) Cobb-Douglas production function K, L,M,G,X 709 /5,350 /4 (1994 — 2004) USA, UK, FR, GER oLs

* Bloom, Genakos et al. (201‘6) Cobb-Douglas production function K,L,M,E G, X 272/1,046 /6 (1999 — 2004) UK OoLS

« Bloom, Schweiger et al. (2012) Cobb-Douglas production function K,L,M, G, X 717 /974 /1 (2009 or 2010) 10 in Central Asia oLS

« Bloom, Sadun et al. (2018) Cobb-Douglas production function K, L, MG, X 11,383/12,146/ 11 (2004 — 201484 on all continents OLS/FE
« Bloom, Brynjolfsson et al. (2016) Cobb-Douglas production function K L, G, X 31,793 /31,793 /1 (2010) USA OLS/FE

Note: The question mark (?) stands for unspecified mfdion.K represent capital, labor,M material E energy,T time, X other inputs an is observed management quality. The dependerghlas mentioned be-
low refer to the benchmark model. Some studiesnesé the effect of management on other firm outeoliRe total factor productivity as well. Additioheontrol variables mentioned below might not beluded all
at the same time in a regression. The numberrofiobservations and years might differ by modetsjzation; numbers listed in the table only gareindication of the approximate extent of the geed sample.

A: The dependent variable is output, measured ngimeering-based and quality adjusted unit megstitie process-specific standard labor hours) twlpce a certain amount of a product. This measereis
summed up over all production processes and mietftiplith the units of products produced. Managememality is observed yearly. Additional control idnlesX are region fixed effects, firm size (by number of
workers), technology level (by judgement) and wor&é skill (by financial ratio). Firms are locatiedJSA, Australia, Europe, Asia, Latin America aBdnada.

: The dependent variable is output, measured hyewvafl sales (gross output). Additional control &bhesX are workforce and firm characteristics and WM®iiview noise controls. Workforce characteristics in
clude the workforce with a degree and the shareookforce with an MBA degree. Firm characteristice three-digit industry and country fixed effeetgerage hours worked, firm age, a being listeedfigffect
and a consolidated account fixed effect. Noiserotsiire 24 covariates connected to the interviethefirm managers.

: The dependent variable is output, measured Bnes (gross output). Additional control variatiesre workforce and firm characteristics and WM®iiview noise controls. Workforce characteristiadude the
proportion of workers with a degree and averageswaorked. Firm characteristics include three-digilustry and year and region fixed effects, fige @and a being listed fixed effect.

: The dependent variable is output, measured Bneas. Additional control variabl&sare workforce and firm characteristics and WM®iiview noise controls. Workforce characteristiadude workers with a
university degree and average weekly hours workigth characteristics include firm age and whethfimais listed on the stock market, two-digit irgity, country and country-year fixed effects. 10Ea Asian
countries are focused upon: Belarus, Bulgaria, Klagi@n, Lithuania, Poland, Romania, Russia, Setlkeaine and Uzbekistan. Noise controls are 9 dates connected to the interview of the firm mamsge

: The dependent variable is output, measured nes. Additional control variablésare workforce and firm characteristics and WM®riview noise controls. Workforce characteristiadude workers with a

college degree. Firm characteristics include cquantid three-digit industry fixed effects. Firms &reated in North and South America, Europe, Afrikaia and Australia. FE stands for fixed effectsreation.

Authors provide no information on the number ofliided firms and timewise length of the panel unded the FE estimation.

The dependent variable is labor productivity, sugad by value added divided by the number of epggle. Additional control variablesare workforce and firm characteristics and MOREririew noise controls.

Workforce characteristics include the share of eygxs with a college degree. Firm characteristictidle industry fixed effects, capital intensitpdaestablishment size. FE stands for fixed effestgnation.

oo}

0

o

m

.o

\3INSy alnjelall]

a1



146 I11.2 Literature Review

Table IlI-1 summarizes the first strand of empiridarature. This strand does not
observe management quality directly. Instead opbirassuming managerial quality to
be omitted from the production function, it attes\pi quantify the role of management
via residual factors or proxy variables based om ftharacteristics. A first example is
Mundlak (1961), who includes firm-specific meanued of the input variables, so
called Mundlak factors, into the production funatidhese Mundlak factors are meant
to capture time-constant unobserved firm-speci@tetogeneity potentially correlated
with input variables. Mundlak (1961) attributes Isditne-constant heterogeneity to un-
observed managerial ability? By separating this heterogeneity from the erromte
Mundlak factors are meant to reduce the bias dusntdserved management. Indeed,
the underlying assumption of the role managemeirigbme invariant might seem
overly restrictive. However, it is also clear thdntification of time varying and firm-
specific unobserved managerial ability would be entiran heroic. Instead of using
management fixed effects, Alvarez and Arias (20@8htify unobserved, firm-specific
managerial quality via a technical efficiency teestimated by a deterministic produc-
tion frontier. They apply the model of Schmidt aBitkles (1984), hence their man-
agement proxy is time-constant as well. In a sectep, they include this management
proxy into an average cost function. Alvarez, Agasl. (2004) model managerial qual-
ity via a random effect correlated with observeplits using a random coefficient sto-
chastic frontier framework. These approaches tontifyaunobserved management
seem to be problematic in that estimates mightdmepcomised by other unobserved
heterogeneity, which is still part of the resid(Mefford, 1986).

The second strand of literature presented in TAbRincludes an explicit meas-
ure of management quality into the production fiorctA first important contribution
to this literature was made by Mefford (1986). Heireates production functions of
three types of functional forms, namely the Cobh:@las, constant elasticity of substi-
tution (CES) and translog functional form. Thesactional forms differ in their as-

sumptions in terms of the elasticity of substitatizetween inputs and homotheticity,

5| his discussion of fixed and random effectsneators, Mundlak (1978) applies this approach tenfor
consistent random effects estimates.
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with the translog functional form being most fleib'® Mefford (1986) finds the inclu-
sion of management quality to be desirable fothake functional forms, since it con-
tributes to output in a statistically significanay Interestingly, he does not control for
material inputs. He justifies such exclusion by @@ms about a potential simultaneity
between output and material use and further arquasmgement having no control over
the selection and purchasing of material. HoweB&ypm, Genakos et al. (2010) find
the ratio of material expenditure over gross outpuie statistically significantly affect-
ed by management practices for a sample of UK fifamem a theoretical modelling
perspective, Mefford (1986) argues material to ighllg correlated with output, aggra-
vating the well-known simultaneity bias when estimga production function.

A growing body of more recent empirical literatulieectly observing managerial
quality on firm level builds on the World Managerh&urvey (WMSJ*", which was in-
itiated by Bloom and Van Reenen (2007). These etully and large affirm that ob-
served levels of management matter in explaining performance. Bloom and Van
Reenen (2007) find a positive, stable, and stesiiyi significant link between man-
agement practice measures and firm output. Theredfte WMS has been continuously
expanded over the years, with several studies ingildn it. Bloom, Schweiger et al.
(2012) find management practices to be strongkelihto output for a sample of firms
in ten Central Asian transition countries. Bloonen@kos et al. (2010) find better man-
aged manufacturing firms in the UK to be signifitgiess energy intensive. They also
observe management quality to significantly andtpaty affect firm level output, to

an extent similar in magnitude to findings in Blo@nd Van Reenen (2007). Bloom,

18The translog functional form is the most flexitilectional form of these three, because it does not
constrain the elasticity of substitution betweepuits to be constant. The Cobb-Douglas functional
form even restricts this elasticity to be equalibity, and therefore it is the most restrictive dtinnal
form of the three. In addition, the CES and Cobluflas functional forms are assuming homotheti-
city, while the translog specification in its fulfiexible form allows for non-homotheticity (Meffdy
1986).

"The WMS uses survey methods to elicit manageniality on firm level. It constitutes one of the
broadest (in terms of firm and country coverage) andepth (in terms of management categories)
surveys in this regard. Based on extended telepimaesiews of managers in various developed and,
in later waves, emerging countries, the WMS defimed empirically measures a set of management
practices in firms and provides novel insights intav companies are managed across firms and coun-
tries.
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Eifert et al. (2013) conduct a randomized contrial implementing management inter-
ventions within 17 Indian textile firms. They obgera strong, positive effect on firm
output and other key performance indicators, thestlengthening arguments of cau-
sality between management quality and firm perforcea Bloom, Eifert et al. (2013)
and Bloom, Lemos et al. (2014) find emerging caestrincluding China, to have a
long left tail of poorly managed firms. FurthermoRioom, Lemos et al. (2014) ob-
serve government and founder-owned firms to belpooanaged, while stronger prod-
uct market competition and higher worker skillsretate with better management prac-

tices.

At the time we have been writing this paper, twiewant working papers were
published by Bloom, Sadun et al. (2016) and BloBnynjolfsson et al. (2016). Bloom,
Sadun et al. (2016) analyze the productive rolenahagement for 11,383 firms in 34
countries on all five continents. They affirm maeagnt quality to be significantly
linked with variation in output across all modeksfications. Furthermore, they find
management to account for roughly 30 percent cdszomuntry differences in total fac-
tor productivity relative to the US. The availatyilof several waves of interviews al-
lows them—for the first time—to include a full sgtfirm fixed effects into the model.
Moreover, they differentiate between “managemera technology” (MAT) and “man-
agement as a design” (MAD). Their notion of MAT ldgi on the assumption that, simi-
lar to technical progress, some types of managematys are better than others in
terms of increasing firm performance, independeotlfirm and environmental charac-
teristics. In other words, MAT implies firm perfoamce being strictly increasing in the
quality of management. The alternative view of MABsumes, instead, that the opti-
mality of management practices is conditional omehvironment and other firm char-
acteristics: while a certain management practicghmincrease output of one firm, it
might decrease output of another. They build ancéed by the authors) extremely
stylized structural model of the MAT and MAD contend find simulation results ra-
ther being supporting the notion of MAT, while ordglivering partial evidence for the
MAD view.

In their working paper, Bloom, Brynjolfsson et €2016) analyze the productive

role of management for a sample of 30,000 US plhatsnging to 10,000 firms. For
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the first time, management quality measures ofniwely established US census on
management practices conducted in 2010 (ManagearghtOrganizational Practices
Survey, MOPS) are used for empirical estimatioie MOPS is conducted at the plant
level, rather than the firm level like the WM®.This allows for a first analysis of with-
in firm differences of observed management prastigestead of exclusively focusing
on between firm differences. They find that theiat@on of management practices with-
in firms accounts for nearly half of the overalriadion and thus is similar in extent to
the variation across firms. Moreover, variatiomisreasing in firm size. In line with the
main body of empirical literature, management dquaignificantly links to firm per-
formance, which is measured by labor productivityhie benchmark specification. The
authors acknowledge the issue of time-constant serebd heterogeneity being poten-
tially correlated with the management measuremen. availability of two manage-
ment quality observations for some firms allowstth® control for such heterogeneity
by estimating a fixed effects model using a twaqeepanel (year 2005 and 2010). The
effect of management on labor productivity remahnighly significant. For the first
time, management quality within the same firm (loynparing across establishments
within the same firm) is analyzed and observed eoslgnificantly related to labor
productivity.

From the econometric point of view, there are thregn issues to consider when
eliciting the role of managerial quality in firmqxtuction via the estimation of a pro-
duction function: first, the choice of the functadrform. Second, the assumption of
separability of management from the other inputcds And finally, the consideration

of unobserved heterogeneity.

Most empirical literature on the role of observednagement quality in produc-

tion applies Cobb-Douglas production functions #retefore, usually without explicit-

18The MOPS is similarly structured as the WMS arkkaks questions related to management quality
and differentiates between the three key practafeMonitoring, Targets and Incentives (Bloom,
Brynjolfsson et al., 2016). However, in contrastthe WMS, the MOPS is a government survey, is
conducted via mail or online (instead of telephamerviews) and firms are obliged to respond (in-
stead of responding on a voluntary basis). Moreaber WMS uses open-ended questions, while the
MOPS is based on closed-ended questions (Bloompkerhal., 2016).
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ly stating, assumes a Hicks-neutral technical ceargl homotheticity, i.e. separability
between managerial quality and other input factike labor or capitat*® Mefford
(1986) and Dawson and Hubbard (1987) seem to berilyetwo studies allowing for
non-separability between management and other etpaites in their model specifica-
tions, even though they are not explicitly focusorg or referring to, the concept of
separability. Mefford (1986) notes in footnote ¥ paper that he estimated a trans-
log and CES production function with managementrmg as non-separable input.
However, due to severe multicollinearity betweeasth additional variables and the
productive inputs of labor and capital, estimatesenunreasonable and these additional
variables were dropped from the equation. DawsahHubbard (1987) allow for non-
separability between their management variableahdr input choices in their model
specification, even though they are not directlgesliing managerial quality but in-
clude a proxy of it based on a financial ratio. MN@parability is statistically not sup-
ported, as their results indicate a statisticatlgignificant interaction of management
with other input choices. They mention as well pneblem of multicollinearity between

their explanatory variables, and hence faced singfales as Mefford (1986) did.

To this point, empirical literature on the roleatfserved management quality in a
production function—with the exception of the twery recent?® working papers of
Bloom, Sadun et al. (2016) and Bloom, Brynjolfsebml. (2016)—has not made use of
the data’s panel structure to control for firm-gpedime-constant unobserved hetero-
geneity. Management quality is difficult to meas@aed therefore prone to measure-

ment erron?, since it is, as widely acknowledged, culture- andtext-specific (Adler,

19The concept of a production function with a foousseparability is explained in appendix A.1.
1201 fact, these papers were published while we weiting this study.

121Bloom and Van Reenen (2007) find, by conductirdependent repeated interviews, that 25 percent of
the variation in the overall management score B tdumeasurement error. They also note the WMS
measure of management practice to only capturdsesof all practices relevant with respect to firm
performance, i.e. to only provide a proxy of truamagement quality. Based on the MOPS (i.e. not the
WMS), Bloom, Brynjolfsson et al. (2016) find measonent error to cause ca. 45 percent of the varia-
tion in management scores and thereby confirmrtherent difficulty of measuring management qual-
ity with reasonable effort. Moreover, as describedection 3.2, the implications and connotatiofis o
the language used in the WMS largely reflect wastatperience and may be interpreted differently in

fFootnote continues on next page



Literature Review 151

1983; Hofstede, 1993). It also has been descrilseloeang rather persistent over time
when using short panels (Bloom, Schweiger et 8122 Hence, the case of manage-
ment capturing effects of time-constant unobsetvetgrogeneity cannot be excluded.

However, panel models allow controlling for suchenegeneity.

In the study at hand, the empirical focus is ondheice of the functional form
and the consideration of unobserved heterogeneityle, for reasons explained later

on, we leave the question of separability to aitatale discussion.

When shifting the focus to China, to our knowledtfesre are no econometric
studies examining the relationship between direablyerved managerial quality and the
performance of firms. We explain this void in thterature to some extent stemming
from the paucity, suspected unreliability, andidiffty of obtaining Chinese firm data.
However, there is qualitative research adding esksnto the understanding of what
“management” means in the Chinese context. To laingeChina had well established
patterns of doing business and organizing prodndbag before the arrival of western
practices in the wake of economic reforms. In ajpglyvestern definitions of manage-
ment to China, modern management scholarship has &ecused of “inappropriate
universalism” (Boyacigiller and Adler, 1991). Whilaisiness education in China has
rapidly expanded since the start of the countrgtmemic opening and reform program
(Tsui, Schoonhoven et al., 2004) and the numbdrusiness schools on the mainland
has grown dramatically, western management practiage met with both interest and
scepticism by Chinese academics, corporate leader$,policy makers alike (Fan,
1998). Writing in the late 1980s, Lockett (1988)sdgbes organizational structure,
management skills and succession, party/managemkations, operational, and moti-
vation/labor discipline as the key challenges imagang a Chinese firm. He further
identified features of Chinese culture like resgectage and hierarchy, group organiza-
tion, face, and the importance of relationshipgseracting with management practices
in both positive and negative ways.

the Chinese context. This might add another compiottethe measurement problem for the case of
Chinese firms.
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Two central elements when evaluating Chinese manegepractices are rapid
and uneven market growth and firm ownership. Raggrthe former, Meyer (2014)
provides evidence, by using the large white-goodsufacturer Haier as a case exam-
ple, that due to the rapid pace of market changeaarociated uncertainty, management
practices may be altered or overhauled with no etgtien that they will diffuse com-
pletely within the organization. Regarding thedatChinese firms have been character-
ized as having “indefinite boundaries” due to ingbete separation of firms from the
state, a lack of complete post-merger integratmal, partial listing of assets (Meyer and
Lu, 2005). Chinese firms are frequently politicatignbedded, with ex-officials serving
as industry leaders after leaving office (Havena,et al., 2016). In what follows, we
focus in greater detail on the potentially influahfactor of ownership when explaining

the role of management in Chinese firms.

2.2 Management and Firm Ownership in China

China’s economy still is characterized by a relinvhigh share of SOEs compared to
market-oriented economies of developed nationsn ¢lreugh in China the extent of
state ownership also depends on its definition @leand Wu, 2014). Nevertheless,
compared to former communist times with exclus@QEs, today’s economy is home
to a wide variety of firm ownership types. Non-SO&nership types have proliferated
in the wake of China's economic SOE reform, modeation and opening program that
began in the late 1970s. This program has coretitah experiment in building national

champion&? that was well advanc&d by the first decade of the 2000s, i.e. the period

122 A typical characteristic of the Chinese econoropting from its institutional past, is the dominaraf
large state-controlled incumbents in many secfbinese incumbents were called upon by the state to
facilitate an adoption of frontier technologiesarder to catch up with Western countries (Wang,
2014), similar to what was observed in other reddyi underdeveloped economies in the past, as ex-
emplified, e.g., by Gerschenkron (1962). Theseonatichampion SOEs often can be found in capital
intensive, upstream sectors, and strategic se@timian and Xiaogiang, 1999; Wang, 2014).

12 An in depth description of the reformation procésgiven in, e.g., Jefferson and Rawski (1994),
Nolan and Xiaogiang (1999), Sachs and Woo (200&jn&ut, Song et al. (2006) or Wang (2014). Be-
fore the reform period starting in 1978, Chinesstesfirms were operating according to predefined
plans of the government, granting them only vemitied autonomy but simultaneously soft budget

fFootnote continues on next page
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of this study. Partial privatization while retaigicontrol rights was a strategy designed
to increase the operating efficiency of SOEs byoskm them to greater competition
(Meyer and Wu, 2014). Many of today’s SOEs areeamatuccessful and prosperous,
which—in terms of growth or profitability—holds espally for central SOEs (Wang,
2014).

The mediating effects of ownership on the prodéctiole of observed manage-
ment quality in a firm’s production, as already rti@med, can be hypothesized to be
especially relevant for Chinese firms. However,ase not aware of any empirical study
shedding light onto such effects. Hence, in whibves, four related strands of litera-
ture are presented. These strands partially cantérito the understanding of the linkage

of observed management quality and firm ownershibp firm performance.

There is a large body of literature on the thedrthe firm that focuses on the im-
plications of state and private ownership on manabgactivity. Shleifer and Vishny
(1994, 1997) and Shleifer (1998) not only contrbtd, but also give an extensive
overview of this literature. Central elements tier@e agency costs, market failures,
incentives to innovate, the provision of public descand the achievement of social
goals. The literature misses a clear consensukeondnditions, under which the bene-
fits of private ownership surpass the benefitstafesownership and vice versa. Central
elements of this discussion are agency conflictsa@mtracting theory that regulates the
relationship between principals and agents. Impbrtantributions in this regard were
made by, e.g., Jensen and Meckling (1976). Relatdture, for example Shleifer and
Vishny (1997), studies the ties between the degfemvnership concentration and the
enforceability of corporate governance.

A second strand of literature focuses on the iatation of ownership and eco-
nomic firm performance measures like productivityd gorofitability. This literature
generally finds SOEs to show lower performances than-SOEs. Ehrlich, Gallais-

constraints. Important reform steps were undertakeh983 (contract responsibility system), 1995
(policy of “Grasping the Large, Letting Go the Sh{ahua da, fang xig6 (Sachs and Woo, 2001).
Between 1999 and 2001, low performers were agadimjmed or sold, while large, more productive
SOEs were retained (Hsieh and Song, 2015).
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Hamonno et al. (1994), for example, provide a teecal model of this relationship.
Empirical literature with a special focus on CHiffare, for instance Bai, Lu et al.
(2009), Jefferson and Su (2006), Dong, Puttermaralet(2006) or Brandt, Van
Biesebroeck et al. (2012). They all find that tle@wersion of SOEs to non-SOEs posi-
tively affected firm performance measures like TEBor productivity or profitability.
Dougherty, Herd et al. (2007), Hsieh and KlenowO@0or Brandt, Van Biesebroeck et
al. (2012) find productivity advantages (both imne of levels and changes) of non-
SOEs relative to SOEs. Li, Sun et al. (2006) firgtrang positive relationship between
market orientation and measures of organizatiomsfopmance in a survey of 274
SOEs. They also found that this relationship wasdiated by institutional antecedents

that relate to ownership.

Being an SOE might have direct implications on nggni@l quality by, for exam-
ple, sheltering less successful firms and manaigens competition. This would result
in fewer badly managed firms to be driven out ofkeaiand in a worse match of man-
agers with economic activities (Acemoglu, Aghiorakt 2002). A third strand of litera-
ture analyses the correlation between firm ownersind management quality, howev-
er, without linking these two elements to firm merhance. On an aggregated basis of
more than 10,000 interviewed firms in 20 countrig®om, Genakos et al. (2012) find
ownership to be a factor that on average is higblgted with management practices.
Furthermore, they find publicly owned firms to sheansistently lower management
scores, even if country, industry and firm sizenGbyer of employees) are controlled for.
Also Bloom, Schweiger et al. (2012), based on aptaraf 1,874 firms in 10 Central
Asian transition countries, find that multinatiorimms and firms under private owner-
ship on average are better managed. Inter alig, ¢baclude that the privatization of
SOEs in central Asian countries would foster betianagement.

124The effects of privatization or ownership changasfirm productivity for other countries than China
are studied, e.g., by Harris and Robinson (2002)n{ily, Romania, Russia, and Ukraine) or Brown,
Earle et al. (2006) (UK). An overview and discussad studies on the effects of privatization omfir
performance in post-communist transition countriesluding China, is given by Estrin, Hanousek et
al. (2009).
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A fourth strand of literature gives qualitativeigigts into the implications of state
ownership for the case of China, which might disettanslate into differences in the
role of management. Despite the opening and przatin of its economy, China's
SOEs have continued to be a primary channel thraugbh the state balances econom-
ic stability against efficiency objectives (Bai, lat al., 2006; Wang, 2014). SOEs are
often required to absorb excess workers and pergmeral planning and welfare func-
tions (Bai, Lu et al., 2006). In addition, theylieasingly possess a profit motive in the
wake of economic reforms aimed at efficiency ggkang, Shi et al., 2008). The state
Is in essence responsible for both control andlagign of SOEs, with no separation
among functions typical of western systems (Pargen@012). The rotation of gov-
ernment officials in and out of SOE leadership poss helps to maintain this close
connection (Haveman, Jia et al., 2016; Wang, 20C&QOs act both as managers and
government officials (Li and Xia, 2008), and araleated based on both performance
as well as party loyalty criteria (Wang, 2012). Tddglity of the party to appoint the
CEO of SOEs leads to performance incentives anartiag lines distinct from private
firms (Wang, 2014). SOEs hold rank according tartleeel of oversight within China's
federalized system of government, which in orded@eéreasing jurisdictional size in-
cludes central (national), provincial, city, couyntiywnship, and village levels.

3 Data

3.1 Chinese Industrial Census

Our empirical analysis of the role of managemeratiguin explaining the performance
of Chinese firms uses several types of data: fewell Chinese Industrial Census (CIC)
datd?®, firm-level data on management quality (WMS, 20&B) data on deflators
(Brandt, Van Biesebroeck et al., 2012). For graglpnrposes, spatial information on

125The CIC is a proprietary data set compiled byGhinese National Bureau of Statistics.
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the centroid longitude and latitude of geographisters (counties) (BW, 2016) is used.
Accordingly, four main steps are implemented to bira these dat%° The first step
links the firms of the cross-section census datx timme. The second step links the de-
flators to the relevant input and output data. el step links the firms covered by
the WMS to the census data and the fourth ste link geographic information. Step
one and two are illustrated in appendix A.1 of parStep three and four are focused
upon in greater detail in appendix A.2. The maitadeed for the analysis is the CIC,

which is described in greater detail in sectionef.part 1.

Descriptive statistics of key variables for the 386s of our sample are given in
Table I11I-3. Firms range widely in age, with thargde including firms less than one
year old and one firm having existed for 96 ye#hile mostly in the double digits, the
median annual growth rate is varying consideral@tivieen the different industries.
When excluding the electricity production industwhich is defined by a single firm
only, it ranges from 3.8 percent (electric equipthém 30.8 percent (metal smelting and
rolling). The distribution of firms across indussiconditional on governmental control
is given in Table 1lI-3. We define a firm as an S@®& has a controlling shareholder
linked to the stat&’’ On a two-digit level, the sample contains 15 indes, with, for
instance, the chemical and pharmaceutical matendisstry making up for 20.3 per-
cent of SOE and 14.8 percent of non-SOE obsenatidhe least number of observa-
tions are made in the fuel processing and lumbeodaand furniture industry. Accord-
ing to Figure 1ll-1, most firms are located alorge teastern coastline, consistent with

the general distribution of economic activity initdn

128 Data processing was conducted using Stata 13a(Sigp, 2013).
127such definition of state control was used in plagtf. footnote 56) as well.
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Tablel11-3: Descriptive statistics of firms.
Mean Std.dev. Min. Max. 10% perc 90% perc.

Gross output (MRMB) 533.8 1,467.7 44 18,631.9 27.21,104.3
Employees 884.6 1,007.3 18 16,458 238 1891
Total assets (MRMB) 487.4 2,236.9 1.1 43,7425 20.5 916.7
Current assets (MRMB) 237.7 1,197.5 0.0 27,796.5 1 0. 459.9
Intermediate inputs (IMRMB)  361.1 926.2 15 12,718.6 18.4 780.4
Management score 2.652 0.449 1.278 3.889 2.056 23.22
Age 13.224 13.846 0 96 3 34
Exporter (1 if exporting) 0.529 0.499 0 1 0 1
Profitability 0.037 0.099 —-1.053 0.611 -0.017 0.126

Share of ownership types:

The share of non-SOE observations is 79.0%. Furthes, 3.7% of the observations are classified as

central SOEs and 17.4% as local SOEs.

Distribution of firm size (hnumber of employees):

[0;250]: 11.1% of observations. (250;500]: 32.4%b$ervations. (500;1,000]: 32.5% of observations.

More than 1,000: 24.0% of observations.

Note: This table presents descriptive statistics ofséui@ple. Statistics are based on 386 firms and all
years of observations (2,219 observations). Mogetalues given in real 1998 values. RMB indicates
Chinese renminbi. Statistics on the managemenesoerbased on the year a firm was survelyeuf-

itability is the ratio of total profits to gross output.
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Tablell1-4: Distribution of industries conditional on statentrmol.

SOEs Non-SOEs Percentagg Output
#obs. Share #obs. Share point diff. growth

(1) Chemical and pharmaceutical materials 92  19.7%55 2 146 % 5.2 9.9%

(2) Communications and instrument equipm.47  10.1 % 210 120% -1.9 14.6 %

(3) Electric equipment 40 8.6 % 110 6.3 % 2.3 3.8%

(4) Electricity production 6 13% — — — -6.6 %

(5) Fabricated metal products 21 45 % 55 31% 14 189%

(6) Food, beverage and tabacco 28 6.0 % 122 7.0%-1.0 10.8 %

(7) Fuel processing 4 0.9% 18 1.0% -0.2 28.0%

(8) General and special equipment 81 17.3% 140 98.0 94 14.0%

(9) Lumber, wood and furniture 3 0.6 % 19 1.1% 04 17.0%
(10) Metal smelting and rolling 5 1.1% 69 39% -2.9 30.8%
(11) Non metallic mineral products 52 11.1% 109 %.2 4.9 8.0%
(12) Other manufacturing and goods 2 0.4% 81 4.6 %-4.2 14.0%
(13) Paper and printing 18 39% 59 3.4% 0.5 6.3 %
(14) Textiles and other 34 7.3% 399 22.8%-15.5 6.6 %
(15) Transport equipment 34 7.3 % 106 6.1 % 1.2 9.4

Note: This table presents the distributions of observatiacross industries at the two-digit level coodil on
state control in terms of absolute numbers andegp¢ages. Statistics are based on 386 firms any@ats of ob-
servations (2,219 observation$).point diff. depicts the percentage point difference in the @& non-SOE
percentage shar@®utput growthis the median annual growth rate in output offitms of an industry.
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Spatial distribution of the firms

All firms
# firms = 386
# observations 2,219

SOEs
#firms= 115
# observationss 467

Non-SOEs
#firms = 333
# observationss 1,752

Figurelll-1: Spatial distribution of the firms, overall and bywnership.

Note: Figure 1ll-1 presents the spatial distributiontieé firms in the sample. Firms might change owner-
ship over time. For this reason, the number of S@&tsnon-SOEs does not sum up to the total number
of firms. Marker size is relative to number of ferabserved in a county.
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3.2 World Management Survey

The World Management Survey (WMS) data, first ugedloom and Van Reenen
(2007), was obtained with kind permission from Niels Bloom of Stanford Universi-
ty. The WMS is the most recent and comprehensif@teio document management
practices across firms and countries (Bloom, Gesadtaal., 2012). It captures the ex-
tent to which Chinese firms have adopted a setarfagement practices that were de-
fined in consultation with a leading global manageimconsultancy (Bloom and Van
Reenen, 2007). The WMS differentiates between foanagement categories, which
again can be differentiated into a total of 18 kegctices. These 18 practices are com-
bined into the four practice areas of Incentivése(practices), Monitoring (five prac-
tices), Operations (three practices) and Targets ffractices). Using as an example the
Target category, managers were asked about thétbreétargets, their interconnec-

tion, stringency, and time horizon (Bloom and VaeRen, 2007).

It is to note, though, that the implications andmatations of the language used in
the WMS largely reflect western experience and taynterpreted differently in the
Chinese context. For example, the Chinese wordn@anagementgluanli) carries the
connotation of top-down control, either from thditpxal hierarchy to the firm or from
the firm to its employees. Targets, an importamutoof the WMS, were historically
used to mandate production quantities in the pldree®nomy (and to some extent still

provide guidance in some sectors).

The questions asked in the interviews were opergadd focused on a firm's in-
ternal processes. Interviewers trained in WMS beakgd and procedures assigned
scores. The interviewer scoring (as opposed tesselfing) methodology employed by
the WMS helps to ensure a consistent measure ofigga across firms. It was not de-
clared to the managers that they were being evaduahen interviewed, with the aim
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of reducing subjectivity (Bloom and Van Reenen, Bd€° Interviewed managers were
chosen to be senior enough to know the firm’s mamant practices, while not being
too senior to be detached from daily operation fmes (Bloom, Sadun et al., 2016).
The WMS sample was selected randomly (Bloom, Satlah, 2016) and to be statisti-
cally representative of the population of firmdhina (Bloom, Lemos et al., 2014).

Following Bloom, Genakos et al. (2010), this studtbfines overall managerial
guality as the unweighted average of the 18 keyagament practices. Information on
the quality of management is only available for gear per firm. The WMS data was
matched with CIC observations by applying a methagip described in greater detail
in appendix A.2. By this procedure, 434 (or 80.fcpat) of the firms were successfully
matched with the CIC data. Subsequently, additicadjlstments and plausibility
checks were implemented to exclude unqualified as®ns. The detailed screening
process is explained in appendix A.2. The resulfimgl sample includes 398 firms and
2,219 observations. The pre-cleaned and final sssngb not differ significantly in
terms of management quality and other key covariédke Table 111-9 and Table 111-10

in the appendix).

The distribution of overall management quality epatted in the top panel of
Figure 11I-2. In general, Chinese firms are foundoe less well managed than firms in
developed countrie¥® The overall management score for China of 2.65 Teble
[11-5) is similar to Brazil and significantly lowehan the one of US firms, which have
an average score of 3.35, and Western Europeas,finhich are generally above 3
(Bloom, Genakos et al., 2012). While the sub-caiegoof People, Targets and Moni-
toring are similarly distributed, a surprisinghghishare of firms performed weak in the

Operations category.

128 Details on the survey questionnaire, the 18 kegagament practices and the survey method and pro-
cedure are given in, e.g., Bloom and Van Reene@7R@nd Bloom, Genakos et al. (2010).

129Emerging market firms in general are found to dssIwell managed compared to firms in developed
countries (Bloom, Genakos et al., 2012; Bloom, $astual., 2016).
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Figurelll-2: Distribution of the overall management score anbcaitegories.

Note: Figure 111-2 presents the frequencies of quality scores of diver@nagement and the four practice
areas, which together form the overall manageneores The best score is 5. Statistics are bas&B86n
Chinese firms. The discreteness of the responffessdby practice area. Numbers of observationsper

are indicated at the top of a bar.
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3.3 Ownership and Management Score

The five ownership categories shown in Table H-&entral and local SOE, domestic
non-SOE (domestic private or collective), foreignd HMT—represent different func-
tional categories. In the Chinese setting, thesegoaies translate into differences in
terms of license to operate and expectations ofl@maps, customers, government and
society. For instance, SOEs carry unique sociesgansibilities, such as supporting the
government and allowing it to play a shaping rolé¢he direction of economic devel-
opment (Wang, 2014). For this reason, literature—efample, Sachs and Woo (2001)
or Li and Xia (2008)—refers to SOEs as potentiaklyiously affected by allocative in-
efficiencies.

Chinese SOEs have been notorious for extensive \aagebonus payments,
which increasingly have been paid via fringe baadhrough indirect channels like the
provision of housing, means of transportation areational facilities (Sachs and Woo,
2001). These social responsibilities and resul@figcative inefficiencies are perhaps
strongest for central SOEs, who were handpickedgradmed to be national champi-
ons. As depicted in Table IlI-5, central SOEs' lapiace is larger than the one of every
other ownership type and approximately double theegfaced by domestic non-SOEs
and HMT firms, suggesting allocative distortionsyni@ particularly large, although lo-
cal SOEs also face a higher average labor pricerdstingly, the labor intensity (in-
verse of theY/L-ratio) of SOEs is considerably lower than the ohéhe other owner-
ship types (except for foreign firms). Hence, a #tage, we do not find a clear indica-
tion of SOEs absorbing more employees than theyldvowe if they were non-SOEs
instead. Rather, SOEs seem to compensate for ¢igt@tions in the labor input by in-
creasing the productive use of this input. Anothvetl-documented characteristic of
SOEs related to input distortions is their abitityborrow capital at low cost® Table

130For instance, Sachs and Woo (2001) describe tmmatrnments to have lobbied local branches of state
banks to grant investment loans to SOEs in ordenttance local development, with the state banks
usually having granted these demands for easy money
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[1I-5 shows both central and local SOEs to facenificantly lower costs of capital

compared to their non-SOE counterparts.

Given such implications, ownership might affect theent, to which a firm im-
plements western management practices. For exampleagement practices are likely
to carry a very different payoff calculation forrdestic non-SOEs. The latter, for in-
stance, do not face the same societal respongibifind lack the legitimizing advantage
of SOE connections, leading them to face greateemi@inty and exposure to resource
scarcity and market volatility. Foreign and HMTnfis also suffer from more limited le-
gitimacy compared to domestic players. Hence, tfiess can be expected to be more
likely competing on other margins. Furthermoregeifgn firms may inherit management
practices from overseas parents, but may contés Gdobmestic advantage to it. Before
focusing on the econometric evaluation of the odlsnanagement in explaining the per-
formance of Chinese industrial firms, we descriglycompare management scores
across ownership categories and conduct pairwipethgsis tests. These simple com-

parisons frame the empirical analysis of the follaychapters.

According to Table 1lI-5, management quality shosvsigh variability across
ownership types. Central SOEs are found to be wetymanaged and rank consistently
higher than local SOEs and non-SOEs in all dimerssexcept for talent management
(People). These SOEs, which are overseen by theeatgovernment, have manage-
ment capabilities statistically equivalent to Chsnéoreign-owned enterprises, while
SOEs with local (provincial and below) oversight detter managed than domestic pri-
vate firms. Central SOEs clearly stand out as lgamanagement practices that, if not
for the low People score, on average are equivatettie level measured for firms in

Western European countries.
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Tablel11-5: Management scores and other key characteristiasAnership types.

Mean Std.dev Min. Max. Mean Std.dev Min. Max.

All firms [# firms: 386] Domestic non-SOE [# firms: 162]
Management 2.65 0.45 1.28 3.89 252 045 128 3.72
People 2.66 0.44 133 4.00 2.60 0.46 150 4.00
Targets 2.55 056 1.00 4.20 2’2 054 1.00 3.60
Operations 2.44 0.95 1.00 450 214 094 1.00 4.00
Monitor 2.82 050 1.20 4.40 2.70 050 1.20 4.40
OutputY (MRMB) 675.2 1,839.0 4.96 16,4159 4834 1,1955 6.76 9,432.6
Employeed 957.3 1,310.2 68 16,458 8107  987.6 90 8,704
Capital price (kRMB) 0.19 0.48 -0.12 9.21 0.18 0.13 -0.12 0.90
Labor price (kRMB) 25.75 2287 446  177.46 1827 11.67 4.46 104.35
Y/L-ratio (kRMB) 641.1 1,157.6 21.11 13,005.0 538.2 845.0 21.11 6,436.0

Central SOE [# firms: 13] Local SOE [# firms: 69]
Management 2.87* 040 206 361 266 0.36 1.61 3.56
People 2.65 062 133 333 2.66 041 167 3.50
Targets 2.80* 049 200 3.80 259 042 140 3.40
Operations 3.15%** 0.59 250 4.50 2.54° 0.76 1.00 4.00
Monitor 3.08*** 047 220 3.80 2.78 0.38 1.80 3.80
OutputY (MRMB) 2,161.8** 4,283.9 59.84 15,292.8 676.8 1,935.7 6.13 15,774.1
Employeed 1,775.9%* 1,528.2 525 5,126 944.2 763.7 68 2,981
Capital price (kRMB) 0.13 0.06 0.06 0.23 0715 0.15 -0.02 0.81
Labor price (kRMB) 45.76*** 39.86 9.59  125.19 26.61 22.63 5.42 132.14
Y/L-ratio (kRMB) 736.8 858.0 102.08 2,983.4 736.7 1,579.8 2359 9,326.0
Foreign [# firms: 86] HMT [# firms: 56]

Management 2.85 045 189 3.89 2.64 045 167 361
People 2.78 043 1.33 4.00 2.65 0.38 1.67 3.67
Targets 2.74 064 140 4.20 2.54 057 120 4.00
Operations 2.85 0.87 1.00 450 2.38 1.03 1.00 4.50
Monitor 3.03 0.49 200 4.20 2.82 052 1.60 4.00
OutputY (MRMB) 1,0785 2,493.4 20.59 16,415.9 263.3 4329 496 2,3374
Employeed 1,265.9 2,127.0 103 16,458 733.5 719.5 90 3,709
Capital price (kRMB) 0.18 0.16 0.01 1.03 0.31 1.22 0.02 9.21
Labor price (kRMB) 38.23 31.02 8.04 177.46 22.53 16.73 75.3 89.31
Y/L-ratio (kRMB) 906.3 1,524.6 46.34 13,005.0 3915 482.7 526. 1,899.8

Note: This table shows summary statistics of managemeality, overall and by ownership type. Statistics
are based on the year an individual firm was swetdyy the WMS. A firm is defined as an SOE if iursder
central or local governmental control. It is defirees domestic non-SOE (which are mostly private afelv
collective enterprises) if it is neither a centnal local SOE and if less than 50 percent of thid-pacapital
are from foreign sources or from Hong-Kong, Macadaiwan (HMT). A firm is defined as under foreign
control if it is neither a central or local SOE ahdhore than 50 percent of the paid-in capitalfaoen foreign
sources excluding HMTCapital priceis interest and depreciation expenses and oppbritost of equity as-
sumed to be three percent divided by the real alagtibck.Labor priceis wages and welfare expenses divid-
ed by the number of employees. Asterisks *** indécaignificance at 1 percent level, ** at 5 perclavel
and * at 10 percent level of one-sided unpairéeists comparing the respective means of centdill@eal
SOEs. Analogously, the following symbols repressghificance levels of additional one-sided unpire
tests: pluses (+) for the comparison central SGEgoreign firms, dotse() for the comparison central SOEs
vs. domestic non-SOEs and circle3 for the comparison local SOEs vs. domestic nof=&0
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Our finding of SOEs being significantly better mged than non-SOEs is inter-
esting and contrary to popular wisdom. It is alsatrary to the literature described in
chapter 2.1, which—even though not explicitly faogson China—found non-SOEs to
be on average slightly better managed than SOEsrding to the standards of the
WMS. In our setting, central SOEs show the highegshagement quality scores on av-
erage for three out of four management subcategovige find that even local SOEs,
which are smaller than central SOEs, have moreadonaccess to resources, and face
increasing competitive pressure, do not appeaetménagement laggards. Local SOEs
compare favourably to domestic non-SOEs on overathagement scores. Here, differ-
ences in ownership appear to play a strong roltheasvo groups are otherwise compa-

rable in terms of output size and employment.

What could be underlying factors that drive Chin8§€2Es to sheer off path from
the traditional literature by showing higher marragat scores than other ownership
types? SOEs had the opportunity, and often werewraged, to adopt a wide range of
management practices and behaviors in the prodetse aeforms, with the explicit
goals of boosting competitiveness and accountgbilib allow for increased state su-
pervision, SOEs were required to put in place dgwakent strategies, medium and
long-term plans, production and business operaiiogedures, and management rules,
among other functions (Wang, 204 While these adjustments may have strength-
ened practices analogous to those of modern westanagement, it is not clear if firms
adopted practices because they were required 8o dw found adoption valuable. For
example, an SOE might not only strengthen prodogti@cesses, but also channels of
communication and influence with government ledaigrdy good management prac-
tices. To the extent that the implementation of aggament practices was based on such
opportunities for “institutional rents” and to seeuhe SOE-government relationship, it
may have also strengthened productivity-enhancoogss to markets and other prefer-
ential treatment. In China, the government hagtiwer to shape the competitive land-

scape by preferentially delivering resources amerotavors available only to SOEs (Li

131Supervision of SOEs was further institutionalize®004 in response to observed unevenness of state
involvement in SOE affairs (Wang, 2014).
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and Xia, 2008; Nolan and Xiaogiang, 1999; Oi, 19%%nce, managers of SOEs not
only have the possibility to maximize profits thgbutechnical innovations and an in-
crease in productivity, but also through a “bureatic haggling” processes by develop-

ing good relationships with the government (Sactts\Woo, 2001).

Another factor, for example, could be firm size eTiherature found larger firms
to be better managed in general (Bloom, Genakad. e2012; Bloom, Lemos et al.,
2014; Bloom, Sadun et al., 2016; Bloom, Schweidealge 2012), and Chinese SOEs
tend to be larger in terms of output or the nundfgreople employe&? We will focus
more on these and other factors when discussingrtiggrical results of chapter 5. In
the next few paragraphs, well will explore in algative manner differences in man-
agement category subcomponents conditional on @hkigestructure and hypothesize
on underlying drivers thereof.

The outranking of SOEs in the Target category ctvaldraced back to SOEs fac-
ing broader than usual targets, which also inckmi2al alongside economic goals. Fur-
thermore, given their ownership structure, SOEs Imaye incentives to report ambi-
tion, and set targets further in advance for lortgee horizons, often following gov-
ernment plans. To the extent that target-settiragtire is done to fulfil government
guidance or obligations, it may also reflect thgrée of closeness to market-shaping
functions™®* In other words, a well-heeled SOE, for exampley tha able to access
credit on more favourable terms from large stat&kbaor to more easily locate a buyer

for its products due to its status as a governreadbrsed supplier.

The good performance of SOEs in the category Opesatould be explained by
the government encouraging, rewarding, and evenpeasating SOEs for seeking
training from a variety of sources to increase rtlogierational capabilities. Indeed,

many central SOEs sought the guidance of leadingaglmanagement consultancies

132The empirical analysis of chapter 6 will shed miaykt onto this issue.

13 This is perhaps most true for central SOEs, whiete “hold on” by the central government during the
“Holding On to the Large SOEs, and Freeing the $8@IEs ghua da, fang xigd program formulat-
ed by the end of 1995 (cf. footnote 123) and prediith substantial resources to develop theiustat
as national champions (Nolan and Xiaogiang, 1999).



168 1.4 Model

during the 2000s (Steinfeld, 2010). When touring=S@xilities, it is common to see red
banners with slogans promoting six-sigma princi@ed workplace safety. While im-
plementation is a different matter and more diftita measure, at the very least aware-
ness of management practices such as lean is erpecbe higher among employees
that have been exposed to relevant training. Gikkahthe WMS is scored by the inter-
viewer, scores will remove, or at least mitigatey &ias that might be expected in a

self-scored evaluation.

The comparatively low People scores of central S€dfsbe explained by such
firms feeling less pressure to put emphasis on lpe@mlent) management. SOEs are
expected to have no trouble attracting workersemithat SOE positions represent cov-
eted job security and come with many non-finanf@ains of compensation to increase
the workers welfare (Bai, Lu et al., 2006), suchinagroved access to housing or means
of transportation (Sachs and Woo, 2001). It alsghtnbe expected that SOEs will not
strongly differentiate individual workers on thesisaof performance, given their egali-
tarian orientation. Effort devoted to attractingrisers and rewarding high performance
would contribute to a higher overall talent managetrand thereby People score.

In conclusion, we find first evidence that the ral@nagement in Chinese firms
could be related to political economy elements, aspecially to the institutional ele-
ment of firm ownership with its associated roletioé government. In the following
chapters, we will shed more light onto these paéimterdependencies using econo-

metric models.

4 Model

While we do not develop a formal hypothesis, weiaterested—as discussed previous-
ly—in empirically analyzing the impact of managermpractice and ownership on pro-
duction. Moreover, in an explorative analysis, wi# seek to elicit whether the impact

of management practice on the level of output ddp@m ownership.
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Our empirical analysis builds on the pioneering kvof Mefford (1986) and
Bloom and Van Reenen (2007) and includes a measurenagement quality directly
into a production functiof®® A single outputy; of firm i in yeart is assumed to be a
function of capitalK, labor L, materialM;;, observed management qual®y, time
fixed effects contained in vect@yand other covariates contained in ve&gri.e.

Y= f(K LML G824 ) (1)

Yi: iIs (inventory-adjusted) gross output. Capital i3gd<; are based on the real capital
stock!®® LaborL; is total number of workers employed by a firm igigen year, and
material useVl;; is deflated total intermediate input costs. Matleaind output variables
are deflated to real values using four-digit indgsipecific input and output defla-
tors*° Measurements of management qualywere extracted from the WMS. The
vector of time fixed effect8; captures technical change. To account for therbgeaei-

ty in the use of production technology and to redilne risk of estimates picking up the
effect of omitted variables, further covariates sm@uded into the production function
in form of vectorZ;.. Based on findings in the literature on factorkibé productivity
patterns (cf. chapter 1 and 2, and especially Bantzn and Doms (2000) and Syverson
(2011)) and previous literature controlling for ebged management quality in a pro-
duction function (cf. Table IlI-2), we chose as Iswovariates industry fixed effects on
two-digit industry level®’, fixed effects capturing spatial geographic infation, own-
ership fixed effects, WMS interviewer fixed effectism age and mean-differenced em-

ployee compensation. The latter variable controisaforkforce characteristics in form

1% See appendix A.1 for an explanation of the conoéptproduction function and separability.
1% The derivation of the real capital stock is ddseiin appendix A.1 of part Il.

1% The reference year is 1998. The application of-ftigit industry by year-specific input and outjle-
flators assumes firms within a four-digit industoyface single yearly input and output prices. Sagh
sumption implies competitive input and output méskavhere differences in prices would be the result
of market power. These relatively detailed deflatorere used by Brandt, Van Biesebroeck et al.
(2012) and were kindly provided by Johannes Vars&ieoeck of KU Leuven. The online appendix of
Brandt, Van Biesebroeck et al. (2012) describestmstruction of the deflators.

137production processes can be assumed to vary winglyeen the different industries listed in Table
-4.
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of differences in human capitdf The role of managerial quality conditional on firm
ownership is empirically evaluated by includingiateraction term of these two varia-

bles into expression (1).

Two kinds of generic parametric production functi@re specified, with the first
one being of Cobb-Douglas (Cobb and Douglas, 1828)the second one of translog
(Berndt and Christensen, 1973; Christensen, Joogees al., 1973) functional form.
The translog functional form is more flexible thidme Cobb-Douglas specification, be-
cause it does not contain the implicit a prioriussption of homotheticity, i.e. identical
elasticities of substitution between inputs anadiaal returns to scale for all firms sub-
ject to the same production function. Rather, ibva$ the data to indicate the actual
curvature of the production function, which migliffet by firm. In addition, the trans-
log functional form would allow for the specificati of a production process, where
management quality is non-separable from the faofrts of capital, labor and materi-
al. Empirical literature controlling for observedcanagement quality implicitly assumes
separability of management quality from other faatguts (cf. section 2.1). The argu-
ably strong implications of separability are disee in appendix A.1. We tried to test
for separability’® of managerial quality from the productive inputdabor, capital and
material, but were facing multicollinearity issusisnilar as Mefford (1986) did: the
high collinearity between the interaction termsmdnagement quality with other input
choices and their non-interacted counterparts gtldnreasonable estimation results.
No amelioration was observed when truncating tinepda to a cross-section containing
only observations of the year a firm was surveyg@d WMS interviewer. Consequent-
ly, we resorted to the a priori assumption of sapiity of management quality with
other input choices. Using modern data, the tesséparability thus remains a task for
future research.

138The underlying assumption is that the more skiiefirm's work force is on average, the higher the
firm’'s employee compensation per worker compareth#&industry's average in a specific year. For
the Chinese case, such assumption might espehiatiiyonce the type of firm ownership is controlled
for. Employee compensation includes wages as wellelfare payments, and the mean is specific by
two-digit industry level and year.

1%9Denny and Fuss (1977) provide an in depth desonipf how to test for separability when using
translog production functions.
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The traditional symmetric production technologytianslog functional form, as-
suming separability of managerial quality from otipeoductive input choices, is de-
scribed in eq. (2). The variables' median valuehesen as point of approximation.

Small letters indicate variables in natural lodaris.

yit:ao+ Z ng)gt-l-l Z ngx)§+ ) Z ngx)ﬁtx

x={k 2 4 Tim £ K 27 x (2)
+0, +:BGGi +'Y'Zit T &

The translog functional form can be converted ihi® Cobb-Douglas specification by
setting the square and interaction terms to zedona taking the covariates’ median as
point of approximation. The panel is unbalancedn$i are indicated by:{l,...,N}
and time byt. Firms are observed yearly during the pertoe{2003,...T.} , with
T, <2008. The constant igr, and the error term is representedshy- N(0,07). Firms
are assumed to produce with full technical efficien.e. eq. (2) does not allow for an

additional shift in the production function duetéchnical efficiency differences.

With regard to the choice of an econometric tecighe econometric literature
for panel data differentiates various types of nid€&he three most widely used ap-
proaches are: OLS, fixed effects (FE), and randffetts (RE). The OLS specification
assumes a common intercept, as well as common slogféicients across firms and
time. The main difference between the OLS, RE dadrfoédel consists in the constant
term. Generally, FE and RE models are superiorlif @ecause they take into consid-
eration a potential unobserved heterogeneity iNesertheless, as discussed in more

detail later on, OLS can be an interesting economapproach in some situations.

In our case, the estimation of fixed effects modglisot an option, as the fixed ef-
fects would absorb the management quality covanaléch is time-constant. The RE

specification allows for such identification. Henceve include random effects
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a ~N(a,o?’) into eq. (2) to control for time-constant firm-sific heterogeneity that

is strictly orthogonal to managerial quality, otlcevariates, and the error tefff.

Following Fuller and Battese (1973, 1974), the REsion of eq. (2) is estimated

by running OLS on the transformation
Ye =Y =(1-Q)a +F (% —gX)*+(1-@)a + & —9F), (3)

1/2

where § =1-0, (02 +T02)™"* and ¥, =T™)_ y (other mean variables are con-

structed analogouslyf!

In comparison to OLS, the RE estimator comes withlienefit of accounting for
time-constant unobserved heterogeneity. In ordeshtwose between the OLS and RE
model, we can apply, e.g., the Breusch and Padg@0jlagrange multiplier test. This
test rejects at the 1 percent level the null hypsih of an absence of random effects.
Nevertheless, simple OLS to identify the role afagiablex still might be justifiable in
case of a small timewise or cross-sectional dinmensi the sample and a low within
unit variability of x relative toy. Under such circumstances, the RE estimate (af.
section 5.1 of part Il) could be considerably difet from its true value, depending in
the magnitude of the estimatétls. This effect is inexistent for the pooled model
(6 = 0) and most severe in case of a within effepesciication ¢ = 1) (Clark and

Linzer, 2015)*** To keep in mind, the management variable is timaviant and the

140Because of the strict exogeneity assumption, nbkision of random effects does not help to control
for a potential (time-constant) simultaneity biger an analysis of the role of firm effects in thalu-
ation of production functions and their relationthe problem of simultaneity see, e.g., Grilichad a
Mairesse (1995).

“!Feasible GLS is applied in order to estimate thknown variancew’ and o’ . For a detailed de-
scription of the random effects estimator see, &pene (2008a) or Cameron and Trivedi (2005).

142Note that the random effects model representsightesl average between a pooled and fixed effects
model. By the distributional assumption of the mmdeffect, outlying firm effects; are shrunk back
towardsa, yielding a more stable estimateoWwith little within variation relative toy compared to a
fixed effects estimation. Note that the smallepr aj, the smaller is the shrinkage factpri.e. the
closer is the random effects specification to tbel@d model (Clark and Linzer, 2015). Assuming
large asymptotics and management being uncorrelgitbdother variables for simplicity reasons, the
variance of the estimated effect of manageméntcan be given a¥ar(B,) = af /[s;( ©)
fFootnote continues on next page



Results 173

timewise dimension of our unbalanced sample idivelly short for some firms. There-
fore, a simple OLS model extensively accountingfiion characteristics and control-
ling for heteroskedasticity and serial correlatidrthe firm level*® can be a valid econ-

ometric approach in our case as well.

5 Results

In this chapter, we present the results of the eewmtric analysis. First, we focus on the
results of the test whether management by itselygh role in explaining the perfor-
mance of a sample of Chinese industrial firms. Wentmove focus to the results,
where the role of management is conditioned on &mmership. Finally, we analyze in
an explorative manner an underlying aspect of vieyrole of management could differ

by ownership type.

5.1 Management as Productive Input

Table I1I-6 presents the results obtained by estimgadifferent versions of expression
(2).X**Models 1 to 3 are based on the use of a Cobb-Bslfghctional form, whereas

models 3 to 9 use the translog functional form.tfken, models 1, 4 and 7 do not in-

+(1-0)s. (G)], wheres, ands is the within and between variance, respectivelgnce, if6 >0
and o’ is assumed to remain constant, thay, 4(3,) <VargB,). Also Griliches and Hausman
(1986) mention within estimates often to be unfadisry, in the sense that they are too low anidins
nificant. Furthermore, it would aggravate the (@se of a positive coefficient) negative attenuabign
as due to a potential measurement error (GriliemesMairesse, 1995).

13Heteroskedasticity and serial correlation is calted for by using Huber (1967)/White (1980) cluste
robust sandwich estimates. Potential cross-sedtmoreelation ing; that is constant for every cross-
sectional pair of firms is controlled for by theng fixed effects (Hoechle, 2007). We do not further
count for cross-sectional correlation via, e.ge tpproaches of Driscoll and Kraay (1998) and
Hoechle (2007), since these estimators rely orel@rgsymptotics, while our panel obeys latgas-
ymptotics.

144 All estimations were computed using Stata 13 é&tatp, 2013).
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clude managerial quality as explanatory variableergas the other models do. Finally,
models 3, 6 and 9 additionally account for owngrsétructure and further firm and
WMS interview characteristics in form of generatianterview controls. Such stepwise
refining of the model allows eliciting the effedtse newly added variables not only on
output, but also on the estimates of the other cates. If these estimates remain in the
ballpark of each other in terms of magnitude aggicance, only a minor bias can be
expected to evolve from an omission of the addailynincluded variables. From an
econometric point of view, models 1 to 6 are estdaising OLS, while models 7 to 9
apply a RE specification. The latter model hasabeantage of accounting for unob-
served heterogeneity. However, the identificatiérthe true coefficients of variables
which do not vary over time, such as managemeriitgueould be difficult (cf. chapter
4).

The results reported in Table IlI-6 indicate thatlependently of the model speci-
fication, we do not find statistically significaavidence of management explaining var-
iation in firm productivity>*> While model specifications 1 to 3 assume inputsttib
tion elasticities to be equal to unity, homothéyicand returns to scale that remain con-
stant, model specifications 4 to 9 drop all of thessumptions. The application of a
more flexible functional form or a control of un@pged heterogeneity via random ef-
fects does not change significance of the effecbsierved management quali®tests
reject the additional control variables to be jlyirtqual to zero, indicating that general
and interview controls capture heterogeneity whuttterwise would have remained un-
accounted for. This heterogeneity is correlatedh wianagement quality and, once we
accounted for it, the effect of management is gggk not only in a statistical sense,

but also in terms of its magnitude.

“5Since the production function includes the fuliga of inputs of capital, labor and material, teé-e
mated coefficient of management quality in the pidhn function can be interpreted as effect on to-
tal factor productivity (Bloom, Genakos et al., BQGray and Shadbegian, 2003). Given the assump-
tion of separability, the coefficient of managemeayresents theeteris paribuseffect on output, i.e.
the effect of management if the inputs of capl&dpor and material, as well as all other covariates
kept constant. Output conditional on these covesié:xcept management) is equivalent to the residu-
al, which commonly is interpreted as TFP.
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Given the statistical significance of the additibeantrols and the ownership
fixed effect, model 9 could seem as the preferpetification. However, considering
insights from Clark and Linzer (2015) discussedhapter 4, OLS can be a valid esti-
mation procedure if key covariates only vary littheer time relative to the dependent
variable, the panel dimension for some observatisngry short and heterogeneity is
extensively controlled fo¥*® Our preferred models are specifications 6 andv@&ngthe
flexible form of their underlying production funoti and the abundance of controls,

which are jointly (and also mostly individually)asistically significant.

In general, estimated magnitudes of the effect ahagement practices are con-
siderably lower than what was found in previousréture on the effects of WMS
measures of management quality on output. For elenigloom and Van Reenen
(2007) found—even though for developed countries-gmtades between 0.032 and
0.075. The most abundant model specification obBlpSchweiger et al. (2012) yield-
ed a magnitude of 0.050 for ten Central Asian iteomscountries. Bloom, Sadun et al.
(2016) observed magnitudes of 0.035 for a worldvsiaaple.

It is reassuring to observe that, independentlthefmodel specification, magni-
tudes and significance levels of estimated firsteorcoefficients of capital, labor and
material stay in relatively close range. The loMuea of the coefficients on capital use
are an issue commonly observed when estimatingoduption function using panel
methods (Griliches and Mairesse, 1995). SOE statsignificantly negatively correlat-
ed with production to a similar extent across afidels. Translog results clearly indi-
cate that the value of economies of scale vari¢is size. Hence, for the Chinese set-
ting, the Cobb-Douglas functional form does notcdége the underlying production
technology of the firms to the full extent. It seequestionable, whether this would be
the case for the samples used by the empiricahlitee, which generally bases its esti-
mates on Cobb-Douglas production functions (cfpt#ra2.1). Results indicate a mostly
positive technical change in the Chinese indusseator over time.

18 All model specifications extensively control farnfi, time, industry and spatial characteristicsc®n
available management quality scores are charaeteby a within variation and panel dimensions re-
main large enough, the use of panel models witdoubt should be the preferred option.
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In conclusion, managerial quality by itself is @otelevant input factor to control
for unobserved heterogeneity and to explain vamain output of our sample of indus-
trial firms in rapidly growing China. Given thedrature on the role of observed man-
agement quality in explaining firm output descrilvedection 2.1, our prior was the ex-
istence of a positive and significant relationshgtween modern management practices
and firm performance. Hence, our results are inpslkantrast to the literature, which
consistently found a positive and significant rielaship. This literature mainly uses
Cobb-Douglas production functions and does notyapahel models to account for un-
observed firm effects. Nevertheless, we find tHe od management to remain insignif-
icant even when applying model specifications dipselated to the ones commonly
found in the literature (models 1 to 3 in Table@)l In chapter 7, we will discuss poten-
tial underlying factors which could explain our ding that—according to western
standards—better management by itself does noersaily function as a differentiator
in terms of the productivity of Chinese firms.



Tablel11-6: Effect of management quality on firm output.

Estimation method Cobb-Douglas OLS Translog OLS Translog RE

Model number (1) ) (3) (4) 5) (6) (7) 8) 9)
Management 0.01¢ (0.019) 0.00:  (0.019) 0.017  (0.018) -0.002  (0.018) 0.028 (0.019) 0.011  (0.020)
Capital ) 0.028*** (0.008)  0.027*** (0.008)  0.01&* (0.008) 0.032** (0.008) 0.033***(0.008) 0.024***(0.008) 0.03¢** (0.009) 0.038***(0.009) 0.033***(0.008)
Labor ) 0.048** (0.018)  0.04*** (0.018)  0.08¢™* (0.021) 0.067** (0.018)  0.060**(0.018)  0.105***(0.019) 0.067** (0.016)  0.062***(0.016)  0.097***(0.017)
Material @) 0.923** (0.016)  0.922** (0.016)  0.89¢*** (0.017) 0.917** (0.014)  0.911**(0.014)  0.883***(0.014) 0.89%** (0.013)  0.893**(0.014)  0.873***(0.014)
SOE -0.03¢  (0.021) -0.044** (0.020) -0.050*** (0.019)
Year 2004 fixed effect -0.001  (0.014) -0.00: (0.014) -0.00¢ (0.015) —0.00¢  (0.014) -0.005 (0.014) -0.007  (0.014) -0.00:  (0.014) -0.003 (0.014) -0.005  (0.014)
Year 2005 fixed effect 0.073*¢0.013)  0.07#** (0.013)  0.06¢** (0.013) 0.07¢* (0.013)  0.076***(0.013)  0.073***(0.013) 0.07¢** (0.012)  0.078**(0.012)  0.074***(0.012)
Year 2006 fixed effect 0.100*+t0.014)  0.10C*** (0.014)  0.102** (0.015) 0.10** (0.014) 0.103***(0.014) 0.107***(0.015) 0.10€** (0.013) 0.107***(0.013) 0.107***(0.014)
Year 2007 fixed effect 0.122*%0.015)  0.12z** (0.015)  0.123** (0.016) 0.132** (0.016) 0.133***(0.016) 0.134***(0.016) 0.132** (0.014) 0.135***(0.015) 0.132***(0.015)
Year 2008 fixed effect 0.113*¢0.018)  0.11¥** (0.018)  0.11¢*** (0.019) 0.12¢* (0.018)  0.128**(0.018)  0.133***(0.019) 0.13¢** (0.017)  0.131**(0.017)  0.130***(0.018)
(B -0.00: (0.007) -0.003 (0.007) -0.005  (0.006) 0.00¢  (0.007)  0.004 (0.007) 0.004 (0.007)
B 0.09¢*** (0.034)  0.088**(0.034)  0.079** (0.031) 0.05¢- (0.031)  0.054* (0.031)  0.053* (0.030)
(Brom 0.02¢  (0.017) 0.029* (0.017) 0.037** (0.016) 0.017  (0.016) 0.017  (0.016) 0.028* (0.014)
Bu) 0.01¢  (0.010) 0.016* (0.010) 0.033**{0.009) 0.01:  (0.011) 0.013  (0.011) 0.029*%0.011)
B 0.01C (0.008) 0.011 (0.008) 0.006 (0.007) -0.00C (0.009) 0.000 (0.009) —-0.004  (0.008)
(Bim) —0.08(*** (0.024) -0.080*** (0.024) —0.093*** (0.023) —0.047* (0.021) -0.047** (0.021) -0.065*** (0.020)
Constant ¢o) 0.498** (0.112)  0.47#** (0.112)  0.61%** (0.195) 11.70¢** (0.055) 11.664***(0.070) 11.648***(0.142) 11.74%* (0.064) 11.667***(0.076) 11.666***(0.152)
R 0.978 0.978 0.980 0.980 0.980 0.981 0.979 0.979 810.9

P 0.379 0.379 0.339

% 0.537 0.537 0.505
F-statistic 5.61%+* 5.70%+* 48.33***
Controls: general / interview No / No No / No Yeses No / No No / No Yes/ Yes No / No No / No Yeges

# firms / # observations 386 /2,219 386 /2,219 83 82,177 386 /2,219 386 /2,219 383/2,177 3B@a19 386/2,219 383/2,177

Note: This table presents the estimates of the effentasfagement on firm production under the assumpticeparability between management and other ptoduoputs. The approximation point of the trans-

log function was chosen to be the sample's mediam dependent variablegsoss outputn logs for all models. Management is assumecketodnstant for a firm over time as management jgectire plausibly

sticky. All regressions includevo-digit industry fixed effecndprovince fixed effect&eneral controls includem ageandmean-differenced employee compensatidogs, whereby the mean is taken on two-

digit industry level. Interview controls includer@erviewer fixed effects, the reliability of theterview and the duration of the interview in loBsle to space constraints, estimates of industlypaovince fixed

effects, general and interview controls are notshd-statistics show the joint significance of the aiddially introduced general and interview contré.0 (p) indicates the ratio of the variance of the REh®

variance of the idiosyncratic error. Robust stadaarors at the firm level are reported in paresithéAsterisks *** indicate significance at 1 pantéevel, ** at 5 percent level and * at 10 perclavel.

nnsay
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5.2 Management and the Role of Ownership

In what follows, the role of managerial qualityarplaining firm performance is condi-
tioned on a firm’s ownership structure, whereby aviéerentiate between SOEs and
non-SOEs. Estimations are based on the model sgmhs presented in Table 111-6,
with the exception of one additional term beingluded, namely the interaction of
managerial quality with ownership. Results are sihawTable IlI-7. Models SOE-1 to
SOE-3 are based on a Cobb-Douglas functional foinoa OLS, and therefore are in
line with the kind of models commonly estimatedthg modern literature (cf. Table
[11-2). Models SOE—4 to SOE—6 use OLS and a maeilile functional form, whereas
models SOE-7 to SOE-9 are estimated using randiect®ef

Analogously to observations made in section 5.15 reassuring that the first or-
der coefficients of capital, labor and materialutgare robust across the different mod-
el specifications. In line with findings preseniadrable I111-6, the role of management
in explaining firm performance by itself is statsily insignificant. However, in some
models, the coefficient of the interaction of magragnt and ownership is significant
and positive. This implies that, at least in thesmlels, managerial quality plays a role
in SOEs. Statistical significance disappears angnmades of the conditional effects of
management decrease once the RE model specifisaB@QE-7 to SOE-9 are ap-
plied*’ As explained before, these models are interestorg an econometric point of
view, as they extensively control for time-constémh-specific unobserved heteroge-
neity.*® However, as discussed in chapter 4, we think @6 under some circum-

stances can be considered to be a valid modelfagicn as well. As in the previous

17Similar to the results shown in section 5.1, ¢hie on average are estimated to lie in range between
0.537 (model 7) and 0.500 (model 9), i.e. the witkifects component of eq. (3) is weighted to a de-
gree of roughly 50 percent. As explained in chagtethe RE specifications could cause the estimate
of variables with a low degree of within variatitmbe far off their true value. The SOE variabls ha
small within variation, as a few firms change ovahép over time, while the within variation of man-
agement is zero.

18Breusch-Pagan Lagrange multiplier tests for ranééfects (Breusch and Pagan, 1980) again reject at
the 1 percent level the null hypothesis of an abseri random effects for models SOE-7 to SOE-9.
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section, our preferred model specifications are S®©&nd SOE-9, due to their flexible

functional form and extensive control for firm hetgeneity.

Model SOE-6 indicates that, once the managemenn¢ ssonteracted with SOE
status, the effect of management becomes significpasitive and larger in magnitude
relative to the results shown in Table IlI-6. If magerial quality is increased from the
10" to the 98 percentile by 1.166 (cf. Table 11I-3), output 0OBs is predicted to
growth, ceteris paribus, by ca. 11.2 percent mbaa tthe output of non-SOEs (11.2
percent =exp(0.09611.166). Analogously, a 10 percent rise in managerial igual
leads to an increase in the production of SOEgivel@#o non-SOEs of 0.9 percent. A
comparison of the models SOE-1 to SOE-6 revealgtbacontrol for firm characteris-
tics has a major effect on the significance andmitade of the effect of management.
The additional control for interview characteristiagain slightly increases the condi-
tioned effect’'s magnitude, while the overall (inconditioned) effect further decreases
in magnitude'*® Furthermore, the estimated ownership effects atdichat being an
SOE has a strong negative effect on firm produgti’® Managerial skills could help to
narrow this consistently negative effect of beitafes controlled on productivity, but—
given the distribution of managerial quality aswhan Table 1lI-5—hardly to over-

come it completely>*

19For example, Bloom and Van Reenen (2007) and Bjd®emakos et al. (2010) observe changes in the
magnitude of the effect of management as well wagding controls for firm characteristics, although
they did not link management quality to ownership.

1%9|n case of model SOE-6, SOEs are predicted tmbghty 30 percent less productive. For the period
of 1998 to 2005, Hsieh and Klenow (2009) likewis&l fSOESs to be 41 percent less productive.

*1Eor example, in case of model SOE-6, the managestere of SOEs had to be—on average—about
three points higher than the one of non-SOEs ierow@ overcome the productivity gap.



Tablel11-7: Effect of management quality on output conditiamrabwnership.

Estimation method Cobb-Douglas OLS Translog OLS Translog RE

Model number (SOE-1) (SOE-2) (SOE-3) (SOE-4) (SOE-5) (SOE-6) (SOE-7) (SOE-8) (SOE-9)
Management 0.008  (0.019) -0.00¢  (0.018) -0.01: (0.019) 0.00¢  (0.018) -0.009  (0.017) -0.017  (0.019) 0.02¢  (0.019) 0.012  (0.019) 0.004  (0.020)
SOE x Management 0.071  (0.050) 0.097** (0.043) 0.10¢** (0.044) 0.067  (0.048) 0.093** (0.042) 0.096** (0.043) 0.02:  (0.049) 0.041  (0.047) 0.044  (0.048)
SOE -0.206  (0.134) -0.28(** (0.116) -0.304* (0.120) -0.20:  (0.130) -0.298** (0.112) —-0.303*** (0.115) —0.09¢ (0.129) -0.160 (0.123) -0.168  (0.126)
Capital ) 0.029*** (0.008)  0.01¢* (0.008) 0.01¢** (0.008) 0.032** (0.008) 0.026***(0.008) 0.025***(0.008) 0.03¢** (0.009) 0.034***(0.008) 0.033***(0.008)
Labor () 0.047** (0.018)  0.08¥** (0.020)  0.08¢** (0.021) 0.067** (0.018) 0.099***(0.018) 0.104***(0.019) 0.06** (0.016) 0.093***(0.016) 0.097***(0.017)
Material @) 0.922*** (0.016)  0.89s** (0.017)  0.895** (0.017) 0.91(** (0.014)  0.880***(0.014)  0.883***(0.014) 0.897** (0.014)  0.870*(0.013)  0.873***(0.014)
Year 2004 fixed effect -0.002 (0.014) -0.00¢ (0.015) -0.00¢ (0.015) -0.00¢  (0.014) -0.007  (0.014) -0.007  (0.014) -0.00:  (0.014) -0.005 (0.014) -0.005 (0.014)
Year 2005 fixed effect 0.072*0.013)  0.07(** (0.013)  0.06¢** (0.013) 0.07%** (0.013)  0.074**(0.013)  0.073***(0.013) 0.077* (0.012)  0.075**(0.012)  0.074***(0.012)
Year 2006 fixed effect 0.101**0.014)  0.10%** (0.015)  0.104** (0.015) 0.104** (0.014)  0.110*(0.014)  0.109***(0.015) 0.107* (0.013)  0.109**(0.014)  0.108***(0.014)
Year 2007 fixed effect 0.123*¢0.015)  0.127%* (0.016)  0.124** (0.016) 0.137** (0.016)  0.137**(0.016)  0.135***(0.016) 0.13%** (0.015)  0.135**(0.015)  0.133***(0.015)
Year 2008 fixed effect 0.113*%0.018)  0.11%** (0.019)  0.117%** (0.019) 0.12¢** (0.018) 0.133**(0.019) 0.133***(0.019) 0.137** (0.017) 0.131**(0.018) 0.131***(0.018)
(B -0.00z  (0.007) -0.002  (0.006) -0.004  (0.006) 0.00¢  (0.007) 0.006  (0.006) 0.003  (0.007)
B 0.09¢*** (0.034)  0.091***(0.031)  0.081**(0.031) 0.054 (0.031)  0.062** (0.029)  0.054* (0.030)
(B 0.03¢* (0.017)  0.040** (0.016)  0.039** (0.016) 0.01¢ (0.016)  0.031** (0.014)  0.028* (0.014)
Bu) 0.01¢  (0.010) 0.025***(0.009) 0.031***(0.009) 0.01¢  (0.011) 0.024***(0.009) 0.029***(0.011)
(Bm 0.01C  (0.008) 0.003  (0.008) 0.005 (0.007) -0.001 (0.009) -0.007 (0.009) -0.004  (0.009)
(Bim) —-0.087** (0.024) -0.088*** (0.022) -0.093*** (0.023) -0.047** (0.021) -0.062*** (0.019) -0.066*** (0.020)
Constant o) 0.505** (0.111)  0.774** (0.119)  0.68(** (0.192) 11.70%** (0.072) 11.766**(0.068)  11.706***(0.138) 11.694% (0.078)  11.722***(0.074)  11.690%**(0.151)
R 0.978 0.980 0.980 0.980 0.981 0.981 0.979 0.981 810.9

p 0.379 0.335 0.333

[4 0.537 0.501 0.500
F-statistic 20.31%** 5.89%+* 25.22%+* 5.98*** 47.32%* 48.92%**
Controls: general / interview No / No Yes / No Yeées No / No Yes / No Yes/ Yes No / No Yes / No Yes/ Yes

# firms / # observations 386 /2,219 386 /2,194 83 82,177 386 /2,219 386 /2,194 383/2,177 13B894 386/2,219 383/2,177

Note: This table presents the estimates of the effeatariagement on firm production conditional on owhigrsinder the assumption of separability betweenagament and other productive inputs. A firm is

defined as state-owned if it is under central oalgovernmental control. The approximation poirthe translog function was chosen to be the sampiedian. The dependent variablgrigss outputin logs for
all models. Management is assumed to be constaatffon over time as management practices aresjtiusticky. All regressions includevo-digit industry fixed effec@ndprovince fixed effect$&General con-
trols and interview controls are defined as in €dll6. Due to space constraints, estimates afisty and province fixed effects, general and inésv controls are not showh-statistics show the joint signifi-
cance of the additionally introduced general artérinew controlsRho(p) indicates the ratio of the variance of the REhvariance of the idiosyncratic error. Robushdéad errors at the firm level are report-
ed in parenthesis. Asterisks *** indicate significa at 1 percent level, ** at 5 percent level arat 10 percent level.
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In conclusion, our empirical analysis yields somElence—at least when apply-
ing OLS—that the impact of management on outputdcdepend on firm ownership.
Hence, our results contradict the notion of “mamaget as a technology” supported by
Bloom, Sadun et al. (2016) from two sides. Firsanagement by itself is not signifi-
cantly correlated with firm performance. And secot@ role of management could de-
pend on firm characteristics like ownership struetiHence, we provide empirical evi-
dence for the hypothesis of “management as a degsigthat firms use management
practices in a way which fits their individual $edt. Better management, as defined by
the WMS, does not seem to uniformly increase firsdpctivity. Rather, SOEs seem to
adopt management practices which prove highlyiefficin increasing productivity for

their individual setting.

Multiple factors might explain why, for the Chinesetting, the role of manage-
ment could depend on firm ownership. They rangenfgmvernmental requirements to
allow for state supervision, over to the securenwériinstitutional rents” (cf. section
2.2). Moreover, in an effort to up with their magile competitors in a period of break-
neck growth and growing competition, SOEs could atically implement good man-
agement practices to deal with challenges uniqumeitog state controlled. For example,
our results indicate a consistently negative effgicbeing state controlled on firm
productivity (cf. Table IlI-6 and Table IlI-7). Adcative distortions in inputs are a well-
known challenge to Chinese SOEs. As describeddtiose3.3 using descriptive statis-
tics, SOEs seem to compensate for price distoriiotise labor input by increasing the
productive use of this input. In an explorative mam we henceforth look at this aspect

empirically by testing, whether management quaditgorrelated with labor productivi-

ty.

In order to analyze the interdependencies betwemmagement quality and labor
productivity, we regress labor productivity againsinagement quality, ownership and
a variable that links the role of management to enship (models L-SOE-1 and L-
SOE-3). Models L-SOE-2 and L-SOE—4 further coritnothe intensities in the use of
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capital and materidf? The first two model specifications are based orSQWhile the

latter two use random effects.

Tablel11-8: Effect of management quality on labor producticitynditional on ownership.

Cobb-Douglas OLS Cobb-Douglas RE

Estimation method

Model number (L-SOE-1) (L-SOE-2) (L-SOE-3) (L-SOE-4)
Management 0.216** (0.100) -0.012  (0.019) 0.37¢** (0.112) 0.006  (0.020)
SOE x Management 0.169  (0.200)  0.091** (0.044) -0.12: (0.118)  0.012  (0.048)
SOE -0.742  (0.566) -0.284** (0.120) 0.22¢  (0.326) -0.083  (0.126)
In(K/L) 0.017** (0.008) 0.026***0.008)
In(M/L) 0.904*** (0.017) 0.901***(0.014)
Constant 6.664**%(0.815)  0.649***(0.188) 5.45¢%% (1.022)  0.516**%(0.182)
R 0.558 0.968 0.473 0.967

p 0.739 0.385
F-statistic 26.11%+* 5.24%x 173.72%** 62.52*+*
Controls: general / interview Yes/ Yes Yes/ Yes Yes/Yes Yes/ Yes

# firms / # observations 386 /2,177 383/2,177 83 82,177 383/2,177

Note: This table presents the estimates of the effectaiagement on labor productivity conditional on ewn
ship under the assumption of separability betweanagement and other covariateabor productivityis the
natural logarithm of the ratio of output to thealatumber of employees. A firm is defined as stateed if it is
under central or local governmental control. Mamagget is assumed to be constant for a firm over aimenan-
agement practices are plausibly sticky. All reg@ss includeyear fixed effectswo-digit industry fixed effects
andprovince fixed effectsseneral controls and interview controls are dfias in Table Ill-6F-statistics sho
the joint significance of the additionally introde:general and interview controRho (p) indicates the ratio
the variance of the RE to the variance of the igiosatic error. Robust standard errors at the fewel are re-
ported in parenthesis. Asterisks *** indicate sfgr@nce at 1 percent level, ** at 5 percent leved & at 10 per-
cent level.

Results presented in Table 11I-8 are consistenh whe mimetic hypothesis, that
is, firms could be upgrading management structbeeause these are correlated with an
improvement in labor productivity’® The adoption process is different between the two
ownership characteristics, once capital and matasa are controlled for. The loss in
significance under the RE specification could bpl@xed by the factors mentioned be-
fore (cf. section 4). Interestingly, SOE statusegatively correlated with labor produc-
tivity. This could be explained by a well-known dkage and imperative unique to

152 Constant returns to scale were tested and fouhdltbfor model SOE-3, from which models L-SOE—
2 and L-SOE—4 are derived by dividing by the inplubor.

133 At this point it should be noted that we are vellare of the issue of reverse causality, common to
most empirical literature in this field (cf. secti@.1). As noted by Bloom, Schweiger et al. (204:12)
Bloom, Genakos et al. (2010), such estimated effeictnanagement are not necessarily causal. Hence,
we would like to emphasize that our results firsd éoremost imply correlation, and not causality.
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SOEs, which is the accommodation of excess lalspeaally during a period of con-
solidation in many industries and an increase imapg sector competition. For SOEs,
the improvement of labor productivity through betteanagement could be undertaken
to counteract potential allocative distortions doe¢heir extraordinary high price of la-
bor, labor over-allocations and their generallydowotal factor productivity.

6 Robustness

This section probes the robustness of the benchreailts presented in chapter 5 in
several dimensions: first, we test robustnessrmgef the assumption of the stickiness
of management quality. Then, we move focus and vastther there is evidence of a
monotonic effect of management, or whether resudtdd be subject to a sample attri-
tion bias. Furthermore, we address the issuesnaflneity and output market power
and test for firm size being another channel tlwaemtially could be driving results. In

case of a truncation of the original benchmark daraped in chapter 5, the approxima-
tion point of the translog function is re-calculhtd&Estimation results supporting the

statements on robustness made in the followinggoapas are listed in appendix A.3.

Stickiness of Management Quality

The benchmark analysis of the implications of ma&nagnt quality on firm outcome as-
sumed management quality to be constant for adiver time by arguing such practices
to be plausibly sticky. Also Bloom, Schweiger et(@012) note that the literature found
observed management practices not to change rapidgn using short panels. All
firms of our sample were interviewed in the perafd2006 to 2008>* To test for the

assumption of management quality being sticky duee, the period of analysis is

stratified into two sections, one covering 2002895 and one covering 2006 to 2008.

%4 firms (accounting for 81 observations) werervigaved in 2006, 294 firms (accounting for 1,689
observations) in 2007 and 78 firms (accounting#® observations) in 2008.
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Subsequently, benchmark estimates are analyzedoburstness using the truncated
sample covering 2006 to 2008. Results shown in€rdbll1l and Table IlI-12 indicate
both benchmark specifications in Table 1lI-6 andl€alll-7 to be robust in terms of
sign, magnitude and significance with respect soabsumption of management quality
being sticky for the whole period spanning 2002068*°°

Sample Attrition

Ideally, our empirical analysis would account fbe teffect of entering and exiting
firms. For instance, if badly managed firms leadve $ample, because output is insuffi-
cient to cover costs, the estimated coefficieninahagement could be upward biased.
However, only 12 firms (out of 386) are observee:xd the sample between 2003 and
2008, with all of them exiting in 2008° It is unclear, whether these firms ceased oper-
ation in that year, or whether they just were nmteced anymore by the CI&’ Ro-
bustness with respect to sample attrition is telsjee-estimating the benchmark results
using a sample freed from attrition. Differenceséasults between the benchmark speci-
fication and the sample without attrition coulddreindication of benchmark results be-
ing affected by attrition bias. As only 8 out of #iBns entering the sample in 2004
were also founded in that year, i.e. report a fuge of zero, the sample without attrition
is defined by the 362 firms that cover at leastytbars 2004 to 2008 and are older than

1% The timewise dimension of only three years wassitiared to be too short for the estimation of a ran
dom effects model. To further test for robustndshe results with respect to the assumption oksti
ness of management quality, all models were repaséid by limiting firms to enter the sample only in
the year when they participated in the WMS sun&ych truncation of the sample discards all within
variation and only 386 observations remain fornaation. Benchmark results of the OLS Cobb-
Douglas and translog specification of Table Illlgam were found to be robust with respect to such
cross-sectional specification, in that managemext found to be statistically insignificant whilengi
lar in magnitude. The availability of a single sesection observation per firm did not allow foe th
estimation of a random effects model. Given themsive control for cofounding factors and the loss
of all within variation, the effects of managememnditional on ownership became insignificant
across all models as well, while the magnitudeestan close range to the benchmark specification in
Table III-7.

156 A total of 86 firms enter the sample: 73 firms2i®04, 1 firm in 2005, 2 firms in 2006 and 1 firm in
2007, respectively.

157No firm exited because it failed to meet the simeshold of 5 million RMB to be included in theCl
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zero years in 2004. Based on Table 111-13 and TdbIB4, benchmark results are found
to be robust. Estimated coefficients using the danmee of attrition remain within
range of those of the corresponding benchmark Speodon in terms of magnitude,

sign and significance.

Simultaneity

Estimation results of a production function aren@do a simultaneity bias if input and
outputs are chosen contemporaneously (GrilichesHaugsman, 1986; Griliches and
Mairesse, 1995). This situation would corresponeédo(2) containing an unobserved,
non-predetermined and time varying decision compbgg that is related to input
choices. This bias will persist even if random etfeare controlled for, and might prop-
agate into the estimate of any covariateEspecially material use, which by cost share
is the primary input, is likely to be adjustabletfire short term to productivity shocks.
China’s flexible supply chain offering many optiasfssuppliers and the possibility to
change orders on very short notice may increaseihigensity for such bias to exist
with respect to material use. On the other harel difficulty to fire non-performers in

many industries would make labor less subject édbihs.

1*8The RE model assumes the time-constant unobsémtogeneityy; to be strictly exogenous. The
inclusion of Mundlak factore_(l* = T_lzl >5 —following the idea of Mundlak (1961, 1978)—of the
first order termsx; of labor, capital and material into eq. (2) woatzhtrol for heterogeneity correlat-
ed with input choices of labor, capital and matefidundlak (1978) shows that the combination of
random effects and Mundlak factors to some extast the interpretation of a fixed effects model,
while still allowing for an estimation of the efteof management quality. Results including Mundlak
factors are robust and nearly identical in termsnafynitude and significance to the benchmark esti-
mates. However, such a correction does not heffig¢ount for productivity shocks, i.e. the time vary

ing part of the decision componefyt

1%9\We restrained from the estimation of value add#d) (production functions to account for a potential
simultaneity between material use and output (giatéy simultaneous material inputs are not paraof
value added production function). As noted by Banban and Doms (2000), VA production functions
might be useful when making statements about welfant are less useful to understand sources of
productivity. This, because VA production functiomsglect from the possibility of substitution be-
tween material and the other inputs of labor argital VA production functions are based on the two
polar assumptions of either an infinite elasti@fysubstitution or an elasticity of substitution zro
between intermediate inputs and the VA-compofhéntK) of a production function (Ringstad, 1978).
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Robustness with respect to potentially unobsenetdrbgeneity related to con-
temporaneous output and input choices is testedyf@pplying the GMM estimator of
Wooldridge (2009}° This approach assumes the unobserved producsihitgkz; to
be of form 7, =@ ~E[ @|@,,|. i.e. to follow a random walk. The model assumes a
Cobb-Douglas functional formg =g(k,.m) and E[g|®,,]= f[g(lﬂ_l, m_l)] :
The functiong(.) contains any polynomial, up to the order okthror less. The coeffi-
cients are identified based on the simultaneous Gé&8kmation of the following two

equations:

Yo =0+ Bk + 8L+ B.m + Ak, m)
+0, + B.G +y'Z, +¢&, t={2003,...T }, T < 200¢, (4)

Yo =0+ Bk BL+ M+ T o ko M)
+0, + B.G +y'Z, +1 +¢& , t={2004,..T }, T < 200¢. (5)

Given the orthogonality conditionE[qtm, Lom ks _1,rn’_1,...,ikl,|l,ml:| = (,
t={2003,...T} , and E[7 +& |k K )M s Kislpy] . t={2004,..T 1,
T, <2008, any polynomial of(k,,l,,g(m,)), lags, and polynomials of these lags can be

1%0Related literature controls for simultaneity ire testimation of a production function via the metho
proposed by Olley and Pakes (1996). Examples averBland Van Reenen (2007), Bloom, Genakos
et al. (2010) or Bloom, Sadun et al. (2016). Thenglicated two-step semi parametric approach of
Olley and Pakes (1996) allows to control for thkeeston bias in a first step (less productive firms
have a higher propensity to exit). Their proposedeartion method necessitates information on non-
negative investments. However, investments of @anebed amount of firms in our sample are ob-
served to be negative, whereby investments argatefiom changes in the real capital stock. (The ra
tio of negative investment is also high when usihgnges in the book values of capital.) For thés re
son, we cannot apply such procedure. However, asrshefore, results were found to be robust with
respect to sample attrition. Hence, the benefihefOlley and Pakes (1996) procedure of controlling
for firm selection in a first step is not relevdot our case. We therefore feel confident in apmlythe
methodology proposed by Wooldridge (2009), who shtlvat the moment conditions of the compli-
cated two-step semi-parametric approach of OlleyRakes (1996) to control for the simultaneity bias
and the modification to it proposed by Levinsohnl &etrin (2003) can be implemented in a GMM
framework yielding more efficient estimates amorghker advantages, see Wooldridge (2009).
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used as instruments for eq. (4). As instrumentsefgr (5) we can use the terms
(kit’|i1—1'g(Kt—1’ n;lt_l)) and polynomials of(k,;,m,_;), whereby lags of more than
one period also would be allow&tt.Results are given in Table 111-15. Signs of the co
efficients on management quality are robust wheéimasing the GMM model specifi-

cations.

Firm Size

We already described that SOEs in our sample omggeare much larger than non-
SOEs, while the literature based on the WMS obsklamger firms in general to exert
better management practices (cf. section 3.3).pedgently of ownership type, larger
firms could have more resources available to impleihngood management practices.
And of course, there remains the question of reveasisality in the sense that firms are
larger because they implemented better managemaatiqges beforehand. While the
second factor of reverse causality is difficulictmtrol for, we test for the possibility of
the effect of management conditional on ownersbipd primarily driven by firm size
effects. We re-estimate models SOE-| to SOE-9 bitiadally conditioning the role of
management on firm size categori&sResults shown in Table 11-16 assert that firm
size is not the primary channel for the significaglationship between management
quality and firm productivity conditional on ownéig, what increases our credence in

the benchmark results.

1170 avoid the loss of too many time periods, weyarde one-period lags. Our instruments are found to
be valid. The Kleibergen-Paap rk LM and rk Walatatistics (Kleibergen and Paap, 2006) reject the
equation to be underidentified respectively weaklgntified at a level of 1 percent. Hanseds
statistic (Hansen, 1982) does not reject at a 1€epe level.

%2The four size categories are shown in Table IT8e number of (SOE/non-SOE) observations in the
four categories are, starting with the smallestgaty: (34/212), (110/609), (155/566) and (168/365)
Hence, most SOEs are observed in the largest agtéfyons with more than 1,000 employees). We
restrained from interacting managerial quality dile with the number of people employed, due to
multicollinearity issues with the labor input.
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Market Power

Market power of SOEs could result in an overestiomabf the impact of management
on output when conditioning on ownership structdiiee use of deflated revenues as a
proxy for output quantities assumes a competitivgpat market environmerit? If
markets would not be competitive, deflated outpubsild not represent output quanti-
ties, but rather quantities plus mark-ups, whemligh mark-ups differ with the degree
of a firm's market powet®* We found SOEs on average to be larger than nonsSOE
both in terms of sales (763 vs. 473 million Chinemaninbi, mRMB) and value added
(271 vs. 112 mRMB), and also slightly in terms afmber of people employed (1,111
vs. 824). Their size and political backup couldaadcSOEs market power, allowing
them to charge a price surplus on the output mahkehat case, the benchmark results
could overestimate the true effect of managemeked to ownership on output. This,
because SOEs could have been facing higher marketispthan the prices that were
used to deflate output, resulting in inflated odtguantities. If such mark-up is constant
over time and ownership category, it already wdagdcontrolled for by the ownership
fixed effect. As a robustness check, the effecwahership on output is allowed to vary
over time, thereby controlling for a potential timarying effect of SOE-related market
power on output constant across firtfisResults of Table 11-17 are in line with the

benchmark results.

183 Griliches and Mairesse (1995) give a concise sumprofithe problem of unobserved markups when
using deflated revenues as output.

%4 Market power of SOEs might not only affect output also input measures. The close relationship
with the government may help SOEs to source intdiate inputs at favourable prices, e.g., from oth-
er SOEs. In that case, the deflated intermedigteténas a proxy for material use would underesémat
real input quantities of SOEs due to unobservedsdawns.

1%We are aware that such procedure does not cdoiraharket power varying across firms and time.
Our procedure of using period fixed effects is &mio a measure proposed by Griliches and Mairesse
(1995) to control for demand shifters and aggregadestry prices affecting the relative price of a
firm’s own products.
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7 Conclusions and Discussion

This study contributes to the literature on the r@i management as a production factor
by shedding light onto the question of whether ngan@ent matters in explaining out-
put of Chinese firms. In sharp contrast to the miodieerature—even though this litera-
ture does not specifically focus on China and nyadldes not apply panel models—we
find the role of management practice as produdtipeit parameter by itself to be un-
correlated with the variation in output. Hence, gfuestion can be raised why manageri-

al quality by itself does not contribute towards gierformance of Chinese firms?

Several hypotheses could serve as underlying exfpans. Our setting is a rapid-
ly expanding and transforming economy (Tsui, Schowen et al., 2004). Here, short-
run tensions between improving management practiodsestablishing or maintaining
competitive advantage via other means could becedfyeacute. Lei Jun, founder of
China’s to-date wildly successful smartphone mactufer Xiaomi is quoted as saying
“Even a pig can fly if it stands at the center ofvairlwind”, which is interpreted to
mean that for a firm operating in China during aiq of rapid growth, seizing the
right opportunity could be as important as the rffput into seizing it (Dou, 2015). In
other words, if catching a “whirlwind” is all th&t required, a firm may find little near-
term value in upgrading its management practicestier line of argument is provided
by Acemoglu, Aghion et al. (2006), who note that fiovestment-based growth—in
contrast to innovation-based strategies—managskils are not crucial: experienced
managers and large incumbents are able to achaegerltechnological improvements
and productivity growth by simply copying and adogtexisting technologies from the
world’s technological frontier. To some degree Gfsnpast growth was investment
based, similar to what was observed in other redbtiunderdeveloped economies in
the past (Gerschenkron, 1962).

In a second step, the role of management qualityoiglitioned on a political
economy element, i.e. on the institutional elenadrfirm ownership with its associated

role of the government. First, and again in shamptrast to the modern literature, we



190 I11.7 Conclusions and Discussion

find state-owned firms to be better managed thanstate owned firms. We then pro-
vide first empirical evidence that the role managetrin defining the performance of
Chinese firms could be mediated by ownership. Tigenedication that SOEs, i.e. state-
controlled firms with oversight at the central aoyincial level, benefit most and in
significant manner from the adoption of modern wesimanagement practices.

Multiple elements might underlie the second anddtmain finding. For example,
SOEs are required to develop plans, proceduresnamagement rules in order to allow
for increased state supervision (Wang, 2014). Tigesernmentally imposed require-
ments might also cause, at least partially, theetoabserved productivity of SOEs
compared to non-SOEs. On the one hand, SOEs ceudidypting better management
practices (in western sense) simply to improve Hagvoductivity and offset the general-
ly lower total factor productivity when being stadened. On the other hand, the Chi-
nese government has the ability to shape marketsacand to deliver potentially
productivity enhancing resources or domestic bgsim®nnections exclusively to SOEs
(Li and Xia, 2008; Nolan and Xiaogiang, 1999; Q992). Such market opportunities
might be heavily guarded, especially in some sgratendustries (Bai, Lu et al., 2006;
Wang, 2014). Good management practices could strenghannels of communication
and influence of SOEs with government leadershgnde, good management practices
could not only reflect requirements imposed on SO¥te state, but also SOEs' access

to privileges (“institutional rents”), which coulek scaling with degree of compliance.

Finally, SOEs on average could be more technoltigiadvanced and innovative
than non-SOEs and thus, as predicted by Acemogihijoh et al. (2006), management
quality is of higher importance for them. This httpesis could be supported by the pri-
vatization reform of “Holding On to the Large SOBsd Freeing the Small SOEs” in
the 1990s, where low performers where privatized @nge, more productive SOEs
were retained (Hsieh and Song, 2015). SOEs canxpected to rather undertake long
term investments and to innovate compared to noBsS@s they are less affected by
legal protection risks. In addition, the governmbas actively promoted SOEs to be-

come active in this regard (Li and Xia, 2008).
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While the findings of this study to some extent anéyue to China, where owner-
ship types are perhaps more clearly delineated ¢tsewhere, we take liberty to pro-
pose some general insights based on our findingssFeverywhere face varying de-
grees of legitimacy in their operating markets adl w&s in the eyes of major govern-
ment and civil society stakeholders. Our results/jole directional evidence that firms
constrained on one dimension, in our setting btesbavnership, could compensate to
some extent by developing capabilities along dinmrssthat lie within their span of
control. Such compensation could be achieved throiag instance, the development of

better management practices.

Our results set the stage for further researchnerstand when management
practices add value. Even if they do not uniforrahable greater productivity, man-
agement practices could be instrumental in achgeoier (potentially highly desira-
ble) goals such as coping with regulatory oversagid increasing market complexity.
They may also represent strategies for firms lopkorminimize the impact of burden-
some external requirements eroding competitive @idge like, e.g., state ownership or
environmental policies. Figuring out why firms dotadopt “best practice” and charac-
terizing drivers of variation in “best practice’eaimportant components of this research
agenda. Moreover, modern empirical literature issinig an analysis if, or under what
circumstances, management can be assumed to raldedaom other inputs. Certain-
ly, it also would be interesting to replicate pmaw literature by using models account-
ing for firm effects and analyze, whether statatisignificance of the role of manage-
ment persists. The relationship between the paarafomic (industry) growth and a
firm’s investments in management deserves furtttenton as well. Then, in the back-
ground of diverse cultural contexts, the accuraered a measurement of managerial
quality based on western definitions should beistuich greater depth. Finally, our re-
sults first and foremost imply correlation, and w©ausality. There might be issues of
reverse causality in that, for example, more pradacbetter managed firms were kept
as SOEs and others were privatized. Future workdcoontrol for such aspects via,
e.g., the point in time a firm was privatized. Thgothesis could be that less well man-
aged firms were privatized at an earlier pointimet In addition, future work could

strengthen arguments of causality via, e.g., ®periments.






A Appendices

A.1 Production Function and Concept of Separability

According to Chambers (1988), a production funcfiohis a mathematical representa-
tion of how a non-negative, economically scarce emtrollable vector of inputX is

processed into a non-negative outpit® It can be defined as
Y = £(X)

The production function is assumed to yield a gngllued maximum output given an
arbitrary vector of inputs, i.e. it is abstractedn the existence of any sort of technical
inefficiency in the production processes. A productfunction is commonly assumed
to satisfy several properties (Chambers, 1988):

@ f(X) is monotone or strictly monotone

@ \(Y) is a (strictly) convex s& andf (X) (strictly) quasi-concave

® InputsX are weakly (or strictly) essential

@ V(Y) is closed and nonempty for Al> 0

® f(X) is finite, nonnegative, real and single valueddib nonnegative and finite
inputsX

® f(X) is everywhere continuous and twice continuousgfgntiable

As described in Chambers (1988), separability praduction function can be defined

as marginal rates of technical substitution bemdgpendent of other inputs. Assuming

%6 production functions also can be specified forrthetiple output case. However, this study focuses
single output production functions only.

'7For a description of the input requirement\#@f) see chapter 3 of part |.
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a twice separable production functibf)X) using three inputs combined in input vector

X, inputsX; andX; are separable from inpg if

9 of /oX,
— 171 =0.
oX,, of /oX, (6)

Or, in another way sai; andX; are separable from inp¥g if a change irX; does not
change the rate at which inpi{s and X, substitute for each other in producing output
Y. This property is depicted in Figure 11I-3. Theas non-separability of inpuds; and

X, from X3 would tilt the isoquant in response to a changsitowards X;. Inputs are
usually assumed to be non-separable from themséGiesmbers, 1988f° From the
empirical point of view, the use of a Cobb-Doudiasctional form in the estimation of
a production function implies separability, wheréaes use of a translog functional form

does not.

X, 4 X, A

I

Figurelll-3: The concept of separability (adopted from ChamiE388).

Note: Figure llI-3 presents the concept of separability in a prodadtimction using three inputs. The left
panel shows a production function where inpXit@nd X, are separable from inps. The panel to the
right shows a production function where the asstongif such separability does not hold.

1881t further can be differentiated between a weatk stnong separability. The interested reader might
fer to Chambers (1988) p. 43 ff. for a descriptioereof.
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A.2 Panel Construction

The processes of linking firms over time and togyaphic information are exposed in
appendix A.1 of part Il. In what follows, the maitoty of the WMS observations to the

CIC and the data screening process are descrilgpéater detail.

Matching WMS Data to Census Data

Firms contained in the WMS data set were merget Whie CIC data based on their
firm id. Following the approach taken in Bloom, G&as et al. (2010), the probability
of a successful match is found to be, in a staibBense, independent of the quality of
management (in terms of the overall score as vgedlud-scores) and also of the number

of people employed (cf. Table I1I-9).

Table111-9: Descriptive statistics comparing matched and urcimed firms.

Mean values

Variable Unmatched Matched t-Test
Management 2.636 2.649
People 2.662 2.667
Targets 2.489 2.545
Operations 2.509 2.448
Monitor 2.804 2.810
Number of employees 962.35 1138.16 *
Number of observations 108 434

Note: This table presents differences in variable mesnes
of matched and unmatched firms. The number of eyegl®
of the unmatched firms is the approximate valuegiin the
WMS. Asterisks *** indicate significance at 1 pentdevel,
** at 5 percent level and * at 10 percent levelanfe-sided
unpaired-tests.
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Matching Geographical Information

Spatial geographic information on centroid longéwhd latitude information for 2,824
counties was obtained from a commercial source (BWL6) and merged with the CIC
using information on county names in Chinese. Tisge was successful for 380 out
of 386 firms, i.e. 6 observations could not be cdled longitude and latitude infor-

mation.

Data Screening Process

The detailed data screening process proceedslaw/golstarting with 434 firms (2,475
observations), first, 2 firms (12 observations) @repped as they do not belong to sec-
tors covered by the price deflators described atrfote 136. Then, 6 firms (28 observa-
tions) are dropped because of missing observatibisschecked whether all firms exist
for at least 2 years and 3 firms (3 observations)daopped. Following Nie, Jiang et al.
(2012), it is checked if the mean sales value effthms over the years is lower than 5
million RMB and no firm is dropped. Following Brand/an Biesebroeck et al. (2012),
2 firms (11 observations) are dropped because #megioy less than 8 people, and
therefore fall under a different legal regime. Sucimber is also too low to quality as
an above scale firm, which is the requirement f@mn-8OE firms to be included in the
CIC. Then, following Cai and Liu (2009), severahysibility checks for unreasonable
values are conducted: It is checked whether therdiice in total assets minus liquid
assets is negative, whether the difference of tmdakts minus fixed assets is positive
and whether the difference of total assets mintisalee of average fixed assets is neg-
ative and no firm is dropped. 9 firms (52 obsewad) are dropped because the differ-
ence of accumulated depreciation minus currentedégion is negative. 1 firm (6 ob-
servations) is dropped because its cost of salesadler or equal to zero. It is checked
for duplicate firms in terms of identical financialues and no firm is dropped. Fur-
thermore, it is checked whether variables of th&t éanction given in eq. (2) are rea-
sonable in terms of size in all years they are sk i.e. whether they are strictly posi-
tive. 13 firms (77 observations) are dropped beedhsy show a negative real capital
stock in at least one year. All other variabl¥sl({, andM) are found to obey the re-

striction of being strictly positive. Then, the @apstructure is checked for reasonable
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values, i.e. whether paid-in capital of severakgaties (state, collective, corporate,
Hong Kong/Macau/Taiwan and foreign capital) is &ar@r equal to zero. Again, all
firms are found to satisfy this restriction. Fiyalfollowing Bloom, Genakos et al.
(2010), 12 firms (67 observations) are dropped shatv a change in the ratio of varia-
ble costs to gross output of more than 200 perceatyear. Variable costs consist of
expenses for labor and intermediate inputs. In loiamn, 386 firms and 2,219 observa-

tions are used in the empirical analysis.

Due to inconsistencies in the different yearly sresctions of the CIC, some im-
portant variables might be missing in one or sdwsars and have to be determined.
As described in appendix A.1 of part Il, there Hmee possible approaches to derive
cross-sectionally missing values of variables wheing panel data and that the predic-
tive power of the approach based on ratios wasddarbe highest. Key missing varia-
bles were gross output in 2004 and intermediatatsnm 2008. Gross output was ap-
proximated by the sum of main business revenueidribusiness revenue and the in-
crease in inventory of finished goods. The multigiion of the firm-specific mean val-
ue of the share of intermediate input cost in totat of sales in other years than 2008

with total cost of sales in 2008 yields the estarfar intermediate input cost in 2008.

Table 11I-10 shows the probability of a firm beiegcluded from the analysis to
be independent of a firm's management qualitydims of the overall score as well as
sub-scores). However, smaller firms (in terms dpat) and older firms are more likely
to be excluded. A reason might be that smallerdion average have weaker reporting

standards, what increases their propensity of bexatuded.
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Tablel11-10: Descriptive statistics comparing non-excluded erduded firms.

Mean values

Variable Non-excluded  Excluded t-Test
Management 2.649 2.647
People 2.661 2.712
Targets 2.549 2.513
Operations 2.440 2.510
Monitor 2.816 2.758
Output (MRMB) 533.59 283.03 ***
Number of employees 884.57 804.86
Age 13.22 15.70 ***
Number of observations 386 48

Note: This table presents differences in variable meslnes

of matched and unmatched firms. Asterisks *** iradie sig-
nificance at 1 percent level, ** at 5 percent leaatl * at 10
percent level of one-sided unpairetests. Tests of equality
between management quality variables are basedhen t
WMS year of survey only (434 observations). Testsquali-

ty between output, number of employees and agéased
on the full sample (2,463 observations).

A.3 Empirical Results of Robustness Checks

The following tables list the results of empiricatalyses to check robustness of the
benchmark results given in Table 1lI-6 and Table7lIRobustness in checked with re-
spect to the following dimensions: assumption ofkgtess of management quality
(Table lll-11and Table 111-12), sample attritiong@le 111-13 and Table 111-14), simulta-
neity in input choices (Table IlI-15), firm size glble 11-16) and market power (Table
[11-17). The approximation point of the translogpduction function was recalculated in

case of a truncation of the original sample.
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Tablel11-11: Effect of management quality on output for ye&@62to 2008.

Estimation method Cobb-Douglas OLS Translog OLS

Model number (R1-1) (R1-2) (R1-3) (R1-4)
Management 0.017  (0.021) 0.002  (0.023) 0.020  (0)021-0.001  (0.023)
Capital ) 0.024** (0.010) 0.017* (0.010) 0.027**¢t0.010)  0.02a** (0.009)
Labor (3) 0.066*** (0.021) 0.102***(0.023) 0.070***(0.019)  0.11s** (0.019)
Material () 0.910*** (0.017) 0.883***(0.019) 0.901***(0.015)  0.87(*** (0.015)
SOE -0.018  (0.031) -0.03t  (0.025)
Year 2007 fixed effect 0.024** (0.009) 0.023** (0.0 0.030*** (0.009)  0.02¢+** (0.010)
Year 2008 fixed effect 0.014 (0.012) 0.016  (0.012)0.025** (0.012)  0.02** (0.012)
(B -0.008  (0.009) -0.011  (0.008)
B 0.072* (0.039) 0.07¢* (0.035)
(B 0.031* (0.018) 0.042+** (0.015)
(Bu) 0.013  (0.012) 0.03¢** (0.011)
() 0.015 (0.010) 0.00¢  (0.008)
Bim) —0.072%* (0.025) —0.09%** (0.022)
Constant o) 0.582** (0.141)  0.658**(0.241)  11.813**(0.087) 11.72¢** (0.173)
R 0.981 0.982 0.982 0.984
Controls: general / interview No / No Yes/ Yes Neéo Yes/ Yes

# firms / # observations 386 /1,145 383/1,133 86 81,145 383/1,133

Note: This table presents the estimates of the effeatarfagement on firm production under the assumption
of separability between management and other ptv@uioputs. The sample is truncated to contaity ok
servations of the years 2006 to 2008. The apprdiemaoint of the translog function was chosen ¢otte
sample's median. The dependent variablgrass outpuin logs for all models. Management is assumed to
be constant for a firm over time as managementtipescare plausibly sticky. All regressions include-
digit industry fixed effectandprovince fixed effect$seneral controls and interview controls are defias

in Table 1lI-6. Robust standard errors at the fiewel are reported in parenthesis. Asterisks *diaate sig-
nificance at 1 percent level, ** at 5 percent leaetl * at 10 percent level.



Tablel11-12: Effect of management quality on output conditiamrabwnership for years 2006 to 2008.

Estimation method

Model number

Cobb-Douglas OLS

(R1-SOE-1)

(R1-SOE-2)

(R1-SOE-3)

Translog OLS

(R1-SOE-4)

(R1-SOE-5)

(R1-SOE-6)

Management

SOE x Management
SOE

Capital )

Labor (3)

Material (3

Year 2007 fixed effect
Year 2008 fixed effect

0.009  (0.022)
0.059  (0.057)
-0.158  (0.154)
0.024* (0.010)
0.065%** (0.020)
0.910%** (0.017)

0.023* (0.009)

0.014 (0.012) 0.014

-0.003  (0.021)

-0.01:  (0.023)

0.088* (0.051) 0.108* (0.053)

-0.249* (0.138)
0.018* (0.010)
0.096%+*(0.021)
0.882**+(0.019)

0.023* (Q.0)

-0.30% (0.144
(0.144)
0.01%* (0.010
(0.010)

0.102%* (0.023
( )
0.882* (0.019)

0.022* (0.010)

(0.012)0.01¢  (0.012)

0.011  (0.022)
0.06:  (0.055)
-0.17¢  (0.148)
0.027%* (0.010)
0.07¢** (0.019)
0.907** (0.015)

0.03¢*** (0.009)
0.022% (0.012)

-0.00¢  (0.021)
0.10* (0.049)
-0.307 (0.132)
0.025+ (0.009)
0.108+ (0.017)
0.86¢** (0.015)

0.026%* (0.009)
0.022* (0.012)

-0.016  (0.024)
0.112* (0.051)
-0.335* (0.137)
0.022** (0.009)
0.114%++(0.019)
0.870%**(0.015)

0.028**(0.010)
0.026* (0.012)

(B -0.00¢  (0.009) -0.00¢ (0.008) -0.011  (0.008)
(Bn) 0.07# (0.040)  0.09¢*** (0.035)  0.074** (0.035)
(Boor) 0.03* (0.018)  0.047* (0.015)  0.044**(0.015)
(Bia) 0.01¢  (0.012)  0.03(** (0.010)  0.038**(0.011)
(Bim) 0.01¢ (0.010) 0.00¢ (0.008)  0.007  (0.008)
(Bim) —0.07%** (0.025) -0.09(** (0.021) -0.096*** (0.022)
Constant o) 0.607*** (0.142)  0.877***(0.158)  0.71¢*** (0.239) 11.842% (0.091) 11.927** (0.087) 11.781***(0.168)
R 0.981 0.982 0.982 0.982 0.984 0.984

Controls: general / interview No / No Yes / No Yeées No / No Yes / No Yes/ Yes

# firms / # observations 386 /1,145 386 /1,141 83 81,133 386 /1,145 386/1,141 383/1,133

Note: This table presents the estimates of the effeatafagement on firm production conditional on owhigreinder the assumption of separability

between management and other productive inputss@imple is truncated to contain only observatidritheyears 2006 to 2008. A firm is defined as

state-owned if it is under central or local goveemtal control. The approximation point of the tlagdunction was chosen to be the sample's median.

The dependent variablegsoss outputn logs for all models. Management is assumedetodnstant for a firm over time as management jgexctire

plausibly sticky. All regressions includeo-digit industry fixed effec@ndprovince fixed effectsseneral controls and interview controls are defin

as in Table IlI-6. Robust standard errors at tha fevel are reported in parenthesis. Asterisksifificate significance at 1 percent level, ** gbé&r-

cent level and * at 10 percent level.
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Table111-13: Effect of management quality on output without®arattrition.

Estimation method Cobb-Douglas OLS Translog OLS Translog RE

Model number (R2-1) (R2-2) (R2-3) (R2-4) (R2-5) (R2-6)
Management 0.020 (0.019) 0.003  (0.019) 0.015  (0.018)-0.002  (0.018) 0.02¢  (0.019) 0.011  (0.020)
Capital ) 0.028* (0.008)  0.018** (0.008)  0.033**{(0.008)  0.023***(0.008) 0.03¢%** (0.008)  0.032***(0.009)
Labor (3) 0.052** (0.019) 0.095***(0.022) 0.062***(0.018) 0.105***(0.019) 0.06&** (0.016) 0.096***(0.018)
Material ) 0.920** (0.017) 0.892***(0.018) 0.909***(0.015) 0.884***(0.015) 0.88&** (0.014) 0.874***(0.015)
SOE -0.036* (0.022) -0.040** (0.020) -0.048** (0.020)
Year 2004 fixed effect 0.003 (0.014) -0.005 (0.015) 0.001  (0.014)-0.006  (0.015) 0.00:  (0.014) -0.004  (0.014)
Year 2005 fixed effect 0.072° (0.013) 0.069***(0.013) 0.076***(0.013) 0.074***(0.013) 0.07&** (0.012) 0.072***(0.012)
Year 2006 fixed effect 0.16% (0.014) 0.102***(0.015) 0.107***(0.014) 0.109***(0.015) 0.11¢*** (0.013) 0.106***(0.014)
Year 2007 fixed effect 0.12#% (0.016)  0.124**(0.017)  0.135**(0.016)  0.135***(0.017) 0.13¢=+ (0.015)  0.132**%(0.016)
Year 2008 fixed effect 0.1¥F (0.018)  0.121***(0.020)  0.132**(0.019)  0.136***(0.020) 0.13% (0.017)  0.129**(0.019)
(B -0.001  (0.007) -0.006  (0.006) 0.007  (0.007) 0.002  (0.007)
B) 0.093** (0.039) 0.072** (0.034) 0.05%  (0.033) 0.044  (0.033)
B 0.034* (0.019)  0.034* (0.018) 0.02: (0.016) 0.022  (0.016)
Ba) 0.017  (0.011)  0.031*0.010) 0.01¢& (0.010)  0.027** (0.012)
(e 0.009 (0.008) 0.008 (0.008) -0.00¢ (0.009) -0.001  (0.009)
(Bim) -0.086*** (0.028) —0.090*** (0.027) -0.05** (0.022) -0.059** (0.023)
Constant ¢o) 0.448* (0.114) 0.575***(0.212)  11.681**(0.070)  11.655***(0.153) 11.67** (0.078) 11.683***(0.166)
23 0.978 0.980 0.980 0.981 0.979 0.981

p 0.390 0.339
Controls: general / interview No / No Yes/ Yes Ndo Yes/ Yes No / No Yes/ Yes

# firms / # observations 362/2,110 359/2,079 62 82,110 359 /2,079 362 /2,110 359/2,079

Note: This table presents the estimates of the effeatarfagement on firm production under the assumptiGeparability between management and other ptb@uinputs. The sample is truncated to contairy onl
observations of the years 2003 to 2008 that fobalanced panel and observations entering the samp@)4 with a firm age older than zero years. @pproximation point of the translog function wassen to be
the sample's median. The dependent variatgeoiss outputn logs for all models. Management is assumecktodmstant for a firm over time as management jpexctire plausibly sticky. All regressions include-

digit industry fixed effectandprovince fixed effectsGeneral controls and interview controls are dfias in Table 1lI-6. Due to space constraintsinades of industry and province fixed effects, gahand inter-

view controls are not showRho(p) indicates the ratio of the variance of the REntvariance of the idiosyncratic error. Robushdgad errors at the firm level are reported in ptresis. Asterisks *** indicate sig-

nificance at 1 percent level, ** at 5 percent lemetl * at 10 percent level.
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Tablel11-14: Effect of management quality on output conditiamrabwnership without sample attrition.

Estimation method Cobb-Douglas OLS Translog OLS Translog RE

Model number (R2-SOE-1) (R2-SOE-2) (R2-SOE-3) (R2-SOE-4) (R2-SOE-5) (R2-SOE-6) (R2-SOE-7) (R2-SOE-8) (R2-SOE-9)
Management 0.007  (0.020) -0.00¢  (0.018) -0.01:  (0.020) 0.00z  (0.018) -0.008  (0.017) -0.017  (0.019) 0.02:  (0.020) 0.014  (0.019) 0.004  (0.020)
SOE x Management 0.078  (0.050) 0.09%* (0.043) 0.10* (0.044) 0.077  (0.049) 0.095** (0.041) 0.097** (0.042) 0.02¢  (0.050) 0.039  (0.047) 0.043  (0.048)
SOE -0.225% (0.135) -0.29%* (0.115) -0.31** (0.120) —0.22¢  (0.132) -0.297** (0.111) —-0.304*** (0.114) -0.10¢  (0.132) -0.153  (0.123) -0.163  (0.127)
Capital ) 0.030*** (0.008)  0.01¢* (0.008) 0.01¢* (0.008) 0.035** (0.008) 0.024***(0.008) 0.023***(0.008) 0.047** (0.008) 0.033***(0.008) 0.032***(0.009)
Labor () 0.052*** (0.019)  0.097** (0.020)  0.094+* (0.022) 0.062** (0.018) 0.099***(0.018) 0.105***(0.019) 0.06¢** (0.016) 0.092***(0.017) 0.096***(0.018)
Material @) 0.919%* (0.017)  0.89(*** (0.018)  0.897** (0.018) 0.90¢* (0.015)  0.881***(0.015)  0.884***(0.015) 0.887** (0.014)  0.871***(0.014)  0.875***(0.015)
Year 2004 fixed effect 0.002  (0.015)-0.00¢  (0.015) -0.00t (0.015) -0.00C  (0.014) -0.006  (0.015) -0.006  (0.015) 0.001  (0.014) -0.004  (0.014) -0.005 (0.014)
Year 2005 fixed effect 0.071*0.013)  0.077** (0.013)  0.06%** (0.013) 0.07%** (0.013) 0.074**(0.013) 0.074***(0.013) 0.07¢** (0.012) 0.073**(0.012) 0.072***(0.012)
Year 2006 fixed effect 0.103*{0.014)  0.10€** (0.015)  0.104** (0.015) 0.106** (0.014)  0.111**(0.015)  0.110***(0.015) 0.11(** (0.013)  0.108**(0.014)  0.107***(0.014)
Year 2007 fixed effect 0.125**¢0.016)  0.12¢** (0.017)  0.125** (0.017) 0.13%** (0.016)  0.137**(0.017)  0.136***(0.017) 0.13¢** (0.015)  0.134**(0.015)  0.132***(0.016)
Year 2008 fixed effect 0.118*0.018)  0.12¥** (0.020)  0.122** (0.020) 0.132** (0.019) 0.136***(0.020) 0.137***(0.020) 0.13%** (0.017) 0.130***(0.018) 0.130***(0.019)
(B -0.00C  (0.007) -0.003  (0.006) -0.005  (0.006) 0.007  (0.007) 0.005  (0.006) 0.002  (0.007)
B 0.09%* (0.039)  0.083** (0.036)  0.074** (0.034) 0.05¢- (0.033) 0.053 (0.033) 0.046  (0.033)
(B 0.03¢* (0.019)  0.037** (0.018)  0.036** (0.018) 0.02: (0.016) 0.024 (0.016) 0.022  (0.016)
B 0.017  (0.011)  0.022** (0.010)  0.029**(0.010) 0.01¢ (0.010)  0.021** (0.010)  0.026** (0.011)
(B 0.00¢  (0.008) 0.005  (0.008) 0.007  (0.008) -0.00t (0.009) -0.004 (0.009) -0.001  (0.009)
(Bim) -0.08¢x** (0.028) -0.083*** (0.026) —0.090*** (0.027) -0.052* (0.022) -0.055** (0.022) -0.060*** (0.023)
Constant o) 0.481%** (0.113)  0.75%** (0.123)  0.64¢** (0.209) 11.72+ (0.073)  11.783**(0.068)  11.718**(0.148) 11.70¢** (0.081)  11.730***(0.075)  11.709***(0.164)
R 0.978 0.980 0.980 0.980 0.981 0.981 0.979 0.981 810.9

p 0.390 0.335 0.331
Controls: general / interview No / No Yes / No Yeées No / No Yes / No Yes/ Yes No / No Yes / No Yes/ Yes

# firms / # observations 362/2,110 362 /2,096 59 B2,079 362/2,110 362 /2,096 359/2,079 /36210 362 /2,096 359/2,079

Note: This table presents the estimates of the effeatariagement on firm production conditional on owhigrsinder the assumption of separability betweenagament and other productive inputs. A firm is
defined as state-owned if it is under central oalgovernmental control. The approximation poirthe translog function was chosen to be the sdmpiedian. The dependent variablgrsss outputn logs for

all models. Management is assumed to be constaatffom over time as management practices aresitiusticky. All regressions includevo-digit industry fixed effecendprovince fixed effect$eneral con-
trols and interview controls are defined as in €dbil6. Due to space constraints, estimates afistny and province fixed effects, general and inésv controls are not showRho (p) indicates the ratio of the
variance of the RE to the variance of the idiosgticrerror. Robust standard errors at the firmllave reported in parenthesis. Asterisks *** indéaignificance at 1 percent level, ** at 5 perdentl and * at
10 percent level.
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Tablel11-15: Effect of management quality on output accourfiingpotential simultaneity in inputs.

Cobb-Douglas GMM

Model number (R3-1) (R3-2) (R3-3)

Management 0.020  (0.013) 0.009 (0.012) 0.004 (0)014
Capital ) 0.024** (0.011)  0.020* (0.011)  0.019* (0.011)
Labor ) 0.027** (0.011)  0.058***(0.012)  0.063***(0.013)
Material () 0.943** (0.009)  0.922***(0.009)  0.922***(0.009)
SOE -0.020  (0.016)
Constant o) -0.304  (0.401) -0.430 (0.408) -0.454  (0.421)
R 0.979 0.980 0.980

Management 0.009  (0.013) -0.005 (0.013) -0.010  (0.014)
SOE x Management 0.068** (0.032)  0.089**f0.029)  0.098***(0.030)

SOE -0.187** (0.086) -0.259*** (0.078) -0.285*** (0.080)
Capital ) 0.024** (0.011)  0.020* (0.011)  0.019* (0.011)
Labor ) 0.026** (0.011)  0.058***(0.012)  0.062***(0.013)
Material (Bm) 0.944** (0.009) 0.922***(0.009) 0.923***(0.009)
Constant ¢o) -0.213  (0.402) -0.278  (0.402) -0.323  (0.417)
R 0.979 0.980 0.980
Controls: general / interview No / No Yes / No Yeées

# observations 1,833 1,824 1,810

Note: This table presents the estimates of the effectafiagement on firm production
conditional on ownership under the assumption plasgbility between management
and other productive inputs. A firm is defined tstesowned if it is under central or lo-
cal governmental control. The dependent variabtgass outpuin logs for all models.
Management is assumed to be constant for a firmtowe as management practices are

plausibly sticky. All regressions includero-digit industry fixed effectand province

fixed effectsGeneral controls and interview controls are defims in Table 11I-6. Ro-

bust standard errors at the firm level are repairegarenthesis. Asterisks *** indicate
significance at 1 percent level, ** at 5 perceneleand * at 10 percent level.
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Tablel11-16: Effect of management quality on output conditiarabwnership and firm size.

Estimation method Cobb-Douglas OLS Translog OLS Translog RE

Model number (R4-SOE-1) (R4-SOE-2) (R4-SOE-3) (R4-SOE-4) (R4-SOE-5) (R4-SOE-6) (R4-SOE-7) (R4-SOE-8) (R4-SOE-9)
Management -0.001  (0.023) -0.011 (0.021) -0.01¢ (0.023) -0.01C  (0.023) -0.023  (0.021) -0.025  (0.023) 0.02( (0.023) 0.007 (0.023) 0.002  (0.025)
SOE x Management 0.065 (0.051) 0.087* (0.044)  0.09¢* (0.046) 0.06( (0.049)  0.088** (0.042)  0.093** (0.043) 0.02(  (0.050) 0.039  (0.047) 0.042  (0.048)
SOE -0.194  (0.138) -0.277* (0.119) -0.29¢** (0.124) -0.18¢  (0.132) -0.286** (0.113) -0.297** (0.116) -0.08¢ (0.130) -0.154 (0.124) -0.163  (0.127)
Size2 x Management -0.002  (0.011) -0.00¢  (0.010) -0.00¢  (0.010) 0.01C (0.011) 0.010 (0.011) 0.005 (0.010)  0.001 (0.009) 0.003 (0.009) 0.001  (0.010)
Size3 x Management 0.006  (0.014) 0.00:  (0.013) 0.00: (0.013) 0.02( (0.015) 0.020 (0.014) 0.012 (0.015)  0.00C (0.014)  0.004 (0.013) -0.001  (0.015)
Size4 x Management 0.023  (0.020) 0.01¢  (0.019) 0.01¢ (0.019) 0.03:  (0.020) 0.027  (0.019) 0.018  (0.019) 0.011  (0.018) 0.011  (0.018) 0.005  (0.019)
Capital ) 0.029*** (0.008)  0.01¢* (0.008) 0.01¢** (0.008) 0.035** (0.008) 0.026***(0.008) 0.025***(0.008) 0.03¢** (0.009) 0.034***(0.008) 0.033***(0.008)
Labor () 0.021  (0.023) 0.067* (0.026) 0.067* (0.026) 0.03C  (0.025) 0.072***(0.025) 0.086***(0.026) 0.052* (0.022) 0.083*** (0.022) 0.092***(0.024)
Material @) 0.921** (0.016)  0.897** (0.017)  0.894** (0.017) 0.90¢** (0.014)  0.880***(0.014)  0.883***(0.014) 0.897** (0.014)  0.870**(0.013)  0.873***(0.014)
Year 2004 fixed effect -0.002 (0.015) -0.00¢ (0.015) -0.00¢ (0.015) -0.00¢  (0.014) -0.006  (0.014) -0.007  (0.014) -0.00:  (0.014) -0.005 (0.014) -0.005 (0.014)
Year 2005 fixed effect 0.071**¢0.013)  0.07(** (0.013)  0.06¢*** (0.013) 0.07%** (0.013)  0.074**(0.013)  0.073***(0.013) 0.07¢** (0.012)  0.074**(0.012)  0.073***(0.012)
Year 2006 fixed effect 0.100**¢0.014)  0.102** (0.014)  0.102** (0.014) 0.104** (0.014)  0.110*(0.014)  0.109***(0.015) 0.107* (0.013)  0.109**(0.013)  0.107***(0.014)
Year 2007 fixed effect 0.121**¢0.015)  0.12¢** (0.016)  0.127** (0.016) 0.137** (0.015)  0.138**(0.016)  0.135***(0.016) 0.13%** (0.014)  0.135*(0.015)  0.132***(0.015)
Year 2008 fixed effect 0.110*0.017)  0.11#** (0.018)  0.11** (0.019) 0.12&** (0.018) 0.133***(0.019) 0.133***(0.019) 0.13¢*** (0.017) 0.130***(0.018) 0.130***(0.018)
(B -0.00z  (0.007) -0.002  (0.006) -0.004  (0.006) 0.00¢  (0.007) 0.006  (0.006) 0.004  (0.007)
B 0.092** (0.035)  0.096***(0.032)  0.083***(0.032) 0.04¢ (0.033)  0.060* (0.031) 0.051  (0.033)
B 0.03¢* (0.017)  0.040** (0.016)  0.039** (0.016) 0.01¢ (0.016)  0.031** (0.014)  0.028* (0.014)
B 0.017% (0.010)  0.026***(0.009)  0.031***(0.009) 0.01¢ (0.011)  0.024***(0.009)  0.029***(0.011)
(B 0.01C  (0.008) 0.003  (0.007) 0.005 (0.007) -0.001 (0.009) -0.007 (0.008) -0.004  (0.009)
(Bim) -0.08¢*** (0.024) -0.088*** (0.022) -0.092*** (0.023) -0.047** (0.021) -0.062*** (0.019) -0.066*** (0.020)
Constant o) 0.694* (0.143)  0.937** (0.151)  0.81€"* (0.206) 11.70%* (0.071) 11.766**(0.067)  11.703***(0.138) 11.70a% (0.078)  11.726**(0.074)  11.699***(0.152)
R 0.978 0.980 0.980 0.980 0.981 0.981 0.979 0.981 810.9

p 0.380 0.335 0.334
Controls: general / interview No / No Yes / No Yeées No / No Yes / No Yes/ Yes No / No Yes / No Yes/ Yes

# firms / # observations 386/2,219 386 /2,194 83 B2,177 386 /2,219 386 /2,194 383/2,177 /38819 386/2,194 383/2,177

Note: This table presents the estimates of the effeatariagement on firm production conditional on owhigrsinder the assumption of separability betweenagament and other productive inputs. A firm is
defined as state-owned if it is under central oalgovernmental control. Firm size binary variatdpan the following range of employe8&e2(250;500],Size3(500;1,000] andizedmore than 1,000. The ap-
proximation point of the translog function was atrogo be the sample's median. The dependent wvaiigdposs outpuin logs for all modelsSizeis a fixed effect indicating whether a firm hadesst 500 peo-
ple employed on average. Management is assumeel ¢oristant for a firm over time as management igesctare plausibly sticky. All regressions includ®-digit industry fixed effec@ndprovince fixed ef-
fects General controls and interview controls are defias in Table 1lI-6. Due to space constraintsmesées of industry and province fixed effects, gahand interview controls factors are not sho®ho (p)
indicates the ratio of the variance of the RE ®\hriance of the idiosyncratic error. Robust staddarrors at the firm level are reported in pdresis. Asterisks *** indicate significance at 1 qant level, ** at

5 percent level and * at 10 percent level.
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Tablel11-17: Effect of management quality on output conditiamrabwnership controlling for time varying markewger — First part of table.

Translog RE

Translog OLS

Cobb-Douglas OLS

Estimation method

Model number (R5-SOE-1) (R5-SOE-2) (R5-SOE-3) (R5-SOE-4) (R5-SOE-5) (R5-SOE-6) (R5-SOE-7) (R5-SOE-8) (R5-SOE-9)
Management 0.007 (0.019) -0.006  (0.018) -0.013  (0.019) 0.005  (0.018) -0.009  (0.017) -0.018  (0.019) 0.023 (0.019) 0.011  (0.019)  0.002 020)
SOE x Management 0.072  (0.050) 0.093** (0.043) 0210 (0.045) 0.067  (0.048) 0.094** (0.042) 0.097**0.043) 0.023  (0.049) 0.042  (0.047) 0.045  (0.048)
SOE -0.250* (0.135) -0.334*** (0.118) -0.358*** (0.123) -0.245* (0.132) -0.352*** (0.116) -0.361*** (0.119) -0.117  (0.131) -0.194 (0.126) -0.207  (0.130)

0.097* (0.038)  0.097*(0.038) 0.078* (0.036)  0.078* (0.037)  0.081** 0(037)

SOE x Year 2004 0.089** (0.038)  0.088** (0.038)  &6B* (0.038) 0.096** (0.037)

SOE x Year 2005 -0.004 (0.027) 0.003 (0.028) 0.001  (0.028) 0.003 028) 0.012 (0.028) 0.013 (0.028) -0.006  (0.026) -0.002  (0.027)  0.002  (0.027)

SOE x Year 2006 0.031 (0.033) 0.046 (0.033)  0.0480.034) 0.022 (0.030) 0.044 (0.030) 0.048  (0.030) 008. (0.029) 0.020 (0.029) 0.025 (0.029)

SOE x Year 2007 0.043  (0.034) 0.057* (0.034) 0.0590.034) 0.042  (0.032) 0.058* (0.032) 0.062* (0.p32 0.018  (0.030) 0.029  (0.031) 0.036  (0.031)

SOE x Year 2008 0.085* (0.044) 0.092** (0.044) @09 (0.045) 0.082** (0.040) 0.092** (0.041) 0.094*%(0.041) 0.054  (0.039) 0.062  (0.039) 0.067* (0.040)
No / No Yes /No Yetes No / No Yes/No Yes/Yes No / No Yes / No Yes/Yes

Controls: General / Interview
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Effect of management quality on output conditiamyabwnership controlling for time varying marketys — Second part of table.

Estimation method Cobb-Douglas OLS Translog OLS Translog RE

Model number (R5-SOE-1) (R5-SOE-2) (R5-SOE-3) (R5-SOE-4) (R5-SOE-5) (R5-SOE-6) (R5-SOE-7) (R5-SOE-8) (R5-SOE-9)
Capital ) 0.02¢** (0.008) 0.019** (0.008) 0.019** (0.008) 0.035*0.008) 0.026***(0.008) 0.025***(0.008) 0.040***(0.009) 0.034***(0.008) 0.034***(0.008)
Labor ) 0.047* (0.018)  0.083**(0.020)  0.086***(0.021) 0.061**(0.018)  0.100***(0.017)  0.105***(0.018) 0.063***(0.016)  0.094***(0.016)  0.098***(0.017)
Material @) 0.927** (0.016)  0.894***(0.017)  0.895***(0.017) 0.909***(0.014)  0.880***(0.014)  0.883**(0.014) 0.892***(0.014)  0.870**(0.013)  0.873***(0.014)
Year 2004 fixed effect -0.021 (0.016) -0.024 (0.016) -0.024  (0.016) -0.026* (0.016) -0.028* (0.016) -0.028* (0.016) -0.020 (0.016) -0.022  (0.016) -0.023  (0.016)
Year 2005 fixed effect 0.07¢** (0.015)  0.067***(0.015)  0.066***(0.015) 0.072***(0.015)  0.068***(0.015)  0.068**(0.015) 0.077**(0.014)  0.073**(0.014)  0.071**(0.014)
Year 2006 fixed effect 0.094** (0.015)  0.094**(0.016)  0.092***(0.016) 0.099***(0.015)  0.099***(0.016)  0.097***(0.016) 0.107***(0.015)  0.104***(0.016)  0.102***(0.016)
Year 2007 fixed effect 0.11** (0.017) 0.113**(0.017) 0.110***(0.018) 0.123**(0.017) 0.123***(0.018) 0.121***(0.018) 0.131**(0.017) 0.128***(0.018) 0.124**(0.018)
Year 2008 fixed effect 0.09%** (0.019) 0.096***(0.020) 0.096***(0.020) 0.110***(0.020) 0.112***(0.020) 0.112**(0.021) 0.119*+*(0.019) 0.117***(0.020) 0.116***(0.020)
(B -0.002  (0.007) -0.002  (0.006) -0.004  (0.006) 0.006  (0.007) 0.006 (0.006)  0.004 0QD)
B 0.090*** (0.034)  0.091***(0.031)  0.081***(0.030) 0.055* (0.031)  0.063** (0.029)  0.055* (0®)3
(B 0.031* (0.017)  0.040*%0.016)  0.039** (0.016) 0.018  (0.016)  0.031** (041 0.029** (0.014)
Bu) 0.017* (0.010) 0.026**(0.009) 0.032***(0.009) 0.014  (0.011) 0.024*%0.009) 0.029***(0.011)
(Brm 0.009  (0.008) 0.002  (0.008) 0.005 (0.007) -0.001  (0.009) -0.007  (0.009) -0.005  (0.009)
(Bim) —0.081*** (0.024) —0.088*** (0.022) —0.093*** (0.023) -0.048* (0.021) -0.063** (0.019) -0.067*** (0.020)
Constant o) 0.51¢** (0.111)  0.780**(0.119)  0.683***(0.193) 11.712%+%(0.072)  11.778**(0.068)  11.716**(0.137) 11.698**(0.078)  11.730*%(0.074)  11.697***(0.151)
R 0.978 0.980 0.980 0.980 0.981 0.981 0.979 0.981 810.9

p 0.373 0.325 0.325
Controls: general / interview No / No Yes / No Yesées No / No Yes / No Yes/Yes No / No Yes / No Yes/Yes

# firms / # observations 386 /2,219 386 /2,194 83 B2,177 386/2,219 386/2,194 383/2,177 /38819 386/2,194 383/2,177

Note: This table presents the estimates of the effeatafagement on firm production conditional on owhigrsinder the assumption of separability betweenagament and other productive inputs. A firm is de-
fined as state-owned if it is under central or lagavernmental control. The approximation pointleé translog function was chosen to be the sampietian. The dependent variablggiess outpuin logs for all
models. Management is assumed to be constanffifon aver time as management practices are plaustidky. All regressions includevo-digit industry fixed effecendprovince fixed effect$eneral controls and
interview controls are defined as in Table Ill-6uéto space constraints, estimates of industrypaowince fixed effects, general and interview colstiare not showrRho(p) indicates the ratio of the variance of the
RE to the variance of the idiosyncratic error. Rsilatandard errors at the firm level are repomeplarenthesis. Asterisks *** indicate significaratel percent level, ** at 5 percent level and 1@tpercent level.
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