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Abstract

The impact of environmental regulation on firm pwotivity has been long been debated, however, main-
ly for western economies and with limited firm-léwwidence. We study the impact of a large-scale na
tional energy saving program (the Top 1000 EnergpsDming Enterprises Program, or T1000P, 2006-
2010) in China on firm productivity in the iron aateel industry. The T1000P assigned targets fhuae

ing the energy consumption of approximately 100Gthenergy-consuming industrial firms. Using de-
tailed data from the China Industrial Census od® f&rms for the period of 2003 to 2008, we estignat
positive effect of the T1000P on firms in the irand steel industry. Specifically, we find T1000f%

are associated with significantly greater annudliZ€P change (an increase of 3.1 percent on avgrage
suggesting the competitiveness of treated firmeegmed. Effects on technical change and scalaesffic
cy change are positive and statistically significamd contribute about equally to the overall tireant
effect. Results are robust to instrumenting foliqyoéxposure and other alternative specificatiétsiate
benefits to firms from the policy likely reflectetcombination of incentives and targets appliedeuride

program.
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1 Introduction

Rapid growth of China’s industrial sector has ciotied three decades of sustained
economic development but has caused unprecedeatgddation of the environment,
prompting ever more concerted efforts to implementiironmental policy (Cao,
Garbaccio et al., 2009; Zhang, Aunan et al., 200idhin the industrial sector, the Chi-
nese iron and steel industry has been both a reagine of economic expansion and a
significant source of local air pollution as well aarbon dioxide emissions due to its
high direct use of coal (Lin, Wu et al., 2011; Hbang et al., 2013).

A central question in the design of climate mitigatpolicy, particularly relevant
in rapidly emerging economies, is how can goverrtrpeficy makers incentivize firms
to engage in environmentally sustainable behawdhite at the same time seeking to
promote rapid economic expansion. Widespread evalehlow willingness-to-pay for
the delivery of environmental goods in developimgions reveals the pervasive nature
of this challenge (Greenstone and Jack, 2015). &@uoananalysis of policy interven-
tions starts often from the premise that implenmntiprotective environmental
measures alter a firm’s choices relative to a lessras-usual scenario. An important
research question concerns the net impact of emviemtal measures on firms. Of par-
ticular interest is the impact of policy on produity growth, which represents the
foundation of improvements in social welfare andnly standards that developing
economies desire to advance (Krugman, 1997; Greesstist et al., 2012). Here we
contribute to this research agenda by estimatiagripact of an important environmen-
tal policy in place during China’s Eleventh FiveafePlan, the Top 1000 Enterprises

Program, on productivity growth in China’s firms.

Prior literature positing the impact of environmednpolicy on firms can largely
be grouped into several main strands: the traditisnview, the behavioralist view
(Allcott and Mullainathan, 2010), and a view thatarporates elements of both embod-
ied in the Porter Hypothesis (Palmer, Oates e{18195); Iraldo, Testa et al. (2011);
Kozluk and Zipperer (2013)). The traditionalist vieees an environmental regulation

as imposing costs relative to a no-policy countgufal. It builds upon the assumption



that, if an environmental regulation would increasgrginal products or lower marginal
costs, an optimizing firm implicitly would have ahdy acted in compliance with the
regulation. Regulation, by requiring firms to reduemissions, necessitates deviations
from cost-minimizing behavior in its production pesses (technical component) and/or
its input choices (allocative component). Assumiingt units of output produced stay

constant, a firm’s productivity would decrease K and Zipperer, 2013).

The behavioral economics literature has probedséthdity of the assumption of
uniformly cost-optimizing agents in studies of helusld and firm energy management
behavior (Allcott and Wozny (2014); Allcott and @restone (2012)). This literature has
classified apparent deviations from economic bedrawvi the energy domain under the
heading of the Energy Paradox (see, e.g., DeCai83) or Allcott and Greenstone
(2012)). The propensity to make energy-saving itnaests theoretically anticipated to
be cost effective is found to depend heavily omfeharacteristics, defying traditional-
ist predictions (DeCanio and Watkins, 1998). Thergy Paradox literature suggests
the existence of a behavioral factor, through whiglhs might benefit from an envi-

ronmental policy.

Porter’s hypothesis in particular focuses on fiesponses to environmental poli-
cy, suggesting that while still causing compliamosts, an environmental regulation
might pressure targeted firms to increase theiovativeness or steer innovativeness in-
to another, potentially more rewarding, directidtoiter (1991); Porter and Van der
Linde (1995a); Porter and Van der Linde (1995h))such a situation, a firm’s produc-
tivity could plausibly increase. While they do rtbsagree with the possibility of envi-
ronmental policy imposing costs, Porter and co-@austiclaim that the traditionalist view
is an artifact of focusing on the static efficienmyncept of cost minimization and (in-

correctly) assuming firms have perfect informatfPorter and Van der Linde, 1995b).

Traditionalist and behavioralist theories of thepamt of environmental policy on

firms generally assume that environmental pressuegogenous. However, a large po-

2 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 societal output valuedducing costs associated with environmental degrada
tion, for instance, public health costs.



litical economy literature hypothesizes that firingervene to lessen policy burdens
(Stigler, 1971) in proportion to the costs they Vdoatherwise bear. This literature is
sparse for developing countries, despite the faat tevelopmental state arguments
place the government in a position of promotinggh@vth of firms it is simultaneously
charged with regulating.

Whether or not environmental regulation helps antsathe productivity growth
of targeted firms is ultimately an empirical questi Estimates of the impact of envi-
ronmental policy on firm productivity are very litad. This paper provides new empiri-
cal estimates of the impact of an environmentaicgetthe Top 1000 Enterprises En-
ergy-Conservation Program (here “T1000P")—on fiewudl productivity in China. We
first estimate the level of total factor produdyvof a sample of Chinese firms operat-
ing in the iron and steel industry. To maintairatele comparability of firms, we esti-
mate the program’s effects at the four-digit indpstvel (iron- and steelmaking, steel
rolling and ferroalloy smelting). Second, we analympirically the impact of inclusion
in the T1000P on the growth rate of total factasdurctivity of these firms. We use a
difference-in-difference approach to analyze tHeatfof the regulation on TFP change.
To account for potential selection bias, we repaate our results after instrumenting for

the probability of inclusion in the program.

Our findings can be summarized as follows. We esenthat firm TFP grew by
6.4 percent on average annually in the industry aole, with the iron- and steelmak-
ing sub-industry growing fastest, followed by thees rolling and ferroalloy smelting
sub-industry. The benchmark specification finds tbgulation positively affects the
TFP change of firms by 3.1 percent on average diynbetween 2006 and 2008. This
surprising evidence that regulated firms benefiitedobust to a range of alternative
specifications, with respect to sample stratifimatisample attrition, instrumenting for
policy exposure, and considering another potegtiedinfounding policy. The results
are important in their own right as empirical evide of the net effect of environmental
policy at the firm level. Our results further digjuish the contributions of technical and
scale efficiency to the estimates of incrementaldpctivity improvement in regulated
firms. Technical and scale efficiency change arg@tp@ and significant, and contribute
about equally to the overall effect of the policy BFP change. Our findings beg an im-
portant question—why did firm productivity rise fasfor firms targeted by the policy?



We offer two possible explanations. On the surface,results appear to provide
empirical evidence for Porter’s hypothesis. It isgble that the program raised aware-
ness of cost-effective energy saving opportunfaesag firms or led managers to priori-
tize energy saving activities, overcoming inforroatibarriers to cost-saving invest-
ments. The policy may have also raised non-markgdffs (for instance, by improving
the firm’s reputation with government officials tite public) associated with invest-
ments in energy-saving opportunities that were irgm to firm competitiveness. In-
deed, many firms in the program were state-owneerpenses charged with “social re-
sponsibility,” and may have felt these pressuresenacutely than private firms. How-
ever, a second explanation is consistent with ridudittonalist view, and invokes politi-
cal economy reasoning. In addition to setting tarder energy saving, the policy also
offered participating firms sizable subsidies tatip#ly or fully offset the cost of author-
ized energy-saving investments. In this contex, gblicy shock could be conceptual-
ized as the outcome of bargaining between reguéatdmregulated firms, where the reg-
ulator is also part of national leadership that trheance environmental objectives
against pressure to sustain economic groviththe absence of strong environmental
policy enforcement and appetite for any initiatikat would act as a brake on economic
activity, inducing firms to improve energy efficien may have required direct incen-

tives.

The structure of this study is as follows: Sectoprovides essential background,
including a review of the empirical evidence of rammental policy impact on produc-
tivity, the development of the Chinese iron anckktedustry, and the T1000P. Section
3 reviews the data and Section 4 presents the malpstrategy applied to determine
firm performance, including discussion of our idBg assumptions. Results are pre-
sented in Section 5, while Section 6 draws conghssand discusses their implications.

® The T1000P was overseen by an office within théiddal Development and Reform Commission, the
top economic planning organization in China.



2 Background and Empirical Setting

2.1 Impact of Environmental Regulation on Firm Prodwutyi

There only are a few empirical studies on the inhgdcenvironmental policy instru-
ments on firm-level TFP. These studies mainly supfie traditionalist view (see for
example Iraldo, Testa et al. (2011) orAk and Zipperer (2013)). We summarize the
studies applying parametric methods, which haveadwantage over non-parametric
methods in that they account for heterogeneity iim fcharacteristics. Gollop and
Roberts (1983) focus on sulfur dioxide emissiorsrigtions in the US electric power
industry by estimating a cost function using obagons of 56 electric utilities between
1973 and 1979 They find a negative effect of the regulation dAPTgrowth of 0.59
percentage points per year, mainly due to highstsctor low sulfur fuel. Gray and
Shadbegian (2003) focus on 116 pulp and paper mitlse United States for the period
of 1979 to 1990. They find higher pollution abatemeperating costs in wake of the
Clean Air and Clean Water Acts of the early 19#@sdlated into lower TFP levels by
about 2.6 percent annually, and that this effegnicantly depended on a plant’s tech-
nology?® Their case suggests that indeed the overall impfaah environmental regula-

tion might differ when accounting for technologitaterogeneity.

Evidence of a positive productivity effect of eronmental regulation is found
only in a few studies. Greenstone, List et al. @Gtudy the effect of the Clean Air Act

Amendment on TFP levels of a large sample of USufsaturing plants within the pe-

Most studies, including ours, apply a two-stepcpdure to derive the effects of a regulation on
productivity, with an estimation of productivity the first step, followed by an evaluation withpest

to the regulation in the second. However, Gollog &oberts (1983) derive the effect of the 1970
Clean Air Act Amendment environmental regulation TP change within one step directly from the
estimation results of a cost function. They dethve effect of the regulation on TFP change by apply
ing the Divisia index of Gollop and Jorgenson (1988d Shephard’s Lemma.

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



riod of 1972 to 1998.TFP levels of polluting plants located in non-attaent counties
(which therefore were under more intense regulavewrsight) are found to be signifi-
cantly negatively affected (in the range of 2.64t8 percent on average). However,
when looking at the four kinds of pollution regudais separately, they found carbon
monoxide regulations were associated with higheP Tévels’ Evidence for Porter’s
hypothesis can also be found in Berman and BuiXR00hey study the effect of air
quality regulation on oil refinery productivity ithe US between 1979 and 1992. They
find productivity of regulated plants to increasgidly, whereas the productivity of the

control group was decreasing.

We are not aware of any literature that evaludiesgrhpact of environmental reg-
ulations on productivity at the firm level in Chinghis gap is surprising, considering
that China is the world’s biggest energy user, nedsthich is coal, and has increasing-
ly introduced policies to address pollution andnete change. A small number of stud-
ies, such as Xie (2008), evaluate the impact ofrenmental regulation at a macro (i.e.
provincial) level for the overall Chinese industifhere are also many studies that focus
on technical performance indicators such as eneffigiency or emissions levels, but
studies do not focus on economic performance (@eexample Hasanbeigi, Jiang et al.
(2014); Ma, Chen et al. (2016); Xu and Lin (2018)pu and Yang (2016); Gong, Guo
et al. (2016)). A large literature has consideretds and determinants of productivity
growth in China (see Tian and Yu (2012) and Wu @J0fbr an extensive meta-

analysis).

® This study builds on an earlier contribution ok&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.

Effects are measured via a two-stage procedust; they estimate TFP levels via a Cobb-Douglas
production function and then, in a second stepressgTFP estimates on regulation and other covari-
ates including firm fixed effects. In contrast teetmethodology of Gollop and Roberts (1983), such a
two-step procedure controls for differences in abteristics between treated and non-treated firms.



2.2 Iron and Steel Production in China

China overtook Japan to become the world’s largesducer of primary iron and steel
in 1993 (lISI1, 2002). The Chinese iron and stedlstry has 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 g&cent of the world’s output in
2013 (lISI, 1986; WSA, 2014). The industry’s energgnsumption went up by an
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).

The iron and steel industry’s high energy consuampto some extent is attributa-
ble to the intrinsic characteristics of its prodotprocesses. However, compared to the
iron and steel industries of developed nations, itldistry uses energy inefficiently
(Ross and Feng, 1991; Zhang and Wang, 2008; HengZétaal., 2013). He, Zhang et al.
(2013) mention several factors contributing to tbis energy efficiency level. They list
not only insufficient investments into R&D, but ala low labor productivity and a low
degree of industrial concentration, resulting inefygone scale effects. The industry is
said to pay little attention to energy saving (Zpamd Wang, 2008). It is also one of
the country’s major sources of pollution (Lin, Wuad, 2011; He, Zhang et al., 2013).
It ranks third among sectors as a source of cadimxide emissions in China (after the
power generation and cement industry), accountngdughly 10 percent (Zeng, Lan et
al., 2009). The high energy consumption and enmssiaf the Chinese industry are
problematic in terms of global warming, environnanhtegrity, energy security, and
the human health effects of air pollution, amongeoimpacts (Raupach, Marland et al.,
2007; Stern, 2007; Davis, Caldeira et al., 2018pPCiais et al., 2010).

2.3 The Top-1000 Energy-Consuming Enterprises Program

The central government launched the national T Hnergy-Consuming Enterprises
Program (T1000P) at the start of the Eleventh Fear Plan (FYP) (Zhou, Levine et
al., 2010). The Eleventh FYP (2006-2010) targeted\aerall reduction in the country’s

energy intensity of 20 percent over the five-yeariqnd (energy use per GDP)



(StateCouncil, 2006). The T1000P became effectiv&pril 2006. It required the coun-
try’s largest 1,008 energy consuming industriabgrises, i.e. firms consuming a min-
imum of 180,000 tons of coal equivalent (tce) i®20in nine industries (Price, Wang
et al., 2010) to significantly improve their eneigyensity, i.e. to lower the ratio of en-
ergy used to output produced according to a schedufirm-specific targets. At the
outset the program targeted energy savings of 1@@ kly 2010 (NDRC, 2006b). How-
ever, as reported energy savings far exceedechiti@ target—Zhao, Li et al. (2016)
mention savings of 165 Mtce and Ke, Price et @12 of 150 Mtce—the T1000P is
widely considered as a success. Targets were glrepdrted to have been achieved in
2008 when the NDRC announced savings of ca. 106G NKe, Price et al., 2012).
While Karplus, Shen et al. (2016) and Zhao, Lilet(2016) describe that patterns in
compliance data suggest overestimation of selfrtegdachievement rates, Ke, Price et
al. (2012) conclude reported values were reasoffabfethe firms evaluated in 2010
when the T1000P was terminated, only 1.7 percetitefirms were officially found to
be out of compliance with the preset targets (NDR@,1)? The high compliance rate
to some extent might be explained by the 100 Mé&zang target not being very ambi-
tious in light of the high energy intensity of tkergeted firms (Price, Levine et al.,
2011)}° The T1000P was extended to the Top 10,000 Enserpfirogram in the
Twelfth FYP (2011-2015) (Zhao, Li et al., 2016).

The T1000P included carrots to encourage compliadficens were assigned tar-
gets in a contract negotiated between the prodimoaernment and the firm (Price,
Wang et al., 2010; Zhao, Li et al., 2014). Durihg process of policy implementation,
the local government provided guidance and findnsigoport to the targeted firms
(Price, Wang et al., 2010; Ke, Price et al., 2230, Li et al., 2014). Firms had rela-

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.

° 881 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., mergersdosures in years after the program announce-
ment, some firms were excluded temporarily or perenély from the T1000P, resulting in less than
1,008 firms being evaluated every year. For mosewdision see Karplus, Shen et al. (2016).

19 1n 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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tively large freedom to choose appropriate meastoesave energy; while the goals
were clear, the approaches were flexible. AccordimgPorter and Van der Linde
(1995b), such flexible design of an environmene&guiation is fundamental to foster

innovation.

Policymakers selected firms for the program basetheir total energy consump-
tion. Firms were allocated energy saving targesetarimarily on their pre-regulation
share in the energy consumption of all firms expogethe T1000P (Zhao, Li et al.,
2014, 2016), and without direct attention to abatenhtost. To some extent, however,
other factors like industry affiliation, generaloeomic situation, or the technological
level of the firm were also taken into account wisetting the targets (Price, Wang et
al., 2010). As the program was set up very rapithg, target setting process was not
based on a detailed or scientific bottom-up analg$ifirms’ individual energy saving
potential (Price, Wang et al., 2010; Price, Lewvatal., 2011). The covered firms self-
reported their progress in saving energy direalthe Chinese National Bureau of Sta-
tistics (NBS) following predefined reporting standis (Zhou, Levine et al., 2010). Sub-
sequently, provincial governments evaluated firrmplance on an annual basis. As-
sessment included short on-site inspections, bt mainly based on the firms’ self-
examination, due to limited resources and the cerify of the calculation of the ener-
gy saving indicator (Zhao, Li et al., 2014; Li, Zhat al., 2016; Zhao, Li et al., 2016).

Fraudulent reporting could lead to criminal invgation (Zhou, Levine et al., 2010).

The program did not specify any punishments, @dinancial form, in the case
of a firm’s non-compliance. However, some provihgavernments reportedly intro-
duced punitive measures, e.g., by increasing enprggs for non-compliant firms
(Zhao, Li et al., 2014, 2016). Also, the list ofnfis exposed to the T1000P was made
public (Price, Levine et al., 2011). Hence, a fartbomponent of the enforcement of
the program was social pressure from citizens aedian Firms implemented incentive
payments for their staff conditional on the achieeat of energy saving targets, which

also included salary cut-offs in case of non-coargie (Zhao, Li et al., 2014). Further-
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more, as part of an extensive overall cataldfok performance assessment criteria,
state-owned enterprises (SOEs) and local governoféaials were evaluated based on
their achievement of the T1000P energy-saving tar@&ateCouncil, 2007; Zhao, Li et
al., 2014, Li, Zhao et al., 2016). The energy sgwachievement was included in the
personnel appraisal system during the Eleventh Y, strongly incentivized govern-
ment officials to support covered firms to reackithtargets (Zhou, Levine et al.,
2010)*? Administrators gave awards and promotions in refor compliance with the
regulation. In the case of non-compliance, firm agars and local government officials
endangered their chances of promotion and a wniggpart was to be sent to a superior
level of government specifying the time frame fectifying non-compliance (Zhao, Li
et al., 2014).

3 Data and Empirical Strategy

3.1 Data

We rely primarily on data from the Chinese Indat@ensus (CIC) from years 2003 to
2008 compiled by the NBS. The CIC represents thstmxtensive source of firm level
information on the Chinese manufacturing sectatotitains yearly observations on the
balance sheet, income statement and other nonefadaimformation of all industrial
firms registered in China with a yearly sales vahigher than 5 million Chinese
renminbi (RMB), which corresponds to ca. 800,000 dtflars, and all state-owned
firms (independently of their sales value). Mostn are single plant firms (Brandt,
Van Biesebroeck et al., 2012). The data is desgnbegreater detail in appendix A.1.

1 This is the cadre evaluation system appraisingotterall 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

12 At that time, not only the national, but also grmial 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 usexValuate local government officials and firm
managers. A description of such an appraisal progfar example, is given in Zhang, Aunan et al.
(2011).
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All costs and output values are deflated to a esfee year (1998) using four-digit in-
dustry-specific input and output deflators, whicbrevused by Brandt, Van Biesebroeck
et al. (2012) and were kindly provided by Johanvias Biesebroeck of KU Leuven.
Spatial information on the centroid longitude aatitlide of 2,824 geographic clusters
(counties) was obtained from a private vendor (B@16). Information on the geo-
graphic borders of these clusters was obtained b publicly-available shape file
(GADM, 2016). Information on firms participating the T1000P originated from the
NDRC. Of these firms, 1,001 out of 1,008 (i.e. 99e8cent) were successfully matched
with the CIC. While the prices of labor and capaa¢ derived from information con-
tained in the CIC, this is not possible for thecprof material. The subindustry- (iron
and steel, steel rolling, and alloy) and provinpeesfic annual price of material is cal-
culated based on information on subindustry injauid outputs obtained from the NBS
(2007), coal prices and electricity prices extrddtem CEIC (2015) and iron ore prices
from CCM (2015). These prices then are deflatedgusin overall price deflator con-
structed from NBS (2013). Appendix A.1 provides arendetailed description of the

construction of the price of material.

3.2 Characteristics of Treated and Non-Treated Firms

The CIC observes a total of 13,278 firms in the iamd steel industry (or more precise-
ly, in the ferrous metal smelting and rolling inthy¥ over the period of 2003 to 2008.
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 Talilen columns 1 to 4. On average in

each year, a firm in the sample produces a grogsibualue of 353.8 million RMB,

3 The CIC is known to contain misreported informatior some firms. Therefore, an extensive data
screening process was implemented to detect andrdisuch firms. Additional firms were dropped in
the panel generation and variable adjustment psesesThese processes are described in appendix
A.1. Most excluded firms were small in size. Sniaths may have weaker reporting standards than
large firms. As a result, the sample used for tin@igcal analysis still is highly representativetbé
underlying population of firms (cf. Table 19 in apyulix A.1).
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employs 506.2 people, and possesses total assed$ ofillion RMB and current assets
of 129.4 million RMB. It utilizes intermediate infsuof 298.1 million RMB. On aver-
age, labor costs (4.1 percent) and capital costbsg@rcent) sum to 9.1 percent of total
costs, with the remaining part being attributalolenaterial costs. On average, 9.6 per-
cent of the firms observed exported in a given yEam heterogeneity with respect to
several of these variables is large. For exampke 26 percentile gross output value is
7.3 times smaller than the 75 percentile value, thwedratio is 4.5 for the number of
people employed. The iron- and steelmaking subingw@counts for 18.3 percent of
the observations, 64.3 percent stem from the sbtdlelg and 17.4 percent from the fer-
roalloy smelting subindustry. Furthermore, 0.6 patcof the observations are central
SOEs, 9.4 percent local SOEs and 90.0 percent GdFsS

We define a treatment group as firms included e@TA000P and initially consider the

remainder of the population as a control group. @any statistics differentiating be-

tween the control and treatment group are givasoiomns 5 to 7 of Table 1. 148 out of
5,340 firms are observed to participate in the @oyg i.e. 3.1 percent of total observa-
tions. The average firm in the control group is sidarably smaller than the average
firm in the treatment group in terms of all listeariables. The ratio between the treat-
ment and control group in average gross outpubenpre-regulation period amounts to
41.6. Furthermore, this ratio is 40.0 for the numiiieemployees, 67.4 for total assets,
48.1 for current assets and 39.6 for intermediagpeits. Treated firms tend to be older
and to have a higher propensity to export. Stasiktiests of the differences between
treated and non-treated firms are given in colunof Table 1. Results indicate large

disparities in fundamental firm characteristicshmsn treated and non-treated firms be-

fore the implementation of the regulation, with @ifferences being highly statistically

14 Classifying Chinese firms into ownership typesict simple or straightforward. Several decades of
economic reforms have resulted in varying degrédsaasformation from state to private ownership
across the economy. Some firms that were previoatsie-owned were fully privatized, while others
were partially privatized or publicly listed, whiletaining 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 (SOERéf/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 stetrprises 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.



14

significant. For example, larger firms were muchreniikely to be exposed to the regu-
lation than smaller firms. Nevertheless, this firglis not surprising, since program par-
ticipation was conditional on an energy consumptewel only large firms achieve. In
addition, more state controlled firms were seledt@dhe program than their industry
share would predict, which can be partly attributedtate-controlled firms on average
being larger in size and shouldering more “so@aponsibility.” We cannot exclude the
possibility that some firms were also more likebylte exposed to the T1000P, simply
because they were state controlled. In fact, ttas likely an important consideration.
Dispersions in characteristics between treatednandtreated firms are considered care-
fully in the design of the empirical analysis. ltd#ion to controlling for heterogeneity
directly in the benchmark analysis, we implemenexgiensive set of robustness checks

and instrument for TL000P exposure.



Table 1: Descriptive statistics of firms. All values arenaalized.

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) ) 3 4) (5) (6) ()

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 0 109 22.19 6.48 15.71%*
Exporter (1 if exporting) 0.096 0.295 0 1 0.273 67.0 0.206***
Total cost<C (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 1487410 ,198/12,173 5,340 /12,583

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

18.3/64.2/17.4 ‘ 44.9/459/9.3 18.2/ 6413.8
Share in [%)] of central SOE / local SOE / non-SOE:
0.6/9.4/90.0 ‘ 3.7/40.5/55.9 0.5/4.0/955
Share in [%)] of regions East / Central / West:
59.2/23.4/17.4 ‘ 45.6/34.1/20.2 59.5/233.0

Distribution of firm size (number of employees)[#] of observations in intervals [0;50], (50;10Q}100;500], (500;1,000], (1,000;5,000] and more tB&00:

2441246/399/55/4.1/15 ‘ 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 theralWesample (columns 1 to 4) for the period 2002088 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 valU®tal costscapital price labor priceandmaterial priceare described

in greater detail in section Rrofitability is the ratio of total profits to gross output. @oh 7 shows the results of one-sided unpaitedts comparing the respective means
of the treatment and control group. Asterisks *itlicate significance at 1 percent level, ** at 5geat level and * at 10 percent level of the ordediunpaired-tests.

ST



16

Spatial distribution of the firms in the completargple
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Figure1: Spatial distribution of the sample firms by suhisitly in 2005. Marker size is rela-
tive to the number of firms observed in a county.
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Spatial distribution of the treated firms
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Figure2: Spatial distribution of the treated firms by sutstry in 2005. Marker size is rela-
tive to the number of firms observed in a county.
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Figure 1 shows the spatial distribution of the slemim line with the general spa-
tial distribution of economic activity in the coupt 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 observatibh$he share of Hebei, Liaoning and Shan

dong province is 7.3, 7.3 and 6.8 percent, respagti Figure 2 depicts the spatial dis-
tribution of the treated firms. Consistent with theerall distribution shown in Figure 1,

most treated firms, especially of the iron- anegktmking and ferroalloy smelting sub-

industry, are located in eastern provinces. 18r@gm of the treated observations are
located in Hebei province and 10.6 percent eadmaingsu and Shanxi province, respec-
tively. In contrast, most treated firms in the éaltoy smelting sub-industry are located
in the west region. It is reassuring that we albseove a higher share of ferroalloy

smelting firms located in this area, compared &dther two subindustries.

4 Empirical Strategy and Identification

We implement a two-stage approach to estimate dalaionship between the T1000P
and firm performance. First, firm performance ifcakated using the unbalanced panel
described in section 3. Second, the effects ofdhalation on firm performance are an-
alyzed using parametric models. Firm performancexjgressed as total factor produc-
tivity (TFP) change and the subcomponents thenebfch are technical change and

scale efficiency chang®.Analyzing the effects on TFP change subcomponaids/s

!5 We classify provinces in China in three regiorastecentral and northeast, and west. The eastrregi
embraces the provinces Beijing, Fujian, Guangddtajnan, Hebei, Jiangsu, Shandong, Shanghai,
Tianjin and Zhejiang. The central and northeasioregncompasses the provinces Anhui, Henan, Hu-
bei, Hunan, Jiangxi and Shanxi (central) and JHieilongjiang and Liaoning (northeast). The west re
gion comprises the provinces Chongqging, Gansu, @uauizhou, Inner Mongolia, Ningxia, Qing-
hai, Shaanxi, Sichuan, Xinjiang and Yunnan.

'8 This study does not focus on TFP levels. TFP chasdelieved to better represent the response of a

firm to changes in its environment of doing busimdsexplicitly measures the degree of TFP relevan
activity, which is less the case for the stock afle of TFP levels. TFP change is a measure that is
transitive over time, while TFP levels would bensiive cross section wise. By adopting the line of
argument in Ehrlich, Gallais-Hamonno et al. (1994¢, evaluation of a regulation with respect to TFP

fFootnote continues on next page
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for more detailed insight into the effects of tlwi@y. The concept of productivity has a
clearer economic interpretation than other firmfgrenance indicators like employment
or investment because productivity speaks to tmeegot of how efficiently inputs are
turned into outputs (Greenstone, List et al., 20922 believe that the use of total factor
productivity as performance indicator is supermthe use of partial productivity indi-
cators such as labor productivity, as single fagtooductivity may be distorted
(Syverson, 2011) We use a parametric approach to capture firm bgésreity, and es-

timate productivity by formulating a cost functith.

4.1 Derivation and Formulation of the Cost Function

To derive TFP change from a cost function, we fel@oelli, Estache et al. (2003). We
apply the quadratic approximation lemma of Diewd®76), as proposed by Orea
(2002). Thereby, TFP change (TFPC) of firimetween two periodsandt — 1, consist-

ing of the two subcomponents of technical changg)(@and scale efficiency change

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

levels can be described as being inconclusivedrsttort-run. The compounding effect of short-run al
terations in TFP change, however, might resulaigé differences in long-run TFP levels. In additio
Brandt, Van Biesebroeck et al. (2012) find TFP ¢feato be more relevant than TFP levels, in the
sense that between 1998 and 2007 surviving entiratie Chinese manufacturing sector were select-
ed based on TFP change rather than TFP levels. [flateral measure of TFP levels proposed by
Caves, Christensen et al. (1982) could be consiluoy using eq. (1) and taking the year- and subin-

dustry-specific means instead of lagged varialldhe denominator.

7 Single factor productivity measures may be distbiecause they do not account for factor substitu-

tions between inputs and therefore are affectethéyntensity of use of the excluded inputs. Sywers
(2011) exemplifies such a problem by two firms, ethare 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 factoichsas a favorable price of capital.

8 The iron and steel industry employs a comparatitielmogenous production process with relatively
uniform output. This makes it well suited to a pae#ric approach. Given the large degree of hetero-
geneity observed in our sample, the parametric oasthability to separate noise from signal is an es
sential advantage. Furthermore, the estimationF#f Thange using parametric approaches allows for a
decomposition of TFP change into its components.
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TFPC, = |n(TTFFPF?t j

it-1

=5l-e)+(1-g.)Jlin Y - )

(1)
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Total costs are represented Gyand the single output 8. Output elasticities (which
are the inverse to the returns to scale elasti@atya data point are estimated as
g =0ING /0In'Y (Coelli, Estache et al., 2003).

A calculation of TFP change according to eq. (Igessitates the empirical speci-
fication of a cost function for the Chinese irordateel industry, which can be divided
into the following three sub-industries iron- and steelmaking, steel rolling, and fer-
roalloy smelting. The production processes are rbgémeous across these sub-
industries. Therefore, from an empirical point edw, we estimate a separate cost func-
tion for each sub-industry. This allows for codtitts specific to each sub-industry to
reflect heterogeneity in production technologiesulting in more accurate TFP change
estimates compared to results derived from an dvast function'® In this study, we

assume a subindustsy= {1,2,3}-specific production process charactetizes follows:
C=¢(Y, R Ri Ranr - 2)

Total costsC are defined as the sum of total intermediate immsts, labor costs and

capital costs, whereby capital costs include degtiea and interest expenses and an

9 For the sake of completeness, TFP change wasatstirbased on an overall cost function as well. The
mean result of TFP change when applying subindisgtegific cost functions was similar in magni-
tude to the result obtained from an overall costfion.



21

assumed opportunity costs on equity of three perédrhe single outpuY is deflated
gross output. The price of labBy is represented by the ratio of the sum of wage and
welfare payments to the number of employees. Tioe pif capitalPk is defined as cap-
ital costs divided by the real capital stock. Tladcalation of the real capital stock is
based on the perpetual inventory metfbillain materials used in the production pro-
cesses of iron and steel are coal, coke, iron keudrieity. The subindustrg- and prov-
ince r-specific price of materidPy, is derived via a Térnqvist price index of thesarfo
main material inputé’ A time trendt is added to the cost function in order to corfivol
technical change. All costs and output are deflédeakference year 1998 using the re-
spective input and outpiitdeflators described in appendix A.1. Descriptitatistics of

the main covariates are given in Table 1.

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

20 Opportunity costs on equity of three percent teoim 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).

2L The perpetual inventory method is adopted forrmBtavVan Biesebroeck et al. (2012) and described
in more detail in Brandt, Van Biesebroeck et al1(®). See appendix A.1 for more details.

22 While this price measure is not firm-year- butyinoe-year-specific, it bears the benefit of beimgf-
fected by firm-specific unobserved heterogeneityeptially also related to total costs, what would
yield biased estimation results. We describe imileow the price of material is computed in appen-
dix A.1. Of course, we are aware that the priceafh main material could have been included sepa-
rately into the cost function. However, such a nhagecification resulted in severe multicollinegrit
problems when estimating a fully flexible transkagst function.

% A subindustry- and year-specific output pricessuaned; an assumption generally made by the litera-
ture if firm-level information on output prices isiobserved. In addition, this assumption can bi jus
fied by the homogenous production process and caatipaly homogenous structure of output goods
in the iron and steel sector compared to otherdtrias.

4 See Berndt and Christensen (1973) and Christedsegenson et al. (1973) for a discussion on the
properties of the translog functional form.
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with lower case letterg andp indicating output and prices in natural logaritfh$he
panel is unbalanced (cf. section 3.2) with a findicatori = 1,..N and time indicatot.
Firms are observed annually over the period ©f2003,...T.} , T, < 2008. The inter-
ceptag represents total costs at the approximation p&intn fixed effects are captured
by a; and control for firm-specific time invariant un@bsed heterogeneify. The error
term is given by Sub-industry-specific median values of the exalary variables
are chosen as approximation points of the transtsg functions. Expression (3) is es-
timated wusing a fixed effects estimator, that isunning OLS on

G —G :B'(Kt ‘X)+(€t —?) using Huber (1967)/White (1980) cluster robustdsan
wich estimates at the firm level (accounting fothobeteroskedasticity and serial corre-

lation), whereC = 'Ii"lzt G . The variablest, and Z, are constructed analogously.

4.2 ldentification Strategy

The effect of the T1000P on firm performance (TFPC,and SEC) is identified in ac-

cordance with standard assumptions required toyagpulifference-in-difference (DD)

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

%6 The fact thaty is time-constant makes this parameter irrelevanttfe estimation of TFP change.

" For a detailed description of the fixed effectsineator see, e.g., Greene (2008) or Cameron and
Trivedi (2005).
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approactf® This approach derives causal treatment effectsdsgparing the perfor-
mance of treated and non-treated firms in the egedation and regulation period. As
described in section 2.3, the point of interventwees April 2006 for all firms partici-
pating in the program. Firms are assumed not te laavicipated the regulation and, ac-
cordingly, not to have undertaken regulation-reladetions affecting firm performance
beforehand”® Also, while firms were chosen to participate ie fil00OP mainly based
on energy consumption, other criteria like industiffliation also played a role (cf. sec-
tion 2.3). Firms did not actively self-select irttte program. For the DD approach to
yield valid results, the assumption of a paraltehtl should be satisfied. This assump-
tion implies a trend in firm performance before thoduction of the regulation that
does not differ between firms in the treatment aoltrol groups. Given that the paral-
lel trend assumption holds, the average effecthefregulation on firm TFP change,

called average treatment effect on the treated jAdan be identified via

TEPC, =a,+a; +0, + By T, 0, +Y' X +0,7T + &, (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
with one of these other performance indicators. iftexcept isng and firm fixed effects
ai control for firm-specific time-constant unobserveeterogeneity affecting firm per-
formances. Vectod; captures year fixed effects and controls for y&seeific shocks on
firm performance common to all firms. Pre-regulatiand regulation periods are cap-
tured by the binary variablp, , taking the value one for all regulation periodsl aero

otherwise, with the year of change being 2006. @ihary variabler, indicates wheth-

“0ther methodologies to evaluate the effect of #mulation would be matching or regression disconti-
nuity. Since energy consumption is unobserved angiagod proxy variable is available, we do not
conduct a regression discontinuity analysis. Oudstincorporates elements of the underlying idea of
a matching procedure by using stratified sampleshteck for robustness of the results. For an exten-
sive review of policy evaluation methods the ins¢ee reader we refer the reader to Lance, Guilkey e
al. (2014) or, for a more qualitative descripti@ertler, Martinez et al. (2011).

29 We consider this assumption to be credible, asTH@00P was framed within a comparatively short
time period (cf. section 2.3).
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er or not a firm was part of the treatment groupe ATT is estimated by coefficient
B - We assume a single homogenous effect of the atgnlon firm performance
across all regulation period$Vector X;; contains two variables to control for time-
varying heterogeneity affecting firm performancée$e variables are ownership struc-
ture and firm size. Size effects are controlleddpithe natural logarithm of the number
of employees. Ownership related effects are meddwe binary variable differentiat-
ing between SOEs and non-SOE®rovince-year effect8, 7z control for provincerr, -

and yeaw;-specific shocks.

A DD approach is only appropriate if the treatmeonditional on time and firm
effects is as good as random (Bertrand, Duflo .e2804). Hence, it may be important
to control fora;, 8; andX;;.. The inclusion of firm fixed effects; avoids biased estima-
tion results if time-invariant unobserved firm Iéheterogeneity is not orthogonal with
the ATT or other covariates. For instance, thefecef might capture potential endoge-
neities in terms of an exposure to the T1000Mafunderlying firm level heterogeneity
is time-constant. SOEs not changing ownership tiwee might have been benefiting
from financial support already before the introdurctof the regulation in 2006, what
could allow them to become more productive alsera2006. At the same time, state
ownership could have increased the probabilityehty exposed to the T1000P. Other
time-constant conditions affecting the outcome &fra might be geographic heteroge-
neity like a favorable geographic location closeiton and coal mines or ports

(Greenstone, 2002), preferential political treatmesgional differences in the applica-

%0 In_principle, the estimation of year-specific ATTwould be possible as well by including
thT* ,BtATré?tri in eq. (4) instead of3,7;0,. However, the observation of only three regulation
periods renders the additional insights from ediimyayear-specific effects to be small.

31 Note that firm size and ownership can vary oveeti17.7 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)héngdre-regulation period, 14.7 percent of the alzser
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 2.1eperof treated firms). The effect of the geographic
location is allowed to vary by year.
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tion and enforcement of regulatory targets etc.nias for year-specific shocks on
firm performance common to all firms, capturedégyare output market disruptions or
political ruptures on a national level. The two-wiagged effects model (year fixed ef-

fects are included as well) is estimated as desdrib section 4, again by using cluster
robust sandwich estimates at the firm level. Bg,tinve are avoiding a potential down-
ward bias in the estimated standard errors of risatrnent effect due to uncontrolled

positive serial correlatiof.

A threat to the identification strategy, if unacoted for, is time-varying unob-
served heterogeneity not orthogonal to the treatrei@ct or other covariates. A firm’s
exposure was dependent to some extent on deternmindrer than simply an above-
threshold energy consumption. Firm size and owmgrale two suspect criteria. We
suspect these two factors are correlated with fisrformance as well, and hence are
stepwise controlled for by vectd.>* Province- and year-specific shoc T, are in-
cluded to control for effects such as changesprogince’s governance. Shocks therein
potentially can be correlated not only with firmrfeemance, but with, e.g., TL000P ex-
posure as well.

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:

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

% For example, Sheng and Song (2013) provide evalehd@FP levels in the Chinese iron and steel in-
dustry being dependent on ownership structure mmdsize. Also Hsieh and Klenow (2009) find TFP
levels in the Chinese industry being related tm fize and ownership. We cannot reject a priofhsuc
relations not to hold with respect to TFP chand®e $tepwise inclusion of the variables of vectgr
also serves as a robustness check. If result®hustracross the different model specifications,ii
as due to other, still unobserved, time varyingdexonly might be minor.
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TFPG =a,+a + B+ B +y' X +0 7 +4 | t<T*. (5)

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 satsfif the null hypothesis q@t“ =0is

not rejected. A similar test shown in eq. (6) cetssin the assessment, whether there are

pre-treatment effectg" Under the assumption of an exogenous treatment,

i,2005

=r, 0

2005°

no such effects are expected to eXist.

TFPG =a, +a +6, +g|,r2005+ﬁATl'Tipt +y' X, +0,77 +4 (6)

The assumption of no pre-treatment effects holdgjf = 0 is not rejected” In con-
trast to expression (5), expression (6) makes tifgedull panel of information. It also
includes an estimation of the, in our case ovefdll]. Firm fixed effectsy; capture the
information of the covariaté as well, and therefore it is not included in abtivese
specifications. Tests for a parallel trend and tpeatment effects in TC and SEC are

conducted analogously by replacing TFPC with onine$e respective variables.

% For a discussion on how to test for a parallaidrer pre-treatment effects see, e.g., Lance, €yt
al. (2014) or Khandker, Koolwal et al. (2010). Tédwo diagnosis tests are also listed in Bertrand,
Duflo et al. (2002).

% |In case more than one pre-regulation treatment-feed effects are observed, their joint insignifi
cance can be tested via a conventiditdst.
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Table2: Testing for a parallel trend and pre-treatmeneets 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 (") 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)  0.06G (0.019)
Ownership 0.016 (0.037) 0.000 (0.008) 0.016 (0.035)
Province x Year 2005 : :
Constant¢e) -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 4708 /3,24 4,708 /7,243

Specification DD-3[Testing based on eq. (6)]
Year 2005 x Treatment(4, ) -0.008  (0.008) 0.003 (0.002) -0.011  (0.008)

2005

ATT (B,,) 0.026™ (0.007)  0.01#* (0.003)  0.012 (0.007)
Year 2005 ¢,.) -0.043 (0.031)  0.000 (0.003) -0.043  (0.030)

2005

Year 2006 ¢,.) -0.046 (0.030)  0.002 (0.004) -0.048  (0.028)

2006

Year 2007 ¢, ) -0.058* (0.027) -0.002 (0.005) -0.053* (0.025)

2007

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) 0.007 (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 parentheaierisks *** indicate significance at 1 perceatél,

** at 5 percent level and * at 10 percent level.

We do not reject the hypothesis of parallel tremRissults of the two tests with
respect to TFP change and its subcomponents age givTable 2. Results are shown
for the test of model specification DD-3, our, #scdssed later on, preferred motfel.

With a statistically non-significant coefficienttesate of the interaction between the

% Using eq. (5), the parallel trend was tested, fandd to hold, also for model specifications DD-#Ha
DD-2.
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time indicator and the treatment, both methods—&@. (5) and eq. (6)—find their re-
spective null hypothesis to hold for all three fiparformance indicators (TFPC, TC
and SEC)’ The time trend and year 2005 fixed effect, eveugh statistically insig-
nificant, suggest that TFP change on average vigistlgl slowing down with time in
the pre-regulation period.

5 Results

Table 3 presents estimated values of TFP changP(JRnd its subcomponents of
technical change (TC) and scale efficiency cha®§eQ)>® Results were derived using
the estimated cost function coefficients, which r@@orted in Table 20 in the appendix.
The cost functions of the three subindustries asaatonic and otherwise well behaved
(Table 22) and quasi-concave (Table 23). TFP grasvgiositive for all three subindus-
tries, suggesting continuously increasing TFP kuelthe Chinese iron and steel indus-
try on average between 2003 and 2008. TC contstalleut 60 percent to average TFP
change and thus is of higher importance than SIB€.ifbn- and steelmaking subindus-
try shows highest average TFP growth, followed g steel rolling and ferroalloy
smelting subindustry. Again, TC is the dominatirmmgtributor towards TFP growth in
the steel rolling subindustry, while TC and SECglay are equally important in the

ferroalloy smelting industry.

7 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.

% All estimations in this study were computed usBigta 13 (StataCorp, 2013).
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Table 3: 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 stagsof overall and subindustry-specific mean TFPC,ahd
SEC values for the period of 2003 to 2008. The dveadues (first panel “All subindustries”) are leason all ob-
servations of the sample, i.e. the three subiniggsare implicitly weighted by their number of ob&gions. 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 oshife over time. For that reason, the number of S@xit
non-SOEs does not sum to the total number of firms.
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5.1 Effect of Regulation on TFP Change

We describe the findings on the intensive margithefTL000P on TFP change (includ-
ing its subcomponents), which relates to the coitipeness of treated and non-treated
firms in the Chinese iron and steel industry. Tésutts are shown below. Treatment ef-
fects are estimated based on expression (4), eithits being shown in Table’2We
estimate and compare three model specifications-(Did DD-3), which in a stepwise
manner account for time-varying structural hetengggy. The most parsimonious speci-
fication is the first model (DD-1). The second miod&D—-2) additionally accounts for
time varying heterogeneity related to ownership siad. Finally, the third model (DD—
3) allows for year-specific shocks on provincialdeas the local governmental officials
evaluated annually on the achievement of the T1@@#gy-saving targets (cf. section
2.3). Political shocks on provincial level couldtgatially affect the enforcement of the
regulation in a particular year. All three modeislude firm fixed effects and capture

shocks on national level via year fixed effects.

Estimated treatment effects are robust in termsigii, magnitude and signifi-
cance across all three model specifications. Thid thodel is our preferred specifica-
tion, as it most extensively controls for potentalfounding factors. TFP change of
treated firms on average is positively and sta@dlly significantly affected by the
T1000P. Model specification DD-3 estimates the ahii&P growth rate to increase by
3.1 percerif in wake of the regulation. As treated firms showmaedaverage annual TFP

change of 2.6 percent before the implementatiaefT1000P (cf. Table 3), the incre-

% We only have observations on three years wheradbelation was active. However, firms are de-
scribed to have started with energy saving adjustmeocesses immediately as the T1000P forced
them to comply with yearly targets. Zhao, Li et(@014) study the behavior of a power plant and ob-
serve this plant to have addressed most of then@tenergy management reforms, including retrofits
by 2007. See also Price, Wang et al. (2010) foescdption of first year energy saving measures of
firms exposed 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 treatedsfioihe’* —110.031 compared to non-treated firms.
Treated firms showed an average gross output @487mRMB in 1998 values before the introduc-
tion of the regulation. Hence, on a per firm baaiback-of-the-envelope calculation of average ahnu
private benefits induced by the regulation thropgbductivity gains for the period of 2006 to 2008

yields 148.7 million RMB (in 1998 values).

40
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mental T1000P-induced increase in TFP change amdon®.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 scaféiciency SEC (e.g., by increasing
outpuf?). Both subcomponents are significantly affectedhsypolicy and, on average,

contribute about equally to the overall treatméfeae.*?

Table4: ATTs on TFPC, TC and SEC.

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

ATT on TFPC 0.02¢** (0.004) 0.029*** (0.004) 0.031*** (0.005)
ATTonTC 0.012** (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 sfipance at 1 percent level, ** at 5 percent
level and * at 10 percent level.

5.2 Robustness checks

We check the robustness of the previously preseetapirical benchmark results via
four approaches. The first robustness check estsnatodel (4) using stratified sam-

ples. Sample stratification with respect to keyialales refines the counterfactual

“! The firms of all three subindustries on averageevieund to exhibit positive returns to scale {iible
21 in the appendix).

“2 Due to a generally observed low industrial conegiun, Price, Levine et al. (2011) described Clsina
energy intensive industrial sector to still havgéaenergy saving potential through mergers andiacq
sitions and promoting economies of scale.
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groups and ensures that treated firms are compargdilar 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 ensfiteiency and consistency. We strati-
fy the sample, and thereby increase similarityhasdimensions of size, ownership, and
other important characteristics. Second, we tdsistmess with respect to sample attri-
tion. Third, in form of a third robustness checle wse an instrumental variable ap-
proach to account for potential time varying unoteeé heterogeneity not orthogonal to
T1000P exposur& Finally, we test robustness considering anotheergilly con-

founding policy implemented during the same timeqae

5.2.1Sample Stratification

The following estimations are based on samplegifs#ch with respect to firm size,
ownership structure. We also stratify using substiduand geographic region, and the
results can be found in the Appendix A.3. Tabldé&ves every stratum contains enough
observations on treated firms for statistical iafere. As a first robustness check, we re-
estimate model (4) based on a sample that onlydes firms of the fourth quartile of
the size distribution. Larger firms, for examplaght be more capable of affording in-
vestments into production processes, independehtiyhether or not a firm is exposed
to a policy and especially in mature heavy indestilike the iron and steel industry.
Furthermore, positive scale effects (cf. Table 2l1he appendix) lower the adoption
costs of new technologies per unit of output, wpileductive benefits of the new tech-

nology might be independent from the level of otitpis the main selection criterion of

43 Some firms could have been forced to reduce #mrgy consumption to a higher degree compared to
pre-regulation levels than other firms. If suchyiag regulation stringency is correlated with olhser
covariates, estimated ATTs could be biased. Whila-§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 distihie estimated effect of the regulation on the per
formance of treated firms. It would reduce the eliintial in TFP change between treated and non-
treated firms, and therefore could result in anenastimation of the treatment effect.
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the T1000P was an energy consumption of at leaki&, only large firms were ex-
posed to the regulation and thus all treated fioeleng to the fourth quartile of the size
distribution. The results presented in Table 6iarthe ballpark of the benchmark re-
sults of Table 4, with treatment effects beingtdliglarger for the sample including on-

ly large firms.

The relationship between firm ownership and proditgtof Chinese firms has
been well documented (Dollar and Wei, 2007; Doughéterd et al., 2007). However,
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, aagdarting 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 subindwstd the level of government con-
trol.** Table 7 reports the results of the second robasteheck based on a stratified
sample with respect to ownership. Models DD-2 abd-® are modified by excluding
ownership fixed effects. The regulation is founch&we a similar effect on TFP change
and subcomponents thereof for SOEs and non-SOEdir@ding is evidence that firms
of both ownership types faced about an equal pregstuncrease TFP. This would also
contradict the hypothesis of SOEs having had weakégations to comply with the
regulation or having faced softer constraints om dlitput and input markets, which

would have enabled them to bear compliance costout becoming more competitive.

In conclusion, the results using stratified samplesin line with the results of the

benchmark specification of Table 4. This is andation that the dimensions of stratifi-

4 Time effects are specific for a stratified samplentrolling for time-varying heterogeneity on teeel
of stratification instead of the overall level. Aaxample of time effects specific to firm ownership
could be time-varying efforts of the governmentrtprove the competitiveness of SOEs through pro-
grams like subsidized access to capital. Such teffiwuld vary across firms and time, as they may
have, for instance, grown stronger with the on$¢he Eleventh FYP.



34

cation are not major sources of bias, increasingcoanfidence in the consistency of

these results.

Table 5: 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 size 148 848 1,187 6,311
Stratification by ownership type
SOE 54 312 127 667
Non-SOE 65 370 4,314 21,560

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

Table 6: ATTs of sample stratified to contain the fourtlamjile of firm sizes.

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

ATT on TFPC 0.032** (0.005) 0.033*** (0.005) 0.035*** (0.005)
ATTonTC 0.01¢** (0.002) 0.010*** (0.002) 0.010*** (0.002)
ATT on SEC 0.022** (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 betv2@06 and 2008 using eq.
(4). The allocation of firms to thé"4ize quartile is based on the number of peopld@mag

in 2005 (the year before the introduction of théd@dP). Only estimates @fht 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) conta firm fixed effectsR? values of the es-
timations with TFPC, TC or SEC as dependent vagialé unadjustedk-statistics show the

joint significance of the additionally introduceizes ownership and province-year variables.
Robust standard errors at the firm level are regbih parenthesis. Asterisks *** indicate
significance at 1 percent level, ** at 5 percentleand * at 10 percent level.
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Table 7: ATTs of samples stratified with respect to owniprgfpes.

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

SOE
ATT on TFPC 0.02¢*  (0.009) 0.020* (0.010) 0.023*  (0.012)
ATTonTC 0.01¢*  (0.005) 0.010** (0.005) 0.013**  (0.005)
ATT on SEC 0.01( (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

F-statistic (TFPC / TC / SEC)

0.320/0.704/0.173
1.27/0.20/2.12

0.43487 /0.299
98.2%** [ 17.9%** [ 13.4%**

ATT on TFPC
ATTonTC
ATT on SEC

# firms / # obs.
R (TFPC / TC / SEC)

0.022%* (0.006)
0.01** (0.003)
0.01%  (0.006)

4,379 /17,551
0.356/0.683/0.288

F-statistic (TFPC / TC / SEC)

Non-SOE
0.020*** (0.006)
0.013*** (0.003)
0.006 (0.006)

4,379 /17,551

0.362/0.683/0.296
39.28*** [ 0.45 [ 44.27***

0.023** (0.008)

0.012%* (0.003)

0.011  (0.008)
4,377,551

0.395%4 / 0.320
13.0%%* [ 36.1%** | 116***

Size
Province x Year

No
No

Yes
No

Yes
Yes

Note: This table shows the ATT on TFPC, TC and SEC betv&@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 numbeesn gn Table 4. Only estimates 8frr
are shown. For the sake of conciseness, estimat@sioand province-year effects are not
shown. All three model specifications (DD—-1 to DI<8ntrol for firm fixed effectsR? val-
ues of the estimations with TFPC, TC or SEC as wnépat variable are unadjustele-
statistics show the joint significance of the adaially introduced size, ownership and prov-
ince-year variables. Robust standard errors dirtindevel are reported in parenthesis. Aster-
isks *** indicate significance at 1 percent levil,at 5 percent level and * at 10 percent lev-

el.
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5.2.2Sample Attrition

Firms leaving the sample might distort the randossnef the panel and endanger its
representativeness of the population as a wholka@a2008). Sample attrition could
be problematic along several dimensions. For exantpated firms characterized by
low TFP changes unilaterally could leave the sanafiler the implementation of the
regulation because compliance costs renders thewmpetitive. Such sample attrition
could result in an upward bias of estimated treatneffects. Conversely, a downward
selection bias in estimated treatment effects coesdlt if more productive firms unex-
posed to the regulation were more likely to surviie therefore tested the robustness

of our benchmark results using a balanced p&nel.

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

sample, only 6 out of 143 treated firms leave e (all of them in 2007f.A total

of 2,047 firms (out of 5,340) are observed overfthieperiod (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 tdini is defined by the 2,047 firms ob-
servable for the full range of years 2003 to 200& phe 1,354 firms entering in 2004,
which have a firm age older than zero years andgalbsequently observed until 2008.
The re-definition of the sample necessitates aledtation of the approximation points
of the subindustry-specific translog cost functi@ml a subsequent re-estimation of
TFPC, TC and SEC values. The estimated coefficiehthe subindustry-specific cost
functions are given in the appendix in Table 24 #ralfirm performance estimates in
Table 25. The null hypothesis of a parallel trendiim performance before the intro-
duction of the regulation is not rejected for tlevnsample (cf. Table 26). The evalua-

5 Two other possibilities to correct for attritioiab are described for instance in Greenstone,etisi.
(2012). The first approach would use a two-stageession approach of Heckman (1979) accounting
for firm survival in a first stage and includingraspective 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 sufferin
from selection bias.

“® 1t 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 fiexged 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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tion of the effect of the T1000P on TFP changeigdubcomponents using the sample
free of attrition yields results (cf. Table 8) stayclose range in terms of sign, magni-
tude and significance to those of the correspontderg-hmark specification. Hence, we
consider the benchmark estimates as being robuetribon bias, even though the ef-
fect of technical change TC gains slightly in imaoice when using the balanced panel.
As the ratio of exiting firms is smaller for the&tment than for the control group, this
finding could support the argument of lower perforgnfirms in the control group be-
ing more likely to exit. In such a situation, usiagample without attrition would lead

to an upward bias in the estimated treatment effieciC.

Table 8. ATTs using the balanced panel to control for ttiri bias.

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

ATT on TFPC 0.02&** (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 0.017** (0.004) 0.011** (0.004) 0.015*** (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] ++*
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 betv&@06 and 2008 using eq.
(4). The panel covers the period 2004 to 2008. @stimates ofrr are shown. For the sake
of conciseness, estimates@fy and province-year effects are not shown. All thmeedel
specifications (DD-1 to DD-3) control for firm fideeffects.R? values of the estimations
with TFPC, TC or SEC as dependent variable are jusgt.F-statistics show the joint sig-
nificance of the additionally introduced size, owstep 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.

5.2.3 Instrumenting for Regulation Exposure

We apply an instrumental variable (IV) approactoider to check for external validity

and consistency of the estimated treatment effatexample, even though state own-
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ership is positively correlated with firm size aimuin size with energy consumption, it
is unclear whether there are additional unobsetied varying factors (e.g., political
preferences) that underlie the observed high sbhteeated SOEs and are correlated

with the outcome variables.

The instrument is supposed to be orthogonal tobut not to the outcome varia-
ble. Our instrument for TLO000P participation usg®rmation on the geographic loca-
tion of firms. It is based on a distance-weightedeix 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 cougt As shown by Figure 3, a county
is most probable to have seven neighbors. Theum&int draws its validity from the
roots of the Chinese economy, with clusters of iemml steel firms being dispersed
across the country (cf. Figure 1 and Figure 2xdn be hypothesized that such industri-
al clusters are inherently connected to unobsetiveel varying heterogeneity affecting
T1000P exposure such as social, environmentakjgalor institutional characteristics.
Our instrument also can be assumed to satisfyxbkeigon restriction with clusters—
given firm fixed effects are controlled for—onlyviag limited influence on the per-
formance of an individual firm. The instrumerit is based on year 2005 observations

and for a firmi in countyq can be given as

>
v h gh (7)

B
%,
wheredq, is the distance in kilometers between the firmosiity g and neighboring
counties, as summarized by Figure 3. The distareaghtvof a firm’s own county is 1.
The ratio of treated firms to the total number iof6 in a cluster isg, . Note thatr,"
does not differ between firms belonging to the satosterq. Descriptive statistics of

'V are given in Table 9.
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Figure 3: Distributions of the number of neighbors and distss between clusters.

Table 9: Descriptive statistics of the instrumeHt

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 therimsentz,” derived

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

A: Correlation between the benchmark treatment blrig and the in-
strumented treatmem'v is based on the square root of the pseRfdeal-

ue of a logit regression af¥ on z, .

The empirical estimation is based on a panel dabastage least squares (2SLS)
within estimator. Our approach controls for firmedd effects and allows for a correla-
tion of errors between the two stages. Given thais a binary variable and the out-
come variable of the second stage is continuousgeeéled to follow Angrist (2001)
and use a linear probability model (LPM) in thesfiistage’’ As noted by Angrist
(2001), the estimation of a 2SLS model applyingPd/LLin the first stage bears the ben-
efit of consistency, independently of whether ot the first-stage conditional expecta-

tion function is lineaf® As all variables included in the first stage afdimited range,

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

48 Of course, we are aware of that we also could heseel a logit or probit model in the first stagel,an
for example, adjust the standard errors of the rmbtage via bootstrapping. As noted by Angrist
fFootnote continues on next page
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the supporting restriction of the LPM of no regmgskaving infinite support is satis-
fied.*® Equation (4) first is within transformed, thereagcounting fore;, 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 valitf. First stage results are shown in
Table 10. Results shown in Table 11 indicate thatrimenting for T1000P selection
yields overall treatment effects, which are veryikr in terms of magnitude and signif-
icance to the benchmark results of all three megetifications (cf. Table 4). TC gains
in magnitude, while SEC loses significance. Howetlegse changes do not translate in-

to largely different overall results of the effeétthe T1000P on overall TFP change.

(2001), such a procedure however would carry tgvdack that, unless the first-stage conditional ex-
pectation function is correct, the second-stagenasés would be inconsistent.

9 1f some regressors would show an infinite suppbg. first stage estimation could yield fitted pabi-
ities of impossible magnitudes, i.e. below zeralobove one (Lewbel, Dong et al., 2012).

¥ The Davidson-MacKinnon test of exogeneity (Davitsmd 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 rejéet signifi-
cance level of one percent. Hence, the instrunseiotind be relevant, i.e. not weak.
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Table 10: First stage results of 2SLS.

DD version:

DD-1

DD-2

\%
T

Year 2005 €,q05
Year 2006 €200
Year 2007 €907
Year 2008 @009

1.250%% (0.070)
0.00&** (0.001)
0.00%  (0.003)
0.006*  (0.003)
0.008** (0.003)

1.257%* (0.070)
0.008** (0.001)
0.007*  (0.003)
0.008*** (0.003)
0.008** (0.003)

DD-3
1.258%* (0.071)
0.026** (0.012)

0.010  (0.031)
0.009  (0.031)
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 resafltthe 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 rmwsh?? 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

Table 11: ATT on TFPC, TC and SEC when instrumenting fol0UPOexposure.

DD version: DD-1 DD-2 DD-3
IV-ATTon 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) 0.023*** (0.005)
IV-ATT on SEC 0.00: (0.012) 0.011 (0.012) 0.013 (0.012)
# 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& 28ocedure of ATT on TFPC, TC
and SEC between 2006 and 2008 using eq. (4). Gutignates offarr are shown. For the
sake of conciseness, estimatesBpfy and province-year effects are not shown. All three
model specifications (DD-1 to DD-3) control fomfirfixed effectsR? 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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5.2.4 Potential Time-Varying Confounder

Our main results rely on the assumption that ttegee no omitted time-varying and
firm-specific effects correlated with TL000P papation. We have conducted an ex-
tensive review of policies potentially affectingetiron and steel sector during the study

period, and found one policy that could be a padéoonfounder.

Along with the goals to reduce inefficient energeun the energy-intensive sec-
tors via the T1000P program, the national goverriraéo implemented a program to
eliminate outdated production capacity during thevE&nth FYP. The program defined
production technologies that would be limited oméhated in all sectors (NDRC,
2005a). For the iron and steel sector, outdateahtdogies were defined in a specific
document, e.g. blast furnaces for iron smeltindysitapacity less than 306 (NDRC,
2005b). Later, a detailed implementation plan wasoanced in 2006 (NDRC, 2006a).
Though the complete list of firms that were covelogdhe program was not published,
fortunately we were able to find a list of firmsarsubset of provinces that were subject
to the first phase of this program (NDRC, 2007)e3d firms were required to shut

down or retire or update part of their productiapacity.

This list included 344 firms in ten provinces, inding Beijing, Hebei, Shanxi,
Liaoning, Jiangsu, Zhejiang, Jiangxi, Shandong,atemnd Xinjiang. We successfully
matched 115 firms with the CIC data. Among thegemsvinces, only Shanxi and Jiang-
su have more than ten firms matched (47 and 4Gsfmespectively, in total 87 firms).
Therefore, we limit the sample for this robustnelssck to these two provinces and re-

move these 87 firms to avoid any potentially comiing effect from this policy.

The results are shown in Table 12. Though sigmfieaof the treatment effects
drops mildly due to a much smaller sample size,silze of the effects remains very
close to the benchmark results of all three mogetiications (cf. Table 4), providing
the evidence that the impacts of the T1000P o Bfe change are strong even after ac-

counting for the potentially confounding policy.
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Table 12: ATT on TFPC, TC and SEC when accounting for arpiaiéy cofounding policy.

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

ATT on TFPC 0.03¢*** (0.007) 0.027** (0.008) 0.034*** (0.010)
ATTonTC 0.014** (0.004) 0.014*** (0.004) 0.010* (0.005)
ATT on SEC 0.01e=  (0.007) 0.013* (0.007) 0.024*** (0.009)
# firms / # obs. 1,068 / 4,531 1,068 /4,531 1,06%31

R’ (TFPC/TC/SEC)  0.355/0.730/0.267 0.358/0.731/0.274 0.86236 / 0.279
F-statistic (TFPC / TC / SEC) 3.94% 2,05 | 5.37** 2.63%* [ 13.81%** [ 3 51+
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 betvw2@06 and 2008 using eq.
(4). Only estimates ofxrr are shown. For the sake of conciseness, estinohtes y 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 didaially introduced
size, ownership and province-year variables. Robtastdard errors at the firm level are re-
ported in parenthesis. Asterisks *** indicate sfggance at 1 percent level, ** at 5 percent
level and * at 10 percent level.

6 Conclusions

In this paper, we present the first analysis ofdfiects of the TL000P on TFP change in
Chinese iron and steel firms. We find positive etfeof the regulation on firms’ TFP
change that, on average, outweigh any negativeteff®ur finding is surprising in light
of the large literature pointing to net negativieets of regulation on productivity, and
constitutes one of very few empirical studies thad found evidence of a positive im-
pact of environmental regulation on an economicsueaof performance. In the sense
that we find evidence of enhanced innovative perforce among regulated firms, our

results are consistent with the Porter hypothesis.

Specifically, we find that the treatment group exgreced a statistically signifi-
cant increase in TFP change of 3.1 percent afeiirtttoduction of the regulation in
comparison to the control group, which is equivateran absolute incremental increase
in TFP change by 0.081 percentage points. T100@®sexe positively affected tech-

nical change and scale efficiency change to a aingktent, i.e. firms appear to have
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complied with the regulation not only by changihgit production processes by, e.g.,
installing new machinery and equipment, but alseekganding output to realize effi-
ciency gains. On average, the annual private ecanbamnefit of the regulation for a
treated firm through gains in productivity is estt@d 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 enuirent. Results are robust in terms of
sign, magnitude and significance with respect eéodimensions of firm size and owner-
ship structure. Interestingly, non-SOEs on avemgeerienced a similar positive effect
of T1L000P exposure on TFP change compared to S&igkhermore, results are robust
with respect to sample attrition, potential end@ggnin T1000P exposure, and another
time-varying firm-specific confounder. In conclusjaa firm exposed to the regulation
likely profited twofold: first, it profited throughthe direct effect of reduced costs
through less expenditure on energy. Second, wesfimndence that the regulation lead to
an increase in TFP change relative to non-treatet fand hence increased the compet-

itiveness of the treated firms.

There are at least two explanations for this olzdem. One is that indeed firms
were induced by the policy—through a combinationcafrots and sticks—to realize
higher levels of productivity that ultimately beitfd them. This explanation is con-
sistent with the traditionalist view. There are es& channels through which this may
have occurred. The program may have reduced oratieed the cost of capital for new
equipment or retrofits that met policy criteriaduting firms to undertake investments
with longer-term payoffs than they would otherwisgve made. Substantial public re-
sources were devoted to funding these upgradedeWims may have benefited, our
analysis says nothing about the economy-wide doteoT1000P, especially if public-
ly-funded subsidies offered in connection with gnegram played a substantial role. In
fact, public support that neutralized costs to fiyrar even benefited them, may have
been necessary to entice firms to participate enptogram in the political bargaining
process. We might expect to see similar tradeaffbezlded in bargains over environ-
mental policy between regulators and regulatedgsaith other developing country con-

texts.
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A second explanation is consistent with a behaligtreationale. Firms in China
may have been unaware of—or unwilling to pursue-gpmvpossible from implement-
ing energy efficient technologies and processesefs from the program may have
reflected a “correction” to firm behavior. GivenathHarge public subsidies for program
participants and information provision were botkase part of the policy, we cannot
cleanly attribute the outcomes of the policy to emplanation or the other. More work
is needed to estimate the magnitude of the originldpped energy saving opportunity,
and to probe whether energy saving opportunitie®wet pursued by firms at the out-

set due to inattention, deliberate rejection, hiddests, or for some other reason.

There are diverse opportunities for future researdhe field of this study. With
future availability of high-quality census data foore recent years, one could analyze
whether observed treatment effects persist folobopged period of time, how these ef-
fects change in magnitude over time, or whethey Hre attenuated by general equilib-
rium effects. Other effects potentially worth anakesation given longer time series
could be inter-firm spillovers or the extent to winitreated firms started crowding out
non-treated firms in the wake of gains in compeatitiess. Further examples are the im-
plementation of a structural model to describe fivehavior in terms of investing into
innovation under uncertainty in response to regmaexposure. Such model could
build, e.g., on the “real options” theory of Dixihd 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, owhgr structure, and management quali-

ty.

How generalizable are these results to other gsliand national contexts? Clear-
ly, the T1000P to some extent was special. Comgdiamas enforced primarily through
non-financial incentives. Firms received governrmaksatipport on many levels, from in-
formation provision on a provincial level, to skilliilding, to government-funded loans
and subsidies. We cannot exclude such supportiag tiesome extent responsible for
the significant and positive effect of the T100Q#fism performance. As we have no
information on the amount of these financial supgpowe cannot evaluate whether or

not they exceeded the (from a firm’s perspectiaieated monetary benefits of the in-
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crease in TFP change. Notably, firms were freenitheir decision of how to achieve
their abatement targets. According to Porter and ¥er Linde (1995b), this is a key
condition for environmental policy to affect inndian. Hence, our finding of a positive
net effect of the T1000P on TFP change, while ssing, may not be as unlikely as it

first appears.
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A Appendices

A.1 Panel Construction

The following sections describe the steps undentakematch 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, restring 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 ouame. In order to use as much within
variation as possible, an extensive procedure pdemented 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, tfegmer 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 pkyhihe 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 fisnocated based on the location code in-

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

Panel construction is started by linking the dagts ©f two consecutive years
(step 1, illustrated in Figure 4). For each paitwd neighboring years, the firm ID is

used to merge the two single year datadata ianddata_j(j =i + 1). Matched obser-
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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 bast @EO nameata_ij by code™
and another code based on the telephone nuddier ij_by codeZ. 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 13. Only looking at the
matching possibility between two neighboring yeasy ignore the situation that one
firm may not be able to match with the previousryfieasome reascfibut is able to be
matched in later years. To address the problengreasons from the first year and the
third year in data sets of three consecutive ydaas have not been indirectly linked
through observations of the second year in the elstep are checked for a possible

match.

Next, two neighboring two-year unbalanced pangdda 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 betwekata 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

unbalanced panel for yeamandk (without observations that have the full link bal-

®l Code 1 is the concatenated string of the CEO ralogethe 6-digit location code plus the sector code

*2 Code 2 is the concatenated string of the telephaneber plus the 6-digit location code plus thearec
code.

*% Either because of missing observations in that,y@ebecause of missing or inconsistent variatias
are used for matching.
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anced_data_ijk Then, the variables of yepare brought to this panel by mergidg-
ta_ik with data_ij anddata_jk under some minor adjustmetftsSubsequently, the re-
sulting data sedata_ik_with_j_mergeds appended to the balanced databsédnced_-
data_ijkto construct the unbalanced three-year panbbhlanced_data_ijkwith these
three-year panel data sets, variables of latesyf@ally are added to the first three-year

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

Then, illustrated as step 3 in Figure 4, the twgt neighboring three-year unbal-
anced paneldata_ijkanddata_jklobtained from the step above=(2003,j = 2004,k =
2005,1 = 2006) are taken. To connect the variables of ¥€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 observation0®2only 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 umuald paneunbalanced_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.

** Some merging conflicts were found in this stepabse of the inconsistency of the original raw data
sets. For instance, one observation in yea@n 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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Table 13: 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 containm@tbrmation of two years.

Table 14: 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 containemiformation of three years.
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Linking of T1000P Information

Most firms contained in the T1000P data set argyetemwith 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 g process is implemented based
on the Levenshtein edit distanteThen, 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) aell as provincer-
specific price of material is calculated as followscording the input-output table of
NBS (2007) (cf. Table 15), the production procesthe iron and steel industry mainly
uses coal and coked), iron ore {r) and electricity €l) as material inputs. Specifically
for the period of 2003 to 2008, the relevant caoalgs and electricity prices are extract-
ed from CEIC (2015) and the iron ore prices fromMC(015). Subsequently, these
prices are deflated using an overall price defl&tonstructed from NBS (2013), cf. Ta-
ble 16) with respect to reference year 1998. Amalkflated prices are aggregated to a
material price inde¥®y by using the following Térnqvist index describedGoelli, Rao

et al. (2005):

P
Post= > —2[p., t={2003,..,2008,

x={ cqir, el Px,srzoos

wherep is the subindustry-specific input-value share contained in fhe-wutput table.

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

%5 The calculations were done using Stata 13.0 biyappthe commandtrgroup
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Table 15: Input value shares used to calculate the pricenaferial R,.

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 16: 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 ratidhaf 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 BiesebroecKdfLeuven. 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 sarped in Table 17 and Table 18. The
online appendix of Brandt, Van Biesebroeck et 201@) describes the construction of

these deflators.
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Table 17: 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).

Table 18: 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 shapedidained 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 matcloethé 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 thpeslite. Subsequently, the neighbors of
every centroid are defined and the geodetic elifz@alistances between the individual

centroids are calculated based on longitude aitddatinformatiort’

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 maasuent errors and unrealistic outli-
er values (Nie, Jiang et al., 2012). As describedhe following paragraphs, several
plausibility checks are conducted to ensure theptaoes not include misreported da-

ta.

Starting with 13,278 firms (43,357 observationggréin 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 checkedethkler 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 vakrelte 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 plaulgip checks are conducted: 2 firms
(12 observations) are dropped because the differehtotal assets minus liquid assets
is negative. It is checked that the differenceotédltassets minus fixed assets is positive

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

* The calculations were done using Stata 13.0, gétidetic ellipsoidal distances being calculatecthas
on the method of Vincenty (1975) by applying thencaandgeodist



56

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. Bfirms (45 observations) are
dropped because their welfare payments are sntaflarzero. 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 toutalle 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 thisdibon. 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#élhn 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 isctled for duplicate firms in terms of
identical financial values and no firm is droppddl firms (70 observations) are
dropped because the dominating sector code is arbtop 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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Table 19: Representativeness of the sample.

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

Output (MRMB) 353.8 131.9  wx 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 are¢hpossibilities to derive values of vari-
ables which are missing in some years. First, lrygusccounting 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 missimjormation 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 appmtednby 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 cosal#s 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 assatsriginal prices, yields an estimate of

the depreciation cost in the missing year.

Finally, 24 firms (125 observations) were droppedduse 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.nTI3& 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 observedwhether 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

" The regression approach for prediction of a végiakith 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 in2200
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 largeequal 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 sanel for the empirical analysis is still
highly representative of the underlying populatadrdirms (cf. Table 19). In conclusion,
5,340 firms, therein 148 treated firms, and 27,0B8ervations are used for the empiri-

cal analysis.

Real Capital Stock

The calculation method of the real capital stockadopted from Brandt, Van
Biesebroeck et al. (2012) and Brandt, Van Biesedira al. (2014). Following their
recommendation, we calculate the firm-level reglited stock to acquire a more accu-
rate measurement of a firm’s capital input. Théngstion extends their method, which
is described in detail in Brandt, Van Biesebroethkle(2014), with slight adjustments
we believe to be important to improve the restifEhe real capital stock R 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” valkg™ observed in the CIC, which is the
sum of past investments at historical prices. Sinmib 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-digiustry-
and province-specific average nominal capital stpkvth ratey,, between the years

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

*% For example, we change the year for the real @agtiock extension from 1998 to the first year that
firm actually is observed in the dataset.
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ence) is represented lgy. 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 t&', depending on which year is later. Such simpldyassump-
tion can be justified with only a limited number wéars prior tol’ 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.

S Ki?'rig ( 1-0 vt Aose
=To ZLTO @+y) 1+ Vr @
- ( 1-9 )T’—t
- Ki(T)'rig T;'-"' Vsr : Aoos _
= Ztﬂo L+y,)" @

Real
KiT’ -

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

can be given as

it-1

KitReaI = K Reatl_ 0-) +|$.



61

A.2 Additional Empirical Results

Estimated Coefficients of the Cost Function

Table 20: Estimated coefficients of the subindustry-speciit functions.

Subindustry

Iron & steel making
Coef Std.dev.

Steel rolling
Coef Std.dev.

Ferroalloy smelting
Coef Std.dev.

Output By)

Price of capital £x)
Price of labor )
Price of materialfy)

0.825%* (0.014)
0.051*  (0.020)
0.080*** (0.026)
0.344** (0.092)

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

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

(Byy  0.033** (0.009) 0.031** (0.012) 0.079**(0.017)
(B) ~ 0.002  (0.007) -0.006*  (0.003) -0.003  (0.006)
(f)  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)
(Bw) -0.007  (0.010) 0.002  (0.006) 0.000  (0.010)
(Bev) —0.030  (0.029) -0.023  (0.015) ~0.059* (0.027)
(fm) —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)
(B  0.020 (0.012) 0.001  (0.009) —0.017  (0.021)
(B)  0.009  (0.024) 0.016  (0.012) 0.032*  (0.019)
(B)  0.000 (0.027) 0.027  (0.018) 0.092*%0.033)
(Bw) -0.069  (0.139) -0.093  (0.064) 0.263* (0.124)

Constantdo)  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@hle 1), the coefficient of the price of mateiil
highest in magnitudd?? is unadjustedRho (p) indicates the ratio of the variance of the fixaficts 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 use the estimated coefficients of Table 20 tomate the economies of scale (ES)

of firm i in yeart of subindustrys as follows:

_ 1 _ 1
0InC,/oInY, 4 + Byt BuP it BoP it BewPu st Bt

ES

Economies of scale exist if ES is greater than BuBindustry would be characterized
by diseconomies of scale if ES is smaller thannt, lay constant returns to scale of ES
equals 1. Table 21 illustrates the descriptivasties of the economies of scale differen-
tiated by subindustry. The results confirm the &xise of positive economies of scale

for most firms.

Table 21: 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 20.

Testing for Monotonicity and Quasi-Concavity

Testing for monotonicity and quasi-concavity of gubindustry-specific cost functions

is conducted as follows. The estimated share espsafor subindustng={L,2,3} are

dInC Qs ns ns ns ns ns N s
=S =B+ Bk B Y B R+ B Bt Bk b
oInP,
aInC As Ss S5s 5s Ss As n's
=S =B*+BIRTBIY B R B BB
oink.
alnC:A

on =S =B+ B R Bi v Bl nor B e Bt
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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

aInC AS AS AS AS p S
al Y :IBY +IBYYy+ Z IBYZypZ+ﬁYMyPM+ﬂYI "
n 73K 4

At the approximation point, the Hessian mat&becomes

B+ (B B BirBAB Ba+BIBS Gu+B B, ]

G = ,5’§L+/3’LS AKS :éLi"'(:&Ls)z_:éLs :&Lh:"':éLﬂ}Ms 3LV\7+ﬁL§A5WS
BB ButBiBe Ba+(B) A Sw+BuB.|
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and the coefficients of the unobserved ppgeare estimated to

& =1-Bs-Be- By .

S =0 B =B~ B

S =0- B =B~ B »

S =0 B = Biw = B
Xy =0=05, =020 -

The vector of fitted factor shargss

1
>

[

where§ =1- §- S-S and matrixH =G +s[3—diag(9. Results show that all three

cost functions generally are well behaved.
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Table 22: Monotonicity at sample mean and median for thedtsubindustries.

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
0InC/ainY 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 23: Roots of matriX at sample mean and median for the three subiniégstr

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 larffgan
1.724e-16.
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Development of TFPC and Subcomponents thereof ives
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Figure 5: Development of TFPC, TC and SEC of treatment anttraogroup.
Note: Figure 5presents yearly TFPC, TC and SEC values for thernrent and control group. The dis-
tance between the spikes indicates the range dftémelard deviation of the individual performantas
the treatment and control group.
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Estimation Results without Sample Attrition

Table 24: 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£x) 0.061* (0.027) 0.026** (0.012) 0.060 (0.029)
Price of labor4,) 0.111** (0.033) 0.055*** (0.018) 0.098 (0.052)
Price of materialfy) 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)

(Bvywm) 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)

(Bm) -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 ofsthit@ndustry-specific total cost function given in
eg. (3). The panel is defined as described in agipefl. Robust standard errors at the firm level a
reported in parenthesis. Given that intermediapuitisy make up the dominant share in total costs (cf.
Table 1), the coefficient of the price of mateig@highest in magnitudd?’ is unadjustedRho (p) indi-
cates the ratio of the variance of the fixed effaéotthe variance of the idiosyncratic error. Aistes ***
indicate significance at 1 percent level, ** até&rgent level and * at 10 percent level.
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Table 25: Descriptive statistics of estimated TFP change sutstomponents thereof for sam-
ple 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
appendix A.1.
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Table 26: Testing for a parallel trend and pre-treatmeneett 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 (3") 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(d, ) —0.006  (0.009) 0.008° (0.003) -0.012 (0.009)

2005

ATT (B..)  0.029™ (0.008)  0.02%* (0.004)  0.008 (0.008)
Year 2005 ¢,.) -0.046 (0.036)  0.01%** (0.004) -0.063 (0.036)

2005

Year 2006 ¢,.) 0.003 (0.035)  0.041* (0.004) -0.038 (0.034)

2006

Year 2007 @,.) 0.010 (0.030) 0.063™ (0.005) -0.05Z (0.029)

2007

Year 2008 @,,,) 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) 0.068 (0.004)
Province x Year 2005 : :

Constant¢s) -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 epaffl eq. (6)R? is unadjusted. Robust standard er-
rors at the firm level are reported in parenthe&gerisks *** indicate significance at 1 perceavél,

** at 5 percent level and * at 10 percent level.
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A.3 Additional Robustness Checks for Sample Stratificat

In addition to size and ownership, we also testthdrestratification with respect to sub-
industry affiliation and geographic region change cesults. shows every stratum to

contain enough observations on treated firms fatrstical inference.

Sample stratification with respect to subindustigves controlling for factors like
time varying industry concentration. A higher mdrkencentration might increase in-
centives to innovate and become more productiven@peter, 1942). Results are
shown in Table 28. Modell DD-3 has not been estahabecause 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-
cusing on model DD-2, the T1000P is found to h&eehighest impact on TFP change
in the ferroalloy smelting industry. TFP changetlod iron- and steelmaking and steel
rolling industry was affected to a lesser degreeuAderlying factor of this finding, for
example, could be abatement targets varying in sereed stringency between the dif-

ferent industries®

Results of the sample stratified with respect toggaphic region are given in Ta-
ble 29. Time varying heterogeneity connected togiegraphic region could have nu-
merous implications on the treatment effect. Padéfdctors range from the quality of
infrastructure over population density to localubpnarket characteristics. TFP change
of firms in the central and northeast region wasmnadfected by the T1000P, followed
by the west and central regions. Most firms, treéate well as untreated, are located in
the east region (cf. Figure 1 and Figure 2). Maxketnted reforms were strongest in

the east region (Sheng and Song, 2013). Hences faoe the strongest competition on

% According to our data, the average yearly abat¢aeget 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 peitéine respective industries. The compara-
tively low achievement rate of the ferroalloy srivgjtindustry, despite relatively low yearly targets
average, could indicate that this industry faceshtgr challenges in complying with the policy.
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output and input markets in this region. The easitedustry on average can be consid-
ered to be more developed than the one of the otigesns. Hence, firms in the east re-
gion might start from a higher productivity levelthe time the regulation became ef-
fective, what could render incremental TFP increasere difficult to achieve and ex-

pensive, compared to the hypothetically less dg@ezldirms of the other regions.

Table 27: Number of treated and non-treated firms by strata.

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

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.



Table 28: ATTs of samples stratified with respect to sulsitriks.

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
R (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 famfifixed 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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Table 29: ATTs of samples stratified with respect to regions

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

East region
ATT on TFPC 0.02¢** (0.004) 0.026*** (0.005) 0.032*** (0.006)
ATTonTC 0.012** (0.002) 0.013** (0.002) 0.014** (0.002)
ATT on SEC 0.01ex** (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**x

Central and northeast region

ATT on TFPC 0.037*** (0.009) 0.040*** (0.009) 0.036*** (0.010)
ATTonTC 0.017** (0.004) 0.017*** (0.004) 0.011*** (0.004)
ATT on SEC 0.02¢*  (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 0.03#** (0.008) 0.033*** (0.009) 0.021* (0.011)
ATTonTC 0.01¥*  (0.006) 0.013**  (0.006) 0.012* (0.007)
ATT on SEC 0.02¢** (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** [ 2 8] %+
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 betv2@06 and 2008 using eq.
(4). The assignment of the different provinceshi three regions is described in footnote 15
on p. 13. Only estimates Bfr are shown. For the sake of conciseness, estiraaégsy 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 didahially introduced
size, ownership and province-year variables. Robtastdard errors at the firm level are re-
ported in parenthesis. Asterisks *** indicate sfggance at 1 percent level, ** at 5 percent
level and * at 10 percent level.
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