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The Impact of the Green Energy Infrastructure on Frm Productivity:

Evidence from the Three Gorges Project in the Peoels Republic of China

Abstract:

Despite the dominant role of hydropower in the glgiiower generation mix and the popularity of stngy
the productivity impact of infrastructure investrmhethere is a lack of research regarding the immdct
hydropower projects on firm productivity. Such aspiwe impact could promote a more ambitious action
plan for mitigating carbon emissions. This studyestigates whether and how the People’s Republic of
China’s Three Gorges Project (TGP), the world’géat hydropower project, may affect the productioit
manufacturing firms in the province where the projs located. The empirical results reveal a stiaglly
and economically significant positive impact of (P on manufacturing firms’ productivity, and \ars
robustness checks confirm the soundness of oulinfisd We also verify three channels, the capital
deepening effect, the scale effect, and the cotmpeeffect, robustly. This productivity impact syegts that
hydropower projects have an economic benefit initestdto the other well-known ones, such as flood
control and improvement of the shipping capacitlye Tindings imply that policy makers need to coasid
the broad benefits of green energy beyond the cdioreal cost-benefit tradeoff, which can help jfysti

some marginal green energy projects and technaogie

Keywords: infrastructure investment; productivity; DID; Thr&€mrges Project; hydropower



Highlights

» First micro study to investigate whether hydropomweject affects firm productivity

» First comprehensive study of the production-sideemic impact of the PRC’s TGP

» The TGP has significantly improved the productivafymanufacturing firms in Hubei province

» The study proposes and verifies three channelgapital deepening, scale, and competition effects

» New empirical evidence for additional economic Bgeef the PRC’s giant infrastructure investment

1. Introduction

Studying the productivity impact of green energfyantructure can not only inform national policybdées
on green energy infrastructure investment, but laédp to mitigate global carbon emissions (Wu gt2420;
D. Zhang et al., 2019). Given the global effortevdod mitigating the carbon emissions from incregsin
energy use, the adoption of low-carbon or greemggneesources, including hydropower, is a key sotut
(Wang et al., 2020). However, such kinds of gresergy often face cost disadvantages compared wostilf
fuels and thus appear less attractive to natioolty makers. In fact, infrastructure investmens many
benefits beyond economic returns, that is, posigxéernalities, such as reducing transportationtscos
fostering economic integration, stimulating comieti, and improving access to new markets (Gibbetns
al., 2019). Understanding non-energy benefits, @alpg externalities, such as enhancing firm prdolty,
will provide further support for low-carbon energyd thus facilitate its earlier and larger-scalepadn.
Such an ambitious low-carbon energy developmemt igl&ritical, because the existing Intended Natilyn
Determined Contributions (INDCs) are far from sti#fnt (Gao et al., 2019), and all of them colleslyvcan
only limit the warming by 2.6-3.1 degrees Celsiys2d00 (Rogelj et al., 2016). With the considenatal
the positive externalities of low-carbon energytioral governments might make more ambitious eimissi

reduction targets than their current commitmerih&INDCs.



Policy makers and researchers have been payingased attention to the effects of infrastructure
investment on economic outcomes, including prodiigti(Banerjee et al.,, 2012; Barzin et al., 2018).
However, there is a lack of studies on the respafisem performance to hydropower infrastructuree
though hydro accounts for the lion’s share of te-fossil fuel electricity generation. Globally, 2018,
hydropower accounts for 15.8% of the total powemegation, whereas the other renewables collectively
only account for 9.3% (British Petroleum (BP), 2DIBhe prevailing literature on the productivityfesft of
infrastructure focuses on road infrastructure, aglohen and Paul (2004), Holl (2016), Ghani.g8l16),
Gibbons et al. (2019); information and communiaativechnology (ICT), such as DeStefano et al. (018
Garicano and Heaton (2010), Mithas et al. (2018}rdvet al. (2016), Mohamad et al. (2017); and pure
electricity infrastructure, such as Abeberese (20Cble et al. (2018), and Fisher-Vanden et al180
Zheng et al. (2016) study the role of the TGP mBeople’s Republic of China (PRC) but only focoste
role in relieving electricity shortage and does oohsider more comprehensive production-side ecanom
impacts, such as enhancing productivity.

Many existing studies find that infrastructure istraent positively influences the productivity afnfis
in both developed and developing countries (Fernb®®9; Ghani et al., 2016). Morrison and Schwartz
(1996) discover that infrastructure investment isggoa significantly positive effect on manufactgriinms’
productive efficiency in the US. In addition, theaim channel for generating such a positive effedhe
cost-saving benefits. Cohen and Paul (2004) usenthreufacturing data of the US from 1982 to 1996 to
investigate the impact of public highway infrasture investment on firms’ productivity. They alsod that
public highway infrastructure investment exertaifive effect on manufacturing firms’ productivitia its
cost-saving. Moreover, there is a spatial spillostéect, and infrastructure investment in neighbgrstates
increases the value of own-state public infrastngctnvestment as well as directly affecting mantufeng
firms’ productivity. Paul et al. (2004) employ tla@nual data from 1961 to 1995 at the sectoral lavel
Canada and find that public infrastructure investifes a significant effect on the productivity1@ two-
digit Canadian manufacturing industries. Holl (2D1L2es various estimation methods and determirags th

infrastructure investment generates a market-pialexftect on Spanish firms’ productivity.
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The literature has also heavily explored infragtites in various forms, primarily road, electricignd
irrigation. Heintz et al. (2009) argue that impmyithe US infrastructure in transportation, pulsihool,
water management, and energy transmission willowgthe US’s competitiveness. Li et al. (2017) fihat
infrastructure investment (e.g., road investmemthe PRC has contributed to an increase in matwifag
firms’ productivity by using data of Chinese maraitaing firms during the period 1998-2007. Withalaf
manufacturing firms in India from 1972 to 1992, téml et al. (2006) find that the growth of road and
electricity generation capacity investment has anted for nearly half of the growth of the produiti
residual of India’s registered manufacturing firrdeang and Fan (2004) use a panel data set afdtnetd
level in rural India from 1971 to 1994 to investigahe relationship between productivity and infasture
investment. They conclude that sector-specificasiftucture investment (e.g., irrigation investmémtndia
mainly enhances yields and moves the agricultiadyction frontiers outward. Mohamad et al. (2070
that the information technology infrastructure hassignificant positive effect on the performance of
electrical and electronic manufacturing firms inldeia. Using data of the India manufacturing setdo
the period 1994-2010, Mitra et al. (2016) examime tole of infrastructure and information and
communication technology (ICT) investment in td&dtor productivity (TFP). The findings show thaet
elasticity of TFP with respect to total infrastuet investment is around 0.32 and that the drangatiaith
of ICT investment in India has a significant effect manufacturing firms’ productivity. However, toe
best of our knowledge, there is no study on theachpf any hydropower project, regardless of ite son
firm production-side performance and especiallyoyductivity.

This study fills the gap by estimating the impattttte PRC’s TGP on the productivity of firms in
Hubei, where the project is located. We apply ca@hpnsive microdata on Chinese manufacturing firms
from 1998 to 2006 and a state-of-the-art produgtivheasurement in a difference-in-differences (DID)
setting. The study finds that the TGP has signifiiyaimproved firm productivity through channels
including the capital deepening effect, the scélece and the competition effect.

This study adds to the existing literature in thregpects. First, although existing studies hawmdo

that infrastructure investment has many benefithiading reducing transportation costs, fosteringneenic
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integration, and stimulating competition, this @giis the first one to investigate whether theld/erlargest
hydropower project (e.g., the Three Gorges Projbay a positive effect on firm performance from the
perspective of production side using micro-survegtadfrom China. This paper reports the most
comprehensive research about the impact of the drGitm performance and, in particular, firm protdan
efficiency (i.e., productivity). Second, to the be$ our knowledge, this study is the first papemptopose
and test empirically the three channels throughcwimfrastructure affects firm productivity. Theoposed
channels, specifically the capital deepening effiéet scale effect, and the competition effect,agglicable

to studying the productivity impact of other gremmergy infrastructure investments. Third, our aggtion

of the DID method is clean and innovative for hyzbwer station studies and researchers can apply it
study the impact of other energy infrastructureestment projects.

The rest of the paper is organized as follows. rAftas introduction, Section 2 presents some
background information on the TGP and then proptse® hypotheses for the underlying channels tiirou
which the TGP affects firm productivity, buildingidhe conceptual frameworks from the existing gsidi
Section 3 introduces the empirical methodologyadand variables. Section 4 presents and explams t

estimation results. The last section concludesphaper.

2. Background and Hypotheses

2.1. The TGP: An Overview

The Three Gorges Project (TGP) is a hydroelectrigept that spans the Yangtze River in Yichang,
Hubei province, the PRC. The total capacity of TGP is 22,500 MW. It is the largest hydroelectroover
project in the world and contains 34 generatore Gédpacity of 32 hydropower generators is 700 Mdhea
and the capacity of the two auxiliary supply getmsais 50 MW each (Cleveland and Morris, 2013).
Among those 32 hydropower generators, 14 are ldaatehe north (or left) side, 12 are located @ngbuth

(or right) side, and the last 6 are undergrounithénnorth.



The TGP began generating electricity in 2003, whan first north-side generator (No. 2) started
operation on 10 July 2003. This milestone is als® year that we selected as the first year in whiheh
project took effect in our DID analysis, that ibgetfirst year of the post-project period. The ncsitie
became completely operational on 7 September 2005the commission of generator No. 9. However, the
full capacity of the north side (9,800 MW) was ombBached on 18 October 2006, after the water level
reached 156 meters (Government of the People’s Biepof China, 2006). The 12 south-side main
generators are also in operation. The south-sidergers started operation with No. 22 on 11 JWG¥2
and No. 15 started working on 30 October 2008. Gihe(No. 17) began operation on 18 December 2007,
raising the total capacity to 14.1 GW, and thenTd project surpassed Itaipu (14.0 GW) to be dngelst
hydropower plant in the world. On 23 May 2012, wille commissioning of the last main generator @Y,
the TGP reached its full capacity of 22.5 GW.

Figure 1 shows that the annual production of dl@ttrand the number of installed generators of the
TGP have increased steadily from 2003 to 2017ulyn d008, the TGP generated 10.3 TWh of electrjaity
first month over 10 TWh. When there is sufficienater flow, the power output can reach the generatio
capacity of the plant. The calculation of the maximpower output curves uses the average flow tateea
dam site, and assumes that the water level is Etérmand the plant gross efficiency is 90.15% iriguihe
dry season, from November to May, the river’s fleate restricts the power output. The TGP reached it
designed maximum reservoir water level of 175 nseter the first time on 26 October 2010, when #oal
realized the intended annual power generation dgpaic84.7 TWh. In 2012, the TGP’s 32 generatimgftsi
created an electricity record of 98.1 TWh, whichamts for 14% of hydro generation in the PRC (£henh

al., 2016).

[Insert Figure 1 here]

Figure 2 indicates that there are 10 provincesmndicipalities in China served with electricity the
TGP. They are Hubei, Henan, Hunan, Jiangxi, ChowgqgiShanghai, Jiangsu, Zhejiang, Anhui and

Guangdong. It is shown that the electricity senacea of the TGP includes provinces and municipalit
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belonging to different power grids. We have hightag the serviced provinces belonging to the China
Southern Power Grid, East China Power Grid, andr@e@hina Power Grid with brown, purple, and green
background colors, respectively. To avoid the efigicthe TGP on manufacturing productivity through

electricity supply, we will pick up a province oigs of the electricity service area of the TGP ¢bas the

control province for the treatment province, Hubei.

[Insert Figure 2 here]

In Figure 2, we already present that the intenthef project is to transmit the electricity that théP
generates to the Central China Power Grid, the Elasta Power Grid, and the China Southern Powed.Gri
However, the North China Power Grid is not parthaf plan. Therefore, provinces in the northern PRCh
as Hebeli, have no direct connection to the TGPs Trispires us to find a comparable province for éiub
province, where the TGP is located and has supplectricity since 2003, to implement a DID anadyfir
the assessment of how the hydropower infrastructtieets firm production efficiency (productivity).o be
specific, we select Hebei province in the northBRC to be the location for our control group ofrfg:

Further discussion on how we choose the controlipce appears in section 3.

2.2. The TGP and Firm Productivity: Hypothesized Channe$

In this subsection, we aim to review the existiitgrature with the hope of finding relevant teséabl
channels through which hydropower investment suchhat in the TGP, will affect firm productivity. &V
conduct a survey of a wide range of existing studielated to our research question. Basing on the
conceptual frameworks in the relevant literatureg ¥ind that the TGP can potentially affect firm

productivity through the following three channels.

The first channel is the capital deepening effettother words, hydropower plants can speed up the
process of capital deepening and improve the ptamuefficiency of enterprises by relaxing the doaisit

of the electricity supply. Resource availabilitydanput factor reliability play an important role improving



manufacturing firms’ productivity (D. Zhang et a&020). However, they are particularly difficult adtain

in developing countries (Cole et al., 2018). Coesity that electricity is one of the most importantirces
of energy for manufacturing firms in developing oties, electricity shortages can exert a significa
negative impact on their productivity (Cheong et abD19; Shaikh et al., 2015; T. Zhang et al., 2019
Abeberese (2020) argues that electricity shortagee a significantly negative effect on capitalastment

in Ghana through the channel of reducing capitaldpctivity or durability. In the case of an elecity
shortage, manufacturing firms have to invest irf-geheration, which will crowd out other investment
opportunities and obviously reduce their produtfiviFisher-Vanden et al. (2015) use Chinese energy-
intensive firms’ data covering the period 1999-2@04l find that the unit production cost increasg@% in
response to the increase in electricity shortages 1999 onward, and this is harmful to firm proiiity.
Abeberese (2017) provides evidence on how elestrehortages and the electricity price affect firms
productivity growth in India. She finds that, irspmnse to an exogenous increase in electricite pwhich

is a typical production cost, firms switch to ledsctricity-intensive production processes and ttaakice
their productivity growth rates. Allcott et al. (P8) estimate the effects of electricity shortages o
manufacturing firms in India and conclude that &leity shortages reduce plants’ revenues and pedu

surplus by 5 to 10% on average and impose a snmagative effect on productivity.

Hydropower plants have played a key role in genegyaffordable electricity in developing countries,
such as the PRC, India, and Brazil. Tang et all92@rgue that, against the backdrop of rapid ewdno
growth and insufficient energy supply in Malaydiadonesia, Thailand, and Myanmar, hydropower is the
best choice to satisfy the increasing demand isglemuntries. Zheng et al. (2016) provide a casgysnf
the TGP in the PRC. They find that it has beervdelng electricity continuously to Hubei, Henaranlyxi,
Anhui, Zhejiang, Guangdong, Shanghai, and othevipces in the eastern and central PRC since 20083 an
has greatly relieved the power shortage for ensaprin those provinces. In fact, the constructdn
hydropower plants can significantly alleviate arsufficient supply and eliminate power outages. If

enterprises can obtain a steady and reliable supipéxternal electricity, they do not need to bwywer
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production equipment for self-generation, and tlust cof self-generated power is generally higher.

Furthermore, enterprises can use that money fderdift investments, such as financing more advanced
machinery and equipment. The capital deepeningteifeluced by the reduction of power shortages may
greatly improve the enterprise production efficiengt the more aggregate industry level, this metas

the industry is becoming more capital intensive.

Hypothesis 1. The operating of the TGP encourages treated fifines, manufacturing firms in Hubei)

to increase their capital intensity, which tendsacse firm productivity directly.

The second channel is the scale effect, which workihe following way: if a firm experiences an
increase in its relative size within a location amdustry, it tends to have more bargaining powehe local
input markets and more interest in resources fogerm technology-enhancing investment (e.g., R&D
investment) because of its increase in local ecanamnportance. These newly gained advantages thise r
the firm’s productivity by lowering its input priseor improving its technology directly. DeStefartoaé
(2018) investigate the impacts of broadband infuastire and information and communication technglog
on firm performance in the UK. They argue thatasfructure investment has a market potential etiact
firm productivity, which features a bigger firm sizaptured by either sales or employment. Gibborg. e
(2019) investigate the average causal impact ohstfucture investment (e.g., road improvements) on
British enterprises’ productivity. The estimatedu#s indicate that road improvement has a largsitipe
effect on firms’ productivity than previous studieave reported (Ghani et al., 2016) via the chanh#he
market potential effect. They argue that road impment in Britain has a positive effect on the eygpient
size in places that have better access to the netwol1% gain in accessibility leads to 0.3-0.5%reno

employment, which researchers can use to measeiradbket potential effect indirectly.

Moreover, in the PRC, banks (especially state-owreatks) prefer to lend to large firms, and thus the
increased scale that the TGP induces will also &arorable financial positions for manufacturingris in

the impacted area (Xu et al., 2020; Yu et al., 30T8e giant infrastructure project will also bringany



additional resources (such as labor, capital, iméeliate inputs, and advanced technology) to Huwiegre
the TGP is located, and the increased availalfityputs and technology will further help firmskubei to
increase their sizeUnlike the existing studies, we characterize taeseffect using firms’ relative size in
their industry and locality because the bargaimager story (or economic importance and marketmiae
story) that we propose is industry-specific and erldeely to hold within a locality. Therefore, wart form

the second hypothesis:

Hypothesis 2. The operation of the TGP will encourage the tedatirms(i.e., manufacturing firms in
Hubei) to increase their (relative) scales, which willlih¢hem to gain access to more resources and raise

their bargaining power in the input markets, andittproductivity will increase accordingly.

The third channel is the competition effect, by efhwve mean that: when a firm faces more competition
within a location and industry, it will be forced improve its productivity through methods suchbatter
management to survive. Increased competition weifisequently drive the least-productive firms outhe
market and simultaneously raise the pressure osuiveving firms to raise their productivity, scethverage
productivity will increase (Melitz, 2003; Melitz dnPolanec, 2015). Public infrastructure investnean
improve manufacturing productivity through the chalnof increased competition and competitiveness. F
example, Heintz et al. (2009) argue that improthmg US infrastructure in four primary areas, whecimsist
of transportation systems, public school buildingster management, and energy transmission, will
improve the market competition and firm competitigses in the US by contributing to a lower-cost
environment against the aging infrastructure stdldkere are many benefits from improvements of the
transportation infrastructure arising from increageconnectivity, owing to the reduction in tratiehe and
travel costs for both goods and people. These lvam lead to higher productivity. Holl (2016) usegem-

coded micro-level panel data set for Spain from71892007 and investigates the effect of infragtmes

! The Chinese government has provided many fundpeefdrential policies for the construction of th&F in Hubei province. For example, in
order to make the TGP into a world-class hydropostation, the central government has provided Hpb®iince with a large amount of non-
repayable funds, professionals, and advanced eguipnMany Chinese commercial banks (e.g., Chinas@€oction Bank, Industrial and
Commercial Bank of China, and Bank of Communicat)dmave also provided loans of more than 11 bilRMB for the construction of the
TGP at a rate of 10% lower than the benchmark ésterate. Moreover, the surrounding provinces obéillalso have provided a lot of
conveniences in the resettlement of immigrants.s€hedditional resources and conveniences not aelgtly enhanced the status of Hubei
province in China, but also provided positive exddities that cannot be ignored for enhancing aeetbpment of enterprises in Hubei.
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investment on firm-level productivity. He finds thefrastructure investment can improve competition
among firms via savings in transportation costs #magel time and then raise firm-level productivity
indirectly through the competition effect. Researths also discovered that information technology
infrastructure investment can increase the prodigtof firms via the channel of the competitiorfesit
(Garicano and Heaton, 2010). Some studies arguelThanables organizational change, which leads to

productivity gains (Mithas et al., 2012).

Hypothesis 3. The operation of the TGP will increase firm entnyd create more local competition
within industries, thus pushing our treated firmse.( manufacturing firms in Hubei) to raise their

productivity for survival.
3. Methodology and Data

3.1. Methodology

Our primary research question aims to understaaceffect of the giant infrastructure (hydropower)
project, the TGP (which we can view as “green stitacture” in the sense that it is less pollutihgrt
thermal power stations), on firm-level productivifyoward this end, we regress firm productivity {@rhis

measured with the estimated TFP that we discussvbahd denote afp,, for firm i in yeart) on a time

dummy, which indicates whether the time is post-TG¥S|, we choose 2003 as the first post-TGP year

because it is the year when the TGP started tolwugbgctricity to several provinces, including Hibe

dummy variable that indicates whether the firnnigHubei, where the TGP makes a difference andahas
direct impact through the supply of electricity amgamany otherstfeat); and the interaction term of the
time and location dummies. Our TFP measure is @yréa log form, so we can interpret the coefficient

estimates as percentage changes or elasticitipsndig on whether the regressor is discrete diraayus.

In our baseline regressions, we also include aoredse set of firm characteristics that might clatee

with firm productivity, such as firm age, size, afrthncial conditions. Cheng et al. (2019), Chehan, et
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al. (2020) and Shi and Grafton (2010) demonstiaéthose controls are important factors assogjatiith
important dimensions of manufacturing firm perforoa such as exporting and productivity. We further
include high-dimensional fixed effects to contralr fmacroeconomic, sectoral, and ownership-specific
shocks. Those fixed effects are the four-digit Btdpin multiplication with year fixed effectq, , where s
denotes the sector) and the ownership in multipioawith year fixed effect £,,, where 0 denotes

ownership). In total, our baseline sample contaimaind 390 four-digit industries. Turning to spesif we

specify baseline regression equation as follows:

tfp, = B, + B, x post+ B, x treatr B,x posk treat §,x contrpk 6, +¢, + € (1)

Note thate, is the error term, and there are four additiomaitiol| variables on the right-hand side: age, size

(measured through total employment of the firmjemal finance, and internal finance.

The parameter of interest 8, which is associated with the interaction term eagtures the growth in
firm productivity for our treated firms, relative that growth for our control firms, following theperation
of the TGP in 2003 (in particular, the milestonehs start of the TGP’s electricity supply on 10y2003).
We expect a positive coefficient fg&, because it indicates an increase in firm proditgtiafter the

commencement of operation of the TGP. In addit@mabust standard errors in all the regressions, we

further check our standard errors by clusteringrtla¢ the four-digit industry level.
3.2. Data

We employ comprehensive microdata on Chinese meatnufag firms from the Annual Survey of
Industrial Production (ASIP) to examine the effetthe TGP on firm productivity. The National Buteaf
Statistics of China (NBS) conducts the ASIP anmnualhd it covers all state-owned manufacturers and
private firms with sales no less than 5 million @se yuan (roughly $650,000). The data set contains

detailed information on firm characteristics (s@ashlocation, ownership, sector, etc.), input anguu(such

12



as labor, intermediate inputs, capital stock, tptaduction, production of new products, etc.) abak sheet

(such as total assets, cash, total liabilities) efaxes, and so on.

Our sample spans from 1998 to 2006. To estimateftbet of the TGP on firm productivity accurately,
we focus on two rather comparable provinces: Habei Hebei. The two provinces are similar in totBIFG
(311.4 billion yuan versus 425.6 billion yuan) aigpopulation (59.1 million versus 65.7 million pée), and
thus GDP per capita (5,269 yuan versus 6,478 ymabh998 (the starting year of our sample). Themefdr
would be reasonable to say that they are at the séage of economic development initially. The Ti&m
Hubei and has no significant relationship with Helttedoes not provide electricity to Hebei or charthe
river and other water systems in Hebei. The diffead connections between the TGP and the two rdiffe
provinces thus provide us an ideal setting to eatalduhe effect of this giant infrastructure projeat firm
performance. Accordingly, we identify firms frometSIP in Hubei as the treated group and thosecineH
as the control group (see Figure 2 for the locatiohthese two provinces). In the robustness cheek,
replace Hebei with Shanxi to test the potentidledénce that Hubei is a landlocked province whikbél,
despite many similarities, is a coastal provincesoAote that neither Hebei nor Shanxi is geogigilyi
adjacent to Hubei, which helps to reduce the pdggithat the TGP can have spillover effects oa tontrol

province through channels other than electricifypdy

We employ a DID design that compares the growtfirm productivity among treated firms with that
among control firms during our sample period. Im baseline sample, there are 46,272 firms in thatéd
group and 56,920 firms in the control group. Thenbar of observations is quite comparable across

different groups, and thus reduces the concermibhlanced sample splitting in the DID analysis.

To alleviate the concern that the selection of treated group was not random, we employ a
propensity-score-matching (PSM) approach to matechHubei firms to more comparable Hebei firms. The
PSM approach that we follow is in the spirit of rest-neighbor matching (Dehejia and Wahba, 2002).

Using data prior to the TGP’s construction, wetfiraplement a standard logit regression to compioge

13



probability of being a treated firm (i.e., beindiran in Hubei). The set of explanatory variablestie logit
regression included: (1) firm age, measured astimeber of operating years since the firm’s esthbiiesnt;
(2) firm size, measured as a firm’s total numbewofkers; (3) financial conditions, including extal and
internal finance, in which external finance is th&o of total assets to total liabilities whileénnal finance
is the ratio of total cash to total assets; (4pfindustry code, which represents the industryhatvthe firm
belongs, such as textiles, chemicals, machinergl, sanon; and (5) firm ownership, measuring usirg th
firm’s ownership, which can be state-owned, coiledy-owned (domestic), privately-owned (domestm),
foreign-owned. Our underlying assumption is thasthobservable factors are the main determinarfisyof

location choice between the two provinces, Hubdildabei.

Following the first-step logit regression, we thmatch each treated firm to a control firm using the
nearest-neighbor matching method with replacenmemd, set the caliper to 0.25 multiplying the staddar
error of the propensity score (Dehejia and WahbBa2® This matching procedure generates a PSM sampl
from the baseline sample with 38,583 firms in tteated group and 23,682 firms in the control grothpe
effectiveness of the PSM procedure is presentetialsie A.1 of the Appendix. It shows clearly thae th
matching is reasonably effective in terms of therfoontinuous variables we include in the firstpskegit

regressior.

Figures 3-4 and 5-6 further present the geographlistribution of our baseline and PSM samples,
respectively. Two quick observations from the fegirare the following: first, although the number of
observations is associated with local developmetiteaprefecture level, the sample is fairly wettdbuted
across locations; second, the geographical distoibwf firms is largely maintained when we use B&M

sample to replace the baseline sample.

[Insert Figure 3 here]

2 Not surprisingly, we show later in Table 2 that firms in the PSM sample are more comparable legtwiee treated and
control groups, in terms of many explanatory vddal§such as firm input-output information and final conditions) that
we use in our empirical studies.
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[Insert Figure 4 here]

[Insert Figure 5 here]

[Insert Figure 6 here]
3.3. Variable Construction

This subsection discusses the construction of the naariables that we employ in our empirical

analysis. We also present here the summary statstithose key variables.

Our primary explained variable in this empiricaudy is firm productivity. To measure firm
productivity, we employ the state-of-the-art methadhich estimates firm total factor productivity KFP)
using a widely recognized semi-parametric approashickerberg et al. (2015) introduced. For siniylic
we refer to it as the ACF method. The ACF methothésmost updated and advanced version of firmtleve
production function estimation that utilizes infation on firms’ first-order conditions with respeotinput
(such as labor and intermediate input) demandsafey the firm-level unobserved productivity or THBy
allowing for more general assumptions on input deinéunctions and improving the efficiency of the
estimators, the ACF method has greatly refined mapyesentative studies in this strand of litegtur
including Levinsohn and Petrin (2003), Olley anké%(1996), and Wooldridge (2009)ntuitively, the
TFP measures the efficiency of firms in utiliziradpbr, capital, and intermediate inputs to produdgpwt. A
higher TFP means that a firm is more efficienttifizing the same amount of labor, capital andrimediate

inputs, than another firm and thus can produce mpoéucts.

Mathematically, the TFP is the combination of twwhserved residual terms (for econometricians) in

the typical firm-level Cobb-Douglas production ftioa specification,

Yo =B+ Bk B +B.m Y, +&, . 2

3 See Cheng, Yu, et al. (2020) for a more detailedey of the TFP estimation methods. We also comp&P using the other methods listed in
Cheng, Yu, et al. (2020) and get consistent results
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Note that(y,,k,,|,,m ) are the log gross output (not value added), logtalaptock, log labor, and log
intermediate input, an@, ,&,) are the two unobserved residual terms for econeiaets, among which

the former is partially observable for firms ane thtter is unobservable for both firms and ecortaoans.
The goal of the firm-level production function esdtion is thus to estimaigs,, 5., 5,.8,,) consistently and

precisely. With those valid parameter estimatescareeasily compute and estimate the firm prodifgtor

TFP as the difference betwesn and ,&ﬁ,&h +,élt +,érm.

Another group of relevant variables in this papentains those needed to infer firm-level TFP,
including firm gross revenue, employment, capitack, and intermediate inputs. Except for employimen
measured as the number of workers, we measure the@hinese yuan. Note again that we include

intermediate inputs in the TFP estimation, so wedrtbe gross revenue rather than the value added.

In addition to the TFP and the variables used topmde the TFP, we construct a group of control
variables for the empirical analysis. We calculagee as the length of a firm’s operating years sitee
establishment and two financial conditions follogviBerman and Héricourt (2010) and Guariglia et al.
(2011), external finance as the ratio of firm lldai@s to assets, and internal finance as the &ash assets to
total assets. The two financial measures are abtapture a firm’s ability to borrow externally afidance
its expenses internally. Higher external financeamsea lower capability to borrow from external sest
and higher internal finance means that a firm hlaglaer capability to finance internally with itsvo liquid
assets. Cheng et al. (2019) and Cheng, Tan, €2G20) provide extensive empirical evidence thaséh
financial conditions are important determinants fiom performance, and can affect firm productivity
directly through channels such as long-term investr(such as technology upgrading) and indirectly

through learning by exporting.

Tables 1 and 2 tabulate the summary statisticedorkey variables in the baseline full sample drel t

PSM sample, respectively. To mitigate the concémudiers, we winsorized the top and bottom 0.5%alb
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the variables from their distributions. Table 1\whdhat the mean TFP during our sample periodd@&for

the treated firms and 0.714 for the control firth@lso exhibits that the average firm is largeHebei than

in Hubei in terms of gross revenue (67,072 vergy8\ yuan), capital stock (26,088 versus 24,148)u
employment (311 versus 305 employees), and intaateethputs (50,646 versus 38,544 yuan). Thus, it
implies that firms in the treated group are rekdinvsmaller yet more productive. Moreover, the tireant
firms are a little older (12.9 versus 11.6 yeadj tthan those in the control group. The mean irleiinance

is almost the same in the two groups (0.494 vedst33), suggesting no significant difference in abdity

to finance internally. However, we can see a netdifference in their capability to borrow extetgahs the
mean external finance is much higher in the treapexip (0.631 versus 0.588), which implies a more

difficult condition for firms in Hubei to borrow égrnally.

Table 2 shows similar results to Table 1. The nragan comparison results from Table 1 remain
unchanged. In Table A.2 of the Appendix, we alsovjgle mean difference of the primary variables used
our regression analysis between treatment andaidintns, for both full and PSM samples. The sigrdahce
of the mean difference in Table A.2 further cornaltes the results we find in Tables 1 and 2. Howeves
worth mentioning that all the other variables a@ncomparable between the treated and the cagsap
in terms of means, except that the mean produgt{fiEP) diverges slightly more. We do not inclutie t
TFP in the propensity score matching process, &sah inferred variable. We can conclude thatP8M

method produces very reasonably comparable treaneincontrol groups for DID analysis.

[Insert Table 1 here]

[Insert Table 2 here]

4. Empirical Results
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Our empirical strategy includes two parts. The fssabout the data used. In the baseline estimatie
use the full sample. While in the robustness chesksuse the PSM sample instead. The second plaw$o

the baseline full sample estimation, where we nthst the three channels that are proposed iioset
4.1. The Effect of the TGP on Firm Productivity: Full Sample Baseline Estimation

Table 3 presents the baseline results of our reigmes for the baseline full sample. Columns 1-2nsho
the regression results without controlling for fixeffects and clustering standard errors. Colunis the

simplest case in which we do not control for firewél characteristics. It shows a significant cagfit for

posl (B3, =0.121), meaning that the control firms (firms in Hebethwno relevant direct connections with

the TGP) experience about a 12.868%'t'—1= 0.128€) increase in productivity or TFP after 2003. Sach
time trend is normal in productivity growth. Similg the coefficient fortreat is significantly positive,
indicating that our treated firms (firms in Hubkat have received an electricity supply from thePT€ihce

2003) have higher productivity than our controlm& before 2003, when the TGP started supplying

electricity. Specifically, the treated firms are awerage 9% 60'086—12 0.0€) more productive than the
control firms before 2003. This finding is also stent with our descriptive summary tables, whabbw a

higher mean TFP for the treated group.

More importantly, we find that the coefficient ftre interaction termPOStItrea; is significantly

positive. It suggests that firms in Hubei, relatteefirms in Hebei, experience an increase in pctigity

after the TGP commenced operation in 2003. Thisease is economically significant as well, with the

numerical magnitude being as large as 3.2896°{—1=0.032%). Note that our results in Column 1 are
robust to including firm-level characteristics (Gain 2), controlling for high-dimensional fixed efte
(Column 3), and clustering standard errors at ther-8igit industry level (Column 4). Although the
magnitudes of some estimates show a drop, thegtitirstatistically and economically significant.eNalso

achieve gains by including more regressors andlfeféects, and Columns 3-4 show a big increaséen t
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adjusted R-squared when compared with ColumnsFuhermore, we find that younger firms are more
productive than older ones, firms with fewer empley are more productive than bigger firms, andsfirm

with better financial conditions (lower externaidince and higher internal finance) are more progeitt
[Insert Table 3 here]
4.2. Channels for Baseline DID Result

Our baseline finding in the DID analysis is thafative to firms in Hebei, firms in Hubei experienan
increase in productivity (2%-3%) due to the operaf the TGP in 2003 (the milestone is the begigraf
the electricity supply in that year). To underst#imd finding, we explore several possible chanties have
been discussed in Section 2, including the capiégpening effect, the scale effect, and the cotpeti

effect.
4.2.1. The First Channel: The Capital Deepening Effect

Here we define capital deepening as an increadeeinapital—labor ratio, indicating that the amoaoint
capital per worker rises. We test this channelupghoa similar DID analysis. Turning to specificsg w
replace TFP in Equation (1) with log capital-labatio. As discussed in Hypothesis 1, we expectéstal
deepening regression to show that, relative tosfimmHebei, firms in Hubei experience a rise in¢hpital—

labor ratio since the beginning of operation of Tie& in 2003.

Table 4 presents the regression results for th#ata®epening channel. Similar to the strategthim
baseline analysis, Column 1 is the simplest caséhioh we do not control for firm characteristiaglehigh-

dimensional fixed effects. Three quick observatidran Column 1 are as follows. First, there is a

significant coefficient for[p0S! ([;1 =0.269), indicating that the control firms experiencewrd a 30.9% (

e"#°-1=0.309) increase in the capital-labor ratio following thelementation of the TGP in 2003. This is

* Note that the sign of coefficient of size on fipmoductivity is not uniform in all regressions essited in this paper. We do not expect it to be
decisive simply because that we do not guarantgeaunsation for this variable. Most studies in literature might suggest a positive sign for
size, however, they are also studies finding a tiegaign for it, such as Dhawan (2001).
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in line with the fact that Huang et al. (2017) downted: the Chinese manufacturing production became

more capital intensive over time.

Second, the coefficient fdreat is significantly negative, indicating that ourdted firms experience a

lower capital-labor ratio increase than contrainBrbefore the operation of the TGP in 2003. Pdeiby

the firms in Hubei are on average 19.365 (*'~1=-0.197) less capital intensive than the firms in Hebei
before 2003. The result implies that prior to tipemating of the TGP, firms in Hubei have more space

improve their capital intensity once they have otgtd the opportunities and resources. Our DID tesul

capital deepening, represented by the coefficienttfe interacted termpoStLItrea; further confirms this

implication that the coefficient is significantlpgitive (,5’ =0.104).

Third, the coefficient for the interacted term icalies that, relative to firms in Hebei, firms inbdu

experience a rise in the capital-labor ratio agelars 11%€"'*-1=0.1]) since the operation of the TGP in
2003. In a nutshell, our DID results for capitakpgening strongly support the conjecture that thésitg
infrastructure, the TGP, significantly favors thapital deepening process in Hubei province, whiwnt
contributes to faster productivity growth in Hubdlote that all the qualitative and quantitativeufts
remain basically the same when we control for fainaracteristics, more fixed effects, or clustendéad

errors at the four-digit industry level.
[Insert Table 4 here]
4.2.2. The Second Channel: The Scale Effect

Formally, we test the following hypothesis for geale effect channel: relative to firms in Hebgms
in Hubei experience a jump in relative firm sizecg the TGP commenced operation in 2003. We ddime
relative size of firms as the gross revenue ra@ipecifically, it is the ratio of firms’ gross rewsn to

industry-prefecture-level median gross revenueighdr ratio means that the firm has a larger nedagicale.
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Again, we implement a similar DID analysis withpest to firms’ gross revenue ratio to examine tedes

effect channel.

Table 5 presents the DID regression results fogthss revenue share. Note that the explainedblaria
is log gross revenue ratio. We follow the same oetih interpreting the baseline DID results andrésilts

for the first channel to understand the estimatadficients in Column 1, which considers the simsplease.
As for the coefficient forPOSl, we obtain a significant estimate ﬁj:0.0Z, indicating that the control
firms experience around a 2%°f?-1=0.02) increase in relative firm size (gross revenumydbllowing

the start of the TGP’s operations in 2003. This medhect that the prevalent firm growth across @hsimce

2003, which is consistent with the high and vibraehnomic growth rate in the PRC during the fiestatle
of the 2f' century. The coefficient forreat,,@’2 =-0.02, is significantly negative, which means that our

treated firms experience 2% (% -1=-0.02) lower gross revenue ratio growth than our confiohs

before the operation of the TGP in 2003.

The operating of the TGP accelerates the relatikigiier growth of the gross revenue ratio in Hubel,
relative to that in Hebei. The coefficient for theteraction term,DOSﬂ]trea, ,5’ =0.052, is significantly
positive, suggesting that, compared with firms iebki, firms in Hubei have experienced a 5.3 % (

e*%2-1=0.05?) rise in relative firm size (gross revenue rasimce the TGP commenced operation in 2003.

This result is very much in line with Hypothesis &hich stated that the operating of the TGP
encourages firms in Hubei consciously to improwarthelative firm size to grasp the opportunitibattthe
giant infrastructure project induces in terms ofrengesources (inputs) and better technology. As a
consequence, the scale effect channel works irexpected direct to support our baseline DID redoits
firm productivity. Again, note that all the quatitee and quantitative results barely change whercoverol
for firm characteristics, and high-dimensional tixeffects or cluster standard errors at the fogitdidustry

level. In Table A.3 of the Appendix, we provide testimation results for an alternative measurecafes
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effect, where we define it as the share of firmiesg revenue in industry-prefecture-level totalsgro

revenue. It shows that the results are in line witlat we get using the current gross revenue datimition.
[Insert Table 5 here]
4.2.3. The Third Channel: The Competition Effect

To test this hypothesis, we formally conduct a @ialysis for firm competition pressure similar lie t

baseline DID analysis for firm productivity.

To align with the widely used Herfindahl-Hirschmiamaex (HHI) in industrial organization, we define
the mirror-image side of firm competition pressarsethe firm market concentration index. Turninghe
specifics, we construct the firm market concentraindex as the ratio of the top 5% firms (sortgdsales)
at the industry-prefecture-level to the firm-levigtal sales. A lower ratio means that the market
concentration that the firm faces at the industeferture-level is lower; thus, the market is more
competitive (with high firm competition pressur&pble 6 presents our DID regression results forfitihe

market concentration index. Note that the markateatration index is in log values.

Column 1, again, contains the simplest case of EB@ression in which we do not control for firm

characteristics or high-dimensional fixed effectscluster standard errors. The coefficient ﬁBS‘ has a
significantly positive estimate o,ﬁl =0.34, meaning that the control firms (firms in HebeRperience

around a 40.5%&"* -1=0.40%) increase in the firm market concentration index the mirror-image of

firm competition pressure) following the start dfet TGP’s operation in 2003. On the contrary, the

coefficient fortreat is significantly negativeﬁ’2 =-0.16, indicating that our treated firms (firms in Hubei

where the TGP is located) experienced a 14.8%%-1= 0.14¢) lower market concentration index increase
than control firms (firms in Hebei) before the TGRarted operating in 2003. This suggests a more

competitive market in the manufacturing sector abei even before the TGP entered service.
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The local competition in Hubei becomes even fienwben the TGP started to operate in 2003. The
coefficient for the interaction termposttrea B,=-0.169, is significantly negative, indicating that,

relative to firms in Hebei (control firms), firmsniHubei (treated firms) experience a 15.5% (

e *1%-1x-0.15% decline in the firm market concentration indelxe(topposite side of firm competition
pressure) since the operation of the TGP bega®®3.2Therefore, our DID regression results forftha
market concentration index substantiate Hypoth&sishich stated that the TGP operation increasesl lo
competition and thus helps to push firms to inaeteir own productivity to survive in the incredse
competition. Note that all the qualitative and ditative results stay unchanged when we contrdbedirm

characteristics and more fixed effects or cluststaddard errors.

In sum, all the three channels that we hypothetizee important for understanding the baseline
productivity DID results have supportive evidened¢he microdata and thus help us to conclude best are

relevant channels, through which the operatiomeffiGP promotes firm productivity since 2003.
[Insert Table 6 here]
4.2.4. The Effect of Three Channels on TFP

This subsection presents the estimation resultthioeffect of the proposed three channels (thaéatap
deepening effect, the scale effect, and the cotmeeffect) on firm productivity. We assess theauts of
those channels in three steps. First, we show Im@mhree channels are separately correlated with fi
productivity. Second, we include the three chaniretbe same regression to evaluate their impactsim
productivity under a general multivariate settifigpird, we introduce the three channels into ourehas

DID regression to formally examine their contrilounis to firm productivity in the context of the TGP.

Table 7 presents the estimation results for theettsteps above. Columns 1-3 show that capital
deepening is positively correlated with firm TFRnf relative size (measured by gross revenue radio)
positively correlated with firm TFP; and firm matkeoncentration index (the mirror image of firm
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competition pressure) is negatively correlated WiE#. These correlations are all significant ati®elevel.
When we include these three channels into the sagression in Column 4, their impacts on firm TE&ys
significant and the signs stay the same, althobgmtagnitudes of capital deepening effect and sfédet
are inflated somehow. When more firm-level contrate introduced, the effects of those three channel
shrink in magnitudes, and the impact of competigffiect becomes less significant both economicatigt

statistically.

Column 7 compiles the results for the case wherthtee channels are directly taken into the baselin

DID regression. This specification formally assessew the three channels intermediate the effdctisen
TGP on firm productivity. It shows that the coeiit on the interaction termposttrea, is still

significantly positive. However, the magnitude bEtcoefficient on the interaction declines sigifitty
when compared with Column 4 in Table 3 (0.008 v&i81024). This suggests that the introduction ef th
three channels is effective because a significarttgf the effect of the TGP on firm productivitgtienated
in Table 3 is working through the three proposedncels. Moreover, the magnitude and statistical
significance of the coefficients for the three amgls stay consistent with their separate correlatgtimates
in Columns 1-3. Combined with the DID results fbe tthree channels in Tables 4-6, it indicates tinat
TGP increases firm capital deepening (i.e., cajiabr ratio increases), enlarges firm scale (igeass
revenue ratio increases), and intensifies firm catitipn (i.e., firm market concentration index deek),

which all in turn boost firm productivity.
[Insert Table 7 here]
4.3. Robustness Checks

In this subsection, we conduct a battery of robestnchecks for our baseline DID analysis. We first

redo all the DID regressions, including those farductivity, the capital-labor ratio, the grossesue ratio,
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and the market concentration index, using the P&Mpte rather than the baseline full santplghe PSM
sample results are presented in Tables 8-11. Welzsarve from those PSM results that the main Ghiak
and quantitative results that we obtained fromhlaseline full sample still hold, when we account tfte
comparability of treated and control firms morei@asly. We also want to mention that, even thouwh t
sample size is much smaller in the PSM sample ithdhe full sample, our regression results do ri@ra
much, suggesting that the regression results sdhipirical study do not suffer from a noticealdenple
selection issue. Again, in Table A.4 of the Appendie present the estimation results for an alter@a

measure of scale effect, where we get consistenttse
[Insert Table 8 here]
[Insert Table 9 here]
[Insert Table 10 here]
[Insert Table 11 here]

Next, we examine the sample reliability issue ferthAs Brandt et al. (2014) documented, the
consistent recording of the ASIP data officiallgrss in 1998. However, they find that the total vemof
firms in the ASIP drops in 1999 compared with 1988jch suggests that there might be a data relbil
issue for these two years. We account for thissiggufocusing on the sample for 2000-2006 onlyu@wi 1

of Table 12 presents our baseline DID analysigifor productivity when we restrict the sample te years
2000-2006. The coefficient for the interaction tefp@StLtrea; ,é =0.036, is still significantly positive,

which is very consistent with the findings in thasbline case. Therefore, our baseline DID regredsio

firm productivity does not suffer from any knowntaaeliability concern.

[Insert Table 12 here]

5 We also examined the potential impact of heteroiggrie industrial policy across regions by addingfecture-sector fixed
effects. The results are the same as our basaméts. To save space, we did not report the seswtiich are available upon
request.
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Furthermore, we consider the differential impactrafie liberalization on the treated and controugss
as the two provinces (Hebei and Hubei) may havg s#dferent exposure to trade and foreign investimen
Since Hebei has seaports, for instance, it may hawe foreign direct investment (FDI), and the aubel
technology that FDI brings in can introduce sonféetgénces in productivity growth for the two proees,
especially after the PRC entered the WTO in Decer?b@l. One way that we can address this issug usin

the microdata is to exclude all foreign firms i timanufacturing sector. Column 2 of Table 12 shthas
the interaction termost_itrea; with ,Z? =0.023 is still significantly positive, indicating th#te trade and

foreign investment issue is not a major problemtifiis empirical study although it somehow dampéres t

magnitude of our DID results.

Fourthly, we perform paralleling trend tests for easeline DID results using the method that Autor
(2003) proposed. The method basically estimatesrtegzaction terms of treatment and all lead-argd-la
years. If the interaction terms for the lag yeaesrsot significant but significant for the lead y&ahen there
will be no significant evidence indicating that doiD analysis violates the paralleling trend asstiomp
Column 3 of Table 12 presents the paralleling tresti results, which clearly shows that the inte@éerms
of the treatment and lag years of 2003 (includigg2, 2000, 2001, and 2002, while 1998 is droppexltdu
collinearity) are all statistically insignificarilowever, the interacted terms of treatment withléael years
of 2003 (including 2004, 2005, and 2006) are alhsicant. In addition, the effect of the TGP omnfi
productivity mainly manifests in the years 2005 @006, since the estimated coefficients for theranttion
terms are larger and more statistically significanllis makes sense given that productivity-enhancin

activities generally involve long-term adjustmersisch as the time-to-build for capital deepening.

Finally, to deal with the potential impact due e fact that Hebei is a coastal province whereaseHu
is landlocked, we replace Hebei with Shanxi (whghlso a landlocked province) in our robustnescks.
This robustness check can mitigate the concernciietal provinces have experienced different shozk
manufacturing productivity than the landlocked oaesr since China’s WTO accession in December 2001.

We choose Shanxi because it has the closet GDRgp#ta (5,107 yuan in 1998) to Hubei and locates
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outside of the electricity service area of the T@Bough the aggregate GDP volume and populatznas
Shanxi are much smaller than Hubei. To save spiiteeanain text, the empirical results with Shaagithe

control province are presented in Table A.5 andd #he Appendix.

5.  Concluding Remarks

Studying the productivity impact of the green epargrastructure can not only inform national pglic
debates on green energy infrastructure investmartt,also help to mitigate global carbon emissions.
Although hydropower is the primary component of Joarbon generation sources, and there are many
studies on the productivity impact of infrastruetunvestment, there is still a lack of researchusirtg on

the response of firm productivity to hydropowerjpots.

This paper employs manufacturing data from the BR®nual Survey of Industrial Production (ASIP)
between 1998 and 2006, and proposes firms fromhangrovince (Hebei province) that is similar te th
province (Hubei province) where the project is tedabut much less likely to experience effects fritie
TGP as a control group in an innovative DID settifigis paper fills the gap by estimating whethesdt bow
the TGP may affect manufacturing firm productivityd proposes three channels through which the TGP

can affect firm productivity, which is another cobtition. The main findings of this article areuféold.

Firstly, our empirical results reveal that there assignificant positive impact of the TGP on
manufacturing firms’ productivity, and its effect between 2%-3%. This positive productivity impact
reveals that hydropower projects have an economnefit in addition to other well-known benefitsr fo
instance flood control and the improvement in shmgpapacity. This further justifies the developmeh

hydro projects when everything else is constant.

Secondly, we use capital-labor ratio to measurectpgtal deepening effect, and find that firms in
Hubei province experience an increase in capitadflaatio after the operation of the TGP in 200BeT

positive effect of TGP on firms’ capital deepenirsgabout 6% after controlling the fixed effects and
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clustering standard errors. This result indicaled the increased availability of electricity hetpsimprove

manufacturing capital intensity in Hubei province.

Thirdly, based on the stylized fact that firms inld&i experienced a jump in relative firm size sitiee
TGP commenced operation in 2003 from the Chineseufaaturing survey data, we measure the relative
size of firms with the gross revenue ratio and @wpt to test the scale effect channel of TGP am fi
productivity. The results show that there existsgbale effect channel and firms in Hubei have eapeed

a 5% rise in relative firm size (gross revenueodatince the TGP commenced operation in 2003.

Finally, this paper tests the third channel (thenpetition effect) of TGP on firm productivity. The
empirical result shows that the firm market concdidan index of Hubei decreased by 16% since the
operation of the TGP in 2003. That is to say, tPToperation increases local competition and tleljssito

push firms in Hubei to increase their own produttito survive in the increased competition.

Based on the new findings above, we can conclude tthe three channels including the capital
deepening effect, the scale effect, and the cotnpeteffect are tested robustly in this article.eThew
findings suggest that policy makers need to congiue broad benefits of green energy, which areobey
the conventional cost-benefit trade-off. Some greeergy projects and technology that marginally tfai
pass a cost-benefit analysis may be implementaht®thus the global plan for mitigating carbon esmiss

can be more ambitious.

The new findings in this article also provide imgaot policy implications. The first one is thatlipg
makers need to be aware of extra externalities whaking decisions on giant infrastructure projeéts.
good example is the TGP, which brings many addiioesources to Hubel, such as a large amountroef no
repayable funds, professionals, and advanced eguippnThese additional resources not only greatly
enhanced the importance of Hubei province in Chin,also provided positive externalities that earive
ignored by improving the performance of enterpriseslubei. The second one is that governments teed

notice the spillover effects of green energy invesit on local firm performance. For example, théPTias
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a positive effect on firm productivity through terehannels including the capital deepening efteetscale
effect, and the competition effect. Lastly, the ii&se government should pay attention to both tbe-sérm
and long-term benefits of green energy investmarthe short-term, a green energy project can bmoge
job opportunities and better infrastructure. In tbieg-term, green energy investment can provideoaem
reliable power supply and higher productivity fdretlocal manufacturing firms. Additionally, the
implications, while drawn from a case study in Ghiare applicable to other countries. Particulaslile
large hydrogen projects have controversies duetdoadverse environmental impact, such positive

externalities revealed by our study should be calint justifying future projects.

One potential caveat of this study is the contrerérsurroundings of large hydro projects. This,
however, is one negative side that is beyond tbpesof the present study, which only aims to rewsal
additional benefit of large hydro projects. It wallso be possible to extend the study to otherngeeergy
projects, for instance wind and solar, which calp pelicy makers in gauging their decisions regagdihe

development.
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Tables

Table 1: Descriptive Statistics for the Full Sample

Full Sample Treatment Firms Full Sample Contions

N Mean Median Std. Dev. N Mean Median Std. Dev.
TFP 46,272 0.808 0.730 0.622 56,920 0.714 0.682 0.435
Gross Revenue 46,2754,211 15,699 424,089 56,920 67,072 17,400 381,087
Capital Stock 46,27224,143 3,502 381,452 56,920 26,088 4,200 214,264
Employment 46,272 305 120 1,465 56,920 311 120 1,201
Intermediates 46,27238,544 10,274 335,297 56,920 50,646 12,150 317,320
Age (years) 40,326 12.90 7 1390 51,029 11.60 7 14.70
External Finance 46,2700.631  0.604 0.381 56,920 0.588 0.593 0.374
Internal Finance 46,2700.494  0.480 0.341 56,920 0.493 0.484 0.273

Note: All the monetary values are in units of themu Chinese yuan.

Table 2: Descriptive Statistics for the PSM Sample

PSM Sample Treatment Firms PSM Sample Contrahg-ir
N Mean Median Std. Dev. N Mean Median Std. Dev.
TFP 38,583 0.827 0.743 0.626 23,682 0.726 0.695 3704
Gross Revenue 38,583 58,724 16,975 456,620 23,68Z79%5 18,582 405,682
Capital Stock 38,583 25,586 3,637 403,561 23,682,488 4,240 231,074
Employment 38,583 306 120 1,486 23,682 311 120 31,34
Intermediates 38,583 41,677 10,951 361,988 23,6848 12,926 332,465
Age (years) 38,505 13.50 8 13.90 23,676 12.30 8 6012.

External Finance 38,583 0.623 0.597 0.378 23,682608. 0.601 0.381
Internal Finance 38,583 0.495 0.483 0.329 23,68249%. 0.490 0.244

Note: All the monetary values are in units of themud Chinese yuan.
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Table 3: Baseline DID Results with the Full Sample

1) (2) 3) (4)
Log(TFP) Log(TFP) Log(TFP) Log(TFP)
Post 0.121***  (0.092***
[0.004] [0.004]
Treat 0.086***  0.099**  0.081**  (0.081***
[0.005] [0.005] [0.004] [0.007]
Post # Treat 0.032***  0.020***  0.024**  0.024*
[0.007] [0.007] [0.007] [0.013]
Log(Age) -0.018***  -0.005***  -0.005**
[0.002] [0.002] [0.002]
Log(Size) -0.040***  -0.022***  -0.022***
[0.002] [0.002] [0.003]
External Finance -0.113***  -0.089***  -0.089***
[0.006] [0.005] [0.008]
Internal Finance 0.058***  0.011** 0.011
[0.009] [0.006] [0.007]
Constant 0.653*** 0.943***
[0.003] [0.010]
Fixed Effects? N N Y Y
Clustering SE? N N N Y
Observations 103,192 87,635 87,520 87,520
Adjusted R-Squared 0.024 0.043 0.369 0.369

Notes. Fixed effects are high dimensional, inclgddadigit industryx year and ownershipx year We
cluster standard errors at the four-digit indudeyel when indicated. Standard errors are in bracke

*p<0.10, **p<0.05, ***p<0.01.
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Table 4: Capital Deepening Channel (Channel 1) thighFull Sample

1) (2) 3) (4)
Log(K/L) Log(K/L) Log(K/L) Log(K/L)
Post 0.269***  0.196***
[0.010] [0.010]
Treat -0.214***  -0.195**  -0.165** -0.165***
[0.010] [0.012] [0.012] [0.025]
Post # Treat 0.104***  0.089***  0.056***  0.056**
[0.016] [0.016] [0.016] [0.028]
Log(Age) -0.026***  -0.000 -0.000
[0.004] [0.004] [0.011]
Log(Size) -0.099***  -0.111*** -0.1171***
[0.004] [0.004] [0.017]
External Finance -0.112***  -0.205***  -0.205***
[0.019] [0.019] [0.027]
Internal Finance -1.339***  -1.314***  -1.314***
[0.153] [0.106] [0.135]
Constant 3.422%**% 4 729*%**
[0.007] [0.076]
Fixed Effects? N N Y Y
Clustering SE? N N N Y
Observations 103,192 87,635 87,520 87,520
Adjusted R-Squared 0.021 0.123 0.259 0.259

Notes. K/L is the capital-labor ratio. A higher walmeans more capital deepening. Standard errers ar
brackets. *p<0.10, **p<0.05, ***p<0.01.
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Notes. GV_R is the ratio of firm’s gross revenueénaustry-prefecture-level median gross revenutarger
ratio means that the firm has a larger relativdescatandard errors are in brackets. *p<0.10, **80

+p<0.01.

Table 5: Scale Effect Channel (Channel 2) withRh Sample

(1)

Log(GV_R) Log(GV_R)

(2)

(3)

(4)

Log(GV_R) Log(GV_R)

Post

Treat

Post # Treat
Log(Age)
Log(Size)
External Finance
Internal Finance
Constant

Fixed Effects?
Clustering SE?

Observations
Adjusted R-Squared

0.020**
[0.009]
-0.020**
[0.010]
0.052%**
[0.014]

-0.036***
[0.007]
N
N
103,192
0.000

0.080%**
[0.009]
-0.003
[0.010]

0.053%**
[0.013]
-0.033%**

[0.003]
0.454%%

[0.004]

-0.335++

[0.013]

0.102%**

[0.014]
-2.042%%
[0.020]

N

N
87,635
0.228

0.005
[0.010]
0.041 %
[0.014]
-0.017%**
[0.004]
0.548%**
[0.004]
-0.298*+*
[0.013]
0.063**
[0.011]

Y

N
87,520
0.271

0.005
[0.016]
0.041**
[0.019]
-0.017*
[0.008]
0.548%**
[0.023]
-0.298%+*
[0.021]
0.063%**
[0.023]

Y

Y
87,520
0.271
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Table 6: Competition Effect Channel (Channel 3nwite Full Sample

1) (2) () (4)
Log(CON_R)Log(CON_R) Log(CON_R)og(CON_R)
Post 0.340*** 0.258***
[0.015] [0.015]
Treat -0.160***  -0.182*** -0.240***  -0.240**
[0.014] [0.015] [0.014] [0.103]
Post # Treat -0.169***  -0.157*** -0.116***  -0.116**
[0.021] [0.022] [0.020] [0.056]
Log(Age) -0.073*** -0.014***  -0.014
[0.005] [0.004] [0.010]
Log(Size) -0.329*** -0.502***  -0.502***
[0.004] [0.004] [0.028]
External Finance 0.265*** 0.216*** 0.216***
[0.017] [0.015] [0.052]
Internal Finance -0.185*** -0.045***  -0.045
[0.022] [0.015] [0.029]
Constant 1.714%** 3.411%**
[0.009] [0.029]
Fixed Effects? N N Y Y
Clustering SE? N N N Y
Observations 103,108 87,573 87,458 87,458
Adjusted R-Squared 0.012 0.068 0.389 0.389

Notes. CON_R is the ratio of top 5% firms (sortgushles) at the industry-prefecture-level to thefievel
total sales. A higher ratio means that the mar&atentration that the firm faces at the industmf@cture-
level is higher; thus, the market is less compeatitiStandard errors are in brackets. *p<0.10, **pP50
*k*k

p<0.01.
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Table 7: The Effects of Three Channels on TFP

(1) 2 3 (4) ®) (6) (7)
Log(TFP) Log(TFP) Log(TFP) Log(TFP) Log(TFP) La&P) Log(TFP)
Log(K/L) 0.022*** 0.044**  0.022***  0.022***  0.019***
[0.001] [0.001] [0.002] [0.003] [0.003]
Log(GV_R) 0.055*** 0.108***  0.101** 0.089***  0.092***
[0.002] [0.002] [0.002] [0.005] [0.005]
Log(CON_R) -0.007*** -0.006*** -0.001* -0.001* -0.006*
[0.001] [0.001] [0.000] [0.000] [0.003]
Log(Age) -0.023*** -0.005** -0.003
[0.002] [0.002] [0.002]
Log(Size) -0.045*** -0.029*** -0.033***

External Finance

Internal Finance

Treat

Post # Treat

Constant

Fixed Effects?

Clustering SE?
Observations

[0.004]  [0.006]  [0.006]
-0.086*** -0.064%* -0.067**
[0.005]  [0.008]  [0.008]
0.021%%*  -0.022%* -0.020***
[0.007]  [0.007]  [0.007]

0.078%**
[0.007]
0.008*
[0.005]
1.051%*  0.758%* 0.786** 1.320%* 1.367*
[0.009] [0.002] [0.002] [0.011]  [0.014]
N N N N N Y Y
N N N N N N Y

103192 103192 103108 103108 87573 88745 87458

Adjusted R-Squared 0.011 0.013 0.003 0.047 0.055 38%0. 0.391

Notes. Standard errors are in brackets. *p<0.10<&05, ***p<0.01.
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Table 8: Baseline DID Results with the PSM Sample

1) (2) 3) (4)
Log(TFP) Log(TFP) Log(TFP) Log(TFP)
Post 0.117**  0.095***
[0.005] [0.005]
Treat 0.093***  0.098**  0.080***  0.080***
[0.006] [0.006] [0.005] [0.007]
Post # Treat 0.026***  0.016* 0.023***  0.023*
[0.008] [0.008] [0.007] [0.013]
Log(Age) -0.017**  -0.003* -0.003
[0.002] [0.002] [0.002]
Log(Size) -0.044***  -0.027***  -0.027***
[0.002] [0.002] [0.003]
External Finance -0.105***  -0.083***  -0.083***
[0.007] [0.006] [0.008]
Internal Finance 0.040***  -0.000 -0.000
[0.009] [0.006] [0.008]
Constant 0.660*** 0.968***
[0.004] [0.012]
Fixed Effects? N N Y Y
Clustering SE? N N N Y
Observations 62,265 62,265 62,114 62,114
Adjusted R-Squared 0.022 0.040 0.341 0.341

Notes. Standard errors are in brackets. *p<0.10<@%05, ***p<0.01.
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Table 9: Capital Deepening Channel (Channel 1) thighPSM Sample

1) 2) 3) (4)
Log(K/L) Log(K/L) Log(K/L) Log(K/L)
Post 0.232***  (0.196***
[0.015] [0.014]
Treat -0.200***  -0.192*+*  -0.161** -0.161***
[0.014] [0.014] [0.014] [0.026]
Post # Treat 0.103***  0.087**  0.058***  (0.058**
[0.020] [0.019] [0.019] [0.029]
Log(Age) -0.024***  -0.002 -0.002
[0.004] [0.005] [0.011]
Log(Size) -0.098***  -0.112***  -0.112***
[0.005] [0.005] [0.016]
External Finance -0.136***  -0.219***  -0.219***
[0.018] [0.018] [0.028]
Internal Finance -1.255***  -1.213***  -1.213***
[0.182] [0.125] [0.159]
Constant 3.440%**  4,695***
[0.011] [0.092]
Fixed Effects? N N Y Y
Clustering SE? N N N Y
Observations 62,265 62,265 62,114 62,114
Adjusted R-Squared 0.018 0.118 0.258 0.258

Notes. Standard errors are in brackets. *p<0.10<@%05, ***p<0.01.
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Table 10. Scale Effect Channel (Channel 2) withRB& Sample

1) (2) ) (4)
Log(GV_R) Log(GV_R) Log(GV_R) Log(GV_R)
Post 0.042*** 0.085***
[0.014] [0.013]
Treat -0.009 0.005 0.011 0.011
[0.013] [0.012] [0.013] [0.020]
Post # Treat 0.051 *** 0.048*** 0.040** 0.040*
[0.018] [0.016] [0.017] [0.022]
Log(Age) -0.034*** -0.017*** -0.017**
[0.004] [0.004] [0.008]
Log(Size) 0.445*** 0.540*** 0.540***
[0.004] [0.005] [0.023]
External Finance -0.317*** -0.281*** -0.281***
[0.015] [0.014] [0.023]
Internal Finance 0.103*** 0.069*** 0.069***
[0.017] [0.013] [0.023]
Constant -0.030*** -2.015%**
[0.011] [0.025]
Fixed Effects? N N Y Y
Clustering SE? N N N Y
Observations 62,265 62,265 62,114 62,114
Adjusted R-Square@ 001 0.226 0.268 0.268

Notes. Standard errors are in brackets.

*p<0.1p<6%05, ***p<0.01.
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Table 11. Competition Effect Channel (Channel 3pwihe PSM Sample

1)

Log(GV_S) Log(GV_S) Log(GV_S) Log(GV_S)

(2)

3)

(4)

Post

Treat

Post # Treat
Log(Age)
Log(Size)
External Finance
Internal Finance
Constant

Fixed Effects?
Clustering SE?

Observations
Adjusted R-Squared

0.298%**
[0.022]
-0.190%**
[0.019]
-0.107%+*
[0.027]

1.693%+*
[0.016]
N
N
62,229
0.011

0.247%%
[0.021]
-0.186*+
[0.019]
-0.135%
[0.027]
-0.063*+
[0.006]
-0.317%+
[0.006]
0.286%**
[0.021]
-0.140%+
[0.022]
3.206%+
[0.036]
N
N
62,229
0.064

-0.304%+*
[0.017]
-0.124%+
[0.024]
-0.016*+
[0.005]
-0.488*+*
[0.005]
0.208%**
[0.018]
-0.046++
[0.017]

Y

N
62,078
0.380

-0.304%+*
[0.106]
-0.124**
[0.055]
-0.016
[0.010]
-0.488*+*
[0.026]
0.208***
[0.056]
-0.046
[0.029]

Y
Y
62,078
0.380

Notes. Standard errors are in brackets. *p<0.10<@%05, ***p<0.01.
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Table 12. Robustness Checks for Baseline DID Result

1) 2) 3)
Log(TFP) Log(TFP) Log(TFP)
Hubei 0.070*** 0.082*** 0.081***
[0.005] [0.005] [0.008]
Post # Treat 0.036*** 0.023***
[0.007] [0.007]
Y1999 # Treat 0.031
[0.042]
Y2000 # Treat -0.031
[0.026]
Y2001 # Treat -0.017
[0.012]
Y2002 # Treat 0.017
[0.011]
Y2004 # Treat 0.023*
[0.013]
Y2005 # Treat 0.048***
[0.013]
Y2006 # Treat 0.025**
[0.012]
Fixed Effects? Y Y Y
Firm-level Controls? Y Y Y
Observations 76,763 78,993 87,520
Adjusted R-Squared 0.375 0.368 0.369

Note. Column 1 eliminates data before 2000 to agctar the issue of data reliability. Column 2 dinates
foreign firms to account for the effect of FDI. @oin 3 employs the products of year dummies and tde
account for the issue of paralleling trends, wh2@®3 is the base year and 1998 is dropped due to
collinearity. Standard errors are in brackets. *i90**p<0.05, ***p<0.01.
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Electricity Sevice Area of the Three Gorges Project (TGP)

O China Southern Power Grid O East China Power Grid
O Central China Power Grid O Not Served

Figure 2. Electricity Service Area of the Three Ges Project (TGP)

Note. The location and name of the TGP are mavkéd yellow color. The names of the treatment and
control provinces (Hubei and Hebei) are marked vaitne color. And the names of all other provinces
served with electricity by the TGP are marked weét color. Also note that the electricity serviceaaof the
TGP includes provinces belonging to different poweads. We have highlighted the serviced provinces
belonging to the China Southern Power Grid, Eash&PRower Grid, and Central China Power Grid with
brown, purple, and green background color, respegti
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Figure 3. Prefecture-level Distribution of FirmsHiubei, Full Sample

Note. Number of observations means the annual geeramber of firms over the period 1998-2006 in the

full sample.
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Figure 4. Prefecture-level Distribution of FirmsHiebei, Full Sample

Note. Number of observations means the annual ggeramber of firms over the period 1998-2006 in the

full sample.
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Figure 5. Prefecture-level Distribution of FirmsHiubei, PSM Sample

Note. Number of observations means the annual gearamber of firms over the period 1998-2006 in the
PSM sample.
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Figure 6. Prefecture-level Distribution of FirmsHiebei, PSM Sample

Note. Number of observations means the annual ggeramber of firms over the period 1998-2006 in the
PSM sample.
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Appendix

A.1l. The Effectiveness of the Propensity Score Mdies

Table A.1 presents the test of the effectivenegh@ipropensity score matches. We include four-fevel
variables in the logic regression; thus, we taleuthe test results for them in Table A.1. Note rda**
indicate significance at the 5% and 1% levels (taited), respectively. The logit regression resats also
available upon request.

Table A.1. The Effectiveness of the PSM

Variable Mean, treated firms Mean, control firms Difference
1) (2) (1)-(2)
Log(Age) Pre-match 2.041 2.004 0.037***
Post-match 2.042 2.017 0.024***
Log(Size) Pre-match 4.860 4.881 -0.021***
Post-match 4.866 4.877 -0.011**
External finance Pre-match 0.631 0.588 0.043***
Post-match 0.623 0.608 0.016***
Internal finance Pre-match 0.494 0.493 0.001
Post-match 0.495 0.495 0.000
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A.2. Mean Difference of Key Variables between Treatent and Control Firms for Full and

PSM Samples

Table A.2 presents the mean difference of key bggaemployed in this empirical study between thated
and control groups for full and PSM samples. Werigi® the mean difference with significance levélste
*** indicates significance at the 1% level (twoitd).

Table A.2. Mean Difference of Key Variables betwdeeaated and Control Firms

Variable Mean, treated firms Mean, control firms Difference
) 2 (1)-(2)
TFP Full sample 0.808 0.714 0.095***
PSM sample 0.827 0.726 0.1171%**
Gross Revenue Full sample 54211 67072 -12861***
PSM sample 58724 69792 -11063***
Capital Stock Full sample 24143 26088 -1946
PSM sample 25586 26488 -901
Employment Full sample 305 311 -5.558
PSM sample 306 311 -4.763
Age (years) Full sample  12.928 11.623 1.304***
PSM sample 13.542 12.286 1.256%**
External finance Full sample  0.631 0.588 0.043***
PSM sample 0.623 0.608 0.016***
Internal finance Full sample  0.494 0.493 0.001
PSM sample 0.495 0.495 0.000
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A.3. Scale Effect Channel (Channel 2) with Full Saple and Alternative Measurement

Table A.3 presents the full sample estimation tssfdr the Channel 2, Scale Effect Channel, with an
alternative measure for scale effect. The alteveatieasure is the GV_S, the share of firm’s gressnue

in industry-prefecture-level total gross revenuehigher share means the firm has a larger relanade.
Standard errors are in brackets. *p<0.10, *p<0%85<0.01.

Table A.3. Scale Effect Channel (Channel 2) with Bample

1) (2) 3) (4)
Log(GV_S) Log(GV_S) Log(GV_S) Log(GV_S)
Post -0.419**  -0.322***
[0.016] [0.016]
Treat 0.164***  (0.189*** 0.276***  0.276***
[0.016] [0.017] [0.015] [0.102]
Post # Treat 0.243***  (0.228*** 0.155***  (,155***
[0.023] [0.024] [0.021] [0.048]
Log(Age) 0.088*** 0.016**  0.016
[0.006] [0.005] [0.010]
Log(Size) 0.340*** 0.509***  0.509***
[0.005] [0.005] [0.027]
External Finance -0.164*** -0.146***  -0.146***
[0.018] [0.015] [0.050]
Internal Finance 0.182*** 0.009 0.009
[0.023] [0.016] [0.030]
Constant -2.456***  -4,303***
[0.010] [0.032]
Fixed Effects? N N Y Y
Clustering SE? N N N Y
Observations 103,192 87,635 87,520 87,520
Adjusted R-squared 0.014 0.066 0.454 0.454
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A.4. Scale Effect Channel (Channel 2) with PSM Sanipand Alternative Measurement

Table A.4 presents the PSM sample estimation egaitthe Channel 2, Scale Effect Channel, with an
alternative measure for scale effect. The alteveatieasure is the GV_S, the share of firm’s gressnue

in industry-prefecture-level total gross revenuehigher share means the firm has a larger relanade.
Standard errors are in brackets. *p<0.10, *p<0%85<0.01.

Table A.4. Scale Effect Channel (Channel 2) withPSample

1) (2) 3) 4)
Log(GV_S) Log(GV_S) Log(GV_S) Log(GV_S)

Post -0.376***  -0.311***
[0.023] [0.023]
Treat 0.202***  0.193**  (0.355**  (.355***
[0.021] [0.021] [0.018] [0.105]
Post # Treat 0.171**  0.207***  0.174**  0.174***
[0.030] [0.029] [0.025] [0.048]
Log(Age) 0.082***  0.020***  0.020*
[0.006] [0.005] [0.010]
Log(Size) 0.325***  (0.493***  (0.493***
[0.006] [0.005] [0.026]
External Finance -0.201***  -0.143***  -0.143***
[0.022] [0.017] [0.053]
Internal Finance 0.128*** 0.003 0.003
[0.022] [0.018] [0.031]
Constant -2.434%** -4 168***
[0.017] [0.038]
Fixed Effects? N N Y Y
Clustering SE? N N N Y
Observations 62,265 62,265 62,114 62,114
Adjusted R-squared 0.012 0.060 0.448 0.448

51



A.5. Baseline DID Results with Full Sample and Shamas the Control Province

Table A.5 presents the full sample baseline Dineston results with Shanxi as the control provingdete
fixed effects are high dimensional, includidedigit industry x year and ownershipx year We cluster
standard errors at the 4-digit industry level whedicated. Standard errors are in brackets. *p<0.10
**p<0.05, ***p<0.01.

Table A.5. Baseline DID Results with Full Samplel &hanxi as the Control Province

1) (2) (3) (4)
Log(TFP) Log(TFP) Log(TFP) Log(TFP)
Post 0.074*** 0.059***
[0.006] [0.006]
Treat 0.155*** 0.147*** 0.105*** 0.105***
[0.005] [0.006] [0.006] [0.010]
Post # Treat 0.079*** 0.055*** 0.037*** 0.037***
[0.008] [0.009] [0.009] [0.013]
Log(Age) -0.017%** -0.006*** -0.006**
[0.002] [0.002] [0.003]
Log(Size) -0.041*** -0.030*** -0.030***
[0.002] [0.002] [0.003]
External Finance -0.101*** -0.077*** -0.077***
[0.008] [0.007] [0.011]
Internal Finance 0.034*** 0.007 0.007
[0.009] [0.007] [0.008]
Constant 0.584*** 0.902***
[0.004] [0.015]
Fixed Effects? N N Y Y
Clustering SE? N N N Y
Observations 62,814 52,552 52,331 52,331
Adjusted R-squared 0.035 0.051 0.335 0.335
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A.6. Baseline DID Results with PSM Sample and Shanas the Control Province

Table A.6 presents the PSM sample baseline DIDnastin results with Shanxi as the control province.
Note fixed effects are high dimensional, includixgigit industryx yearandownershipx year. We cluster
standard errors at the 4-digit industry level whedicated. Standard errors are in brackets. *p<0.10
**p<0.05, ***p<0.01.

Table A.6. Baseline DID Results with PSM Sampler&ihas the Control Province

(1) (2) (3) (4)
Log(TFP) Log(TFP) Log(TFP) Log(TFP)
Post 0.064*** 0.049***
[0.007] [0.007]
Treat 0.159*** 0.146*** 0.101*** 0.101***
[0.007] [0.007] [0.007] [0.010]
Post # Treat 0.081*** 0.064*** 0.045*** 0.045***
[0.009] [0.009] [0.010] [0.013]
Log(Age) -0.017%** -0.005** -0.005
[0.002] [0.002] [0.003]
Log(Size) -0.043*** -0.032%** -0.032***
[0.002] [0.002] [0.004]
External Finance -0.099*** -0.076*** -0.076***
[0.008] [0.007] [0.011]
Internal Finance 0.032*** 0.007 0.007
[0.009] [0.007] [0.009]
Constant 0.595%** 0.915***
[0.005] [0.016]
Fixed Effects? N N Y Y
Clustering SE? N N N Y
Observations 49,739 49,739 49,518 49,518
Adjusted R-squared 0.033 0.048 0.331 0.331
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