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Abstract 

This study aims to reveal how much the Tokyo and Saitama emissions trading schemes (ETSs) affect 

the energy efficiency of manufacturing facilities based on the Economic Census for Business Activity 

and Census of Manufacture. In this analysis, we estimate the energy efficiency of facilities in Japan 

using stochastic frontier analysis (SFA). Then, we estimate how much the facilities’ energy efficiency 

is influenced by the Tokyo and Saitama ETSs. Our results show that the energy efficiency of targeted 

facilities decreased during the announcement period. Our estimation results show no difference in 

energy inefficiency between targeted and nontargeted facilities in the implementation period of the 

ETSs. Additionally, the estimation results imply that carbon leakages through outsourcing did not 

occur during the implementation period. 
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1. Introduction 
Greenhouse gas emissions reductions have become a challenging issue for the world in 
recent years. Emissions trading schemes (ETSs) are effective tools for addressing the 
carbon mitigation issue. The first ETS was implemented in the European Union (EU) in 
2005. Since then, many countries, such as Japan and China, have implemented regional 
or national ETSs. ETSs have contributed to the reduction of CO2 emissions in many 
countries are confirmed by existing literature (Fageda & Teixidó, 2022; Hu et al., 2022).  

While ETSs can undoubtedly contribute the carbon mitigation, it also increased 
the costs for entities potentially resulting in a loss of industrial competitiveness. This 
asymmetric effect of ETS may not effectively encourage entities to improve energy 
efficiency for CO2 emissions reduction, but instead prompt the relocation of production 
1.  

The early literature on environmental regulations and energy efficiency presents 
varying perspectives. Several studies based on neoclassical economic theory suggested 
that environmental regulations increased environmental costs and additional burdens 
resulting in energy inefficiency (Jorgenson & Wilcoxen, 1990; Verhoef & Nijkamp, 2003). 
However, Porter and Van der Linde (1995) argued that appropriate environmental 
regulations encourage firms to innovate new technologies to reduce CO2 emissions with 
improving productivity. In fact, the environmental regulation might change entities’ 
decisions on innovation or production process across different compliance stages, thereby 
resulting in different impacts on energy efficiency varying from stage to stage. In the 
initial stage of regulation, the increases in environmental costs may have a greater impact 
on reduction of entities’ profits, hindering research and development and increasing 
inefficiency (Esso & Keho, 2016). In contrast, regulation may encourage regulated firms 
to upgrade their equipment or technologies to comply with stricter targets in the later 
stage, improving firms’ performance as upgrades promote greater efficiency in energy 
and other inputs (Peuckert, 2014). In practice, the estimated impact of ETSs on energy 
efficiency performance remains controversial. Recent studies found that ETSs can 
improve energy efficiency performance (Borghesi et al., 2015; Lutz, 2016; S. Zhang et 
al., 2016; Löschel et al., 2019; Chen et al., 2021; Li et al., 2021). Conversely, other studies 
showed impact of ETSs on energy efficiency is not always improve energy efficiency of 
regulated firms. For instance, Cui et al. (2016) investigated the energy efficiency of the 
EU aviation industry and found that the ETS did not improve efficiency. Koch and 
Themann (2022) found that different impacts of EU ETS on firm’s productivity across 

 
1 In this paper, the energy efficiency describes a level at which entities cannot use less energy and 
inputs to produce additional outputs. 
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countries. Overall, the findings from the literature remain inconclusive and mainly focus 
on the energy efficiency within the EU-ETS and China ETS.  

Regarding on environmental regulations and the relocation of production, it is 
important to note that even if energy efficiency of facilities that targeted by ETS (hereafter 
referred to as targeted facilities) is improved by ETSs, advancement of the energy 
efficiency may result from a shift in production, leading to the issue of carbon leakage. 
Early studies argued that environmental regulations may tend to relocate production 
facilities to regions with less stringent regulations (Kellenberg, 2009; Candau & Dienesch, 
2017). Compared to long term efforts required for energy efficiency, relocation of 
production, such as outsourcing, can immediately reduce emissions and avoid the high 
costs of mitigating pollution emissions (Cole et al., 2017 ; Antonietti et al., 2017). A few 
recent studies investigated whether outsourcing activities contribute to the reduction of 
local CO2 emissions and found that the outsourcing activity is one way for pollution 
offshoring to occur (Cole et al., 2021). That is, outsourcing of production may induce 
carbon leakage from targeted regions to nontargeted regions. In particular, in countries or 
regions that only adopt geographically restricted environmental regulations, outsourcing 
activities become a more viable option for targeted facilities to achieve the target. If 
carbon leakage occurs from targeted facilities to nontargeted facilities, the energy 
efficiency of targeted facilities may increase in spite of total emissions reduction cannot 
achieve. Therefore, the analysis that simultaneously consider the potential for carbon 
leakage are necessary for estimating the impact on energy efficiency. 

This study investigates Japan’s regional ETSs whether affect energy inefficiency 
and outsourcing activities by combining stochastic frontier analysis (SFA) and difference 
in differences (DiD) method based on propensity score from 2002 to 2016. We adopt 
unique official facility-level data of Japan, covering multiple compliance periods of ETSs 
including announcement period, which informs targeted facilities in advance to prepare 
upcoming reduction targets. The findings of this study highlight two key insights. First, 
we find that Japan’s regional ETSs diminish energy efficiency of targeted facilities during 
the announcement period, but the ETSs do not affect the energy inefficiency during the 
compliance periods. Second, we find no evidence to support the claim that Japan’s 
regional ETSs increase outsourcing activities either before or during the compliance 
period of Japan’s regional ETSs. 

Our analysis contributes to discussions in previous studies in following two ways. 
First, our study reveals the impact of the Japan’s regional ETS on targeted facilities’ 
energy efficiency. While some studies investigated whether ETSs improve energy 
efficiency at the firm-level, almost none analyzed such effects at the facility-level. To the 
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best of our knowledge, Löschel et al. (2019) is the only study to use facility level data 
(accumulating to firm level) to analyze the impact of EU-ETS on the energy efficiency. 
By focusing on facilities that directly participate in the production process, the impact of 
ETSs on energy efficiency can be accurately assessed compared to the literature that did 
not use facility-level data.  

Second, this study contributes to the literature on the effect on announcement 
period that has received insufficient attention. Targeted facilities may respond to ETSs 
before the implementation to comply with uncertain upcoming emissions reduction costs. 
During the announcement period, targeted facilities already understand the emissions 
reduction required to comply with the regulation of ETS, enabling them to adopt 
strategies to comply with the upcoming reduction targets. Although emissions during the 
announcement period do not affect emissions reduction target of facilities, our results still 
show that targeted facilities’ energy inefficiency increase during this period. This study 
not only addresses the controversy in the literature but also explores the behavior of 
targeted facilities before ETSs implementation. 

The remainder of this study is organized as follows. In Section 2, we explain the 
background of the Japanese regional ETSs. Additionally, we summarize the literature 
related to our study. Based on the literature review, we propose the hypotheses of our 
study. Section 3 describes the estimation model, the method of matching between the 
targeted and nontargeted facilities, and the detailed data of our study. Section 4 shows the 
estimation results and robustness checks of the results. Section 5 concludes the paper. 
 
2. Background and hypotheses 
2.1. Japanese regional ETSs 
In 2002, the Tokyo metropolitan government constructed a basic policy to tackle the 
problem of climate change. The policy highlighted the implementation of a mandatory 
CO2 emission reduction scheme for large-scale facilities as one of the key trials. 
Following this policy, in 2007, the government announced the start of the first regional 
ETS in Japan in 2010. 

The emissions reduction target of Tokyo ETS for each facility was calculated 
based on the emissions between 2002 and 2006. Each targeted facility recognized its 
emission reduction target from the announcement period (2007). Changes in targeted 
facility’s CO2 emissions during the period did not change the emission reduction 
obligation of the facility. The Tokyo ETS covers approximately 1,700 facilities in all 
industries, including the commercial and service industries, with an energy consumption 
of more than 1,500 kℓ of crude oil equivalent per year (approximately 2,800 tons of CO2). 
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The Tokyo ETS introduced step-by-step strength reduction targets based on the baseline 
emissions that calculated based on the CO2 emissions of any consecutive three-year 
period from 2002 to 2006. Targeted facilities are obliged to report their CO2 emissions to 
the local government and are required to accept a third party to verify their reported CO2 
emissions. For the manufacturing targeted facilities, the first compliance period of the 
Tokyo ETS was 2010 to 2014 with a 6% reduction target, and the second compliance 
period was 2015 to 2019 with a 15% reduction target. If a targeted facility reduces 
emissions beyond the reduction target, it can receive credits (emissions allowances) in the 
equivalent amount for excess emission reduction. The allowances can be banked for only 
one following consecutive compliance period. If a facility has difficulty achieving its 
reduction targets, it can use not only emissions allowances but also alternative credits 
such as renewable energy credits and credits for small- and medium-sized facilities 
located in Tokyo. If the targeted facilities cannot comply with the reduction targets, there 
will face penalty charge, and public disclosure. 

Saitama Prefecture, neighbor of Tokyo Prefecture, introduced a regional ETS 
(Saitama ETS) one year after the Tokyo ETS. The design of the Saitama ETS mainly 
follows the design of the Tokyo ETS, with the same year of announcement, covered 
industries, inclusion threshold, baseline emissions, trading method, and additional offset 
credits. Unlike Tokyo ETS, in which commercial and service industries are covered by, 
the Saitama ETS covers manufacturing facilities, which account for more than 70% of 
the total targeted facilities. Since the Saitama ETS was introduced one year later than the 
Tokyo ETS, the first compliance period was from 2011 to 2014. However, different from 
the Tokyo ETS, the Saitama ETS does not penalize targeted facilities that fail to comply 
with reduction targets, making it a voluntary ETS and the only one of its kind in the 
world2. Due to the unique feature of being voluntary, the reduction target of the second 
compliance period was relatively lax compared to the targets of the Tokyo ETS, which 
were set at 13% (the targets of the second compliance period were the same). 

This study takes several advantages by focusing on Japan’s ETSs as follows. First, 
the unique data from the Census of Manufacture provides the information on 
manufacturing facilities, including the those regulated by ETSs. Hance, this study has 
sufficient conditions to estimate the effects of Japan’s ETS on energy efficiency. To the 
best of our knowledge, no study has examined the effect of Japan’s regional ETSs on 
energy efficiency. Second, geographically restricted ETSs offer a suitable case for 
analyzing outsourcing-induced carbon leakage. Such ETSs may provide an incentive to 

 
2 Although the Saitama ETS does not penalize targeted facilities for noncompliance, everyone can 
see which targeted facilities are unable to comply with the emission target. 
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targeted facilities to shift their production processes domestically to avoid environmental 
costs, leading to carbon leakage. Our data provide information on outsourcing, thus, we 
can analyze whether carbon leakage occurs through outsourcing activities. 

 

2.2. Energy efficiency and environmental regulation 
Energy efficiency improvement can contribute to CO2 emissions reduction as well. In 
fact, it can contribute more than 40% of the carbon mitigation required by 2040 to comply 
with the Paris Agreement, which becomes an urgent issue for the world to achieve global 
climate targets (IEA, 2018). In 2022, Japan’s government enacted the Revised Energy 
Conservation Act, which aims to improve energy efficiency and increase the usage of 
renewable energy to achieve carbon neutrality by 2050 and a 46% emission reduction by 
2030. Specifically, the act imposes a 1% annual improvement in the energy efficiency of 
all energy resources. Energy efficiency improvement is also emphasized in the policy 
formulation procedure (Al-Mansour, 2011; Wang et al., 2012; Tan et al., 2016; Zhao et 
al., 2019). Appropriate environmental regulations are designed to aid energy efficiency 
improvement to mitigation and avoid potential shifts in production. Hence, investigating 
the relationship between energy efficiency and environmental regulations can provide 
evidence for the effectiveness of regulation and help policymakers improve the quality of 
regulations (Pan et al., 2019).  
 
2.3. Hypotheses 
This study aims to examine two hypotheses on how Japan’s regional ETSs affect energy 
efficiency and outsourcing activities at the facility level based on the discussion in 
previous studies. 

First, this study aims to reveal whether Japan’s regional ETSs improved the energy 
efficiency of targeted facilities. A targeted facility may decide to whether make effort to 
improve its energy efficiency based on the strength of the ETS. In the early stage of the 
environmental regulation (lower level of regulatory intensity), environmental costs are a 
smaller proportion of total facility cost so that regulations do not encourage targeted 
facilities to improve technological innovation or energy efficiency (Arouri et al., 2012; 
Saidi & Hammami, 2015; Wu et al., 2020). Moreover, the comply costs may reduce 
facilities’ profits in the short term leading to the facilities that cannot carry out their 
research and development which is the barrier for improving energy efficiency (Esso & 
Keho, 2016). However, in the late stage of environmental regulations, targeted facilities 
tend to upgrade their equipment, technologies, or change production strategies to comply 
with reduction targets to increase energy efficiency (Esso & Keho, 2016). That is, 
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although appropriate environmental regulations can improve productivity in the long run, 
energy efficiency could still be inhibited in periods such as the early period of ETS 
implementation. Based on this discussion, we propose Hypothesis 1: 

 
Hypothesis 1: Regulating CO2 emissions through an ETS diminished the energy 

efficiency of targeted facilities in the early period. 
 
Second, stringent environmental regulations may induce carbon leakage due to 

the outsourcing of production from targeted facilities to other untargeted facilities (Cole 
et al., 2017). To avoid the high marginal cost of mitigation, manufacturing facilities may 
choose to outsource their production process to achieve reduction targets. Using survey 
data, Antonietti et al. (2017) investigated the relationship between outsourcing and 
environmental regulation in Italian manufacturing firms, and they found that stringent 
environmental regulation is related to an increase in outsourcing to the global south. 
However, no study evaluated the relationship between ETSs and production outsourcing. 
Moreover, using survey data from manufacturing firms, Martin et al. (2014) focused on 
the downsizing of businesses to investigate carbon leakage, and they found that targeted 
firms tended to consider downsizing their business operations in the EU. 

The issue of carbon leakage is especially important for the case of Japan, which 
has implemented only two regional ETSs. The reason is that geographically restricted 
ETSs are not sufficient to limit targeted facilities to complying with reduction targets 
without outsourcing activities. For targeted facilities, domestic outsourcing is a feasible 
choice to avoid high environmental costs, and targeted facilities are willing to choose a 
cheaper way to meet the reduction targets. While it appears feasible for targeted facilities 
to achieve the emission target in the short term, a sufficient domestic total emission 
reduction cannot be achieved. Based on the discussion and literature, we propose 
Hypothesis 2: 

 
Hypothesis 2: Targeted facilities increase outsourcing after the implementation of 

an ETS. 
 

3. Methodology and data 
3.1. Measuring of energy efficiency 
Many previous studies have estimated energy efficiency and energy productivity. The 
simplest energy efficiency index is energy intensity. However, energy intensity is affected 
by changes in several factors, such as economic trends, technological changes in 
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production, and energy use. Previous studies have developed methods for estimating the 
appropriate energy efficiency of each economic entity. Li et al. (2017) reviewed these 
methodologies to estimate the energy efficiency of high-energy-consuming industries. In 
particular, they mentioned SFA and DEA as major approaches for estimating the energy 
efficiency of these industries. DEA is a nonparametric approach to estimating efficiency 
without specifying the functional form for the frontier and distribution assumptions 
(Charnes et al., 1978; S. Zhang et al. 2016). That is, DEA is unable to distinguish between 
inefficiency and random noise. Without consideration of random noise, the requirements 
for data are more stringent. DEA can also be affected by statistical errors in the data, 
which may lead to bias in efficiency measurement (Shao et al., 2016). 

On the other hand, SFA is a parametric approach proposed by Aigner et al. (1977). 
A strategy was provided for evaluating the efficiency scores for units to distinguish 
between the mediation and restorative measures of units (Dagar et al., 2021). Compared 
with DEA, SFA takes advantage of specifying random noise so that the statistical noise 
term and nonnegative random disturbance term in the equation can be distinguished. SFA 
allows the stochastic frontier, which can reduce the distance from the real frontier 
compared with DEA, which has a fixed frontier. Moreover, efficiency measured through 
SFA is the absolute efficiency value, making it possible to conduct comparative analysis 
of effective production units (Coelli et al., 2005; Shao et al., 2019). As we discuss later, 
our study uses government statistics and includes a large number of samples. We need to 
address random disturbance factors. Therefore, this study uses Japanese manufacturing 
facility data to measure energy efficiency by adopting SFA. 

Regarding on the studies adopting SFA to measure energy efficiency, Lundgren et 
al. (2016) adopted SFA to explore the energy efficiency of 14 sectors in the Swedish 
manufacturing industry at the firm level. Their study implied that the effect of the EU 
ETS on energy efficiency differs in each industrial sector. Boyd and Lee (2019) analyzed 
energy efficiency in manufacturing industrial facilities in the United States from 1987 to 
2012, and they found that electric efficiency is better than fuel energy efficiency. SFA was 
also applied to estimate the energy efficiency of Asian countries. Li et al. (2017) 
investigated the energy efficiency of 30 provinces in China from 2003 to 2014 and found 
that the industrial structure of regions with higher energy efficiency shifted from 
manufacturing to the service industry. Ouyang et al. (2019) investigated energy efficiency 
and its driving forces in the manufacturing industry in the Pearl River Delta urban 
agglomeration in China. Their results indicated that energy efficiency showed a 
downward trend from 2004 to 2016. Haider and Mishra (2021) estimated the energy 
efficiency of 82 iron and steel firms in India from 2003 to 2017 through several channels 
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using SFA. Their results indicated that energy efficiency was different across firms. 
To consider the heterogeneity across facilities, this study adopts the true fixed-

effect SFA model following (Greene, 2005), Lundgren et al. (2016), Shao et al. (2019), 
and Dagar et al. (2021). The estimation of the stochastic production frontier function, 
which can maximize a output from given inputs, is based on Aigner et al. (1977) and 
Meeusen and van Den Broeck (1977). Based on panel data, the estimation is given as 
equation (1). 
 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝑓𝑓(𝒙𝒙𝑖𝑖𝑖𝑖) + 𝑣𝑣𝑖𝑖𝑖𝑖 − 𝑢𝑢𝑖𝑖𝑖𝑖 (1) 

 
where 𝑦𝑦𝑖𝑖𝑖𝑖 is the output of facility i in year t. In this study, we use production value as the 
output3. 𝑓𝑓(𝒙𝒙𝑖𝑖𝑖𝑖) is the determinants of the production frontier, 𝒙𝒙𝑖𝑖𝑖𝑖 is the input vector, 
𝑣𝑣𝑖𝑖𝑖𝑖 is the independent disturbance error term with a zero mean and constant variance 
distributed 𝑣𝑣~𝑁𝑁(0,𝜎𝜎𝑣𝑣2), and 𝑢𝑢𝑖𝑖𝑖𝑖 is the time-varying nonnegative random disturbance 
term indicating the technical inefficiency with an exponential distribution. This study 
assumes that 𝑓𝑓(𝒙𝒙𝑖𝑖𝑖𝑖) takes the form of a Cobb‒Douglas function. The input vector 𝒙𝒙𝑖𝑖𝑖𝑖 
includes labor, the usage of electricity and coal for energy (ten thousand yen), fixed assets 
(ten thousand yen), and intermediate material costs (ten thousand yen). This study 
estimates the stochastic frontier in the four-digit sector within Japan’s manufacturing 
industry to ensure that specific industrial technologies are considered by using maximum 
likelihood estimation. Energy inefficiency can be obtained from equation (2): 
 

𝑖𝑖𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑦𝑦𝑖𝑖𝑖𝑖 = exp (𝑢𝑢�𝑖𝑖𝑖𝑖) (2) 

 
3.2. Empirical methodologies 
The identification strategy in this paper for investigating the impact of ETS on energy 
inefficiency and outsourcing activities is the DiD method based on the propensity 
matching score aiming to overcome the selection bias between targeted and nontargeted 
facilities due to the policy, facility-level heterogeneity, and confounding factors that may 

 
3 Production value is defined as follows; 
Shipment value + (Year-end production stock value – Production stock value at the start of the year) 
+ (Year-end value of products in progress and half-finished product - Value of products in progress 
and half-finished product at the start of the year) 
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affect targeted and nontargeted facilities. Many studies already revealed that the matching 
method can remove selection bias in the sample (Heckman et al., 1998; Heckman , 
Ichimura, Smith, et al., 1998; Abadie, 2005). The procedure was wieldy used to assess 
the regulatory status of an ETS, conducting the random assignment based on observable 
characteristics (Löschel et al., 2019; Calel & Dechezleprêtre, 2016). The identification 
strategy is specified in the following two steps. The first step is selecting and matching 
targeted facilities with similar untargeted facilities, conditional on the observable 
characteristics of the facilities. The second step is estimating the causal effects of ETSs 
by DiD method based on matched sample controlling facility and sectoral heterogeneity 
and time trends4. 

The matching process is an optimal strategy to ensure that the regulatory status of 
ETS is randomly assigned based on facility characteristics (Zhu et al., 2019). Additionally, 
a quasi-natural experiment is established via the matching process, in which the 
observable characteristics of pairs of facilities are identical except for their locations. In 
practice, this study matches one targeted facility with one (or more) nontargeted facilities 
with similar characteristics. The matched pairs can be identical in all factors except for 
the dependent variable (energy efficiency estimated through SFA) of DiD estimation. This 
process allows us to find similarly targeted and nontargeted facilities. By giving 
extremely harsh conditions to restrict the sample to match more close facilities will lead 
to several targeted facilities that cannot be matched with suitable facilities to apply the 
DID model.5 However, the accuracy and robustness of the method compensate for the 
loss of sample size (Dehejia & Wahba, 1999). 

The nearest neighbor matching estimator is adopted to carry out the above 
procedure to exactly match one facility in the control group to one facility in the treatment 
group (Abadie et al., 2004), which is specified in the four-digit sector in the 
manufacturing industry. This study follows Löschel et al. (2019) to match pairs by inputs 
of the stochastic production frontier function, including labor, the usage of electricity and 
coal for energy, fixed assets, and intermediate material costs in the first year of our data. 
We also include employee pay, the shipment value of products, the export ratio, the usage 
of freshwater, and area to further reduce potential selection bias. Replacement is allowed 
in the estimation to ensure that the nontargeted facilities can be matched multiple times 
with targeted facilities. Matching quality is evaluated through a comparison of the 

 
4 This study controlled both facility and industrial effects due to the changes in sectors that occurred 
among several facilities. 
5 To increase the matching quality as much as possible, this study relaxed the condition concerning 
the location of facilities so that the targeted facilities can be matched with any locations including 
Tokyo Prefecture and Saitama Prefecture. 
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differences between targeted facilities and nontargeted facilities in all matching variables, 
which will be introduced in Section 3.3.  

The second step estimates the effects of ETSs based on matched pairs by applying 
the DID method that is an effective tool for evaluating policy instruments by estimating 
the treatment effect (Imbens & Wooldridge, 2009). The causal relationship between 
environmental regulation and outcome variables can be evaluated based on the DID 
method by comparing the treatment and control groups. We classified the sample 
(facilities) into treatment and control groups based on whether facilities were targeted by 
the Tokyo and Saitama ETSs. Following the process of the ETSs, this study distinguishes 
the implementation period from the announcement period (2007 to 2009 or 2010), the 
first compliance period (2010 or 2011 to 2014), and the second compliance period (2015 
to 2016). The baseline DID model is conducted as follows: 
 

𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽1𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 × 𝑃𝑃𝑖𝑖𝑎𝑎𝑎𝑎 + 𝛽𝛽2𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 × 𝑃𝑃𝑖𝑖1 + 𝛽𝛽3𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 × 𝑃𝑃𝑖𝑖2 + 𝑿𝑿𝑖𝑖𝑖𝑖𝑖𝑖𝛣𝛣 + 𝜇𝜇𝑖𝑖 + 𝛾𝛾𝑖𝑖 
+𝜃𝜃𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

(3) 

 
where the subscript i is the facility, j is the sector, and t is the year. 𝑌𝑌𝑖𝑖𝑖𝑖 represents the 
outcomes, including the energy inefficiency estimated based on equation (2) and 
outsourcing activities. 𝐸𝐸𝐸𝐸𝐸𝐸  is a dummy variable with a value of one for facilities 
targeted by the Tokyo or Saitama ETS. 𝑃𝑃𝑖𝑖𝑎𝑎𝑎𝑎, 𝑃𝑃𝑖𝑖1, and 𝑃𝑃𝑖𝑖2 represent the announcement 
period and the first and second compliance periods, respectively. 𝑿𝑿𝑖𝑖𝑖𝑖  is a vector of 
control variables including employee pay (ten thousand yen), the shipment value of 
products (ten thousand yen), the export ratio, the usage of freshwater (m3), and area (m2). 
All continuous variables are logarithmically transformed. 𝜇𝜇𝑖𝑖, 𝜃𝜃𝑖𝑖, and 𝛾𝛾𝑖𝑖 are the annual 
fixed effect, sectoral fixed effect and facility fixed effect, respectively. 𝜀𝜀𝑖𝑖𝑖𝑖 is an error 
term. By evaluating the effects on energy inefficiency and outsourcing activities in 
equation (1), Hypothesis 1 and Hypothesis 2 can be verified. 

Our estimation relies on conditional unconfoundedness, in which the outcome 
distribution of facilities is independent of the assignment of regulatory status. However, 
unconfoundedness cannot be directly tested. Moreover, the identification strategy 
assumes the stable unit treatment value assumption (SUTVA), which requires that the 
regulation affects only targeted facilities, excluding the spillover effect. Similar to 
unconfoundedness, this assumption also cannot be directly tested. However, by analyzing 
estimations with alternative specifications, we can confirm whether the results violate the 
SUTVA. In this study, we apply some tests to assess the validity of the assumption. We 
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show the details about the tests and their results in Section 4.4. 
 

3.3. Data 
This study uses facility-level data from the Census of Manufacture conducted by the 
Ministry of Economy, Trade, and Industry (METI) of Japan between 2002 and 2016, and 
the Economic Census for Business Activity from the METI and the Ministry of Internal 
Affairs and Communications (MIC) in 2011 and 2015 is also used. The Census of 
Manufacture targets facilities with more than 4 employees in the manufacturing industry, 
and all facilities are required to fill out and submit the form to the government. In this 
study, we focus on the sample of manufacturing facilities with more than 30 employees 
in this census. Because the facilities bellow 30 employees did not need to report the 
amount of fixed asset. The census records 90 items of information. The total sample 
covers approximately 45,000 facilities annually for four-digit manufacturing sectors, 
including production value, the number of employees, the usage of electricity and fuels 
for energy, fixed assets, and intermediate material costs. Compared with the Census of 
Manufacture, the Economic Census for Business Activity provides more detailed 
information and targets all facilities in Japan. The Economic Census for Business Activity 
has been implemented every 5 years since 20126 by the METI and the MIC. When the 
METI and MIC implemented the census, the Census of Manufacture was not 
implemented in the same year. This study combines the data of the two censuses to obtain 
panel data between 2002 and 2016. The panel data can be used to estimate the facilities’ 
energy efficiency and to analyze the impact of the Tokyo and Saitama ETSs on the 
estimated energy efficiency. 

After handling the missing values and outliers as well as the matching process, we 
obtain an unbalanced panel of 2,316 observations for the period from 2002 to 2016. All 
matched facility pairs are in the same four-digit sectors with similar characteristics, 
including all inputs of the stochastic production frontier function. That is, all matched 
facilities are exposed to the same input and sectoral-specific shocks and trends. Matching 
quality is evaluated through a comparison of the mean difference in the matched groups, 
which is shown in Table 1. Before matching, the average value of almost all variables 
shows significant differences between targeted and nontargeted facilities, excluding the 
export ration and the usage of freshwater. The differences mean that the characteristics of 
the facilities may have sample bias between the targeted and nontargeted facilities. After 
matching, the average value of all matching variables does not show statistically 

 
6 We use the data of the Economic Census for Business Activity in 2011and 2015. The survey was 
conducted in 2012 and 2016 to gather survey data covering each previous year. 
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significant differences between each sample group. Therefore, the matched sample can 
overcome the sample bias problem when we perform DID estimation. The descriptive 
statistics of all variables are shown in Table 2. 
 
4. Results and discussion 
4.1. Energy inefficiency results 
We provide an intuitive way to view the results with the aid of a graph that plots the 
energy inefficiency of the matched targeted and nontargeted facilities before and after the 
implementation of the Tokyo and Saitama ETSs (see Fig. 1). Fig. 1 shows the energy 
inefficiency of the matched targeted and nontargeted facilities, highlighting the 
announcement and implementation periods of the ETSs. The red line represents targeted 
facilities, and the blue line represents nontargeted facilities. We found that the energy 
inefficiency of two groups appears to be roughly comparable, particularly during the pre-
announcement period. An upward trend after the announcement is found only for the 
targeted facilities, creating an enormous gap between the two groups in the figure from 
2007 to 2011. This means that the targeted facilities took action to change their production 
activities when they knew that they would face environmental regulation. However, one 
year after the implementation of the ETSs, the trend became similar again. Another 
noteworthy feature is that we do see an abnormal increase in inefficiency in both targeted 
and nontargeted facilities from 2008 to 2009, which reflects that the facilities in Japan 
were affected by the global financial crisis. 

 
4.2. Baseline results 
The baseline results of energy inefficiency and outsourcing activities are shown in Table 
3 Column (1) and (2) respectively based on equation (3). Column (1) shows that the 
impact of the ETSs on energy inefficiency is statistically significant at the 10% level only 
for the coefficient of the interaction term 𝐸𝐸𝐸𝐸𝐸𝐸 × 𝑃𝑃𝑎𝑎𝑎𝑎, which supports Hypothesis 1. It 
indicates that the energy inefficiency of targeted facilities increased by 13% compared 
with nontargeted facilities in the announcement period. It seems that the targeted facilities 
tended to change their production activities to comply with the reduction targets before 
ETS implementation.  

Three or four years before the official implementation of the ETSs, the Tokyo and 
Saitama governments announced that an ETS would be launched to provide a buffer to 
targeted facilities for revision strategies for their production. Potential strategies for 
facilities include fuel switching, investment in renewable energy technologies, 
investment in in new clean technologies, and the purchase of advanced equipment are 
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conceivable strategies for facilities, which may lead to lower energy efficiency and 
productivity in the short term. When targeted facilities face uncertainty about upcoming 
environmental regulations, they may complete adjustments during the announcement 
period. 

According to the official reports of the Tokyo and Saitama ETSs, both ETSs 
achieved excess reductions during the first compliance period7. Such excess reductions 
may stem from targeted facilities take strategies as discussed earlier, which induces the 
increase in adjustment cost of production resulting in the energy inefficiency. During the 
announcement period, targeted facilities become aware of their specific emissions targets, 
calculated based on their emissions between 2002 and 2006, and tend to take preemptive 
strategies to address the future uncertain of ETSs such as price of allowance and reduction 
targets before the ETS implementation. 

Notably, the only 10% of targeted facilities achieve targets by trading allowances, 
highlighting the limited opportunities for reducing mitigation costs in allowance trading. 
The Japan’s ETS market faces multiple challenges, including lack of financial exchange 
market of allowances for targeted facilities, the inaccessible transaction records for other 
traders, low transaction liquidity, and scarce price information about the allowance. These 
issues result in the lower liquidity for allowance transactions in the Japan’s ETS market 
compared to the EU ETS and China ETS, indicating the Japan’s ETSs fail to fulfill their 
price signaling function. In this context, the targeted facilities must strive to achieve the 
emissions reduction target through their own efforts, avoiding uncertainty related to 
purchasing additional emissions allowance from the market. Therefore, targeted facilities 
tend to decrease their CO2 emissions, despite the loss of production efficiency rapidly in 
the early stage. 

Moreover, the coefficients of the interaction terms in the compliance periods 
(“𝐸𝐸𝐸𝐸𝐸𝐸 × 𝑃𝑃1” and “𝐸𝐸𝐸𝐸𝐸𝐸 × 𝑃𝑃2”) are not significant. The estimation results indicate that the 
Tokyo and Saitama ETSs did not affect the energy efficiency of the targeted facilities, 
which can be explained by following two reasons. First, this study focuses on the impact 
of ETSs on energy efficiency at the facility level instead of the firm or regional level, as 
investigated by the literature, which might be a reason why our results are inconsistent 
with those of the literature. Firm- or regional-level data cannot directly capture production 
activities as inputs and outputs to measure energy efficiency. Only one study adopted 
facility-level data, Löschel et al. (2019), which aggregated facility-level data to firm-level 

 
7 The Tokyo Metropolitan Government Bureau of the Environment published the official report. For 
details, see its website. 
(https://www.kankyo.metro.tokyo.lg.jp/climate/large_scale/data/index.html#torihiki) 
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data to measure energy inefficiency. Compared with Löschel et al. (2019), our study uses 
the characteristics of facilities in the matching process, including not only the input of 
SFA but also other characteristics used as control variables in the DID model.  

Second, another possible reason might be the difference in scale merit. Especially 
in the case of the Tokyo and Saitama ETSs, in which facilities with more than 2,800 tons 
of CO2 emissions are covered, this means that the Tokyo and Saitama ETSs target 
relatively small-scale facilities compared with China's national ETS and the EU-ETS. 
Therefore, the targeted facilities of Tokyo and Saima ETSs might not be able to enjoy the 
scale merit for emissions reduction. However, through our results, the impact of Japan’s 
ETSs on energy inefficiency has undergone a radical transformation from announcement 
period to compliance period, which is confirmed. This result implies that implementation 
of ETS may decrease targeted facilities’ energy inefficiency. 

Column (2) shows that the ETSs did not induce an increase in outsourcing 
activities during the announcement and compliance period reflecting that Hypothesis 2 is 
not confirmed. The insignificant effect of ETSs on outsourcing activities indicates that 
the targeted facilities did not take a strategy of outsourcing their production process to 
other facilities. This result is in line with previous findings. Martin et al. (2014) 
interviewed 761 managers of both EU ETS and non-EU ETS firms in six European 
countries to determine whether the company planned to downsize operations or relocate 
abroad in the near future in response to carbon pricing. They concluded the average 
downsizing risk is low in the case of EU-ETS. Most interviewed managers report that 
future carbon pricing has no impact on their location decisions. In line with these previous 
findings, our results imply Japan’s regional ETSs also did not cause leakage behavior of 
each facility through outsourcing. 

 
4.3. Results for identifying assumptions 
4.3.1 Unconfoundedness assumption 
The matching strategy assumes conditional unconfoundedness, which cannot be tested in 
principle. This study conducts three tests to confirm unconfoundedness by following the 
previous literature. First, we conduct a placebo test to confirm the baseline result whether 
affected by the potential confounding regulations. Because the targeted facilities may be 
affected by other local environmental regulations, our results may capture the impacts of 
these regulation rather than the ETSs. Therefore, we conduct a placebo test by 
implementing a potential confounding regulations one year before the announcement of 
Japan’s regional ETSs (Löschel et al., 2019; Zeng et al., 2022). In practice, we conduct a 
counterfactual treatment group to capture the impact of the potential confounding 
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regulation since 2006. We still distinguish the period to announcement and compliance 
period in the analysis. If the facilities in the counterfactual group are not affected by the 
potential confounding regulations, the estimates of the counterfactual group should be 
insignificant. Table 4, Column (3) shows the result of the placebo treatment effects for 
the baseline result, which indicates the statistically nonsignificant effect of counterfactual 
ETSs on energy inefficiency, meaning that the conditional unconfoundedness assumption 
holds for the matching process. 

Second, we conduct a test to check whether omitted variable bias exist in our 
analysis based on Oster (2019) by following Koch and Themann (2022). Oster (2019) 
provided a series of analysis to confirm this potential effect by focusing on bound for the 
interest coefficient (𝛽𝛽1 in equation (3) in this study). This identification can be realized 
by using the R-squared and a selection proportionality δ that captures the changes in 
coefficients conditional on two different specifications of different explanatory variables8. 
Specifically, based on Oster (2019), if the estimated bounds fall in the 99.5% confidence 
interval of the interest coefficient, we can conclude that the interest coefficient is unlikely 
affected by unobservable factors that are at least as important as the observable factors. 
For the δ, if the value is larger than 1, for instance 2, indicating that the unobservable 
factors need be twice of important than other observable factors to no longer explain the 
effect of interest coefficient (See Oster, 2019). This study found that the bound falls 
within the 99.5% confidence interval of 𝛽𝛽1  and the δ is 1.64 indicating the 
announcement effect is unlikely affected by omitted variable bias.  

Third, we conduct another alternative placebo test to confirm the baseline result 
whether affected by the omitted variables or other unobserved factors. We follow Ferrara 
et al. (2012) and Cai et al. (2016) by randomly selecting firms from our full sample as a 
counterfactual treatment group to check whether counterfactual treatment effect affects 
energy inefficiency. Due to the randomly selecting, the effect of counterfactual treatment 
group should not affect energy inefficiency when the omitted variable or other 
unobserved factors not exist. If the counterfactual group significantly affects energy 
performance, the placebo effect exists so that the result is unreliable. In practice, we 
randomly select 106 facilities (similar to the actually targeted facilities in the matched 
sample) in a four-digit sector and as the counterfactual group (Liu & Lu, 2015; Zhu et al., 
2019; Yu & Zhang, 2022). This procedure was repeated 500 times to obtain the 
distribution of the counterfactual estimators. We require the counterfactual targeted 

 
8 Two specifications contain basic explanatory variables and full explanatory variables respectively 
in this study. δ equals one when the equal selection happens on observable and unobservable 
variables. 
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facilities to also face an announcement period of 3 to 4 years based on whether they were 
targeted by the Tokyo or Saitama ETS. Fig. 2 plots the density distribution of the 
counterfactual coefficients, in which the distribution concentrates on 0 with a mean value 
of -0.023 and a standard deviation of 0.080. The real value of the significant estimator 
𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 × 𝑃𝑃𝑖𝑖𝑎𝑎𝑎𝑎  (dashed l ine) is larger  th an the value  of the 95 th perc entil e of the 
counterfactual estimators (solid line), indicating that the counterfactual effect is reached 
or exceeded by less than 5% in the 500 placebo tests. We conclude that omitted variables 
are unlikely to induce the effect on energy inefficiency, and the assumption holds. 

4.3.2 SUTVA 
Additionally, we need to test whether our study can permit the SUTVA. The identification 
strategy relies on the SUTVA, which indicates that nontargeted facilities are not affected 
by targeted facilities, which also cannot be tested in principle (Fowlie et al., 2012; 
Themann & Koch, 2021). In the regions of the ETSs, nontargeted facilities may also be 
affected by the ETSs through the spillover effect from targeted facilities. For example, if 
nontargeted facilities compete with nontargeted facilities in a specific region, the 
performance of nontarget facilities is affected by the performance of targeted facilities 
that are affected by the ETS. Additionally, a positive spillover effect on energy and 
production efficiency may occur between targeted and nontargeted facilities if facilities 
have some information channel. Even if the SUTVA cannot in principle be tested, by 
analyzing the specific cases of the violation of the STUVA, we can check whether the 
assumption holds. 

We analyze two cases by changing the treatment and control groups of the DID 
analysis: (1) changing the treatment group to a nontargeted facility in Tokyo and Saitama 
and changing the control group to a nontargeted facility from all regions except for Tokyo 
and Saitama; and (2) changing the treatment group to a targeted facility located in Tokyo 
and Saitama and changing the control group to a non-ETS-regulated facility from all 
regions of the country except for Tokyo and Saitama. The results are shown in Table 4, 
Column (4) and (5), respectively. Table 4, Column (4) shows a nonsignificant effect in 
three periods, indicating no difference between nontargeted facilities in ETS regions and 
nontargeted facilities in regions excluding ETS regions. Column (5) shows a significant 
effect on energy inefficiency during the announcement period between targeted and 
nontargeted facilities in regions excluding ETS regions. In summary, we conclude that 
nontargeted facilities are not affected by targeted facilities; thus, the SUTVA holds9. 

9 The baseline result (Column 2 in table 3) shows Japan’s regional ETSs do not affect the amount of 
outsourcing in each targeted facility. However, this result also relies on assumptions to support the 
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4.4. Other robustness tests 
This paper provides additional results for different matching specifications to check the 
robustness of the baseline results. In particular, we first analyze using the different 
matching ratios of nontargeted facilities to targeted facilities from one to five to one to 
twenty (Löschel et al., 2019). We impose restrictions similar to those in the baseline 
analysis on the alternative specifications in the matching process and DID estimations. 
Table 5 shows that all estimated coefficients of energy inefficiency during the 
announcement period are significant. The results of outsourcing are shown in the 
Appendix. Table 6 shows the results of outsourcing activities based on different 
specifications, and they are consistent with the baseline results. We conclude that the 
effects of the Tokyo and Saitama ETSs on energy inefficiency and outsourcing activities 
at the individual facility level are robust in the announcement period. 

A precondition of the DID method is that the targeted and nontargeted facilities 
follow parallel trends over the pretreatment period (Callaway & Sant’Anna, 2021). Even 
though the matching process in this study confirmed no difference between the two 
groups before the announcement, the parallel trend of the DID estimators still needs to be 
clarified. The parallel trend is tested using the following equation based on Jacobson et 
al. (1993). 

 

𝑌𝑌𝑖𝑖𝑖𝑖 = ∑ 𝛽𝛽𝑖𝑖𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖 × 𝐷𝐷𝑖𝑖2016
𝑖𝑖=2002 + 𝑿𝑿𝑖𝑖𝑖𝑖𝑖𝑖𝛣𝛣 + 𝜇𝜇𝑖𝑖 + 𝛾𝛾𝑖𝑖 + 𝜃𝜃𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 (4) 

 
where 𝐷𝐷𝑖𝑖 is the dummy variable for the period of 2002 to 2016 except for 2006, 

which is the year before the announcement of the ETS as the base year. Fig. 3 shows the 
parallel trends of the ETSs in energy inefficiency by plotting 𝛽𝛽𝑖𝑖 with a 95% confidence 
interval. We find that the coefficients are nearly 0 during the pre-announcement period, 
which indicates that the trend between the two groups is similar. Therefore, we conclude 
that the parallel trend assumption holds. 

 
5. Conclusion and policy implications 

This study investigates the impact of Japan’s regional ETSs on the energy 
 

matching DID estimation. Therefore, we do some robustness tests the same as in table 4 and fig.2 in 
case the dependent variable is outsourcing. The results of the tests are shown in Appendix A. In 
appendix A, we define “outsourcing estimation” as the estimation results in case the dependent 
variable is outsourcing. 
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inefficiency and outsourcing activities of targeted manufacturing facilities from 2003 to 
2016. Through the propensity score matching DiD method, the causal effect of Japan’s 
ETSs on energy inefficiency that is measured as the distance to the production frontier at 
the facility level based on SFA, can be examined. 

The empirical results highlight that Japan’s regional ETSs diminished energy 
efficiency in short-term at the facility level in the manufacturing sector during the pre-
compliance (announcement) period of the ETSs. It can be concluded that this is attributed 
to increases in adjustment costs of production, such as equipment replacement or 
improvement in technologies, as targeted facilities prepare for emission reduction 
methods prior to ETS implementation to comply with future uncertainties. During the 
compliance period, however, our results suggest that Japan’s regional ETSs do not 
increase the energy inefficiency of targeted facilities. In contrast to previous studies that 
found the Chinese and EU ETSs improved the energy efficiency of firms and facilities 
(Chen et al., 2021; Löschel et al., 2019), our study does not consider CO2 emissions as 
one of input for calculating the energy efficiency. Generally, targeted facilities tend to 
decrease more CO2 emissions than nontargeted facilities. Therefore, if we consider the 
CO2 emission for estimating energy efficiency, the energy efficiency of targeted facilities 
may increase in the compliance period of Japanese ETSs. Furthermore, our results also 
indicate that Japan’s regional ETSs do not increase outsourcing activities at the facility 
level. We conclude that Japan’s ETSs not only increase targeted facilities in reducing their 
energy efficiency performance, but also in inhibiting the potential risk of outsourcing-
induced carbon leakage during the compliance period.  

Based on the conclusion, we propose several crucial policy implications for future 
carbon pricing in Japan. First, policymakers need to consider the impact of energy 
inefficiency before ETS implementation, particularly in the announcement period. ETSs 
prompt targeted facilities to comply the environmental regulation through striving for  
energy transition towards low-carbon production process, which may incurs additional 
environmental costs for the targeted facility. While such excitations may promote energy 
efficiency in the long term, they may also result in decrease in production and energy 
efficiency in short term. Nonetheless, if ETS can provide a suitable environment for 
facilities to effectively transact emissions allowance, the inefficiency arising from the 
emissions reduction can be minimized. If the targeted facilities can able to adjust the 
mitigation costs using allowance transactions under the appropriate policy design, this 
study may find contrasting result, which the CO2 emissions can be reduced without 
sacrificing energy efficiency. 

Second, it is important to note that ETS does not affect the energy efficiency of 
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targeted facilities during the compliance period. Compared to previous studies, the 
calculation of energy inefficiency in this study does not take account the CO2 emissions 
due to the restricted data. If the CO2 emissions is considered as one of the production 
factors in this study during compliance periods, estimated energy efficiency of targeted 
facilities may increase. One important finding of this study is that Japan’s regional ETSs 
did not lead to efficiency loss of targeted facilities. Although the targeted facilities 
decreased energy efficiency in the announcement period, the energy efficiency gap 
between targeted and nontargeted facilities eventually disappeared. It may be attributed 
to energy efficiency is recovered from short-run emissions reduction investments, which 
initially increased inefficient energy use and other production inputs. Additionally, policy 
uncertainty of the ETSs reduced from the early stage. Targeted facility initially struggled 
to understand the allowance price and regulation effect. One the ETS implementation, 
targeted facilities learned about the regulatory effect and allowance market system, 
leading to a decrease in policy uncertainty. Further analysis is needed to reveal the 
primary factor contributing to the recovery of energy efficiency. Regardless, we can 
evaluate that Japan’s regional ETSs can mitigate the CO2 emissions without energy 
efficiency loss and carbon leakage through production outsourcing. 

The interpretations of our empirical analysis results need to be made with caution. 
It is crucial to keep in mind that we matched facility pairs only in terms of observable 
characteristics. Although we include inputs of SFA in measuring energy efficiency to 
ensure that facilities with the same performance can be matched, factors such as energy 
prices and electricity prices need to be carefully considered in the analysis. Electricity 
prices directly affect the costs and electricity consumption of facilities, particularly in 
Japan, where electricity prices differ depending on the region. However, we cannot 
control for the prices in facilities or industries. This means that our matching process 
allows facilities from the two regions under study to be matched as a pair, and these two 
facilities probably face different difficulties in energy efficiency improvement. 
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Table.1 Equivalence tests for matched targeted and nontargeted facility 
 Matched Non matched 

Variables Targeted Nontargeted Difference Targeted Nontargeted Difference 

Inputs and output       

Energy 

inefficiency 

0.189 0.165 -0.023 0.189 0.174 -0.014 

Employment 402.952 362.343 -40.609 402.952 153.372 -249.5*** 

Total energy used 

(ten thousand yen) 

33258.03 32411.58 -846.445 33258.03 13235.36 -20022*** 

Fixed assets (ten 

thousand yen) 

464736.8 393535.8 -71200.9 464736.8 149546.7 -315190*** 

Intermediate 

material costs (ten 

thousand yen) 

1006195 1173885 167690 1006195 296739 -709455*** 

Production value 

(ten thousand yen) 

2008026 2250472 242445 2008026 619663 -1388363*** 

Controls       

Payment (ten 

thousand yen) 

254087 217425 -36662.1 254087 80375.8 -173712*** 

Shipment value of 

products (ten 

thousand yen) 

1978083 2219671 241587 1978083 605661.8 -1372421*** 

Export ratio  3.490 3.687 0.196 3.490 2.086 -1.403 

Usage of 

freshwater (m3) 

4983.70 4081.44 -90.225 4983.70 3992.79 -990.909 

Area (m2) 59004.1 59550.5 546.362 59004.1 39382.2 -19621.88 

Notes: This table reports mean value and its difference between targeted and nontargeted facilities in 

our samples for the all variables including energy efficiency. The difference is tested by t-test. To 

prove our matching process quality, the median difference of unmatched and matched pairs is shown 

in the table simultaneously. Energy inefficiency is not used in the matching process. *p < 0.1; **p < 

0.05; ***p < 0.01. Our all sample based on the Census of Manufacturer (conducted by the METI) and 

the Economic Census for Business Activity (conducted by the METI and the MIC) 
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Table.2 Descriptive statistics 
 Obs Mean S.D Min Max 

Inputs and output      

employment 2,310 339.07 569.527 30 4948.0 

total energy used  2,310 28100.41 54386.5 154 588998 

fixed assets 2,310 324388 626589 1 11200000 

intermediate material costs 2,310 969163.9 3475289 19 63500000 

Production value 2,310 1822360 5263358 10248 68100000 

Controls      

energy inefficiency 2,310 0.163077 0.102 0.034 0.98 

payment 2,310 197229.9 373016.3 3979 3527124 

shipment value of products 2,310 1741736 5192844 0 68400000 

area 2,310 49758.89 94170.86 288 1245675 

usage of freshwater 2,310 2613.258 12050.3 1 185150 

export ratio 2,310 4.59787 11.850 0 86.05 
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Table.3 Baseline results 

Outcome variables ln(Energy inefficiency) ln(Outsourcing) 

 (1) (2) 

ETS × Pan 

 

0.133* 
(0.0703) 

0.0450 
(0.158) 

ETS × P1 

 
0.0480 

(0.0768) 
0.139 

(0.175) 

ETS × P2 
 

0.158 
(0.103) 

-0.0144 
(0.222) 

Payment 
 

-0.0409 
(0.0419) 

1.045*** 
(0.130) 

Shipment value of 
products 
 

-0.0376** 
(0.0147) 

0.0992*** 
(0.0251) 

Area 
 

0.0151 
(0.0522) 

-0.362*** 
(0.131) 

Usage of freshwater 
 

0.00738 
(0.0184) 

-0.0458 
(0.0432) 

Export ratio 
 

0.0399* 
(0.0210) 

0.0614 
(0.0491) 

Year-fixed effect Yes Yes 
Facility-fixed effect Yes Yes 
Sector-fixed effect Yes Yes 
Observations 2,266 2,266 
R-squared 0.394 0.862 

Notes: Robust standard errors are reported in parentheses. *p < 0.1; **p < 0.05; ***p < 0.01.  
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Table.4 Results for identifying two assumptions 

 

Unconfoundedness SUTVA 

(3)  (4) (5) 

ETS × P06-10 

 
0.115 

(0.0711) 
  

ETS × P11-16 

 
0.0476 

(0.0840) 
  

ETS × Pan 

 
 0.0132 

(0.250) 
0.143* 

(0.0733) 

ETS × P1 

 
 -0.226 

(0.214) 
0.0523 

(0.0829) 

ETS × P2 

 
 -0.166 

(0.208) 
0.154 

(0.106) 
Controls Yes Yes Yes 
Fixed effects Yes Yes Yes 
Observations 2,266 2,183 1138 
R-squared 0.392 0.541 0.411 

Notes: Robust standard errors are reported in parentheses. *p < 0.1; **p < 0.05; ***p < 0.01.  
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Table.5 Results for robustness tests 

 

(6) (7) (8) (9) 

1:5 1:10 1:20 Baseline 

ETS × Pan 

 
0.119** 
(0.0570) 

0.111** 
(0.0555) 

0.120** 
(0.0545) 

0.133* 
(0.0703) 

ETS × P1 

 
0.0649 

(0.0644) 
0.0671 

(0.0632) 
0.0756 

(0.0619) 
0.0480 

(0.0768) 

ETS × P2 

 
0.0933 

(0.0822) 
0.0965 

(0.0773) 
0.0969 

(0.0760) 
0.158 

(0.103) 
Controls Yes Yes Yes Yes 
Fixed effects Yes Yes Yes Yes 
Observations 6,690 11,197 18,307 2,266 
R-squared 0.301 0.264 0.218 0.394 

Notes: Robust standard errors are reported in parentheses. *p < 0.1; **p < 0.05; ***p < 0.01.  
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Table.6 Results for robustness tests 

 

(10) (11) (12) (13) 

1:5 1:10 1:20 Baseline 

ETS × Pan 

 
-0.0404 
(0.160) 

-0.0331 
(0.160) 

-0.0957 
(0.153) 

0.0450 
(0.158) 

ETS × P1 

 
0.122 

(0.168) 
0.0843 
(0.172) 

0.00809 
(0.162) 

0.139 
(0.175) 

ETS × P2 

 
0.0933 

(0.0822) 
0.0965 

(0.0773) 
0.0969 

(0.0760) 
-0.0144 
(0.222) 

Controls Yes Yes Yes Yes 
Fixed effects Yes Yes Yes Yes 
Observations 6,690 11,197 18,307 2,266 
R-squared 0.783 0.768 0.751 0.394 

Notes: Robust standard errors are reported in parentheses. *p < 0.1; **p < 0.05; ***p < 0.01.  
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Fig.1. Energy inefficiency of matched targeted and nontargeted facilities 
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Fig.2. Placebo test 
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Fig.3. Parallel test 
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Appendix 
 

Table.A.1 Results for identifying two assumptions (Outsourcing) 

 

Unconfoundedness SUTVA 

(3)  (4) (5) 

ETS × P06-10 

 
0.090 

(0.172) 
  

ETS × P11-16 

 
0.092 

(0.200) 
  

ETS × Pan 

 
 0.092 

(0.161) 
0.456 

(0.310) 

ETS × P1 

 
 0.057 

(0.174) 
0.152 

(0.261) 

ETS × P2 

 
 -0.059 

(0.218) 
0.330 

(0.411) 
Controls Yes Yes Yes 
Fixed effects Yes Yes Yes 
Observations 2,266 2,183 1138 
R-squared 0.861 0.865 0.923 

Notes: Robust standard errors are reported in parentheses. *p < 0.1; **p < 0.05; ***p < 0.01.  
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Figure.A.1 Placebo test for outsourcing 
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