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Abstract

The focus of corporate environmental managemenghiéed from individual firms to supply chains,
and to so-called green supply chain management KB SThis study defines GSCM intending to
improve greenhouse gas (GHG) emissions performascew-carbon supply chain management
(LCSCM), and analyzes the influence of Japaneseaifaaturing firms’ LCSCM on their own CO
emissions performance and the difference in tHlaeénce between industries located on the upper
and lower streams of the supply chain. The maidiriigs are as follows. First, when g@missions
performance is evaluated in terms of unit emissiattiough firms using LCSCM in general are not
more likely to emit lower C@or reduce their emissions further, those in theelostream industries
are more likely to emit lower C{and those in the upper stream industries are fikalg to reduce
CO, emissions further. Second, when £émissions performance is evaluated in terms @l tot
emissions, although firms using LCSCM in generalrast more likely to emit lower Cr reduce
their emissions further, those in the lower stréaaistries are more likely to emit lower @hese
results imply the necessity to employ different Gigdicies for firms in different industries, with

consideration of the unit and total emissions.
Keywords

Low-carbon supply chain management; Lower CQ, emissionsFurther CO2 emissionsduction; Unit
emissionsTotal emissions

1. Introduction

Global anthropogenic greenhouse gas (GHG) emisgiornsased from 28.7 GtG@Qear in 1970 to
49.0 GtCQlyear in 2004 (Pachauri and Reisinger, 2007). Tuggests that the quantity of
anthropogenic GHG emissions increased by 1.7 timeke last 35 years. Anthropogenic GHGs
include carbon dioxide (C{) methane (CkJ, nitrous oxide (NO), and fluorinated gases such as
hydrofluorocarbons (HFCs), perfluorocarbons (PFR&8) sulfur hexafluoride (SF6). G@&missions
mainly derived from fossil fuel use, deforestatidiecay of biomass, etc., accounted for 76.7% of
global anthropogenic GHG emissions in 2004 (Paclasua Reisinger, 2007). What is already widely
known is that the increase in GHG emissions hasezhglimate change, a serious environmental

concern that must be resolved as soon as poskitdéighly likely that the increase in temperatur



since the middle of the 20th century has been chosenly by the increase in anthropogenic GHG
emissions (Pachauri and Reisinger, 2007). Thergfbeeamount of anthropogenic GHG emissions,
especially C@ must be reduced.

The business sector is responsible for significpraintities of GHG emissions, especially GHG
arising from energy consumption that occurs throfighs’ production activities (Bernstein et al.,
2007; Bradford and Fraser, 2008). For example, the business sector (after elegtraigtribution)
accounted for 40.6% of Japan's anthropogenic GHBsoms in 1998.Thus, a fundamental shift of
production processes toward sustainability is megu{Beamon, 1999). Climate policies to reduce
GHG emissions in the business sector include dnegnlations (e.g. emission control and energy
consumption regulation), indirect regulations (eegvironmental taxes and emission trading) and
promotion of voluntary environmental managementitigs (Hatakeda et al., 2012). Because direct
regulations negatively influence economic actigitilimate policies have generally involved indirec
regulations and promotion of voluntary environmémnianagement by firms (Hatakeda et al., 2012).
This implies that firms are expected to implemenvinmental management to reduce GHG
emissions voluntarily.

Climate change is global in scope and thereforg fitecessary to reduce GHG emissions at the
global level. In the business sector, such a glappfoach has appeared in supply chain management
(SCM), which provides the opportunity to capture fynergy of intra- and interfirm integration and
management through a network of businesses antiorships (Kokubu and Shinohara, 2011;
Lambert and Cooper, 2000). This approach is nepggsaa an individual firm's environmental
management has a limited effect in reducing GHGssimins and because the GHGs associated with
the production of an end-product are not emittedbly the end-product manufacturer, but rather
across the entire supply chain. Thus, the focwasfoi’s environmental management to reduce GHG
emissions has shifted from individual firms towatlde entire supply chain. Environmental
management trying to minimize the undesirable emvirental burdens of supply chain processes
within the participating firms, and across the ensupply chain as well, is generally called green
supply chain management (GSCM) (Nikbakhsh, 2009CM is concerned with not only traditional
SCM performance including timeliness, transactionstg, product quality and effective
communication, but also environmental managememfopeance (Faruk et al., 2002). The
environmental burdens to be reduced by GSCM inchalenly those used in the products (product
life-cycle influence) but also those in the mantdaag processes (operational life-cycle influence)
(Sarkis, 2003).

This paper defines GSCM that is intended to impiG¥G emissions performance as low-carbon
supply chain management (LCSCM). In the LCSCM fra, firms are responsible for GHGs

1 Interim Report of the Subcommittee for Goal-achigvbcenario, Global Environment Committee, the
Central Environment Council, the Ministry of thesienment of Japan (in Japanese). Available at:
http://www.env.go.jp/council/06earth/y062-08/mati.
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emitted both off- and on-site. The carbon footpantd Scope 3 of the GHG Protocol are methods of
LCSCM and the number of firms conducting GHG erpissimanagement using these methods is
increasing. For example, Honda Motor Co., Ltd sthtb disclose Scope 3 emissions in 2012.

In terms of mitigating the climate change, the otiye of LCSCM is to reduce GHG emissions
across entire supply chains and therefore thaoaktiip between LCSCM and the reduction of GHG
emissions of entire supply chains is an importssue to be clarifieddowever, it is also important to
clarify the influence of a firm's LCSCM on its owBHG emissions, especially G@missions
performance. This is not only because the GHG eomisf entire supply chains is an accumulation
of those of individual firms, but also becauseddiit firms have different strategies and appraache
to LCSCM even in the same supply chain. Accordinglys expected that the contribution of the
LCSCM of individual firms to the reduction in GHGnessions of entire supply chains is also
different. Therefore, this study analyzes the iefice of Japanese manufacturing firms’ LCSCM on
their own CQ emissions performance and the difference of tiflaénce between industries located
in the upper and lower streams of the supply chigirs study employs both G@missions and CO
emission reductions as proxies for £€missions performance, with consideration giverund
emissions (environmental efficiency) and total emoiss. This is because, for example, although
many firms regard environmental efficiency as intgot, CQ emissions can increase if the quantity
of production increases, even for firms with be®®, emissions performance in terms of unit
emissions.

The main findings are as follows. First, when £&issions performance is evaluated in terms of
unit emissions, although firms using LCSCM in gahere not more likely to emit lower G@r
reduce their emissions further, those in the lostiezam industries are more likely to emit lower,CO
and those in the upper stream industries are nikely lto reduce C@emissions further. Second,
when CQ emissions performance is evaluated in terms @ tmissions, although firms using
LCSCM in general are not more likely to emit lov@D, or reduce their emissions further, those in the
lower stream industries are more likely to emit doWCQ. These results imply the necessity of
employing different GHG policies for firms in difient industries, with consideration of unit anctot
emissions.

This paper is divided into the following sectiosection 2 reviews the literature on GSCM and
LCSCM. Section 3 discusses several hypothese®detatLCSCM. Section 4 details the data and

variables and Section 5 provides the estimationliesSection 6 presents some concluding remarks.

2. Literature review

 Honda news release 2012, Available at:
http://world.honda.com/news/2012/c120825Greenh@sg-Emissions.
% Nikkei Industrial Newspaper, January 27, 2012.
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LCSCM is a relatively new corporate environmentanagement tool compared with GSCM.
Therefore, although there are many studies focu®mm@SCM in general, there are only a few studies
specifically focusing on LCSCM. As a result, thdluence of LCSCM has not been examined.
However, because LCSCM is a special type of GSCéipded to reduce GHG emissions, this section
reviews the literature on GSCM and discusses tiheeimce of LCSCM on C@emissions reduction.

Most of the previous quantitative studies on GSCdtut mainly on the reasons for its
implementationfFor example, Zhu and Sarkis (2006), using ANOVAdate about Chinese firms in
the automobile, power generating and electronictietal industries, found that (possible) GSCM
drivers/pressures such as regulations, marketuqpliers and internal factors are different among
these industries. Zhu et al. (2007), using regoesanalysis on Chinese automobile firm data, found
that internal factors positively influence GSCM iepentation. Darnall et al. (2008), using Pearson
Chi-square tests on data of US manufacturing fees|i found that facilities with an Environmental
Management System (EMS) implement GSCM practicere frequently. Testa and Irald (2010),
estimating a binary probit model using data aboanufecturing facilities in OECD countries such as
Canada, France, Germany, Hungary, Japan, Norwatharidnited States, found that several strategic
approaches such as corporate image strategy, pradudor process development strategy and
follower strategy, and adoption of EMS positivetjfluience GSCM implementation. Arimura et al.
(2011), estimating treatment effects using dataiabapanese manufacturing facilities, found that th
adoption of ISO 14001 promotes GSCM practices. déterminants of GSCM, however, have also
been analyzed by qualitative studies. Walker €28I08) reviewed qualitative studies publishedhim t
period 1994-2006 and categorized the drivers of BSQto organizational factors, regulation,
customers, competitors and society, and the bart@eit, into costs, lack of legitimacy, regulation
poor supplier commitment and industry-specific leas:

Thus, these studies clarified that various inteamal external factors can influence GSCM. Given
these studies, Kajiwara and Kokubu (2012), usinginary least squares (OLS) on data about
Japanese manufacturing firms, found that difficulty CO, measurement, relationship-specific
investment, supplier concentration, environmentaisciousness of purchasing division, and the
stringency of environmental policies influence itmglementation of LCSCM. The study by Kajiwara
and Kokubu (2012) is valuable because they werérdteo analyze LCSCM .

In contrast, a few studies analyzed the influenta éirm's GSCM on its own environmental
performance quantitatively. For example, Zhu e{(2007), using regression analysis on data about
Chinese automobile firms, found that GSCM actigitipositively and negatively influence
environmental and economic performance. VachorMaml (2008), using OLS on country-level data,
found that supply chain strength is positively édkto environmental performance such as that
measured by the recycling rate and GHG emissiesaland Irald (2010), estimating a binary probit

model using data about manufacturing facilitie® BCD countries such as Canada, France, Germany,



Hungary, Japan, Norway and the United States, fabatt GSCM improves firms’ environmental
performance in areas such as changes in the usgwal resources and the generation of solid waste
and water effluent.

Thus, although these studies generally found ttiatnées GSCM improved its own environmental
performance, the influence of GSCM requires furihgestigation. Accordingly, research analyzing
the influence of GSCM needs to be extended. Iriquaat, although Vachon and Mao (2008) found a
positive relationship between GSCM and GHG emissiparformance using country-level data,
whether such a relationship exists at the firmlleas not yet been determined. Thus, it is necgs$sar
analyze the influence of a firm’s LCSCM on its o@@, emissions performance.

However, as this study analyzes the influence déifra's LCSCM on its own C@ emissions
performance, it should be noted that LCSCM is d#ifie from GSCM in the following ways. First, the
areas of the business affected by LCSCM are muchder than those for GSCM, because,CO
emissions have a strong correlation with energysgmption and thus comprehensive energy
management control is necessary. Second, improwem&, emissions performance is a relatively
voluntary-oriented activity, whereas improvemenbiher environmental performance is a relatively
mandatory-oriented activity. Finally, bargainingw®y in the supply chain tends to influence the
behavior of a firm using LCSCM (Kokubu and Shin@)a2012). Because these differences in
characteristics can either positively and/or negdtiinfluence the relationship between LCSCM and
CO, emissions performance, the influence of LCSCM balldifferent compared with that of general
GSCM.

3. Hypotheses and research design

GSCM designed to improve the environmental perforceaof supply chain processes within
participating firms and the entire supply chaiarnsincreasingly widely accepted activity among §rm
(Nikbakhsh 2009; Testa and Irald, 2010). According to Hervani et al. (2005), GSCM is an extension
of individual environmental management activitiefs o firm such as green purchasing, green
manufacturing management, green marketing andsevegistics. Because LCSCM is a special type
of GSCM aimed at improving GHG emissions perfornearice basic concepts of GSCM could also
be applicable to LCSCM. However, a unique elemdnt@SCM is the extension of the energy
management methods of individual components opalgchain to the entire value chain. In order to
integrate these individual activities into GSCML&SCM, a proper system of communication with
suppliers and of supplier control are necessaryv(bieka, 2008). As the objective of LCSCM is to
reduce GHG emissions, especially £€missions of entire supply chains, firms using D6
endeavor to improve their own G@missions performance and motivate their suppl@improve

CO, emissions performance across the entire suppip.cha



Several triggers might cause the shift from indibenvironmental management to LCSCM. For
example, firms that have already implemented hm environmental management can reduce their
environmental risk in the supply chain further (Aura et al., 203, INishitani, 2010; Seuring et al.,
2008). In addition, firms can fulfill their corpdeasocial responsibility across the entire supphirc
(Kovécs, 2008). Furthermore, firms can increasesst environmentally conscious customers in the
same supply chain by improving G@missions performance along the chain. This il
suppliers will be evaluated by the accumulated €Qissions associated with the production of their
product, which is obvious from the discussionshaf tarbon footprint and Scope 3. However, it is
important to note that these advantages are niavtediedirectly from LCSCM but indirectly through
better CQ emissions performance. Thus, it is expected thasfusing LCSCM have an incentive to

improve CQ emissions performance. Therefore, the first hygsighthat this paper tests is as follows.

Hypothesis 1: Firms using LCSCM are more likelymprove their own C@emissions performance.

However, as Figure 1 shows, the volume of,@&missions and of COemission increases are
different among firms in industries generally l@zhin the upper stream of supply chains (textiles,
pulp and paper, chemicals, petroleum, rubber, g&ssl, nonferrous metals, and metals) and those i
industries generally located in the lower streamodf pharmaceuticals, general machinery, electrical
appliances, transportation machinery, precisiotrungents and other manufacturing). It is important
to note that the emissions from firms in the upgeeam industries are relatively larger than those
from firms in the lower stream industries, usinghbanit emissions and total emissions measures.
This is because firms in the upper stream industire more energy intensive than those in the lower
stream industries. As a result, it is expected finais’ views on LCSCM are different between the
upper and lower streams of supply chains, and firer¢he influence of a firm's LCSCM on its own
CO, emissions performance differs across these groifasns. Accordingly, the second hypothesis
is developed as follows.

Hypothesis 2: The influence of a firm's LCSCM os @awn CQ emissions performance is different

between the upper and lower stream industries.

In testing these hypotheses, £#nissions and increases in £nissions are used as proxies for
CO, emissions performance (as explained below). ,’@missions’ measures overall emissions
performance, whereas ‘G@mission increases’ measures emissions improverfkentexample,
Figure 1 suggests that firms in the upper streahngtries emit more CQOemissions, but reduce
emissions by more. This implies that the firms gdl€SCM emit more C@®and therefore have an

incentive to reduce their emissions. In contrashd in the lower stream industries have lower,CO



emissionshowever, they do not achieve such significant cédas in emissions. Thus, the target,CO
emissions performance might also be different aniongs using LCSCM.

Furthermore, although unit emissions (emissionadstadized by net sales) have been a more
widely accepted measure of €@missions performance, the performance shouldvhkiaed in
terms of both unit emissions and total emissiomgre ‘unit emissions’ measures efficiency and ltota
emissions’ measures total volume. This is becangemissions have the shortcoming that improved
CO, emissions performance does not contribute to thectve of LCSCM when the quantity of
production increases. Therefore, it is valuablevaluate C@ emissions performance from several

perspectives.

(Figure 1)

4. Data

We conducted a questionnaire survey of 821 marwifagtfirms listed on the First Section of the
Tokyo Stock Exchange regarding their LCSCM acestijointly conducted by the purchasing
(materials/procurement) departments and their genspdiuring the period November 11 to December
2, 2011. The number and rate of valid responses W87 and 23.9%, respectively. These LCSCM
data taken from the questionnaire survey were rdength CO, emissions data from the Bloomberg
database, financial data from Nikkei NEEDS and I$4D01 data from the Japanese Standards
Association, Japan Accreditation Board for Confdymissessment, and each firm's Web site, and
thus consequently the total number of samples motimissing values for the analyses was 97 firms.

The descriptive statistics are shown in Table 1.

4-1 CG emissions performance

CO, emissions

CO, emission increases

The proxies for C@emissions performance are £@missions and C{emission increases. As

suggested, the former captures emissions perfoeneared the latter captures improvement in
emissions performance. Ge&missions is total C{emissions (millions of tons of Gdivided by net
sales (millions of yen) when evaluating unit engasiand C@emissions (thousands of tons of SO
when evaluating total emissions. £€@mission increases are £@missions divided by net sales in
period t minus those in period t—1 when evaluatinij emissions and G&missions in period t minus

those in period t—1 when evaluating total emissions



3-2 LCSCM
Official requirements
Monitoring
Indirect support
Direct support

The proxies for LCSCM are official requirements,mtoring, indirect support and direct support,
which are specific components of LCSCM designedniprove CQ emissions performance, as
suggested by Kajiwara and Kokubu (2012).

Official requirements are the extent of buyers’'uiegments in relation to suppliers’ activities
regarding CQ@ emissions reduction as measured by the extenheffdllowing efforts: 1) CQ
reduction; 2) energy saving; 3) CO information disclosure; and 4) CO, evaluation.

Monitoring is the degree of buyers’ monitoring ofaim suppliers’ activities to reduce O
emissions, which is measured by the average sédhe sesponses to the following questions on a
five-point Likert scale ranging from (5) stronglgg/to (1) strongly no: 1) does your organizatian se
clear CQ emissions reduction goals in its supply chairytoes your organization select suppliers
with consideration to their CQemissions reduction3) does your organization select suppliers who
are prepared to cooperate in reducing,@missions in the supply chainand 4) does your
organization evaluate suppliers’ @@missions reduction using specific criteria?

Indirect support is the degree of buyers’ indiregpport for suppliers’ activities to reduce £O
emissions, which is measured as the average stdne cesponses to the following questions on a
five-point Likert scale ranging from (5) stronglgs/to (1) strongly no: 1) does your organizatiolal ho
study groups for C@emissions reduction with its supplier@ydoes your organization hold informal
gatherings for discussing G@missions reduction with its suppliers®) does your organization
regularly exchange opinions on €émissions reduction with its supplieygy does your organization
transfer technology for C{emissions reduction to its supplier§? does your organization provide
finance for its suppliers to reduce £@missions?and 6) does your organization dispatch £0
emissions reduction specialists to its suppliers?

Direct support is the degree of buyers’ direct supgor suppliers’ activities to reduce GO
emissions, which is measured as the average stdne cesponses to the following questions on a
five-point Likert scale ranging from (5) stronglgg/to (1) strongly no: 1) does your organizatian se
common goals for COemissions reduction with its supplierg) does your organization have a
mutual understanding relating to €@missions reduction with its supplier8Pdo your organization
and suppliers cooperate in designing ways to re@@@eemissions?and 4) do your organization and

suppliers cooperate with secondary suppliers togedQ emissions?



3-3 Control variables
Environmental consciousness of purchasing division
Difficulty in CO, measurement
Relationship-specific investment
Supplier concentration
Stringency of environmental policies
ISO 14001 dummy
Firm size
Return on assets (ROA)
Debt to equity (DTE)
Advertising expenditure ratio
Free float weight

The control variables that may influence L£@missions performance are environmental
consciousness of the purchasing division, difficulh CO, measurement, relationship-specific
investment, supplier concentration, stringency mfimnmental policies, 1ISO 14001 dummy, firm
size, return on assets (ROA), debt to equity (Dietp, advertising expenditure ratio and free float
weight. Among them, environmental consciousnesghefpurchasing division, difficulty in GO
measurement, relationship-specific investment, Eeipponcentration, stringency of environmental
policies and 1ISO 14001 dummy are possible detemignaf LCSCM suggested by the previous
studies. Because these variables capture not loalgdterminants of LCSCM but also the degree of
ease of identifying suppliers’ G@missions performance and stance on environmertadgement,
they could also influence a firm's own @@missions performance directly. In contrast, fsixe,
ROA, DTE, advertising expenditure ratio and fremaflweight are variables often used as control
variables in previous studies that analyzed enum@mtal performance.

Environmental consciousness of the purchasing idiviss the degree of environmental
consciousness of the purchasing division of buyetsich is measured as the average score in
response to the following questions using a fivevplokert scale ranging from (5) strongly yes 19 (
strongly no: 1) is it important for your organizatito purchase environmentally conscious prodticts?
2) is it important for your organization to obtdinv-carbon products and 3) is it important for your
organization to reduce suppliers’ €@missions?

Difficulty in CO, measurement is the degree of difficulty in O@easurement in supply chains,
which is measured as the average score in respotisefollowing questions using a five-point Liker
scale ranging from (5) strongly yes to (1) strongby 1) is it difficult for your organization to aluate
the level of CQ emissions in materials it purchasg®s it difficult for your organization to compare
the level of CQ emissions in materials offered by various supglighen it is making purchasing

decisions? and 3) is it difficult for your organization to influence the cost of reduction of GO
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emissions in its products?

Relationship-specific investment is the degreeetatronship-specific investment in supply chains,
which is measured as the average score in respotisefollowing questions using a five-point Liker
scale ranging from (5) strongly yes to (1) strongby 1) do your main suppliers allocate an exchkisiv
sales representative to manageiness with your organization?; 2) do your main suppliers allocate
exclusive technology specialists to manageiness with your organization?; and 3) do your main
suppliers undertake relationship-specific investmelated to business with your organization?

Supplier concentration is the degree of conceptnabf the largest four suppliers, which is
measured by the accumulated shares of the lagassdppliers.

Stringency of environmental policitis the degree of stringency of environmental pedicthat
buyers face, which is measured as the average scoesponse to the following questions using a
five-point Likert scale ranging from (5) stronglgg/ to (1) strongly no: 1) are the environmental
regulations for the industry that your organizati@iongs to stricter than tho&e other industries?;
and 2) are the voluntary restraints on the envirmirin the industry that your organization belotoys
stricter than those for other industries?

ISO 14001 dummy is the degree to which the firmdembs environmental management, which is
measured by dummy variable that takes a value of 1 if it isrenthan four years since the firm
adopted ISO 1400%

Firm size is measured by the logarithm of the bwakie of total assets. ROA is the degree of
profitability, which is measured by net profit dieid by total assets. DTE is the degree of debt
dependence for finance, which is measured by defated by equity. The advertising expenditure
ratio is the degree of end-product consumer clasenmeasured as the degree of advertising
expenditure divided by net safeBree float weight is the degree of share markeedédence, which is
measured by the number of stocks available foirigaoh the market divided by the total number of

stocks.
(Table 1)
5. Estimation results

The estimation results for the influence of LCSCM@O, emissions performance in terms of the

* Although the influences of industries are usuedigtrolled by industry dummies, this paper conttoése
influences by stringency of environmental polidiesause the number of observations is too fewcladie
many industry dummies as independent variabledldtakeda et al. (2012) suggested, one of the major
industry-specific influences on G@missions performance is stringency of environalgmntlicies.

® The firm must undergo a full recertification auelery three years to renew 1SO 14001.

® The advertising expenditure ratio captures theatlinfluence of the location of the supply chan@0,
emissions performance.
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unit emissions are shown in Tables 2 and 3, argkthroterms of total emissions are shown in Tables
and 5. The dependent variables are, E@issions in Tables 2 and 4, and @&mission increases in
Tables 3 and 5. Estimation is by OLS with Whitereoted standard errors. The £@missions
performance in 2012 was determined by LCSCM forl2&id by control variables for 2009 to avoid
the endogeneity problefn.

The influence of LCSCM on CQemissions performance is assumed to be homogenmnealis
sample firms in the odd-numbered models of TablEsRto test Hypothesis 1, and heterogeneous in
terms of the upper or lower stream industries & élien-numbered models of these tables to test
Hypothesis 2. For our purposes, independent vasakelated to LCSCM are interacted with the upper
or lower stream industry dummies in the even-nuetdbenodels.

Table 2 shows the estimation results where thertkpg variables are unit emissions of D
Models (1), (3), (5) and (7), official requirementpnitoring, and indirect and direct support alvéa
an insignificant effect. Thus, if firms are regattdiess homogeneous, LCSCM does not influence CO
emissions. In Model (2), the interaction term betwepfficial requirement and the upper stream
industries is significantly positive and that betweofficial requirement and the lower stream
industries is significantly negative. In Model (#gither monitoring variable has a significant efffe
In Model (6), the interaction term between indirescipport and the lower stream industries is
significantly negative. In Model (8), neither ditesupport variable has a significant effect. Thus,
because two of the four LCSCM variables are sigaifily negative for firms in the lower stream
industries, firms using LCSCM in the lower streardustries are more likely to emit lower €dn
contrast, because one of the four LCSCM variatdesignificantly positive for firms in the upper
stream industries, firms using LCSCM in the upgdegasn industries are more likely to emit more
CO,, although evidence from one significant variableslatively weak. These results suggest that the
influence of LCSCM on C@emissions is different between the upper and lestrelam industries.
Indeed, the influences of official demand, moniigriindirect support and direct support between the
upper and lower stream industries are statistichffgrent at the 1% level, according to the botiim
Table 2. Therefore, LCSCM mainly results in lowé&@missions in the lower stream industries, and
Hypothesis 1 is supported in the case of firmshi lower stream industries and Hypothesis 2 is
supported.

Table 3 shows the estimation results where therttkpe variables are G@mission increases in
terms of unit emissions. In Models (1), (3), (58 diA), official requirement, monitoring, and indite
and direct support all have an insignificant effddius, if firms are regarded as homogeneous, firms
using LCSCM are not more likely to reduce {0rther. In Model (2), the interaction term ofiofél

requirement and the upper stream industries isfigigntly negative. In Model (4), neither monitogin

"Because we included several possible determirgfitsCSCM and LCSCM in the regression models
simultaneously, we used the data of control vagislin 2009 and those of LCSCM in 2011.

12



variable has a significant effect. In Model (6) finteraction term of indirect support and the uppe
stream industries is significantly negative. In Mb(B), the interaction term of direct support dimel
upper stream industries is significantly negatiMeus, because three of the four LCSCM variables are
significantly negative for firms in the upper streandustries, firms using LCSCM in the upper stream
industries are more likely to reduce £@missions further. In contrast, because none effabr
LCSCM variables has a significant effect, firmsngsLCSCM in the lower stream industries are not
more likely to reduce COemissions further. These results suggest thanfhence of LCSCM on
CO; increases is different between industries. Inddealjnfluences of official demand, monitoring,
indirect support and direct support between theeuppd lower industries are statistically differant
the 1% level, according to the bottom of Table Berefore, LCSCM mainly influences a firm’s
reduction in CQemissions in the upper stream industries, and thgsis 1 is supported in the case of
firms in the upper stream industries and Hypoth2ssssupported.

The estimation results in terms of unit emissionsables 2 and 3, therefore, suggest that although
firms using LCSCM in general are not more likelyetait lower CQ or reduce their emissions further,
those in the lower stream industries of the supp8in are more likely to emit lower G@nd those in
the upper stream industries are more likely to ceddQ emissions further. With regard to control
variables, supplier concentration, stringency ofimmmental policies and firm size are significgntl
positive and advertising expenditure ratio is digantly negative in Table 2. Moreover,
environmental consciousness of the purchasingidivis significantly positive and stringency of
environmental policies and free float weight agn#icantly negative in Table 3.

Table 4 shows the estimation results where therabe variables are G@missions in terms of
the total emissions. In Models (1), (3), (5) any (fficial requirement, monitoring, and indirectch
direct support all have an insignificant effectushif firms are regarded as homogeneous, LCSCM
does not influence Cemissions. In Model (2), the interaction term bedw official requirement and
the lower stream industries is significantly negatiin Model (4), the interaction term between
monitoring and the upper stream industries is Santly positive. In Model (6), neither indirect
support variable has a significant effect. In Mo@) the interaction term between direct suppod: a
the upper stream industries is significantly pesitiThus, because one of the four LCSCM varialsles i
significantly negative for firms in the lower streandustries, firms using LCSCM in the lower stream
industries are more likely to emit lower gQlthough evidence from one significant varialde i
relatively weak. In contrast, because two of fo@SCM variables are significantly positive for firms
in the upper stream industries, firms using LCS@Mhie upper stream industries are more likely to
emit more CQ. These results also suggest that the influene€8iICM on CQ emissions is different
between the upper and lower stream industriesebhdbe influences of official demand, monitoring,
indirect supports and direct supports between gpeuand lower stream industries are statistically
different at the 1% level, according to the bottofriTable 3. Therefore, LCSCM mainly results in
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lower CQ emissions in the lower stream industries. Moreipady speaking, firms using LCSCM in
the lower stream industries emit lower £Man those in the upper stream industries. That is
Hypothesis 1 is weakly supported in the case oidim the lower stream industries and Hypothesis 2
is supported.

Table 5 shows the estimation results where thertkp¥ variables are G@mission increases in
terms of the unit emissions. In Models (1), (3), &bd (7), official requirement, monitoring, and
indirect and direct support all have an insignificaffect. Thus, if firms are regarded as homogasgo
firms using LCSCM are not more likely to reduce Z@ther. In Models (2), (4), (6) and (8), official
requirement, monitoring, and indirect and diregsurt all have an insignificant effect. Furthermore
their effects are not statistically different beémethe upper and lower industries, according to the
bottom of Table 5. These results suggest that fingsisg LCSCM in the upper and lower stream
industries are not more likely to reduce G@rther. Hence, neither Hypothesis 1 nor 2 is sujgg.

Therefore, the estimation results in terms of tetalssions in Tables 4 and 5 suggest that although
firms using LCSCM in general are not more likeletoit lower CQ or reduce their emissions further,
those in the lower stream industries are moreyiteemit lower CQ. At least, firms using LCSCM in
the lower stream industries emit lower £®an those in the upper stream industries. Wigfane: to
control variables, stringency of environmental piels and firm size are significantly positive ahd t
ISO 14001 dummy is significantly negative in TaBleand stringency of environmental policies is

significantly negative in Table 5.

(Tables 2 to 5)

6. Concluding remarks

This study analyzed the influence of Japanese raaturing firms’ LCSCM on their own CO
emissions performance and the difference of tliigence between industries located in the upper and
lower streams of the supply chain. The main findiage as follows.

First, when CQ emissions performance is evaluated in terms df emissions, although firms
using LCSCM in general are not more likely to eimiter CQ, or reduce their emissions further, those
in the lower stream industries are more likely iitelower CQ and those in the upper stream
industries are more likely to reduce £€émissions further. Accordingly, LCSCM influencefren’s
CO, emissions and CQOeductions differently.

It is interesting to find that LCSCM influencesiarfs effort to maintain lower C@emissions in
the lower stream industries and a firm’s efforréduce CQ emissions further in the upper stream
industries. As Figure 1 shows, firms in the uppgegasm industries emit more GO@ecause they are

energy-intensive firms. Thus, the objective of L&&€r firms in the lower stream industries could
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be to keep their COemissions lower, because they do not have scopedtece them further. In
contrast, firms in the upper stream industries havencentive to reduce G@missions further,
because they still have scope to reduce €fissions further. As suggested, the quantitieS@f
emissions and energy consumption have a stronglabon and therefore lower G@missions leads
to an energy cost reduction. Thus, it is reasongalefirms using LCSCM and emitting lower €O
have an incentive to maintain their lower emissjamsl those emitting more G®ave an incentive to
reduce their emissions further.

Second, when C{emissions performance is evaluated in terms af @hissions, although firms
using LCSCM in general are not more likely to elowter CG or reduce their emissions further, those
in the lower stream industries are more likely tatdower CQ. Thus, the influence of LCSCM on
CO,emissions performance in terms of total emissisngmilar to that in terms of unit emissions.
However, an important finding is that although LO®@duces the COemissions of firms in the
upper stream industries in terms of unit emissidrges not in terms of total emissions. This ikl
that it is difficult for them to easily reduce @@®missions or energy consumption in terms of total
emissions, because most Japanese manufacturing fiave already introduced energy-efficient
production processes following the oil price shoickthe 1970s (Fujita and Tabuchi, 1997). This is
because energy consumption can be divided intod figaergy consumption (e.g. the energy
requirements of machine components) and varialdeggrconsumption (e.g. the required electrical
energy for tool handling, positioning and actuai@pion), and fixed energy consumption can account
for a major share of total energy consumption dugmoduction (Herrmann and Thiede, 2009).
Namely, although the promotion of operation procefiiency can lead to reductions in €0
emissions in terms of unit emissions, replacemémiraduction process equipment is necessary in
order to reduce CQOemissions in terms of total emissions. That isthé cost of the new
energy-efficient equipment outweighs the cost réadadrom the equipment and sales increases from
environmentally conscious customers, firms will neplace such equipment in order to reducg CO
emissions in terms of total emissions. Howeves tkiinconsistent from other perspectives. For
example, from the perspective of political visityilwhich is a firm’s exposure to the risk of regjiolry
action and to the censures and demands of otleesttgroups, it is expected that firms with larger
CO, emissions are more visible and therefore theyraree likely to reduce CQemissions (Lemke
and Page, 1992). To obtain more specific interficets, interviews with firms that use LCSCM are
necessary in the future.

Given the above findings and discussions, the implgation of LCSCM across entire supply
chains means that firms that emit lower i®industries located in the lower stream of gadyiphain
require that their suppliers that emit more @Ondustries located in the upper stream redue# th
CO, emissions further. Therefore, the ultimate objectf LCSCM would be to help G@missions

reductions in the upstream areas, which have noagesfor reduction.
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Concerning policy implications, because our esfiomatesults also suggest that firms that face
stricter environmental policies are more likelyeimit more CQ, and to reduce COemissions, it
might be reasonable to implement direct regulationsCO, emissions reduction. However, direct
regulations negatively impact economic activitytlasy are not in the mainstream of climate policies
as suggested in Section 1. Therefore, policy instnts such as indirect regulation and policies
encouraging voluntary corporate environmental mansmt that provide firms with an economic
incentive can be more effective. Because LCSCMwvslantary environmental management activity
that has the potential to reduce £€nissions not only in individual firms but alsa@ss the entire
supply chain, policies encouraging LCSCM such aseélproviding official environmental disclosure
rules are preferable for mitigating climate charigeaddition, because the influence of LCSCM on
CO, emissions performance is different between theeuppd lower stream industries and between
the unit emissions and total emissions, such pelould be industry specific and give consideration
to unit and total emissions.

Thus, this paper clarified the relationship betwe&€$CM and the C@emissions performance of
the LCSCM firms, and provided possible policy insplions for reducing CQOemissions further
through LCSCM. However, the concept of LCSCM isitigkly new, and the influence of LCSCM on
the reduction of C@emissions in entire supply chains requires furiheestigation. Future research

will address these issues.
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Figure 1 A firm’s CQ emissions and C{emission increases
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Table 1 Descriptive statistics

Observations  Mean S.D. Min Max
CO; emissions (unit) 88 1.169 2.134 0.039 14.305
CO; emission reductions (unit) 76 -0.220 0.390 -1.887 0.442
CO; emissions (total) 97 0.782 2.245 0.002 17.266
CO; emission reductions (total) 84 -0.031 0.298 -1.756 D.77
Official requirement 97 1.278 1.161 0 4
Monitoring 97 2.187 0.712 1 4
Indirect supports 94 1.628 0.650 1 4
Direct supports A 1.832 0.776 1 4
Environmental consciousness 97 3.062 0.820 1 5
Difficulty in CO2 measurement 97 3.677 0.888 1 5
Relationship-specific investment 97 3.412 0.819 1 5
Supplier concentration 97 10.691 2.844 5 18
Stringency of environmental policies 97 3.232 0.726 1 5
ISO 14001 dummy 97 0.959 0.200 0 1
Firm size 97 12.409 1.307 9.684 15.939
ROA 97 0.027 0.045 -0.131 0.171
DTE 97 1.352 1.088 0.067 5.220
Advertising expenditure ratio 97 0.014 0.013 0.003 0.080
Free float weight 97 0.171 0.094 0.037 0.443
Upper stream industries 97 0.351 0.480 0 1
Lower stream industries 97 0.649 0.480 0 1




Table 2 Estimation results of influence of LCSCM@@, emissions (unit emissions)

1) 2 3 @ 5 (6) (U] (G)]
Official requirement -0.095 - - - - - - -
(0.197)
xUpper stream industries - 0.785 - - - - - -
(0.296)
xLower stream industries - -0.425 - - - - - -
(0.186)
Monitoring - - -0.301 - - - - -
(0.431)
xUpper stream industries - - - 0.129 - - - -
(0.415)
xLower stream industries - - - -0.649 - - - -
(0.433)
Indirect supports - - - - -0.506 - - -
(0.391)
xUpper stream industries - - - - - 0.153 - -
(0.421)
xLower stream industries - - - - - -0.828 - -
(0.385)
Direct supports - - - - - - -0.201 -
(0.407)
xUpper stream industries - - - - - - - 0.311
(0.445)
xLower stream industries - - - - - - - -0.586
(0.4112)
Environmental consciousness -0.010 -0.102 0.062 0.133 1000. 0.108 0.070 0.167
(0.319) (0.274) (0.411) (0.361) (0.341) (0.298) (0.395) .36Q)
Difficulty in CO, measurement -0.190 -0.043 -0.249 -0.092 -0.220 -0.082 1820. -0.116
(0.249) (0.217) (0.244) (0.181) (0.251) (0.197) (0.252) .198)
Relationship-specific investment -0.168 -0.183 -0.146  0.026 -0.131 -0.014 -0.159 -0.065
(0.214) (0.217) (0.219) (0.200) (0.218) (0.200) (0.217) .198)
Supplier concentration 0.130 0.115* 0.130* 0.076 0.107 0.056 0.141* 0.086
(0.056) (0.047) (0.058) (0.048) (0.059) (0.052) (0.059) .0%@)
Stringency of environmental policies 0.906 0.770* 0.963* 0.726* 0.891* 0.644* 0.946* 0.639*
(0.398) (0.314) (0.420) (0.355) (0.383) (0.329) (0.394) .3%6)
ISO 14001 dummy -3.727 -3.893 -3.665 -4.182 -3.700 -4.126 -3.564 -3.900
(3.345) (2.750) (3.208) (2.942) (3.151) (2.974) (3.154) .919)
Firm size 0.394 0.261 0.397 0.275 0.463 0.376* 0.485* 0.362*
(0.215) (0.174) (0.219) (0.177) (0.241) (0.202) (0.243) .20Q)
ROA 2.940 -1.121 2.743 -1.171 2.960 0.099 2.954 0.124
(4.289) (3.714) (3.979) (3.141) (4.244) (3.535) (4.315) .548)
DTE -0.023 -0.028 -0.038 -0.023 0.001 -0.030 -0.017 -0.055
(0.310) (0.246) (0.321) (0.258) (0.325) (0.265) (0.306) .230)
Advertising expenditure ratio -17.281 -12.193 -16.734 -11.907 -18.582 -17.783* -16.778 -16.170*
(8.783) (9.500) (8.652) (8.759) (10.014) (8.414) (8.724) 8.579)
Free float weight 2.632 3.682 2.692 3.179 2.833 3.452 7355 4.608
(3.085) (2.521) (3.129) (2.699) (3.095) (2.696) (3.666) .118)
Constant -3.248 -1.204 -3.059 -0.853 -3.506 -1.649 -4.946 2.340
(4.066) (3.222) (4.053) (3.283) (4.079) (3.380) (4.276) .618)
Observations 88 88 88 88 85 85 85 85
3 0.331 0.494 0.336 0.477 0.348 0.469 0.353 0.484
Difference of influence (p-value) - 0.000 - 0.000 - 0.000 - 0.000

White-corrected standard errors are in parentheses.

* ** and *** imply that the coefficient is signi€antly different from zero at the 10%, 5%, and E#els, respectively.



Table 3 Estimation results of influence of LCSCM®@, emission increases (unit emissions)

@) 2 3) (4) ) (6) (1) 8)
Official requirement -0.008 - - - - - - -
(0.047)
xUpper stream industries - -0.183 - - - - - -
(0.048)
xLower stream industries - 0.051 - - - - - -
(0.033)
Monitoring - - -0.031 - - - - -
(0.082)
xUpper stream industries - - - -0.102 - - - -
(0.083)
xLower stream industries - - - 0.035 - - - -
0.077)
Indirect supports - - - - -0.051 - - -
(0.074)
xUpper stream industries - - - - - -0.185 - -
(0.079)
xLower stream industries - - - - - 0.030 - -
(0.063)
Direct supports - - - - - - -0.091 -
(0.092)
xUpper stream industries - - - - - - - -0.153
(0.084)
xLower stream industries - - - - - - - 0.017
(0.079)
Environmental consciousness 0.120 0.122 0.130* 0.090 0.126 0.103* 0.159* 0.103
(0.076) (0.065) (0.069) (0.058) 0.072) (0.057) (0.091) .078)
Difficulty in CO, measurement 0.094 0.067 0.090 0.052 0.092 0.054 0.068 3 0.05
(0.066) (0.057) (0.067) (0.058) (0.067) (0.055) (0.068) .0%6)
Relationship-specific investment 0.022 0.022 0.025 0D.0 0.023 -0.010 0.024 -0.002
(0.051) (0.048) (0.054) (0.052) (0.054) (0.051) (0.050) .046)
Supplier concentration -0.016 -0.014 -0.016 -0.007 ©.01 -0.005 -0.019 -0.009
(0.016) (0.015) (0.016) (0.016) (0.016) (0.015) (0.016) .018)
Stringency of environmental policies -0.2067  -0.193* -0.200"* -0.165* -0.210" -0.167* -0.227* -0.168*
(0.064) (0.057) (0.067) (0.064) (0.066) (0.061) (0.066) .0%8)
ISO 14001 dummy -0.136 0.032 -0.152 0.024 -0.149 0.016 1420. 0.008
(0.149) (0.128) (0.117) (0.120) (0.114) (0.106) (0.125) .1@3)
Firm size -0.049 -0.035 -0.049 -0.030 -0.047 -0.038 -0.064 -0.047
(0.037) (0.029) (0.037) (0.028) (0.038) (0.030) (0.039) .03%@)
ROA 0.390 0.887 0.368 0.897 0.393 0.851 0.666 0.996
(0.682) (0.619) (0.674) (0.708) (0.656) (0.680) (0.639) .678)
DTE -0.036 -0.028 -0.038 -0.025 -0.038 -0.014 -0.021 -0.002
(0.060) (0.045) (0.058) (0.045) (0.063) (0.049) (0.062) .048)
Advertising expensiture ratio 1.000 -0.123 0.962 -0.405 0.486 -0.139 0.248 0.052
@.777) (1.885) (1.762) (1.863) (1.887) (2.155) (1.759) .1@8)
Free float weight -0.513 -0.822 -0.487 -0.616 -0.542 -0.736 -0.474 -0.80r
(0.430) (0.364) (0.447) (0.391) (0.434) (0.375) (0.491) .420)
Constant 0.696 0.416 0.721 0.450 0.763 0.526 1.094 0.674
(0.677) (0.501) (0.681) (0.485) (0.699) (0.481) (0.731) .560)
Observations 76 76 76 76 73 73 73 73
4 0.304 0.446 0.306 0.420 0.311 0.450 0.337 0.475
Difference of influence (p-value) - 0.000 - 0.000 - 0.000 - 0.000

White-corrected standard errors are in parentheses

* ** and *** imply that the coefficient is signi€antly different from zero at the 10%, 5%, and E#els, respectively.



Table 4 Estimation

results of influence of LCSCM®@@, emission increases (total emissions)

@)

(@)

(©)

(@)

Q)

(6)

@

()

Official requirement -0.206 - - - - - - -
(0.198)
xUpper stream industries - 0.242 - - - - - -
(0.257)
xLower stream industries - -0.351 - - - - - -
(0.202)
Monitoring - - 0.309 - - - - -
(0.268)
xUpper stream industries - - - 0.562 - - - -
(0.311)
xLower stream industries - - - 0.103 - - - -
(0.253)
Indirect supports - - - - 0.005 - - -
(0.356)
xUpper stream industries - - - - - 0.440 - -
(0.431)
xLower stream industries - - - - - -0.187 - -
(0.333)
Direct supports - - - - - - 0.348 -
(0.266)
xUpper stream industries - - - - - - - 0.643
(0.357)
xLower stream industries - - - - - - - 0.123
(0.233)
Environmental consciousness 0.074 0.030 -0.151 -0.096 0220. 0.038 -0.137 -0.065
(0.292) (0.279) (0.344) (0.326) (0.295) (0.276) (0.362) .34G)
Difficutty in CO, measurement 0.261 0.325 0.247 0.340 0.242 0.326 0.317 0.363
(0.206) (0.200) (0.202) (0.196) (0.202) (0.194) (0.221) .2@e)
Relationship-specific investment -0.418 -0.424 -0.439 0.370 -0.427 -0.351 -0.414 -0.359
(0.311) (0.314) (0.311) (0.299) (0.312) (0.304) (0.309) .3qa)
Supplier concentration 0.036 0.027 0.059 0.029 0.049 60.01 0.077 0.045
(0.048) (0.047) (0.058) (0.054) (0.055) (0.053) (0.063) .0%0)
Stringency of environmental policies 0.780 0.689* 0.778* 0.616* 0.799* 0.618* 0.890* 0.696*
(0.295) (0.273) (0.312) (0.284) (0.307) (0.271) (0.345) .318)
ISO 14001 dummy -1.551 -1.443* -1.104 -1.251 -1.191 -1.289 -1.097 -1.179
(0.834) (0.783) (0.908) (0.824) (0.848) (0.765) (0.843) .786)
Firm size 0.789 0.758" 0.752** 0.705** 0.770" 0.744 0.803** 0.764**
(0.249) (0.240) (0.234) (0.215) (0.253) (0.242) (0.249) .23a)
ROA -3.451 -5.470 -1.645 -3.860 -2.433 -4.214 -2.970 -4.652
(2.906) (3.257) (2.241) (2.333) (2.444) (2.466) (2.564) .518B)
DTE 0.205 0.178 0.188 0.174 0.228 0.180 0.158 0.114
(0.210) (0.200) (0.185) (0.162) (0.205) (0.181) (0.191) .170)
Advertising expensiture ratio -7.108 -5.532 -6.604 58.9 -6.935 -6.575 -4.339 -4.209
(9.796) (8.755) (9.489) (8.816) (10.725) (9.588) (9.756) 8.847)
Free float weight 0.274 0.884 0.102 0.564 0.394 0.984 50.37 1.125
(1.833) (1.768) (1.695) (1.670) (1.865) (1.791) (1.881) .82%)
Constant -10.058* -9.519* -10.402 -9.521 -10.433 -9.727* -11.885*  -10.887*
(3.700) (3.392) (3.927) (3.401) (3.887) (3.389) (4.178) .738)
Observations 97 97 97 97 94 94 94 94
R 0.369 0.403 0.367 0.410 0.370 0.414 0.396 0.434
Difference of influence (p-value) - 0.007 - 0.005 - 0.012 - 0.009

White-corrected standard errors are in parentheses

* ** and *** imply that the coefficient is signi€antly different from zero at the 10%, 5%, and E#els, respectively.



Table 5 Estimation results of influence of LCSCM@®@@, emission increases (total emissions)

@) 2 3) 4 (5) (6) ) )]
Official requirement -0.0002 - - - - - - -
(0.022)
xUpper stream industries - -0.048 - - - - - -
(0.044)
xLower stream industries - 0.015 - - - - - -
(0.030)
Monitoring - - 0.054 - - - - -
(0.046)
xUpper stream industries - - - 0.047 - - - -
(0.059)
xLower stream industries - - - 0.060 - - - -
(0.044)
Indirect supports - - - - 0.044 - - -
(0.049)
xUpper stream industries - - - - - 0.032 - -
(0.071)
xLower stream industries - - - - - 0.051 - -
(0.046)
Direct supports - - - - - - 0.010 -
(0.052)
xUpper stream industries - - - - - - - 0.001
(0.060)
xLower stream industries - - - - - - - 0.023
(0.054)
Environmental consciousness -0.003 -0.002 -0.029 -0.032 -0.022 -0.024 -0.013 -0.020
(0.057) (0.055) (0.052) (0.058) (0.055) (0.058) (0.059) .0€8)
Difficuty in CO, measurement 0.024 0.016 0.025 0.021 0.023 0.020 0.025 2 0.0¢
(0.061) (0.067) (0.059) (0.067) (0.060) (0.067) (0.062) .0&0)
Relationship-specific investment 0.040 0.040 0.035 .03 0.038 0.035 0.040 0.037
(0.038) (0.037) (0.038) (0.036) (0.038) (0.037) (0.038) .030)
Supplier concentration -0.011 -0.010 -0.010 -0.009 ®.00 -0.008 -0.010 -0.009
(0.007) (0.007) (0.008) (0.007) (0.008) (0.008) (0.008) .0@8)
Stringency of environmental policies -0.079  -0.070* -0.088* -0.083* -0.073 -0.068 -0.074 -0.065
(0.047) (0.041) (0.048) (0.041) (0.048) (0.039) (0.052) .040)
ISO 14001 dummy 0.339 0.347 0.376 0.384 0.359 0.366 0.341 .3510
(0.280) (0.254) (0.258) (0.259) (0.265) (0.264) (0.273) .218)
Firm size -0.034 -0.033 -0.034 -0.033 -0.039 -0.039 -0.033 -0.032
(0.039) (0.040) (0.038) (0.038) (0.039) (0.039) (0.042) .048)
ROA -0.989 -0.825 -0.897 -0.851 -0.951 -0.905 -1.009 -0.961
(0.713) (0.668) (0.722) (0.698) (0.747) (0.729) (0.708) .7@3)
DTE -0.060 -0.055 -0.060 -0.058 -0.067 -0.064 -0.068 -0.064
(0.059) (0.054) (0.057) (0.055) (0.064) (0.062) (0.065) .06Q)
Advertising expensiture ratio -0.674 -0.928 -0.544 40.6 -0.264 -0.309 -0.524 -0.533
(1.492) (1.664) (1.446) (1.511) (1.652) (1.703) (1.637) 717)
Free float weight -0.410 -0.507 -0.434 -0.447 -0.425 40.4 -0.423 -0.464
(0.481) 0.477) (0.479) (0.478) (0.499) (0.503) (0.475) A70)
Constant 0.410 0.373 0.367 0.352 0.415 0.405 0.381 0.34
(0.669) (0.667) (0.665) (0.649) (0.682) (0.678) (0.782) .76@)
Observations 84 84 84 84 81 81 81 81
R 0.216 0.239 0.226 0.228 0.227 0.229 0.216 0.219
Difference of influence (p-value) - 0.309 - 0.763 - 0.723 - 0.646

White-corrected standard errors are in parentheses

* ** and *** imply that the coefficient is signi€antly different from zero at the 10%, 5%, and E#els, respectively.



