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A B S T R A C T   

To facilitate sustainable growth, green innovation, and industrial upgrading, it is important to explore the 
relationship between environmental regulations and firm performance. Green innovation is increasingly being 
recognized as an important determinant of the quality of export products, which plays a critical role in inter
national business and finance. Therefore, this paper empirically examines the impact of green innovation on 
export product quality at the firm level using relevant data from Chinese exporters. First, we identify a positive 
relationship between green innovation and export product quality. Second, environmental regulations are 
observed to have a negative effect on green innovation for highly-polluting firms but do not significantly impact 
those with lower levels of pollution. Third, our research reveals that the negative effects only exist in those 
highly-polluting firms that exhibit greenwashing behavior, with financial constraints strengthening these im
pacts. Therefore, this study reveals that the greenwashing suppression effect curbs the efficiency of environ
mental regulations on green innovation.   

1. Introduction 

Export promotion is known to play a major role in driving ad
vancements in infrastructure and the sustainable growth of a country 
(Calderon & Servén, 2004; Ismail & Mahyideen, 2015; Xing, 2018; 
Zhang, 2022a). Improvements in product quality are dependent on 
increasing an organization’s efficiency by coordinating its activities, 
which relate to several dimensions of firm performance (Benner & 
Tushman, 2002). The existing literature has paid precise attention to the 
relationships between product quality and its determinants, including 
customer satisfaction (e.g., Singh, 2008), operational performance (e.g., 
Lo, Yeung, et al., 2009), financial performance (e.g., Kaynak & Hartley, 
2005), and innovation (e.g., Pekovic & Galia, 2009). China has been 
actively participating in global value chains by taking advantage of low- 
cost labor and complete industrial system since the open-door policy; 
however, this growth mode has caused major pollution and led to 
several environmental problems (Zhang & Jin, 2021). As a result, the 
implementation of a series of environmental regulations with pollution 
reduction targets has been assessed regularly, with the assessment re
sults impacting promotions. Currently, research in the field focuses on 
whether China’s new environmental regulation policies are consistent 
with export-oriented growth strategies, particularly whether 

environmental regulations have adverse impacts on economic growth. 
The existing studies focus primarily on the relationship between envi
ronmental regulations and export in China (Hering & Poncet, 2014; Shi 
& Xu, 2018). 

It is worth exploring how environmental regulations affect export 
product quality in Chinese export firms and what the potential proxies 
may be. This is because the traditional growth pattern is characterized 
by high energy consumption and pollution emissions; thus, pollution 
control is a key dimension of sustainable and high-quality growth. 
However, the implementation of environmental regulations has several 
associated costs. There is an urgent need to investigate how the firms 
afford these additional costs and how potential “greenwashing” behav
iors may affect the product quality and development targets. Moreover, 
there are several concerns regarding green innovation-oriented envi
ronmental protection and its contribution to high-quality development. 
Therefore, this paper attempts to answer the above research questions 
through the construction of a dataset that includes firm-level product 
quality, basic characteristics, and environmental regulation. To identify 
the relationship between environmental regulations and firm product 
quality, we construct a unique database by merging the fundamental 
firm-level variables from CSMAR and firm-level product quality data 
obtained from Chinese Customs. In addition, the greenwashing 

* Corresponding author. 
E-mail address: zhangdongyang@cueb.edu.cn.  

Contents lists available at ScienceDirect 

International Review of Financial Analysis 

journal homepage: www.elsevier.com/locate/irfa 

https://doi.org/10.1016/j.irfa.2022.102311 
Received 3 March 2022; Received in revised form 5 July 2022; Accepted 15 July 2022   

mailto:zhangdongyang@cueb.edu.cn
www.sciencedirect.com/science/journal/10575219
https://www.elsevier.com/locate/irfa
https://doi.org/10.1016/j.irfa.2022.102311
https://doi.org/10.1016/j.irfa.2022.102311
https://doi.org/10.1016/j.irfa.2022.102311
http://crossmark.crossref.org/dialog/?doi=10.1016/j.irfa.2022.102311&domain=pdf


International Review of Financial Analysis 83 (2022) 102311

2

mechanism uses ESG disclosures obtained from the Bloomberg ESG 
Database. ESG performance data is obtained from the Thomson Reuters 
database. Finally, the firm-level unbalanced database is obtained for the 
years 2013–2015. 

Our econometric estimations have provided several empirical re
sults. First, the fundamental results suggest that green innovation 
measured by green patents is significantly associated with export 
product quality. Second, we found that environmental regulations 
significantly restricted green innovation in general. However, when 
focusing on highly-polluting and low-polluting industries, we observed 
that this effect was significant only in firms belonging to highly- 
polluting industries. Third, in the presence of negative restriction ef
fects, greenwashing mechanisms were stronger in highly-polluting 
firms. Furthermore, we found that highly-polluting firms that were 
experiencing a high level of financial constraints tried to greenwash, and 
consequently, the quality of the export product suffered. 

This paper contributes to three aspects of the related literature. First, 
we used highly disaggregated product-level trade transaction data to 
calculate export product quality and investigate how product quality is 
motivated by environmental regulations (Elrod & Malik, 2017; Porter & 
Van der Linde, 1995; Stavropoulos, Wall, et al., 2018). This analysis 
revealed that environmental regulation curbs green innovation, result
ing in decreasing export product quality; these findings extend the 
existing literature because we specifically examined the green innova
tion channels through which the environmental regulations impact 
export product quality. Second, we constructed a framework and 
calculated an indicator to measure greenwashing to identify the mech
anism of the negative relationship between environmental regulations 
and green innovation for highly-polluting firms. Heavily-polluting firms 
that are significantly affected by environmental regulations tend to 
decrease the export product quality; however, this is not the case for 
low-polluting firms. These findings contribute to the development of a 
better understanding of the differing impacts of environmental regula
tion on export product quality among firms (Bernard, Redding, et al., 
2010; Shi & Xu, 2018). Third, we identify the incentives that motivate 
highly-polluting firms to greenwash and explain why such firms 
decrease the quality of their export products. We show that green
washing induces heavily-polluting firms to decrease the level of inno
vation in green innovation projects, thus causing a decline in export 
product quality. Therefore, our empirical results enrich the existing 
literature that discusses the ways in which environmental regulations 
hurt firm performance through constraining the credit issue (Manova, 
2013; Minetti, Murro, et al., 2019; Minetti & Zhu, 2011). 

Although a few studies have explored the relationship between 
environmental regulation and firm performance (Filipescu, Prashan
tham, et al., 2013; Golovko & Valentini, 2011; Lachenmaier & 
Wößmann, 2006; Zhang, 2022a), a limited number of studies have 
addressed the link between environmental regulation and export prod
uct quality. The motivations for the firms’ behavior in such scenarios 
and the effects are not well studied. Therefore, this paper tries to 
investigate the link between environmental regulation and firm export 
product quality by uncovering the greenwashing mechanisms. In doing 
so, this paper attempts to better understand the effects of firms’ envi
ronmental communication decision making, strategies and potentially 
misleading disclosures. In this paper, we describe the dataset that we 
constructed for this purpose and introduce the empirical methodology 
used. 

2. Literature review 

2.1. Export product quality and innovation 

The debate regarding the direction of causality between export 
products and innovation appears in the extant literature (e.g. Cassiman 
& Golovko, 2011; Filipescu et al., 2013; Golovko & Valentini, 2011; 
Lachenmaier & Wößmann, 2006; Monreal-Pérez, Aragón-Sánchez, & 

Sánchez-Marín, 2012; Zhang, 2022a). 
Based on the Schumpeterian novel theory of creative destruction, 

product innovation is widely agreed to play a pivotal role in firm pro
ductivity and economic growth. In particular, small and medium-sized 
enterprises (SMEs) can gain a competitive advantage by introducing 
advanced and upgraded products with novel and technological features 
that meet the market’s demands. Furthermore, firms might successfully 
enter new foreign markets as well as increase shares in existing markets 
through product upgradation and differentiation in both horizontal and 
vertical dimensions (Becker & Egger, 2013; Rehman & Noman, 2022). 
Branstetter, Fisman, et al. (2011) theoretically demonstrate how the 
technological activities of local firms could develop and contribute to 
reforming the economy after patent revisions. Their empirical findings 
suggest that sales, employment, physical investment, and R&D are 
increasing, along with an expansion in the variety of export products. In 
addition, a significant increase in the export of high-technology products 
after patent reforms has also been observed in emerging economies 
(Maskus & Yang, 2018). 

Previous studies have also analyzed the potential mechanisms that 
can help explain the relationship between export products and innova
tion. The major benefits of innovation oriented towards export behav
iors are the development of differentiated products, improvements in 
product quality, decreasing costs, and the correction of internal systems 
to respond to technological changes and external uncertainty. This 
provides a competitive advantage and an increase in market share, and 
facilitates entry into and expansion of export markets (Azar & Ciabuschi, 
2017; Cassiman, Golovko, et al., 2010; Damijan, Kostevc, et al., 2010; 
Filipescu et al., 2013; Golovko & Valentini, 2011). Several prior studies 
are conducted in developed economies and illustrate that innovation has 
a significant effect on product export performance and not vice versa 
(Nassimbeni, 2001). Research has also shown that innovation signifi
cantly contributes to firm exports directly through the provision of 
improved or new products and services, and indirectly through the 
allocation of firms’ existing resources and capabilities (Love & Roper, 
2015). Several studies also suggest that technological innovation facil
itates the export activities of firms because product and process in
novations are related to the development or application of new 
technologies (Becker & Egger, 2013; Radicic & Djalilov, 2019). This 
effect has been observed to be greater in SMEs; those that invest in 
technological innovation perform better in the export markets (Radicic 
& Djalilov, 2019). 

2.2. Environmental regulation, green innovation, and export product 
quality 

Since the establishment of the Porter hypothesis, dynamic innova
tion has been introduced into the analytical framework for providing 
firms with a competitive advantage. Consequently, previous studies 
have explored the “innovation compensation” and “first-mover advan
tage” effects induced by environmental regulations (Zhang, 2021; Zhang 
& Kong, 2021, 2022). These regulations force the firms to improve green 
innovation through their operational mechanisms and institutional 
guarantees (Arfaoui, 2018; Zweimüller & Brunner, 2005). As a result, 
firms are forced to carry out technological innovation projects to mini
mize their costs under the condition that their pollution discharges are 
restricted (Hamamoto, 2006). In addition, they might encourage firms 
to incorporate related environmental protection policies into their 
development guides, allowing them to strengthen environmental pro
tection through market signals and provide motivation to work towards 
green innovation (Zhang, 2022a, 2022b). Recent empirical tests have 
confirmed that environmental regulation plays a positive role in firms’ 
technological advancement (Wang & Shao, 2019). The main reason for 
this is that the increasing environmental pollution costs might add 
additional competitive pressure and induce firms to expand their in
vestment in innovation, which has a significant “compensation effect” 
on sustainable growth and export sophistication (Jaffe & Palmer, 1997; 
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Zhang, Wang, et al., 2018). Empirical studies have confirmed that 
stringent environmental regulations play a vital role in export growth 
with respect to energy innovations (Costantini & Crespi, 2008) and 
export expansion (Costantini & Mazzanti, 2012; Martín-Tapia, Aragón- 
Correa, et al., 2010; Rubashkina, Galeotti, et al., 2015). 

In contrast, a series of theoretical studies suggest that environmental 
regulations may restrict export sophistication by inhibiting firms’ 
technological innovation behaviors (Barbieri, Ghisetti, et al., 2016; 
Borghesi, Cainelli, et al., 2015). The main explanation for this is that 
environmental regulations might bring firms additional pollution con
trol costs, which may cause a decline in their innovation investment 
(Zhang & Du, 2020). This would result in an obvious “offset impact” on 
technological innovation (Barbieri et al., 2016; Borghesi et al., 2015). 
Several empirical studies suggest that environmental regulation hurts 
the export competitiveness of Organization for Economic Co-operation 
and Development (OECD) countries (Hwang & Kim, 2017) and that 
stringent environmental regulation makes firms less likely to export 
(Hering & Poncet, 2014; Shi & Xu, 2018). As a result, pollution reduc
tion caused by environmental regulation results in additional produc
tion costs and consequently decreases export product quality (Deng, Wu, 
et al., 2021). Therefore, empirical evidence has not reached unanimous 
conclusions because of the challenges faced due to the unchanged as
sumptions of technology, the production process, and consumer 
demand. 

2.3. Environmental regulation and greenwashing decisions 

Environmental regulation might cause highly competitive pressures 
for firms that are significantly regulated, causing them to behave 
differently (Zhang, 2022b; Zhang & Kong, 2022). In addition to the 
decision making that is required to overcome the challenges and gain 
market power through innovation (Filipescu et al., 2013; Wang & Shao, 
2019; Awawdeh, Ananzeh, El-khateeb, & Aljumah, 2022), environ
mental regulation can also lead to the spread of censured decision 
making such as greenwashing (El Ghoul, Guedhami, et al., 2018; Sadiq 
& Nonthapot, 2022; Shleifer, 2004). If greenwashing decisions are made 
by a firm’s competitors, it might also adopt such behaviors to overcome 
the costs incurred due to environmental regulations (Ho, Chen, & Wu, 
2022). It might be used by a firm as an alternative corporate strategy to 
disseminate untrue or inaccurate environmental information to mislead 
external financing tunnels when it performs badly in environmental 
outcomes (Radu & Francoeur, 2017). As a result, the disadvantage for 
non-greenwashing firms might lead them to change their decision 
making, which results in a spread of such behavior. This can improve the 
firm’s image, reduce financial costs, and increase profits by attracting 
responsible consumers and investors (Zhang, 2022a; Zhang & Luecy, 
2022). However, evidence suggests that such products might be chal
lenged with negative market reactions for those firms that are more 
inclined to engage in greenwashing in the first place (Du, 2015). In the 
long-term, greenwashing firms might be costlier from both customers 
and investors sides (Arouri, El Ghoul, et al., 2021). 

3. Data and empirical methodology design 

3.1. Data sources 

To identify how the quality of the export products of the listed firms 
responds to environmental regulation through green innovation, we 
constructed firm-level variables by merging the basic characteristics of 
the firm with the product and price information in the destination 
countries obtained from transaction trade data. The firm-level charac
teristics were obtained from the China Stock Market & Accounting 
Research (CSMAR) and the annual reports of Chinese A-listed firms. We 
included the key features of the firm, including industry affiliations, 
ownership, labor information, IPO year, detailed assets and debts, sales, 
exports, and related financial variables (Zhang, 2021). In addition, 

variables constructed to indicate firm-level product quality were ob
tained from the Chinese Customs database, which contains compre
hensive information regarding the firms’ export behavior, such as export 
price, export value, product categories (at the HS 8-digitcode level), 
exporting destination, trading partners, and trade mode. We merged this 
information with the CSMAR data by using the firms’ basic information, 
such as firm names, ID, year, zip code, and phone numbers. Therefore, 
we can calculate the export product quality (Ge, Lai, et al., 2015; Zhang 
& Du, 2020). 

Additionally, we evaluated the difference between firms’ ESG 
disclosure scores and ESG real performance scores as proxies for 
greenwashing estimation. The ESG disclosure data were obtained from 
the Bloomberg ESG Database.1 Furthermore, the three pillar scores, i.e., 
the environmental, social, and governance dimensions, were obtained 
from Asset4, which were used as indicators of ESG real performance. 
The Thomson Reuters’ database, which contains key metrics describing 
the various aspects of ESG, was used to obtain ESG performance data. 

Using the listed firms’ ID and year as the keys for data matching, a 
database was then created, which contained 1859 observations between 
2013 and 2015. 

3.2. Empirical model 

To estimate the impact of environmental regulation on product 
quality and to frame this adjustment in the context of the firm’s green 
innovation activities, we employed the fixed effect model. The econo
metric model proposed for determining the relationship between green 
innovation, environmental regulation, and export product quality is as 
follows: 

Qualityi,t = β0 + β1 ×Green innovationi,t + βi ×Controlsi,t + μt + τj + εi,t

(1)  

The potential mechanisms through which environmental regulation af
fects export product quality and robustness and heterogeneous effects 
were explored. To investigate the moderating effects of the proxies of 
greenwashing and financial constraints of environmental regulation on 
product quality, the following model was used: 

Green innovationi,t =β0 + β1 ×Environmental regulationi,t

+ βi ×Controlsi,t + μt + τj + εi,t
(2)  

where i, j, and t indicate the firm, industry, and year, respectively. 
The measurement of the export product quality is discussed further 

in section 3.3. The key independent variable that we focused on is 
environmental regulation. We used the logarithm of the number of 
environmental penalty cases at the provincial level and it presents the 
forcemeat level of the environmental regulation. In addition, several 
firm-level characteristics were also employed as control variables in the 
empirical estimations. Return over assets (ROA), firm age, and firm size 
were also controlled, and time and industry fixed effects were also 
estimated in our econometric models. 

3.3. Variable discussions 

3.3.1. Export product quality measurement 
Following the regression back-calculation method from the con

sumer’s side, we calculate the demand residuals to qualify the product 
qualities. The consumption decision is a function of the price adjustment 
after the change in product quality; this is the price-performance ratio. If 
two firms produce the same product but price them differently and gain 

1 Bloomberg brings together firms’ ESG information from annual reports, 
Corporate Social Responsibility reports, and proprietary Bloomberg surveys. 
Bloomberg ESG data covers >120 categories, including environmental, social 
and governance indicators, for over 50 countries. 
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different market shares, it indicates gaps in the quality of the product. If 
the same product produced by two different firms with the same market 
price gain different market shares, it demonstrates that the product with 
a higher market share is of higher quality. This is because quality is the 
core determinant of the market share when the product category and 
price are fixed. Accordingly, product quality is calculated as follows: 

The quantity exported by firm i to country m in year t is defined as: 

qi,m,t = p− σ
i,m,tθ

σ− 1
i,m,t

(
Em,t
/

Pm,t
)

(4)  

where qi, m, t, pi, m, t, and θi, m, t represent the export quantity, price and 
quality information of the products. σ is the substitution elasticity of 
different products, σ > 1, and Em, t and Pm, t represent the consumer 
expenditure and price index of country m at year t. We take the loga
rithm of Eq. (4) to derive Eq. (5). 

lnqi,m,t = cm,t − σlnpi,m,t + εi,m,t (5)  

where cm, t = lnEm, t − lnPm, t varies according to country m at year t and is 
a dummy variable. εi, m, t = (σ − 1)lnθi, m, t is a residual that contains 
product quality information. Regression is performed following Eq. (5) 
and the firms’ product quality function is obtained as follows: 

Qualityi,m,t = lnθi,m,t = εi,m,t
/
(σ − 1) =

(
lnqi,m,t − lnq̂i,m,t

)/
(σ − 1) (6) 

We standardize the product quality given by Eq. (6) according to the 

HS6 code and derive Eq. (7). 

Qualityi,m,t r=
(
Qualityi,m,t − minQualityi,m,t

)/(
maxQualityi,m,t − minQualityi,m,t

)

(7)  

where maxQualityi, m, t and min Qualityi, m, t represent the maximization 
and minimization of product quality for a given HS6 code product and 
export country at year t. The value of this indicator ranges between 
0 and 1, and we obtain the general firm-level product quality by sum
marizing the indicator according to the export value. The firm-level 
product quality is shown in Eq. (8). 

Qualityfirmi,t =

(

Valuei,m,t

/
∑

i,m,t∈Ω
Valuei,m,t

)

×Qualityi,m,t r (8)  

where Ω represents the full set of the export target countries for a given 
product and at a given year for firm i, and Valuei, m, t is the export value 
for firm i to country m at year t. 

3.3.2. Greenwashing score evaluation 
The main variable that has a moderating effect is greenwashing. 

According to Yu, Van Luu, et al. (2020), greenwashing firms are those 
that seek to display a sustainable growth impression by disclosing ESG 
data but not consistently achieving their real ESG targets. A firm’s peer- 
relative greenwashing indicator is considered to calculate the degree of a 
firm’s sustainability and its alignment with the greenwashing definition. 
Therefore, this indicator is evaluated by calculating the difference be
tween the normalized measure of a firm’s relative number to its peers in 
the distribution of the ESG disclosure score and a normalized measure a 
firm’s relative position to its peers in the distribution of ESG real per
formance score. A larger difference demonstrates that the firm 
outwardly appears to do well but does poorly in terms of real environ
mental performance. 

We take the difference between normalized measurements of firms’ 
relative distribution of the ESG disclosure and real performance scores 
as firms’ relative greenwashing variable. A higher value of the variable 
indicates that firms are seeking to create a better, more sustainable 
image. 

Greenwashingi,t≝
(

ESGdisclosei,t − ESGdisclose

σdisclose

)

−

(
ESGreali,t − ESGreal

σreal

)

(9)  

4. Summary statistics and empirical findings 

4.1. Summary statistics 

The mean of the main dependent variable, export product quality, 
was approximately 0.734, and the standard deviation fluctuated around 
0.113. In the context of green innovation, the average ratio was 37.8%, 
while the standard deviation fluctuated around 0.694. In particular, the 
greenwashing level was 11.1%, while the standard deviation fluctuated 

Table 1 
Summary statistics.  

Variable (1) (2) (3) (4) (5) (6) (7) (8)  

Obs Mean Std.Dev. Min Max Low High Diff. 

Quality Firm 1859 0.734 0.113 0.012 1 0.765 0.716 0.049*** 
Green Innovation 1840 0.378 0.694 0 3.178 0.437 0.280 0.157*** 
Greenwashing 1859 0.111 1.119 − 2.706 3.277 − 0.094 − 0.140 0.046 
ESG Performance 1859 0.324 0.101 0.150 0.500 0.326 0.321 0.005 
SA Index 1811 − 3.176 0.070 − 3.283 − 2.900 − 3.171 − 3.184 0.013*** 
ROA 1823 0.040 0.046 − 0.126 0.190 0.037 0.046 − 0.009*** 
SOE Dummy 1862 0.236 0.425 0 1 0.205 0.287 − 0.082*** 
Age 1842 1.814 0.729 0 3.178 1.751 1.921 − 0.169*** 
Size 1755 7.407 1.337 3.002 9.652 7.246 7.669 − 0.423*** 

Note: Diff. shows the significant gaps between the variable means of lowly-polluting and heavily-polluting firms, and *** p < 0.01, ** p < 0.05, * p < 0.1. 

Table 2 
Baseline regressions.   

(1) (2) (3) (4) 

VARIABLES Quality_Firm Quality_Firm Green 
Innovation 

Green 
Innovation      

Green 
Innovation 

0.004*** 0.004***    

(0.000) (0.001)   
Regulations   − 0.357** − 0.243**    

(0.175) (0.041) 
ROA  − 0.002  0.415**   

(0.087)  (0.076) 
SOE Dummy  − 0.001  0.093   

(0.001)  (0.064) 
Age  0.001  0.097***   

(0.003)  (0.006) 
Size  0.007***  0.021***   

(0.000)  (0.002) 
Constant 0.900*** 0.867*** 0.495 0.397**  

(0.046) (0.030) (0.407) (0.069) 
Year Fixed 

Effects 
Y Y Y Y 

Industry Fixed 
Effects 

Y Y Y Y 

Observations 1824 1693 1824 1693 
R-squared 0.202 0.209 0.102 0.116 

Note: Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. 
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around 1.119; this indicates that it was varying significantly. Moreover, 
the mean value of the alternative indicator of firm sustainable perfor
mance measured by real ESG performance was 32.4%. In addition to the 
sustainable growth variables of a firm, we also included control vari
ables in our study. The financial constraints variable was measured by 
the SA Index, the average value of which was − 3.176; the negative value 
of this index demonstrates that the firm was subject to several financial 
constraints. The ROA measure of profitability was approximately 4%, 
the average logarithm of firm age was 1.814, and the size was approx
imately 7.407 (See Table 1). 

We observed that the means of the key variables differed signifi
cantly for heavily-polluting and low-polluting firms. Columns 6–7 show 
the means for firms belonging to these two groups, and column 8 pre
sents the significance of the differences. The firms with lower levels of 
pollution were found to perform better in terms of increasing export 
production quality, which was a key dependent variable, and green 
innovation, which was the moderator variable. There was no significant 
difference in greenwashing and ESG performance between the two 

groups. However, the other control variables also displayed significant 
differences between groups. 

4.2. Empirical findings 

The empirical results of the fundamental estimation are provided in 
detail in Table 2. We found that green innovation significantly drives the 
improvement of export product quality, and the results were consistent 
when the control variables were both included and excluded in the 
estimation (columns 1–2). The marginal contribution of green innova
tion to export product quality was 0.4% at the 1% significance level. We 
observed that environmental regulation had a significant negative 
impact on green innovation at the 5% significance level, and the findings 
held whether the control variables were included in the estimations or 
not (columns 3–4). 

These are economically meaningful results, and the findings can help 
derive the mechanism that environmental regulation might curb the 
export product quality through decreasing green innovation 
performance. 

5. Heterogeneity and mechanism explorations 

5.1. Heterogeneity effect across different industries 

Energy consumption intensity and pollution intensity are known to 
be highly related to the sectoral structure, which is closely associated 
with activities in the production processes (Duro, Alcántara, et al., 
2010). Moreover, the incentive provided by environmental regulations 
to make changes in the industrial structure can improve energy effi
ciency, which could lead to cleaner and greener growth. The investi
gation into highly-polluting and low-polluting industries can help 
reshape such regulations and promote high-quality growth and envi
ronmental improvement. 

The empirical evidence shown in Table 3 supports our hypothesis. 
We divided our observations into two categories, i.e., highly-polluting 
and low-polluting industries. The findings for highly-polluting firms 
are presented in columns 1 and 3, which demonstrate that the curbing 
effect on green innovation caused by environmental regulation was 
significant at the 5% significance level. However, this impact was 
insignificant for the low-polluting industries. These results indicate that 
the negative impact on green innovation and product quality due to 
environmental regulation exists largely in highly-polluting firms. 

Table 3 
Heterogeneity between heavily and lowly-pollution firms.   

(1) (2) (3) (4) 

VARIABLES Green 
Innovation 

Green 
Innovation 

Green 
Innovation 

Green 
Innovation  

Heavily- 
pollution 

Lowly- 
pollution 

Heavily- 
pollution 

Lowly- 
pollution 

Regulations − 0.828** − 0.046 − 0.679** 0.060  
(0.112) (0.175) (0.078) (0.106) 

ROA   0.785* 0.286    
(0.243) (0.318) 

SOE Dummy   0.142*** 0.084    
(0.006) (0.092) 

Age   0.130*** 0.085**    
(0.006) (0.011) 

Size   0.040* 0.007    
(0.013) (0.008) 

Constant 1.115*** 0.344 0.310 0.820**  
(0.082) (0.199) (0.421) (0.153) 

Year Fixed 
Effects 

Y Y Y Y 

Industry Fixed 
Effects 

Y Y Y Y 

Observations 684 1140 649 1044 
R-squared 0.144 0.081 0.143 0.104 

Robust standard errors in parentheses. 
*** p < 0.01, ** p < 0.05, * p < 0.1. 

Table 4 
Greenwashing mechanism exploration.   

(1) (2) (3) (4) 

VARIABLES Green Innovation Green Innovation Green Innovation Green Innovation  

Heavily-Greenwashing Heavily-Non-Greenwashing Lowly-Greenwashing Lowly-Non-Greenwashing 

Regulations − 1.009* − 0.391 − 0.079 0.226*  
(0.241) (0.120) (0.261) (0.034) 

ROA − 0.098 1.154 0.741 0.045  
(0.553) (0.699) (0.698) (1.336) 

SOE Dummy − 0.096 0.298 − 0.049 0.159**  
(0.126) (0.063) (0.090) (0.003) 

Age 0.106 0.149 0.027 0.115  
(0.090) (0.065) (0.055) (0.066) 

Size 0.015 0.056 − 0.014 0.017  
(0.058) (0.010) (0.016) (0.034) 

Constant 0.189 − 0.751 1.340** − 0.444  
(0.617) (0.425) (0.244) (0.078) 

Year Fixed Effects Y Y Y Y 
Industry Fixed Effects Y Y Y Y 
Observations 295 354 497 547 
R-squared 0.166 0.174 0.125 0.118 

Note: Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. 
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5.2. Greenwashing mechanism exploration across different industries 

It is interesting to explore why green innovation in highly-polluting 
firms suffers due to environmental regulations, which results in a decline 
in product quality. Greenwashing is a potential barrier that prevents 
highly-polluting firms from contributing to green innovation activities 
and improving product quality. Table 4 presents the relationship be
tween environmental regulations and green innovation by separating 
the observations into two groups – firms that do and do not display 
greenwashing behaviors. 

Column 1 in Table 4 shows the highly-polluting firms with green
washing behaviors; we observe that the coefficients of environmental 
regulation are − 1.009 and significantly associated with green innova
tion. However, our findings show that the coefficients of environmental 
regulation are insignificant for low-polluting firms (column 2). Previous 
literature has shown that heavily-polluting firms might incur higher 

costs and face greater financial constraints while innovating in green 
projects than those incurred by low-polluting firms (e.g., Zhang, 2021; 
Zhang, 2022a, 2022b). This finding helps explain why environmental 
regulations reduce the efficiency of highly-polluting firms in terms of 
green innovation; their subsequent greenwashing behavior results in 
misallocation of funds. For low-polluting firms with greenwashing 
behavior, the effects of environmental regulation are not significant. 
However, lowly-polluting firms without greenwashing behavior are 
strongly motivated and perform well in terms of green innovation 
(column 4). This finding supports the Porter Hypothesis; therefore, our 
findings demonstrate that the Porter Hypothesis is conditionally held for 
Chinese firms. 

5.3. Financial constraints motivation 

To further explore the motivation behind firms adopting 

Table 5 
Financial constraint mechanism exploration.   

(1) (2) (3) (4) 

VARIABLES Green Innovation Green Innovation Green Innovation Green Innovation  

Heavily-Greenwashing Heavily-Non-Greenwashing Lowly-Greenwashing Lowly-Non-Greenwashing 

Regulations − 21.745** − 23.704 − 22.562* 3.224***  
(2.751) (9.083) (7.015) (0.882) 

SA Index 4.003 7.653 6.384** − 2.390***  
(1.451) (2.846) (1.129) (0.895) 

Regulations*SA Index − 6.505** − 7.358 − 7.168* 0.862***  
(0.963) (2.805) (2.167) (0.270) 

ROA − 0.099 1.171 0.575 1.081  
(0.525) (0.727) (0.549) (1.402) 

SOE Dummy − 0.086 0.261* − 0.052 0.167  
(0.105) (0.039) (0.082) (0.237) 

Age 0.024 0.196 0.030 0.142  
(0.131) (0.041) (0.021) (0.111) 

Size 0.008 0.065 − 0.009 − 0.032  
(0.053) (0.013) (0.017) (0.044) 

Constant 13.983* 23.387 22.119** − 7.683***  
(3.591) (9.398) (3.770) (2.682) 

Year Fixed Effects Y Y Y Y 
Industry Fixed Effects Y Y Y Y 
Observations 293 351 491 196 
R-squared 0.187 0.180 0.147 0.084 

Note: Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. 

Table 6 
Robustness tests with direct mechanism exploration and ownerships.   

(1) (2) (3) (4) (5) 

VARIABLES Quality_Firm Quality_Firm Quality_Firm Quality_Firm Quality_Firm  

All Samples Heavily-pollution Lowly-pollution SOEs Non-SOEs 

Green Innovation 0.002 − 0.002 0.016*** − 0.011 0.006  
(0.004) (0.004) (0.000) (0.006) (0.003) 

Green Innovation*Greenwashing − 0.009*** − 0.011** − 0.002 − 0.013 − 0.009*  
(0.001) (0.002) (0.001) (0.012) (0.003) 

Greenwashing 0.003 0.002 0.006 0.010 0.002**  
(0.001) (0.003) (0.004) (0.007) (0.000) 

ROA − 0.002 0.159 − 0.305* 0.113** − 0.016  
(0.093) (0.104) (0.087) (0.023) (0.105) 

SOE Dummy − 0.000 − 0.018** 0.022*    
(0.002) (0.002) (0.006)   

Age 0.001 0.008 − 0.010*** 0.030** − 0.007  
(0.003) (0.004) (0.000) (0.006) (0.002) 

Size 0.007*** 0.005** 0.009** 0.001 0.007**  
(0.000) (0.001) (0.001) (0.005) (0.001) 

Constant 0.884*** 0.948*** 0.562*** 0.943*** 0.887***  
(0.037) (0.043) (0.020) (0.039) (0.077) 

Year Fixed Effects Y Y Y Y Y 
Industry Fixed Effects Y Y Y Y Y 
Observations 1693 1044 649 377 1316 
R-squared 0.212 0.207 0.209 0.359 0.199 

Note: Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. 
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greenwashing behavior, we attempt to use the financial constraints 
mechanism. Based on the estimation strategy discussed in section 4.4, 
we incorporate the SA Index, which indicates the degree of financial 
constraints due to environmental regulation. Table 5 presents the 
empirical results of this analysis. 

Column 1 shows that environmental regulation significantly in
creases the greenwashing behavior of highly-polluting firms and de
creases their level of green innovation. While column 2 still presents this 
effect for without firms are insignificant. For low-polluting firms, 
financial constraints are not the key driver for greenwashing behavior or 
declines in green innovation (columns 3–4). 

6. Robustness tests 

6.1. The direct mechanism of greenwashing and ownership of the export 
product quality 

To analyze the robustness of the greenwashing mechanism that af
fects green innovation and export product quality, we examine the sig
nificance of the greenwashing and green innovation variables. Columns 
1–3 of Table 6 show the estimation results. Column 1 illustrates that 
there is a significant negative impact of the joint effect of the two var
iables on export product quality. More specifically, this significant effect 
exists only in the group of heavily-polluting firms (column 2) and does 
not hold for low-polluting firms (column 3). These joint effects are 
consistent with our main findings regarding the greenwashing 
mechanism. 

Column 4 shows that the joint effect of greenwashing and green 
innovation is insignificant; however, the joint effect is significantly 
associated with export product quality (column 5). Our estimations are 
consistent with our findings regarding greenwashing behaviors in 
heavily-polluting firms that curb green innovation, resulting in a decline 
in export product quality. In addition, we further investigate the 
greenwashing mechanism across different types of ownership, such as 
state-owned enterprises (SOEs) and privately-owned firms. 

6.2. Alternative measurement of greenwashing 

To identify whether our suggested greenwashing mechanism holds 
during the measurement of greenwashing, we re-estimated our green
washing indicator by calculating the difference between real ESG 

performance and disclosure ESG score. Table 7 presents the estimation 
results obtained by using the alternative measurement process for 
greenwashing. Our empirical findings demonstrated that the joint effect 
of greenwashing and green innovation on export product quality was 
significant for the full samples (column 1). Moreover, our results are 
consistent with our previous findings according to the heterogeneity 
effect between heavily-polluting and low-polluting industries. The joint 
effect of greenwashing and green innovation on export product quality 
was significant for heavily-polluting firms, but not for lowly-polluting 
firms (columns 2–3). 

6.3. ESG disclosure level effect on export product quality 

Greenwashing behavior is more likely to exist in the firms that 
incorrectly disclose their ESG performance as being high. We used the 
ESG disclosure level to investigate whether over-disclosed ESG scores 
can decrease the green innovation performance and curb export product 
quality. We present the empirical results in Table 8. On including the full 
samples, we observed that the joint effect of ESG disclosure level and 
green innovation was negatively and significantly associated with 

Table 7 
Robustness tests: alternative measurement of greenwashing.   

(1) (2) (3) 

VARIABLES Quality_Firm Quality_Firm Quality_Firm  

All Samples Heavily- 
pollution 

Lowly- 
pollution 

Green Innovation 0.027 0.116 − 0.118  
(0.076) (0.133) (0.086) 

Green 
Innovation*Greenwashing 

− 0.388* − 0.388*** − 0.476  

(0.099) (0.013) (0.389) 
Greenwashing 0.008*** 0.005** 0.014**  

(0.000) (0.001) (0.003) 
ROA 0.012 0.179 − 0.330**  

(0.081) (0.094) (0.067) 
SOE Dummy 0.002 0.006 − 0.001  

(0.003) (0.003) (0.002) 
Age 0.007*** 0.006*** 0.010***  

(0.001) (0.000) (0.001) 
Size 0.863*** 0.902*** 0.533***  

(0.029) (0.027) (0.024) 
Year Fixed Effects Y Y Y 
Industry Fixed Effects Y Y Y 
Observations 1681 1034 647 
R-squared 0.207 0.197 0.198 

Note: Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. 

Table 8 
Robustness tests: alternative measurement of ESG real performance.   

(1) (2) (3) 

VARIABLES Quality_Firm Quality_Firm Quality_Firm  

All Samples Heavily-pollution Lowly-pollution 

Green Innovation 0.039*** 0.041** 0.021**  
(0.002) (0.005) (0.003) 

Green Innovation*ESG − 0.108*** − 0.128** − 0.014  
(0.005) (0.016) (0.011) 

ESG 0.038* 0.033 0.056  
(0.012) (0.025) (0.047) 

ROA − 0.002 0.157 − 0.303*  
(0.093) (0.104) (0.091) 

SOE Dummy 0.000 − 0.017** 0.022*  
(0.002) (0.002) (0.006) 

Age 0.001 0.008 − 0.010***  
(0.003) (0.004) (0.000) 

Size 0.007*** 0.005** 0.009**  
(0.000) (0.001) (0.001) 

Constant 0.866*** 0.913*** 0.550***  
(0.038) (0.029) (0.011) 

Observations 1693 1044 649 
R-squared 0.213 0.207 0.208 

Note: Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. 

Table 9 
Instrument variable regressions.   

(1) (2) (3) 

VARIABLES Regulations Green Innovation Green Innovation 

Regulationiv  − 0.264*** − 0.263***   
(0.031) (0.032) 

Wind Speed − 0.334*    
(0.202)   

ROA − 0.077  − 0.148  
(0.056)  (0.887) 

SOE Dummy − 0.021  0.624  
(0.039)  (0.462) 

Age 0.018*  − 0.037  
(0.011)  (0.139) 

Size − 0.000  0.008  
(0.002)  (0.054) 

Constant 1.120*** 0.415*** 0.337  
(0.186) (0.052) (0.260) 

Year Fixed Effects Y Y Y 
Industry Fixed Effects Y Y Y 
Observations 1633 1209 1183 
R-squared 0.141 0.075 0.086 

Note: Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. 
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export product quality. Furthermore, the significant negative effect still 
held for heavily-polluting firms, but not for low-polluting firms. 

These findings support our hypothesis that heavily-polluting firms 
use the strategy of incorrectly disclosing their ESG score as high and 
consequently decreasing green innovation. 

6.4. Instrumental variable test 

The concerns regarding potential endogeneity could be valid if the 
firms’ decisions, such as the degree of greenwashing, are taken into 
account when environmental regulations are formulated (Zhang, 
2022b). To overcome this potential endogeneity problem, the average 
city-level wind speed was chosen as the instrumental variable related to 
the level of environmental regulations. Because high wind speed is more 
likely to make pollution dissipate fast, cities with high wind speeds 
might face fewer regulations. Furthermore, wind speed is randomly 
determined by meteorological conditions, which cannot directly affect 
firms’ green behavior; therefore, it meets the requirements of exogeneity 
(Geng, Liu, et al., 2021). 

We present the results of our estimation using a two-stage least 
squares model, including average wind speed as the instrumental vari
able, in Table 9. The result of the first step is shown in Column 1 and 
suggests that average wind speed is significantly negatively related to 
the level of environmental regulation. Columns 2 and 3 provide the 
results of the second step, i.e., the fixed-effects models using the 
instrumental variable. Our findings show that the main coefficients 
remain negative and are significant, which is consistent with our 
fundamental results and implies that our findings are reliable. 

7. Conclusions and policy implications 

7.1. Conclusions 

By constructing a unique database consisting of firm-level product 
quality data and other fundamental variables, this paper investigates the 
impact of environmental regulation on export product quality; in 
particular, it examines the differences in the impacts on heavily- 
polluting and low-polluting firms. 

Our econometric estimations have provided several empirical re
sults. First, the fundamental results suggest that green innovation 
measured by green patents is significantly associated with export 
product quality. Second, we found that environmental regulations 
significantly restricted green innovation in general. However, when 
focusing on highly-polluting and low-polluting industries, we observed 
that this effect was significant only in firms belonging to highly- 
polluting industries. Third, in the presence of negative restriction ef
fects, greenwashing mechanisms were stronger in highly-polluting 
firms. Furthermore, we found that highly-polluting firms that were 
experiencing a high level of financial constraints tried to greenwash, and 
consequently, the quality of the export product suffered. 

7.2. Policy implications 

This paper provides a basis for various policy improvements and has 
several practical implications. First, the major market players for envi
ronmental regulation, i.e., firms, have to pay additional attention to eco- 
friendliness to improve export product quality. In an era of significant 
changes in the global economy and industrial landscape, the improve
ment of product quality is based on increasing an organization’s effi
ciency by coordinating firms’ activities, which is related to several 
dimensions of their sustainable performance and environmental regu
lation targets. As demonstrated by our results, product quality matters 
greatly for firms’ substantial growth and enforcing green behaviors such 
as green innovation. Second, a recommendation for the government 
departments and policymakers in charge of environmental regulation is 
that financial institutions should issue financing towards green targets 

or green innovation, such as green credit. Our findings show that 
financial constraints curb green innovation and make it more difficult 
for firms to improve product quality. Therefore, the relevant govern
ment or financial institutions should try to establish a system to help 
identify green innovation projects and address financial distress. Finally, 
firm environmental disclosure information, such as ESG, should be fully 
considered. This not only includes the disclosing data, but financial in
stitutions and government departments should also consider the ESG 
rating data to issue credit. The financing sources should efficiently 
allocate funds to product quality improvement projects by helping to 
decrease greenwashing behaviors. 
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Damijan, J. P., Kostevc, Č., et al. (2010). From innovation to exporting or vice versa? The 
World Economy, 33(3), 374–398. 

Deng, Y., Wu, Y., et al. (2021). On the relationship between pollution reduction and 
export product quality: Evidence from Chinese firms. Journal of Environmental 
Management, 281, Article 111883. 

Du, X. (2015). How the market values greenwashing? Evidence from China. Journal of 
Business Ethics, 128(3), 547–574. 
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