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This study aims to analyse the heterogeneous impact of the China’sWestern Development
Strategy (WDS) on the productivity of different types of firms. Based on the heterogeneous
firm model and simulation, this study utilizes the WDS as a quasi-natural experiment and
uses the difference-in-difference-in-differences (DDD) method to study the heterogeneous
impact on the productivity of polluting and non-polluting firms. TheWDS has increased the
productivity of polluting firms in the western region by 8.0–12.6%, compared to the central
region and non-polluting industries. This phenomenon is the result of the environmental
cost effect and the migration effect, but not the result of the Porter effect. In addition, this
study shows that the heterogeneity of productivity improvement in state-owned firms,
large-scale firms, and firms not located in the acid rain and sulfur dioxide control zones is
more significant. The study suggests that it is necessary to implement industry-
differentiated regional policies, implement different regional preferential policies for
polluting firms, and to strengthen environmental regulations, so as to achieve a win-
win situation between firm efficiency improvement and environmental protection.

Keywords: regional development strategy, productivity of polluting firms, heterogeneity, environmental regulation,
migration effect

1 INTRODUCTION

Since the implementation of the reform and opening-up policy in 1978, China’s economy has
developed rapidly, but regional differences have also widened. To reduce these differences, Chinese
government began implementing a regional development strategy, known as Western Development
Strategy (WDS), in 2001. This strategy aims to improve the level of economic development and
ecological environment construction in the western region (Lai, 2002). TheWDS provided a series of
policy support to the western region of China, such as increasing capital investment such as fiscal
expenditure, credit support, transfer payment, improving the investment environment such as tax
incentives, preferential land and mineral resources, opening wider to the outside world, and
developing technology and education. After the implementation of WDS, the economy in the
western region has grown rapidly, but at the same time, the environmental pollution problem in the
western region has continued to deteriorate (Cui et al., 2016).

In recent years, many articles have begun to identify and analyse the policy results of the WDS
from both economic and environmental perspectives. Yang et al. (2018) constructed a provincial-
level eco-productivity index and found that since the implementation of the WDS, the eco-
productivity of the western region had continued to increase, and the difference on comparison
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with other regions had reduced. Zhuo and Deng (2019) measured
the efficiency of the green economy at the inter-provincial level
and found that although the WDS had improved the efficiency of
green economy in the western region through the synthetic
control method, there were still significant differences
compared to other regions. Zhang et al. (2019) used the
Propensity Score Matching Difference in Differences (PSM-
DID) method to find that the WDS cannot reduce the carbon
emission intensity of the western region.

In contrast to the above literature, which focuses on macro-
aggregated variables, this study uses firm-level data and considers the
WDS as a quasi-natural experiment to study the heterogeneous
impact of the strategy on the productivity of polluting and non-
polluting firms. More importantly, studying the impact on the
productivity of polluting firms can evaluate the effect of the
implementation of the environmental protection goals of WDS.
This study aims to evaluate the implementation effect of WDS, that
is, the impact ofWDS on the productivity of different types of firms,
to explain why WDS has a greater impact on the productivity of
polluting firms in the western region, and how to achieve a win-win
situation between firm efficiency improvement and environmental
protection. Based on the heterogeneous firm model and simulation,
this study utilizes the WDS as a quasi-natural experiment and uses
the difference-in-difference-in-differences (DDD) method to study
the heterogeneous impact on the productivity of polluting and non-
polluting firms.

The marginal contribution of this article may be explained as
follows: 1) Incorporating place-based policy and environmental
regulations into the heterogeneous firm model. Through
simulation, it is verified that the WDS is more conducive to
increasing the efficiency of polluting firms in the western region.
2) Based on firm-level data, it is verified that the WDS is more
conducive to increasing the productivity of polluting firms in the
western region. 3) It is found that this phenomenon is the result of
the combined effect of environmental cost advantage and migration
effects, but the Porter effect did not have a significant impact on this
process. 4) Based on the characteristics of firms or regions such as
ownership, firm size, and “acid rain and sulfur dioxide control
zones”, this article analyses the impact of the WDS on the
heterogeneous improvement of productivity of polluting and
non-polluting firms.

2 THEORETICAL MODEL

This study expands the heterogeneous firm model and
incorporates place-based policies and environmental
regulations to analyse the impact of the WDS on polluting
and non-polluting firms.

2.1 Consumer Behaviour
Suppose there are only two regions in the entire economy: the
western regionW and the central region M. All consumers share
the utility function given by:

U � α∫
r∈Ω

qrdr − 1
2
γ∫

r∈Ω
(qr)2dr − 1

2
η(∫

r ∈ Ω
qrdr)2

+ q0, (1)

where q0 represents the consumption of homogeneous goods and
qr denotes the consumption of differentiated good r of a set Ω of
differentiated products. The demand parameters α, γ and η are all
positive. A higher α and lower η increase demand for
differentiated products. γ reflects consumer preference for
diversity.

Assuming that consumption of homogeneous goods is always
positive, on solving the consumer utility maximisation problem,
the inverse demand function of differentiated good r can be
obtained as:

pr � α − γqr − η∫
j∈Ω

qjdj, (2)

where pr denotes the price of differentiated good k. Let �Ω denote
the set of products with positive consumption levels in
equilibrium. We can solve for the individual consumer’s
demand for product r as:

qr �
⎧⎪⎪⎨⎪⎪⎩

1
γ
(�h − pr), pr ≤ �h

0, pr > �h,

(3)

where �h � αγ + η| �Ω|P/γ + η| �Ω|> 0 denotes the price threshold
when the consumption of commodity r is non-negative. P
denotes the mean price of �Ω. Then, the demand function of
the region v ∈ {W,M} for product r is:

Qr
u �

Nv

γ + η
∣∣∣∣∣∣∣�Ωv

∣∣∣∣∣∣∣
(α + η

γ

∣∣∣∣∣∣∣�Ωv

∣∣∣∣∣∣∣Pv) − Nv

γ
pr, (4)

where | �Ωv| denotes the mass of varieties consumed in region v.Nv

denotes the population of region v. To simplify the analysis, we
ignore the impact of population by assuming NW � NM � 1.

2.2 Producer Behaviour
Labour is the only element in production. The labour market is
perfectly competitive; the elasticity of supply is 0, and the wage of
unit labour is standardised to 1. The homogeneous good,
produced under constant returns to scale using one unit of
labour per output, is freely traded across regions. The
differentiated goods sector is characterised by increasing
returns, monopolistic competition, and iceberg trade costs,
which generate emissions of a transboundary pollutant.
According to the different pollution emissions per unit of
product, firms producing differentiated goods can be further
divided into K (K≥ 2) industries. The differentiated goods
market is a monopolistic competition, and firms need to pay
fixed costs s in advance, while the marginal cost is affected by the
firms’ characteristics, policy advantages, and environmental
regulations. Located in the region u, the marginal cost
function of a firm in industry k is:
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mc(u, k, h) � fk
u

h

au
; k � 1,/K, (5)

where h denotes the firm’s characteristics, and when not considering
policy advantages and environmental regulations (fk

u, au � 1), we
can index firms by their unit labour requirement h In other words, a
differentiated product manufacturer can be represented by a three-
dimensional array (u, h, k) Following Melitz and Ottaviano (2008),
1/h obeys a Pareto distribution with the parameter σ, and the
distribution function of h is G(h) � (h/hmax)σ .

The place-based policy has the same impact on all industries in
the region and au denotes the policy advantage of firms located in
the region u. Benefiting from the WDS, firms in the western
region have received support from policies pertaining to finance,
government investment, financial credit, and talent. Therefore,
the policy advantages may be assumed as follows:

au � {A> 1 u � W
1 u � M.

(6)

Drawing on the research of Zeng and Zhao (2009), firms hire
more labour to comply with the environmental regulations of
local governments. To simplify the analysis, we assume K � 2,
that is, polluting and non-polluting industries, of which only
polluting industries face environmental regulations. In addition,
due to different regional development conditions, there are
differences in environmental regulations between regions
(Wang et al., 2019), and there are huge differences in
environmental regulations between central and western China
(Figure 1). Regarding this phenomenon, on the one hand, the
level of economic development in the western region is relatively
low, the local government’s attention is more focused on
economic growth, and the tolerance for pollution is relatively
higher (Pang et al., 2019). On the other hand, it is located in the
upper reaches of the river. Geographical location also increases
the free-riding motivation of the western region. Therefore, the
environmental regulations for industry k in region u can be set as
follows:

fk
u �

⎧⎪⎨⎪⎩
1 k is a non − polluting industry
FW > 1 k is a polluting industry , u � W
FM � ΦFW k is a polluting industry , u � M.

(7)

For the firm (u, h, k) from Equation 4, its demand in the
region v is

quv(h) � Nv

γ
[�hv − puv(h)], (8)

where puv(h) denotes the firm (u, h, k) s differentiated good price
in the region v. The profit function of this firm is as follows:

πk
uv(h) � [puv(h) − fk

uτuv
h

au
]quv(h), (9)

where τuv � 1 if u � v and τuv � τ if u ≠ v.
On solving the profit maximisation problem, we obtain the

following optimal price:

puv(h) � 1
2
(�hv + fk

uτuv
h

au
). (10)

In addition, if the firm’s profit is negative, it will stop
operating; therefore, its equilibrium profits are:

Πk
uv(h) �

Nv

4γ
(�hv − fk

uτuvh

au
)

2

, h ∈ (0, Ck
uv]

0, h ∈ (Ck
uv,∞),

⎧⎪⎪⎪⎨⎪⎪⎪⎩ (11)

where Ck
uv � au�hv/fk

uτuv denotes the critical production cost. In a
market with monopolistic competition, as long as profits can be
obtained, firms will continue to enter the market, and the market
will reach its equilibrium only when profits become zero.

∑
v∈{W,M}

∫Πk
uv(h)dh � s. (12)

2.3 Equilibrium Analysis
In equilibrium, the price thresholds in the central and western
regions can be solved using the following equations:

(fk
W)−σ(�hW)2+σ + (τfk

W)−σ(�hM)2+σ � A−σ2γ(1 + σ)(2 + σ)hσmax(fk
M)−σ(�hM)2+σ + (τfk

M)−σ(�hW)2+σ � 2γ(1 + σ)(2 + σ)hσmax.

(13)
Following Combes (2012), the productivity threshold values of

�φk
u are:

�φk
u �

au
fk
u
�hu
. (14)

The heterogeneity of productivity in industry k between the
central and western regions is Γk � �φk

W/�φk
M If Γk > 1, implying

that the productivity of the western region is significantly higher
than that of the central region. |Γpol − Γnonpol| measures the
heterogeneity of polluting and non-polluting industries
between the central and western regions.

FIGURE 1 | Differences in environmental regulation on both sides of the
boundary between central and western China. Note: The SO2 removal rate
was used to measure the degree of environmental regulation.
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As Equation 13 cannot be solved explicitly, this study conducts a
comparative static analysis through a numerical simulation.
According to Del Gatto et al. (2006), σ approaches 2. The other
parameter values are: FW � 1, τ � 1.5, γ � 2, hmax � 30.

Based on the simulation results, it can be seen that with the WDS,
the productivity of firms in the western region has effectively
improved, when compared with that of the central region. In
particular, the productivity of polluting industries has increased
more significantly with the strengthening of policy advantage ( A
increasing), which improved the cost advantage of loose
environmental regulation. The heterogeneity of productivity
improvement among industries continues to expand (Figures 2A).
Furthermore, benefiting from theWDS, the tax burden of firms in the
western region has dropped significantly, and credit and transfer
payments have also eased the financing constraints of these firms. The
resulting cost-side improvement will effectively improve firm
efficiency, and talent support and infrastructure improvement will
further enhance human capital and promote knowledge spillover. At
the same time, since the heterogeneity of the industry is not
considered, and the western region implements relatively loose
environmental regulations, the cost advantage of polluting firms in
the western region has been magnified, leading to crowding out of
non-polluting industries, which will expand the heterogeneity of
productivity improvement among industries. In addition, when the
policy advantages are fixed, greater difference in environmental
regulations between the central and western regions will increase
the productivity of polluting firms in the western region (Figures 2B).

Based on the above theoretical model analysis and numerical
simulation results, we can put forward the following research hypothesis:

Hypothesis: the WDS has a heterogeneous impact on the
productivity of different types of firms; when the
environmental regulation in the western region is relatively
loose, the WDS is more conducive to the improvement of the
productivity of polluting firms in the western region.

3 DATA AND EMPIRICAL STRATEGY

3.1 Variable and Data
To test the conclusions reached in the theoretical section, this
study utilises firm-level data for the period 1998–2007, from the

annual surveys conducted by the National Bureau of Statistics.
Additionally, this study treats the development of the western
region as a quasi-natural experiment to identify its heterogeneous
impact on different industries. This is to ensure that there are
parallel trend assumptions in the strategy and non-strategy
regions before strategy implementation (Bertrand et al., 2004).
Therefore, this study selected a sample of firms in the cities on
both sides of the provincial boundary line dividing the central and
western regions in the WDS, including 57 cities in 14 provinces
along the boundary line, of which 26 cities are located in the
western region and 31 cities are located in the central region. For
the cities on both sides of the boundary line, their geographical
environment, climatic conditions, and culture are similar, and the
heterogeneous influence between different cities can be
eliminated as much as possible. The migration cost of firms
on both sides of the boundary line is relatively low. In addition,
although the WDS was determined in 2000, the strategy
implementation began in 2001. Hence, the strategy’s
implementation year is considered as 2001 for this study.

3.1.1 Firm Data
Referring to the research of Brandt et al. (2012), outliers are cleaned up
and the samples are collected in the cities mentioned earlier. Total
factor productivity (TFP) is one of the best proxy variables for firm
productivity, and the LPmethod (Levinsohn and Petrin, 2003) is used
to calculate TFP. In addition, Yu (2015) pointed out that firm size,
whether to export, and ownership would affect the choice of a firm’s
production technology and thus, affect TFP. Therefore, this study
controls for the following variables: firm size (log(size), measured by
the logarithm of the firm’s total assets), export (log(ex), measured by
the logarithmic measure of the export value of firm +1), and whether
the firm is a state-owned firm, and whether the firm is foreign-funded
(State-owned and Foreign; measured by a dummy variable; assumed
to be 1 if yes and 0otherwise).

With reference to Dou and Han (2019), the samples are
divided into polluting and non-polluting firms by calculating
the Pollution Density Index (PDI). Simultaneously, to improve
robustness, this study also divides the sample according to the
Pollution Intensity Index (PII) and the Pollution Comprehensive
Index (PCI). The specific calculation method and classification
results are presented in the Appendix.

FIGURE 2 | Simulation results of heterogeneity improvements of firm productivity. Note: The solid lines (dashed lines) in the figure represent the heterogeneity of the
productivity of non-polluting industries (polluting industries) in the western and central regions, and the shadows represent the heterogeneity between polluting and non-
polluting industries. In addition, loose environmental regulation parameter Φ � 1.5 in (A) and policy advantage parameter A � 1.5 in (B).
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This study draws the kernel density map of the non-polluting
industry and polluting industry firms’ TFP in the central and
western regions in 1998 before the implementation of the WDS
and after its implementation in 2007 (Figure 3). It can be seen
that in 1998, for both polluting and non-polluting firms, the TFP
distribution in the western region showed a significant left
deviation relative to that in the central region (Figures 3A,
Figures 3B). By 2007, compared with 1998, the TFP
distribution of all firms in the western region shifted
significantly to the right compared to the central region. In
2007, the TFP distribution of polluting firms in the western
region shifted significantly to the right compared to the
central region (Figures 3C and Figures 3D).

This shows that with the implementation of the WDS, the
distribution of TFP of non-polluting and polluting firms in the
central and western regions has undergone structural changes.
Compared with the central region, the TFP of firms in the western
region has effectively improved but the increase in TFP is
heterogeneous, and the strategy is more conducive to the
increase in productivity of polluting firms in the western
region. Among them, the distribution coefficient of the
pollution firms in 2007 was significantly positive at the 1%
level, indicating that the overall productivity of the polluting

firms in the western region surpassed that of the central region.
This also intuitively verifies the results of the numerical
simulations.

3.1.2 Environmental Regulation
China’s city-level environmental statistics have been published since
2003, which does not coincide with the period considered in this
study. However, the EPS China Green Development Database has
provided emissions data for firms since 1998. Therefore, referring to
Zhou et al. (2017), the emissions data for firms were summed up at
the city level and the SO2 removal rate was used to measure the
degree of environmental regulation in the study.

3.2 Specification
This study adopts the difference-in-difference-in-differences (DDD)
approach to identify the heterogeneity of theWDSon the productivity
improvement of polluting and non-polluting firms. Referring to Cai
et al. (2016), the baseline regression model is set as follows:

ln TFPikut � βTreatu × Post2001 × Dirtyk +Xitθ + δi + ηkt + λut

+ ρuk + εikut,

(15)

FIGURE 3 | Log TFP distributions before and after the WDS.
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where TFPikut represents the total factor productivity of firm i in city u
belonging to industry k in year t Treatu indicates whether city u is
located in the strategy zone, that is, Treatu � 1 if city u located in
strategy zone and is 0 otherwise; Post2001 indicates the post-treatment
period, that is, Post2001 � 1 ∀t≥ 2001 and is 0 otherwise; Dirtyj
indicates whether industry k is a polluting industry, that is, Dirtyk �
1 if industry k is a polluting industry identified by PDI, PII, or PCI; δi is
firm fixed effect; ηkt is industry-year fixed effect; λut is city-year fixed
effect; ρuk is city-industry fixed effect;Xit represents a control variable.
β> 0 indicates that the WDS increases the productivity of polluting
firms, which is consistent with the conclusions of the previous
theoretical model analysis. Th error term εikut is assumed to be
normally distributed with zero mean value and at constant variance
(Hae-Young & Kim, 2019; Elahi et al., 2021; Ehsan et al., 2022).

4 EMPIRICAL ANALYSIS

4.1 Main Results
The baseline regression results are presented in Table 1. The
empirical results indicate that irrespective of the method
used to identify polluting industries, as the WDS progresses,
the polluting firms in the western region increases
significantly by 8.0–12.6%, on average, compared with the
central regions and non-polluting industries. In other words,
the WDS has led to heterogeneity in the improvement of firm
productivity; that is, this strategy is more conducive to the
improvement of the productivity of polluting firms in the
western region.

TABLE 1 | Effect of the WDS on improvement of productivity of firms.

The Dependent Variable: Log (TFP)

(1) (2) (3)

Treat*Post2001*PDI 0.126** (0.0579) — —

—

Treat*Post2001*PCI — 0.0820* (0.0464) —

— —

Treat*Post2001*PII — — 0.0801* (0.0465)
— —

Log (size) 0.303*** (0.0101) 0.303*** (0.0101) 0.303*** (0.0101)

Log (ex) 0.0145*** (0.00200) 0.0145*** (0.00200) 0.0145*** (0.00200)

State-owned −0.0750*** (0.0269) −0.0754*** (0.0269) −0.0754*** (0.0269)

Foreign −0.00672 (0.0358) −0.00685 (0.0358) −0.00688 (0.0358)

City-year fixed effects Yes Yes Yes
Industry-year fixed effects Yes Yes Yes
City-industry fixed effects Yes Yes Yes
Firm fixed effects Yes Yes Yes
Observations 76,132 76,132 76,132
R-squared 0.861 0.860 0.861

Note: ***p < 0.01, **p < 0.05, *p < 0.1. Standard errors clustered at firm level are reported in parentheses.

FIGURE 4 | Result of the parallel trend test. FIGURE 5 | Result of Placebo test.
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4.2 Robustness Checks
4.2.1 Testing for Variation Over Time
The premise of adopting the DDD method is that the data meet
the parallel trend assumption, that is, before the implementation
of the WDS, the trend of TFP changes in the western and central
regions should be consistent. With reference to Liu and Qiu
(2016), this study sets the following model:

ln TFPikut � ∑6
t�−2

αtTreatu × Yeart0+t × Dirtyk +Xitθ + δi + ηkt

+ λut + ρuk + εikut,

(16)
where Yeart0+t indicates year dummies of year t after the strategy
was implemented, αt measures the leading and lagging effects of
the WDS.

Figure 4 shows the estimated value of αt at the 95% confidence
interval. From the results, the trend of αt during the period t≤ 0
was relatively flat and the estimated value was not significant;

after the implementation of the strategy, αt increased
significantly. This shows that the parallel trend assumption is
satisfied before the strategy is implemented, and the effect of the
WDS is seen immediately. In addition, it showed a downward
trend after 2005, which indicates that the influence of
heterogeneity among industries in the western region has a
trend of convergence.

4.2.2 Placebo Test
To rule out the possibility of missing city-industry-time level
variables, referring to Chetty et al. (2009), this study conducts a
placebo test by randomly selecting 26 out of the 57 cities as
virtual strategy cities. Then, a virtual triple difference term,
TreatFalseu pPost2001pDirtyk, was constructed. Due to the
randomness of the selection, this virtual triple difference
term did not affect the explained variable, that is, βFalse � 0.
To avoid the impact of small probability events, this study
carried out 200 random selections (La Ferrara et al., 2012). The
estimated coefficients based on randomly selected strategy
cities are distributed around 0, and most of the p-values are
also greater than 0.1 (Figure 5). This shows that the baseline
regression results did not cause serious biases due to missing
variables.

4.3 Mechanism Analysis
The previous section verifies that this strategy is more conducive
to increasing the TFP of polluting firms in the western region.
Regarding the analysis of the internal mechanism, according to
the theoretical model, the looser environmental regulations in the
western region have led to the region’s polluting firms having a
larger environmental compliance cost advantage under the
impact of the WDS, thereby increasing productivity. In
contrast, the strategy may also cause highly efficient polluting
firms to move to the western region, thereby increasing the
overall efficiency of polluting firms. In addition, according to
Porter’s hypothesis (Porter and Linde, 1995), polluting firms may
also have innovation compensation effects.

FIGURE 6 | Log TFP distributions in the western region.

TABLE 2 | Results of cost effect.

The Dependent Variable: Log (TFP)

Full Sample Survival Sample

(1) (2) (3) (4) (5) (6)

ER −0.0850*** (0.0272) −0.0840*** (0.0272) −0.0840*** (0.0272) −0.0550* (0.0320) −0.0536* (0.0320) −0.0537* (0.0320)

Treat*Post2001*PDI 0.143** (0.0642) — — 0.143** (0.0651) — —

— — — —

Treat*Post2001*PCI — 0.0866* (0.0519) — — 0.0902* (0.0527) —

— — — —

Treat*Post2001*PII — — 0.0895* (0.0518) — — 0.0927* (0.0527)
— — — —

Control variables Yes Yes Yes Yes Yes Yes
Industry-year fixed effects Yes Yes Yes Yes Yes Yes
City-industry fixed effects Yes Yes Yes Yes Yes Yes
Firm fixed effects Yes Yes Yes Yes Yes Yes
Observations 73,066 73,066 73,066 51,317 51,317 51,317
R-squared 0.856 0.855 0.856 0.874 0.874 0.875

Note: ***p < 0.01, **p < 0.05, *p < 0.1. Standard errors clustered at the firm level are reported in parentheses.
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4.3.1 Cost Effect
Figure 1 shows that the environmental regulations in the western
region are relatively loose. Therefore, if it can be verified regional
firms with lower environmental regulations are more efficient,
cost advantage can then be considered as an important factor that
leads to a more significant increase in the productivity of
polluting firms in the western region.

The empirical results show that when the environmental
regulation (ER) is reduced by one unit, the firms’ TFP will
significantly increase by 8.4–8.5% at the full sample level
(Table 2(1–3)). In the surviving sample (the firms that
survived during the period), when the environmental
regulation is reduced by one unit, the TFP will significantly
increase by 5.4–5.5%. This shows that loose environmental
regulations can indeed increase TFP by reducing the cost of
environmental compliance for firms, and may increase the
attractiveness of polluting firms.

Notably, under the control of environmental regulations, the
triple difference term is still significantly negative at the level of at
least 10%. This shows that the WDS will magnify the cost
advantage of polluting firms in the western region, which will
lead to a greater increase in the productivity of polluting firms in
that region.

4.3.2 Migration Effect
Based on the previous analysis, polluting firms in the western
region have dual advantages in policy and environmental costs,
which will inevitably attract firms to migrate to the west. If a large
number of highly efficient polluting firms do so, the productivity
of polluting firms in the western region will increase. On
screening the samples of newly built firms in the western
region after 2001, it can be observed that compared to the

newly built non-polluting firms, the distribution of newly built
polluting firms is significantly rightward (Figure 6), and the TFP
is significantly increased by 10.6%.

4.3.2 Porter Hypothesis
In addition to cost-side improvements, technological innovation
is also a potential way to improve firm productivity (Aloini et al.,
2015; Elahi et al., 2021; Elahi et al., 2022). As demonstrated in this
study, when compared with non-polluting firms, polluting firms
face stricter environmental regulations. According to Porter
effect, this may force polluting firms to innovate more. This
study adopts the logarithm of the output value of new products
(log(XCP)) to measure the innovation behaviour of the firm and
test it through the following two steps. The results are shown in
Table 3.

On the one hand, firm innovation significantly increases TFP.
On average, a 1% increase in the output value of new products will
drive a 1.5–1.6% increase in TFP (Table 3 (1–3)). On the other
hand, the regression analysis of environmental regulation on firm
innovation shows that for every unit reduction in environmental
regulation, the output value of new products of the firm will
increase by 24% (Table 3 (4–6)). This shows that strict
environmental regulations do not force firms to carry out
more innovative activities. On the contrary, stricter
environmental regulations increase the cost input, thereby
reducing innovation input. The triple difference and double
difference terms are not significant, which also shows that
there is no significant difference in innovation behaviour
between the central and western regions, and between
polluting and non-polluting firms. In other words, no
significant innovation compensation effect has been observed
for polluting firms in the western region.

TABLE 3 | Testing for Porter hypothesis.

The Dependent
Variable

Log (TFP) Log (XCP)

(1) (2) (3) (4) (5) (6)

XCP 0.0155*** (0.00252) 0.0154*** (0.00252) 0.0154*** (0.00252) — — —

— — —

ER — — — −0.240*** (0.0665) −0.241*** (0.0667) −0.241*** (0.0667)
— — —

Treat*Post2001*PDI 0.143** (0.0659) — — −0.0612 (0.179) — —

— — — —

Treat*Post2001*PCI — 0.111** (0.0513) — — 0.0599 (0.118) —

— — — —

Treat*Post2001*PII — — 0.115** (0.0514) — — 0.0548 (0.118)
— — — —

Treat*Post2001 — — — −0.0196 (0.172) −0.0995 (0.103) −0.0966 (0.103)
— — —

Control variables Yes Yes Yes Yes Yes Yes
City-year fixed effect Yes Yes Yes No No No
Industry-year fixed effects Yes Yes Yes Yes Yes Yes
City-industry fixed effects Yes Yes Yes Yes Yes Yes
Firm fixed effects Yes Yes Yes Yes Yes Yes
Observations 64,106 64,106 64,106 64,106 64,106 64,106
R-squared 0.877 0.877 0.877 0.769 0.769 0.769

Note: ***p < 0.01, **p < 0.05, *p < 0.1. Standard errors clustered at firm level are reported in parentheses.
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4.4 Heterogeneous Effects
In the baseline regression, the heterogeneity characteristics of
firms or regions are controlled only in the form of controlled
variables or fixed effects. The following section further clarifies
the impact of these heterogeneous characteristics. The results are
listed in Table 4.

First, in contrast to other types of ownership firms, there is a
closer political connection between state-owned polluting firms
and the government, and they often have stronger bargaining
power in the environmental protection game with local
governments (Wu et al., 2017). The subsample regression
shows that the productivity of state-owned polluting firms in
the western region has increased significantly by 16.6%, which is
higher than the full-sample regression result. For the sub-sample
of non-state-owned firms, the triple difference term is not
significant. This shows that the advantage of the WDS in
improving the productivity of polluting firms in the western
region is more significant in state-owned firms. The reason for
this phenomenon is likely to be that local governments have
looser environmental regulations on state-owned polluting firms.

Second, the difference in firm size may also affect the
productivity of polluting firms in the western region. This
study uses the average of total assets of the firm as the
threshold to perform subsample regression. It can be seen that
the productivity of polluting firms above the average scale in the
western region increased significantly by 22.8%, while there was
no significant difference below the scale. This also shows that
large-scale firms have greater environmental cost advantages, and
therefore their productivity has been greatly improved in the
development of the western region. This may be because larger
firms are often “big taxpayers” benefiting from local
protectionism, and may be given preferential treatment in
specific environmental law enforcement.

Finally, as one of China’s most important environmental
policies, the policy of “the acid rain and sulfur dioxide control
zones,” implemented in 1998, will also affect the productivity of
polluting firms. Tang et al. (2020) verified that polluting firms in
the acid rain and sulfur dioxide control zones will face higher
environmental regulation costs and their productivity growth will
be hindered. The sample in this study included 31 cities belonging

to the acid rain and sulfur dioxide control zones, of which 14
cities are located in the western region. By dividing the sample
into two subsamples of “the acid rain and sulfur dioxide control
zones” and “not in the acid rain and sulfur dioxide control zones”,
it can be seen that in the former, the productivity of polluting
firms in the west does not have a significant advantage, while in
the latter, the productivity of polluting firms in the west has
significantly increased by 31.1%, much higher than the regression
result of the full sample. In other words, the lower environmental
compliance costs of polluting firms not in the acid rain and sulfur
dioxide control zones led to more significant heterogeneity in
productivity improvement among industries.

5 CONCLUSION

As one of the government’s regional policies, the effectiveness of
regional strategies has always been the focus of debate in
academic circles. This study considers the WDS as the starting
point and focuses on the analysis of the heterogeneity and
mechanism of TFP promotion of polluting and non-polluting
firms based on theoretical simulation and empirical research.

The research results of this study indicated that theWDS, without
considering industry heterogeneity, has resulted in a significant
increase of 8.0–12.6% in the productivity of polluting firms in the
western region when compared with the central region and non-
polluting firms. In other words, the WDS is more conducive to
polluting firms to improve efficiency. The enlarged cost advantages
brought about by the looser environmental regulations in the
western region and the preference of highly efficient polluting
firms to relocate to the western region have contributed to this
phenomenon. In addition, the results further point out that in the
western region, the productivity of polluting firms that are state-
owned, large in scale, and not located in the acid rain and sulfur
dioxide control zones, has increased even more.

Therefore, in the future, the government must ensure the
effective implementation of regional development strategies,
consider the heterogeneous effects of such strategies on
different industries, and combine such strategies with
industrial environmental policy. It is necessary to change

TABLE 4 | Testing for heterogeneous effects.

The Dependent Variable: Log (TFP)

(1) (2) (3) (4) (5) (6)

State-Owned NON-SO LARGE SMALL CZ NOT-CZ

Treat*Post2001*PDI 0.166** (0.0740) −0.0971 (0.113) 0.228*** (0.0867) 0.107 (0.0830) 0.0604 (0.0708) 0.311*** (0.0979)
Control variables Yes Yes Yes Yes Yes Yes
City-year fixed effects Yes Yes Yes Yes Yes Yes
Industry-year fixed effects Yes Yes Yes Yes Yes Yes
City-industry fixed effects Yes Yes Yes Yes Yes Yes
Firm fixed effects Yes Yes Yes Yes Yes Yes
Observations 24,768 50,449 37,778 34,543 45,425 30,618
R-squared 0.889 0.794 0.839 0.868 0.847 0.883

Note: State-owned indicates state-owned firms sample; NON-SO, indicates non-state-owned firms sample; LARGE, indicates large-scale firm sample; SMALL, indicates small-scale firm
sample; CZ, indicates firm sample in “the acid rain and sulfur dioxide control zones”; NOT-CZ, indicates firm sample “not in the acid rain and sulfur dioxide control zones”.
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the traditional “one size fits all” approach and systematically
consider the heterogeneity between industries and regions.
Only then can we achieve a win-win situation between the
improvement of firm efficiency and the green development of
the economy.

There are also some limitations in this study. Due to data
limitations, it is impossible to study the long-term effects of the
WSD. In the future, with the continuous disclosure of micro-data,
it is possible to further examine the long-term heterogeneity
impact on firm productivity after 10–20 years.
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