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Abstract: While local protectionism and market segmentation owing to fiscal decentralization are 31 

not conducive to broad economic development, they may be rational choices on a local scale. Based 32 

on a spatial Durbin model, we analyzed the relationship between environmental regulations and 33 

market segmentation in China using interprovincial panel data for 2004–2018. The results indicated 34 

that the “beggar-thy-neighbor” phenomenon persists in China; environmental regulations have a U-35 

shaped impact on market segmentation, i.e., in most regions, environmental regulations strongly 36 

promote local market integration. Regions with greater decentralization are better able to promote 37 

local market integration through environmental regulation, suggesting that local governments are 38 

better able to compensate for market failures when vested with greater power. Hence, we propose 39 

that the central government should improve performance evaluation indicators for local 40 

governments and grant them greater autonomy; additionally, local governments should increase the 41 

intensity of environmental regulations as appropriate, thereby promoting both environmental 42 

protection and the unification of domestic markets. 43 

Keywords: environmental regulation; market segmentation; fiscal decentralization; spatial effect 44 

 45 

1. Introduction 46 

Since the reform and opening up, China has achieved tremendous economic growth owing to 47 

its market-oriented reforms, particularly that of permitting the market to play a critical role in 48 

allocating resources (Cui et al. 2019; Duan et al. 2019). History has indicated that rapid economic 49 

development depends on efficient free markets, which thrive under integrated rather than 50 

fragmented or isolated conditions (Jin et al. 2008; Lai et al. 2021). The unification of the domestic 51 

market promotes competition, the development and application of new technologies, and the gradual 52 

standardization of market rules, thus realizing the optimal allocation of resources. Therefore, 53 

reducing market segmentation in favor of domestic integration, accelerating the establishment of a 54 

competitive, orderly, unified, and open free-market system, and allowing the market mechanism to 55 

play the decisive role in resource allocation have become important practical issues for the 56 

development of China's market economy.  57 
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Since fiscal decentralization, the Chinese market has existed in a fragmented state. Market 58 

segmentation can be measured via production (Young 2000), trade law (Poncet 2003), and relative 59 

price (Parsley and Wei 1996) methods, which scholars have applied to conduct preliminary 60 

assessments of market segmentation in China. Although some controversy exists regarding the trend 61 

of market segmentation in China, economists generally agree that market segmentation is a major 62 

problem. Segmentation reduces market efficiency and slows technological progress, which is 63 

detrimental to both economic development and environmental protection (Li and Lu 2020; Sun et 64 

al. 2020; Zhang et al. 2020; Zhu et al. 2020). Initial research on the causes of market fragmentation 65 

in China has focused on local protectionism, which is generally considered a primary cause of 66 

market fragmentation and is motivated by strong profit-based motives. Fiscal decentralization is 67 

also a manifestation of local protectionism (Fan and Zhang 2010; Song et al. 2020). Fiscal 68 

decentralization enables local governments to obtain a more reasonable distribution of financial and 69 

administrative power; however, it can lead to self-promotion by local officials and the 70 

implementation of “catch-up” strategies to more rapidly secure economic benefits, thereby leading 71 

to over-intervention by the government and preventing market integration. 72 

Domestic market integration is typically a gradual process, and market segmentation is not 73 

unique to periods of economic transition. While the factors that lead to market segmentation are 74 

diverse, they can be broadly categorized into institutional (Li et al. 2003; Xiwei et al. 2005), 75 

geographic (Fan et al. 2017), and market factors. Institutional factors include local protectionism 76 

stemming from political, economic, and other factors; geographic factors refer to the segmentation 77 

of two markets due to differences in initial resource endowment and geographic location. Finally, 78 

market factors include segmentation owing to negative pollution externalities or varying degrees of 79 

market failure. These three sets of factors indicate three effective avenues to promote domestic 80 

market unification. First, institutional market segmentation can be reduced by optimizing 81 

institutional design and eliminating local protectionism. Second, by increasing investment in 82 

transportation, information, and communication infrastructure and other public services, geographic 83 

divisions between regions can be bridged. Third, environmental regulations can be implemented to 84 

compensate for market failures, thereby eliminating spontaneous market segmentation through 85 

proactive governance.  86 

While existing studies have often explained China's market fragmentation in terms of local 87 

protectionism and infrastructure issues (i.e., institutional and geographic factors), the impact of 88 

environmental regulations and market factors has been largely ignored, including in evaluations of 89 

market effectiveness. As an important component of social governance, environmental regulation 90 

promotes both environmental protection goals and technological progress. This is reflected in the 91 

“innovation compensation” effect (Ambec et al. 2013; Cai et al. 2020; Li et al. 2019; Peng 2020), 92 

wherein external spillover effects or positive externalities serve to reduce environmental pollution 93 

and promote technological progress (Fan et al. 2020; Li et al. 2021; Song et al. 2019; Zhang et al. 94 

2020). Under China’s “new normal” economic plan, environmental regulation has received 95 
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significant attention, and green economic development has been promoted along with a focus on 96 

increasing labor productivity. Li and Du (2020) showed that environmental regulation has a 97 

significant spatial spillover effect on green innovation efficiency. Zhou et al. (2020) asserted that 98 

spatial spillover and industrial structure effects are the main pathways through which environmental 99 

regulations affect innovation, and Hu and Wang (2020) reported that environmental regulations have 100 

significant spillover effects on interprovincial carbon productivity in China. In these contexts, 101 

“spillover effects” represent the indirect effect of environmental regulations on reducing pollution 102 

and increasing productivity; therefore, they can compensate for certain environmental market 103 

failures, improve market efficiency, increase environmental welfare, and thus promote economic 104 

specialization (often referred to as “division of labor” by Chinese policymakers), thereby facilitating 105 

green economic development and technological progress by reducing domestic market 106 

segmentation. 107 

Considering these benefits, local governments have emphasized environmental regulation after 108 

fiscal decentralization. However, when environmental regulations are extremely stringent, this can 109 

negatively impact market effectiveness and ultimately exacerbate market fragmentation. Therefore, 110 

research on the impact of environmental regulations on market segmentation, such as the present 111 

study, has clear theoretical and practical significance. This study aimed to demonstrate that fiscal 112 

decentralization leads to regional market segmentation by constructing an intertemporal decision-113 

making model based on environmental welfare effects and to elucidate the theoretical mechanisms 114 

by which environmental regulations affect market segmentation. Based on spatial econometric 115 

methods, we also empirically analyzed the impact of environmental regulations on market 116 

segmentation and examined spatial spillover effects. Finally, we comprehensively discussed the role 117 

of fiscal decentralization in mediating the impact of environmental regulations on market 118 

segmentation, thereby further testing the reliability of the model. 119 

 120 

2. Intertemporal division of labor decision-making model based on environmental welfare 121 

effects 122 

Based on the approach of Lu et al. (2004) and Fan and Zhang (2010), we constructed an 123 

intertemporal division of labor decision-making model that considered the effects of environmental 124 

welfare. Here, we first considered the environmental welfare effect (𝑈1), the microscopic effect on 125 

human welfare attributable to ecological improvements (Welsch 2007). The conditional valuation 126 

approach suggests that environmental welfare effect can be measured as the maximum cost that 127 

people are willing to pay for environmental improvements (Costanza et al. 1998). For example, the 128 

private costs of pollution are lower than the social costs, resulting in negative pollution externalities. 129 

This social cost can be considered as the cost that society is willing to pay to secure environmental 130 

improvements; therefore, the reduction in the environmental welfare effect caused by pollution is 131 

equivalent to its total social cost (𝐶𝑠). Studies have indicated that the higher a society’s level of 132 

economic development (𝑦), the greater its preference for a good environment and therefore, greater 133 



5 

the loss in social welfare owing to pollution (Givens and Jorgenson 2011; Stern 2004). Thus, the 134 

environmental welfare effect can be expressed as follows: 135 𝑈1 = 𝐶𝑠 = 𝑀𝐶𝑠(𝑦)𝐿 (1) 136 

where 𝑀𝐶𝑠(𝑦)  denotes the total marginal social cost of pollution, which increases with 𝑦 ; 𝐿 137 

represents the amount of pollution. We assume that the private marginal cost of pollution (𝑀𝐶𝑝) and 138 

the total marginal social cost (𝑀𝐶𝑠 ) do not vary with the amount of pollution. In a perfectly 139 

competitive market, the private marginal cost of pollution is the price of pollution (𝑃 ), i.e., the 140 

economic cost that the public is willing to pay for a unit of pollution (goods). Thus, we can obtain 141 

the socio-economic effect (𝑈2) of pollution as follows: 142 𝑈2 = 𝑃 ∗ 𝐿 = 𝑀𝐶𝑝 ∗ 𝐿 (2) 143 

Since the social marginal cost of pollution is greater than the private marginal cost, the total 144 

social effect must decline when pollution occurs, as shown in Eq. (3). 145 ∆𝑈 = 𝑈2 − 𝑈1 = 𝑀𝐶𝑝𝐿 − 𝑀𝐶𝑠(𝑦)𝐿 (3) 146 

Negative externalities lead to an inconsistency between the private and social costs of pollution, 147 

contributing to price-signaling failures and a certain degree of environmental market inefficiency 148 

(𝑒), in which 𝑒 increases as the gap between the marginal social and private costs of pollution 149 

becomes larger. Therefore: 150 𝑒 = 𝐾 ∗ [𝑀𝐶𝑠(𝑦) − 𝑀𝐶𝑝] (4) 151 

where 𝐾 is a constant (for model simplicity 𝐾 = 1). From Eq. (1) and (4), we determine that as 152 

economic development levels increase, greater is the decrease in environmental welfare because of 153 

pollution and greater is the level of market inefficiency due to the negative externalities related to 154 

pollution. The adoption of environmental regulations (𝑒𝑟 ) by a local government increases the 155 

private marginal cost of pollution; this new private marginal cost can be defined as follows: 156 𝑀𝐶𝑝(𝑛𝑒𝑤) = 𝑀𝐶𝑝(𝑜𝑙𝑑) + 𝑞(𝑒𝑟) (5) 157 

where 𝑞(𝑒𝑟) represents the increase in private marginal costs due to environmental regulations. 158 

Our simple inter-period division of labor decision-making model based on environmental welfare 159 

considers two regions (regions 𝐴 and 𝐵), two sectors (sectors ℎ and 𝑙), and two periods (𝑡1 and 160 𝑡2). Region 𝐴 has a higher degree of economic development; it has a comparative advantage in its 161 ℎ sector, which has achieved a high level of technological development and is largely based on 162 

high-tech industries. Region 𝐵 has a comparative advantage in sector 𝑙, which has a low level of 163 

economic development and technology and is dominated by high-polluting and high-energy-164 

consuming industries. Considering the objective existence of negative externalities due to 165 

environmental pollution, environmental markets usually suffer from severe market failures. Thus, 166 

we posit that such markets are characterized by severe inefficiency. In general, high-technology 167 

sectors, due to the nature of their products, have weaker connections with and are less affected by 168 

environmental markets, whereas low-technology sectors, which are often engaged in the production 169 

of highly polluting products, are typically more affected by environmental markets. Therefore, for 170 
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model simplicity, we assumed that environmental market failures only exist in sector 𝑙 and region 171 𝐵. 172 

The technological progress rate is faster in sector ℎ than in sector 𝑙; hence, we assumed a 173 

“learning by doing” effect in sector ℎ and no technological progress in sector 𝑙. To facilitate the 174 

model solution, we combined Eq. (3) and (4) based on the Cobb–Douglas effect function, an 175 

integrated effect function was constructed to account for environmental welfare effects: 176 𝑈 = 𝐶ℎ ∗ 𝐶𝑙 − 𝑒 ∗ 𝑌𝑙 (6) 177 

where 𝐶ℎ and 𝐶𝑙 denote the consumption of products in sectors ℎ and 𝑙, respectively, and 𝑌𝑙 178 

denotes the production in sector 𝑙. We assumed that labor is the only input to the production process, 179 

and it was standardized as 1. For model simplicity, we only considered the integration of product 180 

markets, while market factors were assumed to be completely segmented and labor was assumed to 181 

not be freely mobile across regions. Thus, the initial endowment of local labor is the labor input in 182 

production. The relative initial technology attainment and rate of technological advancement in 183 

sector ℎ in region 𝐴 are 𝑔 and 𝜙, respectively, while regions 𝐴 and 𝐵 have no technological 184 

advancement in sector 𝑙, and the initial technology is set as 1. 185 

 186 

2.1. Intertemporal division of labor decision-making assuming no cross-zone commodity flow 187 

To consider the benefits of not dividing labor and assuming no time preference, regions 𝐴 and 188 𝐵 must maximize the sum of the effects of two periods: 189 𝑚𝑎𝑥𝑡1,𝑡2𝑈 = 𝐶1ℎ ∗ 𝐶1𝑙 + 𝐶2ℎ ∗ 𝐶2𝑙 − 𝑒(𝑌1𝑙 + 𝑌2𝑙) (7) 190 

where 𝑡1 and 𝑡2 are the workforce assigned to sector ℎ in both periods; for region 𝐴, 𝑒 = 0. In 191 

this model, we could not accurately calculate the value of 𝑒 using Eq. (4). Therefore, we referred 192 

to the calculation results of Wang et al. (2010) and let 𝑒 = 0.2. We assumed that there is no return 193 

to scale in the production of 𝑙 sector, output is a linear function of time, and consumption is equal 194 

to output. To distinguish between regions 𝐴 and 𝐵, we used lowercase letters to indicate the effect 195 

and output of region 𝐵 . Region 𝐵  has an initial technology and a rate of technological 196 

advancement of 1 regarding product ℎ; its output in both phases is: 197 𝑦𝑙 = 𝑦1𝑙 + 𝑦2𝑙 = (1 − 𝑡1) + (1 − 𝑡2) = (2 − 𝑡1 − 𝑡2) (8) 198 𝑦ℎ = 𝑦1ℎ + 𝑦2ℎ = 𝑡1 + 𝑡1 ∗ 𝑡2 (9) 199 

Through simple linear projection, we determined that the resource allocation and effect in 200 

undeveloped region 𝐵 (without division of labor) are as follows: 201 𝑡1 = 0.715   𝑡2 = 0.640   𝑢 = 0.240 (10) 202 

Similarly, the output of developed region 𝐴 in the two sectors is: 203 𝑌𝑙 = 𝑌1𝑙 + 𝑌2𝑙 = (1 − 𝑡1) + (1 − 𝑡2) = (2 − 𝑡1 − 𝑡2) (11) 204 𝑌ℎ = 𝑌1ℎ + 𝑌2ℎ = 𝑔𝑡1 + 𝜙𝑌1ℎ𝑡2 = 𝑔𝑡1 + 𝜙𝑔𝑡1𝑡2 (12) 205 

Therefore, the resource allocation and effects in the two periods are: 206 𝑇1 = 12 + 18 𝜙   𝑇2 = 12    𝑈 = 𝑔 ∗ (12 + 18 𝜙)2 (13) 207 
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Here, we used the condition of undivided labor (no economic specialization) to represent 208 

extreme market segmentation, where production equals consumption in both regions and the 209 

commodity market is completely separate. If this model represents the rational choice for lagging 210 

region 𝐵, then the implementation of environmental regulation would improve market efficiency 211 

and allow the region to participate in the division of labor, it implies that the effect is larger than the 212 

above-mentioned part of the effect (without division of labor). 213 

 214 

2.2 Intertemporal division of labor decision-making model assuming inter-regional 215 

commodity flow 216 

We assumed that market integration entails a perfect division of labor (complete economic 217 

specialization), wherein the lagging region 𝐵 allocates all its resources to the production of product 218 𝑙, with an output of 1 in each period. The developed region 𝐴 is responsible for the production of 219 

product ℎ; the output in the first phase is 𝑔, and that in the second phase is 𝜙𝑔. Complete market 220 

integration indicates that products 𝑙 and ℎ can be freely exchanged; it is assumed that the price of 221 

product 𝑙 is 1, and the price of product ℎ is 𝑝 (𝑝 > 1). The transportation cost between regions 222 

is represented as an “iceberg” cost. Assuming 1 unit of product is transported from one region to 223 

another, only 1 𝐷⁄   units ( 𝐷 > 1 ) of products can reach the destination ( 𝐷  represents the 224 

transportation conditions between the two regions). Thus, the maximum two-period sum of effects 225 

in region 𝐵 is: 226 𝑚𝑎𝑥𝑐1ℎ,𝑐2ℎ  𝑢 = 𝑐1ℎ ∗ 𝑐1𝑙 + 𝑐2ℎ ∗ 𝑐2𝑙 − 𝑒(𝑦1𝑙 + 𝑦2𝑙 ) 227 

𝑠. 𝑡. {𝑐1𝑙 + 𝐷𝑝𝑐1ℎ = 1𝑐2𝑙 + 𝐷𝑝𝑐2ℎ = 1𝑦1𝑙 + 𝑦2𝑙 = 2 (14) 228 

Solving the linear programming problem yields: 229 𝑢 = 𝑐1ℎ − 0.4 = 𝑐2ℎ − 0.4 = 12𝐷𝑝 − 0.4 (15) 230 

Similarly, the effect in developed region 𝐴 is: 231 𝐶1ℎ = 𝑔2    𝐶2ℎ = 𝜙𝑔2    𝑈 = 𝑔2𝑝4 (1 + 𝜙2) (16) 232 

Under static division of labor conditions, the effect in lagging region 𝐵 is impaired, and the 233 

following condition must be met: 234 12𝐷𝑝 − 0.4 ≤ 0.240 (17) 235 

Because 𝐷 > 1 and 𝑃 > 1, Eq. (17) will be satisfied under normal conditions. At this time, 236 

if region 𝐵 implements environmental regulations, it can be concluded from Eqs. (3) and (5) that 237 

the overall environmental welfare effect will increase (we also address special circumstances when 238 

environmental regulations can cause the overall welfare effect to decline). 239 

When environmental regulation is implemented in region 𝐵, through Eqs. (4), (5), and (7), we 240 

obtain: 241 
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𝑈∗ = 12𝐷𝑝 − 0.4 + 2𝑞(𝑒𝑟) (18) 242 

where 𝑈∗ represents the effect of implementing environmental regulations in region 𝐵, and 𝑞(𝑒𝑟) 243 

represents the improvement in market efficiency due to environmental regulations. When 𝑞(𝑒𝑟) =244 0.2, environmental regulations completely compensate for environmental market failures. 245 

By contrasting Eqs. (10) and (13) with Eqs. (15) and (16), we can determine that the 246 

environmental welfare effect actually decreases in region 𝐵 under divided labor and completely 247 

free trade. This suggests that under both decentralization and a free market, the lagging region would 248 

rationally choose not to divide labor and to adopt the strategy of market segmentation to achieve 249 

greater economic gains. However, developed region 𝐴  would receive the entire benefit of the 250 

“learning by doing” effect of the division of labor, and higher the relative price of product ℎ, the 251 

higher the initial skill level, and faster the technological progress, more the benefit to region 𝐴 252 

stands; thus, the division of labor is more beneficial to region 𝐴. For environmental regulations to 253 

ensure that both regions are willing to integrate into a specialized economic system, the benefits of 254 

the specialization must exceed the associated threats, thus satisfying the following formula: 255 0.640 − 12𝐷𝑝 ≤ 2𝑞(𝑒𝑟) (19) 256 

Since 𝑝 > 1, Eq. (19) also indicates that the greater the technological gap between regions, 257 

the greater the transportation costs and the greater the intensity of environmental regulations needed 258 

to make region 𝐵 willing to integrate into the division of labor system. 259 

To simplify the model, we assumed that production factors cannot flow freely. If we relax this 260 

assumption, then under the conditions of division of labor, when environmental regulations are 261 

implemented in region 𝐵, according to the “pollution haven” theory (Candau and Dienesch 2017; 262 

Shao et al. 2019a), the production factors of sector 𝑙 will be transferred to region 𝐴, thus increase 263 

pollution in region 𝐴 and reduce the environmental welfare effect. In this scenario, region 𝐴 will 264 

often adopt a non-division of labor strategy; therefore, the implementation of local environmental 265 

regulations may lead to aggravated market segmentation in neighboring regions. 266 

 267 

3. Evolution of environmental regulation and market segmentation 268 

We used the “relative price method” to measure the degree of market segmentation in China, 269 

For specific calculation methods, please refer to Lu and Chen (2009). The “price method” measures 270 

the degree of market integration using data on the differences in the relative price of various 271 

commodities between regions. Then, trends in these relative prices are considered over time. If the 272 

price trends converge, it indicates that the transaction costs between regions have decreased, a sign 273 

of market integration. Fig. 1 presents trends in the degree of market segmentation in China from 274 

2004–2018. 275 

 276 
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 277 

Fig. 1   Market segmentation trends in China 278 

 279 

Fig. 1 demonstrates that since 2004, market segmentation in China has declined overall, which 280 

is consistent with the findings of existing research (Gui et al. 2006; Shao et al. 2019b; Wu et al. 281 

2020). In 2014, market segmentation fell to its lowest level ever, but in 2015, the index increased 282 

significantly as compared to the previous year, which may have been related to the implementation 283 

of new environmental protection laws in China. The market segmentation index declined from 0.057 284 

in 2004 to 0.016 in 2018 with an average annual decline of 8.88%, suggesting that many local 285 

governments increasingly abandoned their compartmentalized incentives and integrated better into 286 

global and domestic markets. 287 

Regions with different economic development levels typically have different degrees of market 288 

segmentation, and those with different resource endowments and geographic conditions may adopt 289 

different market segmentation strategies to gain greater economic benefits. Therefore, in Fig. 2, we 290 

present market segmentation trends within trend broad regions of China: east, central, and west. At 291 

the regional level, the overall national trend largely prevailed, with a downward trend followed by 292 

a slight increase around 2015. The level of market segmentation was generally the highest in the 293 

western region before 2014 and in the eastern region after 2014. The average annual rate of decline 294 

in the eastern, central, and western regions over 2004–2018 was 7.46, 9.45, and 9.92%, respectively. 295 

We note that the western region’s market segmentation index declined the fastest and to a greater 296 

extent than the national average, whereas that in the east declined the slowest. 297 
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Fig. 2   Trends in market segmentation by region 300 

 301 

We used the ratio of investment in industrial pollution control to the main cost (𝐸𝑅1) and value 302 

added of industrial enterprises above a designated size ( 𝐸𝑅2 ) to measure the intensity of 303 

environmental regulation (Berman and Bui 2001; Zhang et al. 2011). 𝐸𝑅1 was used as a measure 304 

of environmental regulatory intensity and 𝐸𝑅2 as a stability test. Fig. 3 and 4 present temporal 305 

trends in the intensity of environmental regulations in China and its three major regions, and 𝐼𝑃𝐶 306 

represents the total investment in industrial pollution control. Fig. 3 indicates that the intensity of 307 

environmental regulations in China generally presented a marked decrease until 2012, after which 308 

widespread academic consensus maintained that rapid economic development in China would be 309 

dependent on large investments in resources and the environment. In 2013, after the introduction of 310 

the “new [economic] normal,” the intensity of environmental regulations increased to a local 311 

maximum in 2014 and then declined again. This is mainly because of the continuous transformation 312 

and upgrading of China's industries since the “new normal” and the continuous advancement of 313 

green technology, which has made it possible to achieve environmental protection goals with a 314 

relatively low intensity of environmental regulations. However, Fig. 4 demonstrates clear 315 

geographical variations in environmental regulation intensity. Specifically, the average 316 

environmental regulatory intensities during 2004–2017 were 0.107, 0.160, and 0.265 in the eastern, 317 

central, and western regions, respectively. 318 

 319 

 320 

Fig. 3   Trend of environmental regulatory intensity in China. IPC: investment in industrial 321 

pollution control 322 
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 325 

Fig. 4   Changes in environmental regulatory intensity by region 326 

 327 

The implementation of environmental regulations directly compensates for some 328 

environmental market failures, resulting in increased inter-regional market efficiency and changes 329 

in regional economic strategies. To accelerate the process of market integration between different 330 

regions, the establishment of different environmental regulatory policies could be a primary strategy 331 

adopted by local governments. When we compare temporal trends in market segmentation and 332 

environmental regulation, we see that market segmentation reached a local minimum in 2014 and 333 

environmental regulation reached a local maximum in 2014, the first official year of the “new 334 

normal” economic plan. This shows that macroeconomic policies have a great impact on national 335 

market integration and environmental protection. We also note that market fragmentation declines 336 

more rapidly in the West when a higher intensity of environmental regulations is adopted in this 337 

region. This is because the implementation of environmental regulatory policies in the West makes 338 

the region more willing to cooperate with the East in the division of labor and promotes market 339 

integration. Although in the second part of this study, the specific impact mechanism of 340 

environmental regulation on market segmentation is modeled and analyzed, there is no empirical 341 

evidence that environmental regulations break down domestic market segmentation; hence, the 342 

effect of environmental regulations on market segmentation needs to be further verified through 343 

empirical analysis. In the empirical analysis described in Section 4, to avoid underestimating the 344 

regression coefficients, we multiplied the environmental regulation coefficient by 1000. 345 

 346 

4. Empirical Analysis 347 

4.1 Spatial correlation analysis 348 

We determined whether China's market segmentation was spatially autocorrelated using 349 

Moran's I test, which identifies the correlation between an observed value and its spatial lag with 350 

values ranging from −1 to 1. Before calculating Moran's I index, we first constructed the spatial 351 

weight matrix ijW  for each province as follows: 352 

 353 
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𝑊𝑖𝑗 = {1 𝐴𝑟𝑒𝑎 𝑖 𝑖𝑠 𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑡𝑜 𝑎𝑟𝑒𝑎 𝑗0 𝐴𝑟𝑒𝑎 𝑖 𝑛𝑜𝑡 𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑎𝑟𝑒𝑎 𝑗 (20) 354 

 355 

Table 1 shows that Moran's I index of China's market segmentation supports our hypothesis at 356 

either the 1% or 5% significance level, except for 2007. Thus, market segmentation in China's 30 357 

provinces has a significantly positive correlation with spatial distribution (i.e., spatial dependence) 358 

and therefore, is not random. 359 

 360 

Table 1   Moran's I index values 361 

Year 2004 2005 2006 2007 2008 2009 2010 2011 

Moran’s I 0.400*** 0.409*** 0.295*** 0.149 0.433*** 0.533*** 0.321*** 0.235*** 

Year 2012 2013 2014 2015 2016 2017 2018  

Moran’s I 0.358*** 0.392*** 0.181** 0.416*** 0.476*** 0.596*** 0.246**  

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% significance levels, respectively. 362 

 363 

Exponential scatterplots of Moran's I values can divide provincial market segmentation clusters 364 

into four quadrants indicating different spatial correlation patterns: quadrant one (HH) indicates 365 

areas with high market segmentation surrounded by other areas with high market segmentation; 366 

quadrant 2 (LH) indicates areas with a low degree of market segmentation surrounded by areas with 367 

high market segmentation; quadrant 3 (LL) indicates areas with low market segmentation 368 

surrounded by areas with low market segmentation; and quadrant 4 (HL) indicates areas with high 369 

market segmentation surrounded by areas with low market segmentation. The first and third 370 

quadrants reflect positive spatial autocorrelation, while the second and fourth quadrants reflect 371 

negative spatial correlation. We created a scatterplot of Moran's I index values for market 372 

segmentation in 2004 and 2018, as shown in Fig. 5. 373 

 374 

 375 

Fig. 5   Scatterplot of Moran's I index (𝑀𝑆𝐼) for provincial market segmentation in China in 376 

2004 and 2018 377 

 378 
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Fig. 5 shows that most of Chinese provinces are located in quadrant 1 (HH) or quadrant 3 (LL). 379 

Eight provinces were in quadrant 1 in 2018, the same as in 2004, and 16 provinces were in quadrant 380 

3 in 2018, two more than in 2004. Overall, 80.00% (2004) and 73.33% (2018) of the total sample 381 

fell into quadrants 1 and 3. These results further confirm the significant spatial dependence of 382 

China's provincial market segmentation, with most provinces exhibiting cluster characteristics 383 

similar to those of their neighbors. 384 

 385 

4.2 Model construction and data sources 386 

From Section 2.3, we can see that Chinese provincial market segmentation has significant 387 

spatial autocorrelation, and the impact of environmental regulations on market segmentation may 388 

also have spatial spillover effects, that is, foreign environmental regulations may affect local market 389 

segmentation. Therefore, we adopted a specific-to-general approach and selected a spatial Durbin 390 

model (SDM) to analyze the phenomenon of provincial market segmentation in China. 391 

 392 𝑀𝑆𝐼𝑖,𝑡 = 𝜌𝑊𝑖,𝑗𝑀𝑆𝐼𝑖,𝑡 + 𝑋𝑖,𝑡−1𝛽 + 𝑊𝑖,𝑗𝑋𝑖,𝑡−1𝜃 + 𝜀𝑖,𝑡 (21) 393 

 394 

In Eq. (21), 𝑋𝑖,𝑡−1  denotes the explanatory variable, 𝜌  is the spatial autoregressive 395 

coefficient of market segmentation, 𝛽  denotes the coefficient of the explanatory variable, 𝜃 396 

denotes the coefficient of the spatially lagged term of the explanatory variable, and 𝜀𝑖,𝑡 is the error 397 

term. To mitigate the endogeneity problem, we lagged all explanatory variables by one period. Since 398 

a nonlinear relationship may exist between environmental regulation and market segmentation, we 399 

introduced the squared term of environmental regulation, 𝐸𝑅2, into the equation. Regarding the 400 

explanatory variables, we first focused on their coefficients and significance of the environmental 401 

regulation 𝐸𝑅1 and its squared term 𝐸𝑅12. For the control variables, we used the ratio of the main 402 

business income of state-controlled industrial enterprises to the main business income of industrial 403 

enterprises above a designated size to depict the degree of enterprise ownership (𝑆𝑂𝐸). The degree 404 

of regional economic development (𝑃𝐺𝐷𝑃) is expressed in terms of GDP per capita (million yuan); 405 

the degree of fiscal decentralization (𝐹𝐷) is expressed in terms of the ratio of the regional budget 406 

per capita to the national budget per capita, and the level of regional logistics (LL) is measured in 407 

terms of freight turnover (trillion tonne-kilometers). 408 

All data were obtained from the China Statistical Yearbook (2005-2018b) and the China 409 

Statistical Yearbook on Environment (2005-2018a). We excluded Hong Kong, Macau, Taiwan, and 410 

Tibet due to differences in economic systems and data availability. The study's sample set consisted 411 

of 420 sample observations in 30 cross-sections for the 2004–2018 period. Descriptive statistics of 412 

the variables are shown in Table 2. 413 

 414 

Table 2   Descriptive statistics of the variables 415 
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Abbreviation Index Mean 
Standard 

deviation 

Min 

value 

Max 

value 
Observations 

MSI Market segmentation index 0.022 0.023 0.002 0.182 450 

ER1 
Environmental regulatory 

intensity 
0.180 0.161 0.008 1.194 420 

SOE Enterprise ownership 0.405 0.193 0.096 0.837 420 

PGDP Level of economic development 3.697 2.420 0.432 12.899 420 

FD Degree of fiscal decentralization 0.972 0.483 0.413 3.438 420 

LL Logistics level 0.423 0.442 0.014 2.792 420 

 416 

4.3 Empirical results 417 

As shown in Table 3, both the likelihood ratio (LR) and Wald test results indicated that the 418 

SDM did not degenerate into spatial error (SEM) or spatial lag (SAR) models and was thus 419 

appropriate for use in the context of this study. We conducted an LR test on the spatial fixed-effects 420 

model, and the results (estimated value of 57.5339, p < 0.01) indicated that we could reject the 421 

original hypothesis that the model was jointly independent of spatial fixed-effects. We also 422 

performed an LR test on the fixed temporal effects model and again obtained results that failed to 423 

support the original hypothesis (estimated value of 82.3028, p < 0.01). The LR test confirmed that 424 

the model could be extended to a spatial Durbin model with fixed spatiotemporal effects (SDM 425 

(FE)). Therefore, the SDM (FE) was used as a reference, and we also estimated the results of the 426 

SDM with random effects. 427 

 428 

Table 3   Effects of environmental regulation (𝐸𝑅1) on market segmentation 429 

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

SDM（FE） SDM（RE） SDM（FE） SDM（RE） 

ER1 −0.054*** (−4.005) –0.035*** (−3.096) −0.052*** (−3.788) −0.036***(−3.096) 

ER12 0.004*** (2.970) 0.003** (2.025) 0.004*** (2.845) 0.003** (2.098) 

FD 0.173*** (3.239) 0.108*** (5.240) 0.100** (2.429) 0.093*** (3.954) 

ER*FD   0.060*** (2.825) 0.034** (1.979) 

SOE 0.187** (2.316) 0.009** (2.173) 0.133*** (2.863) 0.022** (1.983) 

PGDP −0.021** (−1.973) −0.009* (−1.686) −0.016* (−1.701) −0.010** (−2.320) 

LL −0.012 (−0.391) −0.007 (−0.370) −0.018 (−0.569) −0.013 (−0.615) 

W*ER1 0.062** (1.963) 0.053** (2.126) 0.045** (1.979) 0.045* (1.770) 

W*ER12 −0.009** (−1.971) −0.006* (−1.643) −0.007** (−2.260) −0.006 (−1.526) 

W*FD −0.318*** (−3.092) −0.100** (−2.349) −0.227** (−1.961) −0.120*** (−2.666) 

W*ER1*FD   0.031 (0.472) 0.040 (1.230) 

W*SOE −0.095 (−0.335) 0.084 (0.930) 0.219 (0.661) 0.194* (1.873) 

W*PGDP 0.064*** (2.613) 0.005** (2.539) 0.067*** (2.707) 0.015* (1.770) 

W*LL −0.031 (−0.681) 0.009 (0.256) −0.043 (−0.944) −0.003 (−0.080) 

W*dep.var 0.684*** (18.686) 0.735*** (21.700) 0.684*** (18.692) 0.729*** (21.554) 

intercept  0.011 (0.268)  −0.031 (−0.577) 
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teta  0.853*** (6.973)  0.776*** (6.728) 

2  
0.0148 0.0150 0.0146 0.0147 

R2 0.6273 0.5783 0.6309 0.5873 

Log−L 281.342 244.086 283.403 246.613 

W-L 22.1027***  19.8483***  

W-E 17.2316***  16.7705***  

L-L 23.4316***  21.7501***  

L-E 14.7562**  20.0238***  

Note: t-test values are shown in parentheses; ***, **, and * indicate significance at the 1%, 5%, and 10% levels, 430 

respectively; SDM: spatial Durbin model; FE: fixed spatiotemporal effects; RE: random effect. 431 

 432 

From column (1) of Table 3, we note that the coefficient of environmental regulation is positive, 433 

and the coefficient of its squared term is negative. Both coefficients are significant at the 1% level. 434 

Therefore, environmental regulation contributes to market integration when the intensity of 435 

environmental regulation is low, while it exacerbates market fragmentation when the intensity of 436 

environmental regulation exceeds a certain threshold value (an environmental regulation coefficient 437 

of 6.079). More than 97.86% of the 450 observations had environmental regulation intensities below 438 

this value, indicating that under current conditions, an appropriate increase in the level of 439 

environmental regulation would promote market integration. The coefficient of fiscal 440 

decentralization was significantly positive, suggesting that fiscal decentralization exacerbates 441 

market segmentation, which is consistent with the results of Li et al. (2003). The coefficient of 442 

enterprise ownership was significantly positive, indicating that the larger the share of state-owned 443 

enterprises (SOEs), the more likely that local governments will adopt local protection strategies to 444 

protect the interests of SOEs and thereby exacerbate market fragmentation. The coefficient of GDP 445 

per capita was negative at the 5% significance level, suggesting that increased economic 446 

development can promote market integration. The level of economic development often reflects the 447 

technological advancement in a region, as in our model—the higher the level of local technology, 448 

the greater the local incentive to adopt division of labor. The coefficient of the level of logistics was 449 

not significant (likely because this variable does not fully reflect transportation costs); however, in 450 

our model, reducing transportation costs between two locations can mitigate market segmentation. 451 

In terms of spatial effects, Table 3 shows that environmental regulations have a significant 452 

spatial spillover effect on market segmentation, and environmental regulations in neighboring 453 

regions have a significant nonlinear effect on the level of market segmentation in a region. 454 

Specifically, when the intensity of environmental regulations in surrounding areas is less than 3.431, 455 

environmental regulations in these neighboring areas can significantly increase market 456 

segmentation in the region; more than 86.43% of the 450 observations presented environmental 457 

regulatory intensity less than this threshold. Therefore, under the scenario, market segmentation can 458 

be exacerbated by environmental regulations in neighboring regions. When a neighboring region 459 

implements environmental regulations, on the one hand, the neighboring region increases its market 460 
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efficiency, relatively lowering the local market efficiency. Local production factors will be attracted 461 

to the neighboring region; thus, to retain production factors locally, the rational strategy is to pursue 462 

market segmentation. On the other hand, according to the “polluting paradise” theory, when 463 

polluting firms from neighboring areas move to a local area, the local area may adopt a market 464 

segmentation strategy to avoid a decrease in the overall environmental welfare effect. 465 

Regarding the other control variables, greater fiscal decentralization in neighboring regions 466 

reduced the degree of market segmentation locally, mainly because when neighboring regions 467 

intervened more heavily in the market, it resulted in a decrease in the efficiency of resource 468 

allocation to the market; the losses from such decreases in market efficiency far outweigh the gains. 469 

Therefore, a local region can benefit more from economic specialization and thus will be more 470 

inclined to pursue this strategy. An increased GDP per capita in a neighboring region significantly 471 

increased the degree of local market segmentation because as the neighboring region's level of 472 

economic development rose, its technological advancement increased as well; therefore, the local 473 

region was more disadvantaged by specialization and would rationally choose to pursue 474 

segmentation instead. The spatial effects of the other control variables were not significant. Notably, 475 

the coefficient of W*dep.var was significantly positive, confirming the strong spatial autocorrelation 476 

of market segmentation. 477 

Having demonstrated the U-shaped effect of environmental regulations on market 478 

segmentation, we explored whether this effect changed in regions with different degrees of fiscal 479 

decentralization. To do so, we introduced an interaction term between environmental regulation and 480 

fiscal decentralization into the model. To eliminate the effects of multicollinearity, we deaveraged 481 

the interaction terms, and as shown in column (3) of Table 3, we found that the interaction term was 482 

positive at the 1% significance level. This suggests that when the intensity of environmental 483 

regulation is low, increasing the intensity of environmental regulation can significantly promote 484 

domestic market integration and that increasing the degree of fiscal decentralization enhances this 485 

effect. When the degree of environmental regulation is high, increasing the intensity of 486 

environmental regulation can significantly dampen domestic market consolidation, while fiscal 487 

decentralization can mitigate this negative effect. 488 

 489 

Table 4   Effects of environmental regulation (ER2) on market segmentation 490 

Variables 
（1） （2） （3） （4） 

SDM（FE） SDM（RE） SDM（FE） SDM（RE） 

ER2 −0.217*** (−3.961) −0.138*** (−3.104) −0.206*** (−3.756) −0.145*** (−3.188) 

ER22 0.071*** (3.006) 0.041** (1.961) 0.068*** (2.889) 0.045** (2.117) 

FD 0.176*** (3.356) 0.109*** (5.353) 0.101* (1.662) 0.094*** (4.037) 

ER2*FD   0.060** (1.847) 0.036** (2.068) 

SOE 0.157*** (3.134) 0.007* (1.730) 0.100** (2.167) 0.018* (1.818) 

PGDP −0.025** (1.970) −0.010* (−1.720) −0.019*** (−2.669) −0.010** (−2.411) 

LL −0.012 (−0.378) −0.005 (−0.258) −0.017 (−0.543) −0.011 (−0.522) 
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W*ER2 0.257** (2.012) 0.222** (2.294) 0.195 (1.484) 0.188* (1.878) 

W*ER22 −0.153** (−2.058) −0.134** (−2.174) −0.129* (−1.722) −0.119* (−1.885) 

W*FD −0.303*** (−3.043) −0.090** (−2.223) −0.214** (−1.906) −0.110** (−2.521) 

W*ER2*FD   0.031 (0.462) 0.040 (1.213) 

W*SOE −0.085 (−0.306) 0.105 (1.221) 0.212 (0.666) 0.210** (2.150) 

W*PGDP 0.065*** (2.655) 0.005 (0.564) 0.066*** (2.717) 0.014 (1.360) 

W*LL −0.030 (−0.674) 0.011 (0.335) −0.042 (−0.932) 0.000 (0.014) 

W*dep.var 0.674*** (18.059) 0.738*** (22.790) 0.682*** (18.555) 0.713*** (20.800) 

intercept  −0.002 (−0.039)  −0.041 (−0.768) 

teta  0.874*** (7.039)  0.785*** (6.767) 
2  0.0149 0.0151 0.0147 0.0148 

R2 0.6254 0.5778 0.6303 0.5842 

Log-L 281.106 244.771 283.205 247.461 

W-L 22.0602***  19.5559***  

W-E 14.5086**  16.2417**  

L-L 23.4921***  21.4656***  

L-E 16.8070***  19.4725***  

Note: t-test values are shown in parentheses; ***, **, and * indicate significance at the 1%, 5%, and 10% levels, 491 

respectively; SDM: spatial Durbin model; FE: fixed spatiotemporal effects; RE: random effect. 492 

 493 

To verify the stability of the empirical results, we selected 𝐸𝑅2 as a proxy for environmental 494 

regulatory intensity while continuing to use the fixed-effects SDM for a regression analysis; the 495 

empirical results are shown in Table 4. We found that environmental regulations still had a U-shaped 496 

effect on market segmentation, and the interaction term between environmental regulations and 497 

fiscal decentralization remained significantly positive. The estimated coefficients of the control 498 

variables were similar to the results shown in Table 3, indicating that the estimates of 𝐸𝑅1 and 499 𝐸𝑅2 were generally consistent. Therefore, the regression results obtained in this study are robust. 500 

 501 

4. Discussion 502 

Recent research indicates that environmental regulations reduce environmental pollution while 503 

partially compensating for market failures (Chang et al. 2018; Lee 2006; Testa et al. 2011; Zhang et 504 

al. 2018). The negative pollution externalities caused by lack of clearly defined property rights lead 505 

to a certain degree of market failure in environmental markets, where the private costs of discharging 506 

pollution are smaller than the social costs; thus, the pollution emissions of enterprises tend to be 507 

much larger than the optimal social carrying capacity (Reinhardt 1999), thereby decreasing the total 508 

social environmental welfare effect. Environmental regulation directly affects polluting firms, 509 

increasing their private emissions costs, internalizing external costs, reducing pollution emissions, 510 

increasing the overall environmental welfare effect, and partially compensating for environmental 511 

market failures. However, pollution tends to be upstream in the supply chain, and environmental 512 

market failures can result in pollution being sold to downstream firms at lower prices; therefore, the 513 

prices of goods produced via pollution are necessarily lower than is optimal for downstream firms, 514 
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causing price failures and triggering more significant failures in the commodity market. Thus, 515 

environmental regulation can also compensate for broader commodity market failures. 516 

Market failures inevitably lead to decreased market efficiency, such as resource mismatches; 517 

better resource allocation could increase the overall social environmental welfare effect (Clinch and 518 

Healy 2000; Izquierdo and Izquierdo 2007). Thus, as the degree of market failure decreases, the 519 

total social effect must increase (Bator 1958). In this context, more developed regions experience 520 

more significant benefits from labor division, as they usually have relatively efficient markets and 521 

comparative advantages in technologically advanced sectors. In lagging regions, industries with 522 

comparative advantages are usually high-polluting, high-energy-consuming industries with greater 523 

links to environmental markets; increased division of labor would indicate that lagging regions 524 

would have to increase commodity production in these industries. Owing to the objective existence 525 

of environmental market failures, lagging regions must produce more at prices lower than the social 526 

environmental welfare cost. Therefore, the rational choice for these regions is to pursue market 527 

segmentation. However, when a certain degree of environmental regulation is implemented, the 528 

economic effect decreases to some extent, but the environmental welfare effect increases; if the 529 

latter is greater than the former, it can indirectly cause lagging regions to abandon the segmented 530 

market strategy, and economic specialization can be promoted at the national level, thereby 531 

improving overall market efficiency. 532 

Fiscal decentralization allows for increased individual rights and a more rational distribution 533 

of authority between the central and local governments, without forcing each region to wholly fend 534 

for itself. Decentralization also indicates that local governments can implement more appropriate 535 

regulatory policies based on their own levels of development (Chen and Chang 2020; Mao 2018; 536 

Treisman 2006). Our results suggest that local governments could better use environmental 537 

regulations to promote market integration in more decentralized areas. On the one hand, local 538 

governments better understand market failures in their regions than the central government. Thus, 539 

with the same intensity of environmental regulation, local governments with a higher degree of 540 

decentralization can develop environmental regulatory policies that are well-suited to their market 541 

conditions. Further, under increased environmental regulation, the overall effect of labor division in 542 

lagging regions becomes greater, making market integration a more rational choice for such regions. 543 

Thus, the role of environmental regulation in promoting market integration is more pronounced in 544 

regions with greater decentralization. 545 

Environmental regulation can improve market efficiency and increase the overall 546 

environmental welfare effect, which typically leads local governments to move away from local 547 

protectionism and toward market integration. However, some countries and regions continue to 548 

voluntarily reduce the intensity of environmental regulations for three main reasons. First, local 549 

governments usually consider the overall environmental welfare effect and formulate appropriate 550 

environmental regulatory policies. For example, under China's “new normal” economy, its people, 551 

in addition to their growing material and cultural needs, have become increasingly interested in 552 
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maintaining a good ecological environment. Therefore, the Chinese government, while actively 553 

pursuing economic development, is also paying more attention to environmental protection. 554 

However, “rent-seeking” on the part of local governments can cause them to discount overall 555 

environmental welfare effects and lead to governmental regulatory failures. Second, in extremely 556 

poor countries or regions, the fulfillment of basic needs supersedes environmental welfare. The 557 

effects of basic necessities tend toward the infinite, leading to a decrease in the overall effects of 558 

environmental regulations, which we do not discuss in detail here. Finally, when the present value 559 

of expected returns on invested capital in year t is greater than the current environmental welfare 560 

effect, that is: 561 𝑀𝐶𝑝𝐿[1 + 𝑒(𝜑−𝑟)𝑡] > 𝑀𝐶𝑠(𝑦)𝐿 (22) 562 

where 𝑟  is the discount rate, and 𝜑  is the expected return on capital investment. In an 563 

environmental welfare effect-based intertemporal decision-making model, the right side of the 564 

equation represents the total social cost (i.e., the environmental welfare effect), and the left side of 565 

the equation represents the present value of the expected return on capital investment. When the 566 

above equation holds, the implementation of environmental regulations leads to a decrease in the 567 

overall regional effect, and the rational choice of local governments is to sacrifice the environment 568 

for economic gains. It is worth noting that the above equation is valid when 𝜑 > 𝑟 and 𝑡 → +∞. 569 

In this case, local governments usually make comprehensive decisions that account for temporal 570 

costs. Therefore, countries with higher rates of return on investment (i.e., developing countries) may 571 

pursue the strategy of relaxing environmental regulations. As economically developed countries are 572 

likely to have diminished marginal returns on capital investment, the above conditions are less likely 573 

to occur; thus, these countries tend to have a greater preference for environmental welfare (which 574 

implies a higher social cost related to pollution). 575 

 576 

5. Conclusions 577 

In the context of fiscal decentralization in China, the mitigation of market segmentation and 578 

the development of an efficient free-market mechanism while protecting the environment is an 579 

important goal. Therefore, based on spatial econometric theory, we employed an SDM to 580 

empirically study the relationship between the intensity of environmental regulations and market 581 

segmentation in China using interprovincial panel data from 2004–2018. Based on the empirical 582 

findings and the above discussion, we present the following conclusions and recommendations. 583 

First, the spatial agglomeration effect of market segmentation is evident, and the “beggar-thy-584 

neighbor” phenomenon persists in China. The main reason for the increased market fragmentation 585 

between regions is the pursuit of greater local economic benefits (partial for the personal gain of 586 

local officials). However, current research suggests that way local protectionism may be the 587 

dominant approach, it is always not the best strategy (Ke 2015; Lu and Chen 2009). Therefore, 588 

accounting for the economic development of each region, the central government should guide local 589 

governments at the policy level, actively promote regional integration strategies and strengthen 590 
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cross-provincial cooperation to realize complementary advantages. Local governments should work 591 

to accurately assess their own positions, accept the guidance of the central government, and avoid 592 

excessive artificial intervention in the market, allowing market forces to play a decisive role in the 593 

allocation of resources. 594 

Second, environmental regulations have a U-shaped effect on market segmentation. When the 595 

intensity of environmental regulations is not too high, increasing their intensity promotes market 596 

integration. However, if the intensity of environmental regulations exceeds a certain threshold, 597 

increasing them discourages market integration. Our results suggest, however, that in the vast 598 

majority of cases in China (specifically, more than 97.86% of the observation points), environmental 599 

regulation would facilitate market consolidation while reducing environmental pollution and 600 

promoting increased productivity through “innovation compensation” mechanisms. This is because 601 

environmental regulations reduce the negative externalities of pollution, partially compensate for 602 

market failures, enhance the overall efficiency of the economy, and allow lagging regions to benefit 603 

through economic specialization. Therefore, local governments should generally increase the 604 

intensity of environmental regulations and more vigorously regulate market failures, not only to 605 

improve environmental quality and labor productivity but also to promote market integration in 606 

China. 607 

Third, we also noted that provinces with a higher degree of decentralization are better equipped 608 

to employ environmental regulation to promote domestic market integration. When local 609 

governments are granted more power, they can better fulfill their regulatory role and effectively 610 

compensate for market failures. However, fiscal decentralization is also an important cause of 611 

market fragmentation in China and has stimulated local protectionism (Lin and Liu 2000). Therefore, 612 

the central government should reform the existing fiscal decentralization model in favor of a more 613 

reasonable and scientific system and grant more economic and administrative powers to local 614 

governments. Further, the central government should also improve its GDP-based performance 615 

evaluation system for local governments by including more “soft indicators,” such as environmental 616 

protection, social security, and citizen wellbeing. 617 

Despite this study’ contributions, there were some limitations in its analysis. First, although we 618 

noted that environmental regulations clearly facilitated market integration in China, our 619 

intertemporal decision-making model may not be applicable to extremely economically backward 620 

countries or have higher expected returns on capital. Second, while we discussed whether 621 

environmental regulations promote domestic market integration, we did not fully delve into the role 622 

of economic development level in this process due to model limitations. However, our results 623 

suggest that the level of economic development can indirectly affect market efficiency by 624 

influencing environmental welfare effects, which may ultimately affect regional economic 625 

specialization decisions. Therefore, the development of more refined models to overcome these 626 

limitations should be the focus of future research. 627 

 628 



21 

Declarations 629 

 630 

Ethics approval and consent to participate 631 

1. Ethics approval 632 

Not applicable. 633 

2. Consent to participate 634 

We confirm that the manuscript has been read and approved by all named authors and that there 635 

are no other persons who satisfied the criteria for authorship but are not listed. We further confirm 636 

that the order of authors listed in the manuscript has been approved by all of us. 637 

 638 

Consent to publish 639 

The authors agree to publish this article in the Environmental Science and Pollution Research. 640 

 641 

Availability of data and materials 642 

The datasets used in this study are available from the corresponding author on reasonable 643 

request. 644 

 645 

Competing Interests 646 

The authors declare no competing interests 647 

 648 

Funding 649 

This work was supported by the National Natural Science Foundation of China [grant no. 650 

71974001], the Major Research Projects of Natural Science in Universities of Anhui Province of 651 

China [grant no. KJ2017ZD35], and the Top Talent Project in Anhui Province [grant no. 652 

gxyqZD2020087]. 653 

 654 

Authors' contributions 655 

Aolin Lai: Formal analysis, Investigation, Software, Writing – Original Draft; Zhihui Yang: 656 

Conceptualization, Writing – Review & Editing, Supervision, Resources, Project administration, 657 

Funding acquisition; Lianbiao Cui: Methodology, Investigation, Validation, Writing – Review & 658 

Editing. 659 

 660 

Acknowledgements 661 

We would like to thank Editage (www.editage.cn) for English-language editing. 662 

 663 

  664 



22 

References 665 

Ambec S, Cohen MA, Elgie S, Lanoie P (2013) The Porter hypothesis at 20: can environmental regulation 666 

enhance innovation and competitiveness? Review of environmental economics policy 7:2-22 667 

Bator FM (1958) The Anatomy of Market Failure. The Quarterly Journal of Economics Vol.72:351-379 668 

Berman E, Bui LTM (2001) Environmental regulation and productivity: Evidence from oil refineries. 669 

Rev. Econ. Stat. 83:498-510 670 

Cai X, Zhu B, Zhang H, Li L, Xie M (2020) Can direct environmental regulation promote green 671 

technology innovation in heavily polluting industries? Evidence from Chinese listed companies. 672 

Science of The Total Environment 746:140810 673 

Candau F, Dienesch E (2017) Pollution Haven and Corruption Paradise. Journal of Environmental 674 

Economics and Management 85:171-192 675 

Chang IS, Wang W, Wu J, Sun Y, Hu R (2018) Environmental impact assessment follow-up for projects 676 

in China: Institution and practice. Environmental Impact Assessment Review 73:7-19 677 

Chen X, Chang CP (2020) Fiscal decentralization, environmental regulation, and pollution: a spatial 678 

investigation. Environmental Science and Pollution Research 27:31946-31968 679 

Clinch JP, Healy JD (2000) Domestic energy efficiency in Ireland: correcting market failure. Energy 680 

Policy 28:1-8 681 

Costanza R, d'Arge R, de Groot R, Farber S, Grasso M, Hannon B, Limburg K, Naeem S, O'Neill RV, 682 

Paruelo J, Raskin RG, Sutton P, van den Belt M (1998) The value of ecosystem services: putting the 683 

issues in perspective. Ecological Economics 25:67-72 684 

Cui L, Song M, Zhu L (2019) Economic evaluation of the trilateral FTA among China, Japan, and South 685 

Korea with big data analytics. Computers & Industrial Engineering 128:1040-1051 686 

Duan HB, Zhang GP, Wang SY, Fan Y (2019) Robust climate change research: a review on multi-model 687 

analysis. Environ. Res. Lett. 14:23 688 

Fan F, Lian H, Liu X, Wang X (2020) Can environmental regulation promote urban green innovation 689 

Efficiency? An empirical study based on Chinese cities. J. Clean Prod.:125060 690 

Fan X, Song D, Zhao X (2017) Does Infrastructure Construction Break up Domestic Market 691 

Segmentation? Economic Research Journal 52:20-34 (in Chinese) 692 

Fan Z, Zhang J (2010) Fiscal Decentralization, Intergovernmental Transfer and Market Integration. 693 

Economic Research Journal 45:53-64 (in Chinese) 694 

Givens JE, Jorgenson AK (2011) The Effects of Affluence, Economic Development, and Environmental 695 

Degradation on Environmental Concern: A Multilevel Analysis. Organ. Environ. 24:74-91 696 

Gui Q, Chen M, Lu M, Chen Z (2006) China’s domestic market tends to divide or consolidate: An 697 

analysis based on the relative prices. Journal of World Economy 2:20-30 698 

Hu W, Wang D (2020) How does environmental regulation influence China’s carbon productivity? An 699 

empirical analysis based on the spatial spillover effect. J. Clean Prod. 257:120484 700 

Izquierdo SS, Izquierdo LR (2007) The impact of quality uncertainty without asymmetric information 701 

on market efficiency. Journal of Business Research 60:858-867 702 

Jin F, Lee K, Kim YK (2008) Changing engines of growth in China: From exports, FDI and marketization 703 

to innovation and exports. China World Econ. 16:31-49 704 

Ke S (2015) Domestic Market Integration and Regional Economic Growth—China’s Recent Experience 705 

from 1995–2011. World Development 66:588-597 706 

Lai A, Yang Z, Cui L (2021) Market segmentation impact on industrial transformation: Evidence for 707 

environmental protection in China. J. Clean Prod.:126607 708 



23 

Lee M (2006) Environmental economics: A market failure approach to the commerce clause. Yale Law 709 

J. 116:456-492 710 

Li H, Lu J (2020) Can regional integration control transboundary water pollution? A test from the Yangtze 711 

River economic belt. Environmental Science and Pollution Research 27:28288-28305 712 

Li J, Qiu LD, Sun Q (2003) Interregional protection: Implications of fiscal decentralization and trade 713 

liberalization. China Econ. Rev. 14:227-245 714 

Li J, Du Y (2020) Spatial effect of Environmental Regulation on Green Innovation Efficiency——715 

Evidence from Prefectural-level Cities in China. J. Clean Prod.:125032 716 

Li M, Du W, Tang S (2021) Assessing the impact of environmental regulation and environmental co-717 

governance on pollution transfer: Micro-evidence from China. Environmental Impact Assessment 718 

Review 86:106467 719 

Li WH, Gu Y, Liu F, Li C (2019) The effect of command-and-control regulation on environmental 720 

technological innovation in China: a spatial econometric approach. Environmental Science and 721 

Pollution Research 26:34789-34800 722 

Lin JY, Liu Z (2000) Fiscal decentralization and economic growth in China. Economic development and 723 

cultural change 49:1-21 724 

Lu M, Chen Z, Yan J (2004) Increasing Return,Development Strategy and Regional Economic 725 

Segmentation. Economic Research Journal:54-63 (in Chinese) 726 

Lu M, Chen Z (2009) Fragmented Growth:Why Economic Opening May Worsen Domestic Market 727 

Segmentation? Economic Research Journal 44:42-52 (in Chinese) 728 

Mao YM (2018) Decentralization, national context and environmental policy performance: a fuzzy set 729 

qualitative comparative analysis. Environmental Science and Pollution Research 25:28471-28488 730 

NBSC (2005-2018a) China Statistical Yearbook on Environment. China Statistics Press, Beijing. 731 

NBSC (2005-2018b) China Statistical Yearbook. China Statistics Press, Beijing. 732 

Parsley DC, Wei SJ (1996) Convergence to the law of one price without trade barriers or currency 733 

fluctuations. Q. J. Econ. 111:1211-1236 734 

Peng X (2020) Strategic interaction of environmental regulation and green productivity growth in China: 735 

Green innovation or pollution refuge? Science of The Total Environment 732:139200 736 

Poncet S (2003) Measuring Chinese domestic and international integration. China Econ. Rev. 14:1-21 737 

Reinhardt F (1999) Market Failure and the Environmental Policies of Firms: Economic Rationales for 738 

"Beyond Compliance" Behavior. Journal of Industrial Ecology Vol.3:9-21 739 

Shao Q, Wang X, Zhou Q, Balogh L (2019a) Pollution haven hypothesis revisited: A comparison of the 740 

BRICS and MINT countries based on VECM approach. J. Clean Prod. 227:724-738 741 

Shao S, Chen Y, Li K, Yang L (2019b) Market segmentation and urban CO2 emissions in China: Evidence 742 

from the Yangtze River Delta region. Journal of Environmental Management 248:109324 743 

Song KY, Bian YC, Zhu C, Nan YQ (2020) Impacts of dual decentralization on green total factor 744 

productivity: evidence from China's economic transition. Environmental Science and Pollution 745 

Research 27:14070-14084 746 

Song Y, Yang TT, Zhang M (2019) Research on the impact of environmental regulation on enterprise 747 

technology innovation-an empirical analysis based on Chinese provincial panel data. Environmental 748 

Science and Pollution Research 26:21835-21848 749 

Stern DI (2004) The Rise and Fall of the Environmental Kuznets Curve. World Development 32:1419-750 

1439 751 

Sun XX, Loh L, Chen ZW (2020) Effect of market fragmentation on ecological efficiency: evidence from 752 



24 

environmental pollution in China. Environmental Science and Pollution Research 27:4944-4957 753 

Testa F, Iraldo F, Frey M (2011) The effect of environmental regulation on firms’ competitive 754 

performance: The case of the building & construction sector in some EU regions. Journal of 755 

Environmental Management 92:2136-2144 756 

Treisman D (2006) Fiscal decentralization, governance, and economic performance: a reconsideration. 757 

Economics & Politics 18:219-235 758 

Wang B, Wu Y, Yan P (2010) Environmental Efficiency and Environmental Total Factor Productivity 759 

Growth in China's Regional Economies. Economic Research Journal 45:95-109 (in Chinese) 760 

Welsch H (2007) Environmental welfare analysis: A life satisfaction approach. Ecological Economics 761 

62:544-551 762 

Wu H, Xu L, Ren S, Hao Y, Yan G (2020) How do energy consumption and environmental regulation 763 

affect carbon emissions in China? New evidence from a dynamic threshold panel model. Resources 764 

Policy 67:101678 765 

Xiwei Z, Jin X, Luo D (2005) Market Segmentation and the Expansion of China's Export. Economic 766 

Research Journal 12:68-76 (in Chinese) 767 

Young A (2000) The razor's edge: Distortions and incremental reform in the People's Republic of China. 768 

Q. J. Econ. 115:1091-1135 769 

Zhang C, Lu Y, Guo L, Yu T (2011) The Intensity of Environmental Regulation and Technological 770 

Progress of Production. Economic Research Journal 2:3-124 (in Chinese) 771 

Zhang H, Zhu Z, Fan Y (2018) The impact of environmental regulation on the coordinated development 772 

of environment and economy in China. Natural Hazards 91:473-489 773 

Zhang K, Shao S, Fan S (2020) Market integration and environmental quality: Evidence from the Yangtze 774 

river delta region of China. Journal of Environmental Management 261:110208 775 

Zhou Q, Song Y, Wan N, Zhang X (2020) Non-linear effects of environmental regulation and innovation 776 

– Spatial interaction evidence from the Yangtze River Delta in China. Environmental Science & 777 

Policy 114:263-274 778 

Zhu Y, Liang DP, Liu TS, Song YZ (2020) The impact of production factor distortion on total factor 779 

energy productivity: insight from China's region level. Environmental Science and Pollution 780 

Research 27:40715-40731 781 

 782 



Figures

Figure 1

Market segmentation trends in China

Figure 2



Trends in market segmentation by region

Figure 3

Trend of environmental regulatory intensity in China. IPC: investment in industrial pollution control

Figure 4



Changes in environmental regulatory intensity by region

Figure 5

Scatterplot of Moran's I index (฀฀฀) for provincial market segmentation in China in 2004 and 2018


