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Abstract 

Ecological product supply efficiency (SEEP) is critical to regional ecological quality and sustainable 

development, yet how new quality productivity (NQP) shapes this process remains underexplored. Using 

panel data from 30 provincial-level regions in China over 2011–2022, this study evaluates NQP devel-

opment and SEEP through entropy-weighted TOPSIS and the super-SBM model, then applies a spatial 

econometric framework to examine their relationship. The results show that NQP significantly improves 

SEEP, and this effect extends beyond local boundaries, as regions with stronger NQP development also 

tend to lift supply efficiency in neighboring areas. Further analysis reveals that NQP works through sev-

eral interconnected channels. It reshapes the workforce toward higher-skilled labor and pushes industries 

toward greener and more sophisticated structures, reducing pollution pressure while enriching ecological 

product supply. It also expands local government fiscal capacity, enabling greater investment in ecolog-

ical protection, and raises enterprise profitability, motivating firms to participate more actively in eco-

logical product supply. The strength of these effects varies by region, with the western region tending to 

gain more from NQP advancement than the more mature eastern region. These findings offer practical 

guidance for China and other developing economies seeking to improve ecological product supply 

through productivity-driven and regionally tailored policies. 

Keywords: New Quality Productivity, Ecological Product Supply Efficiency, Spatial Spillover Effects, 

Industrial Structure Upgrading, Human Capital 

 

1. Introduction 

Ecological products (EPR) mirror regional ecological conditions. Rampant human activities have trig-

gered environmental degradation, while growing public demand for sound ecological surroundings has 

resulted in insufficient EPR supply (Zhang et al., 2024a; Zhang et al., 2024c), making it imperative to 

improve EPR supply capacity and efficiency (SEEP). As an emerging driver of high-quality economic 

development, new quality productivity (NQP) provides a new perspective for advancing ecological civ-

ilization and sustainable EPR development (Zhou and Richardson-Barlow, 2026). Defined in China’s 

2010 National Main Functional Area Plan, EPR corresponds to international ecosystem service research. 

Existing literature on SEEP mainly concentrates on quantitative evaluation, regional and categorical dif-

ferences, and influencing factor identification. 

Firstly, in the quantitative evaluation of supply effectiveness, the diversity of research approaches 

and assessment indicator frameworks has become a significant feature. Scholars generally tend to use 

data envelopment analysis (DEA) as an evaluation tool (Huang and Yao, 2021; Wang and Wang, 2020; 

Yang et al., 2022), and on this basis, the traditional DEA model has been optimized, such as the intro-

duction of a more refined Slacks-Based Measure (SBM) model to measure supply efficiency more accu-

rately (He et al., 2022b; Sheng, 2023; Tone, 2001). At the same time, when constructing the evaluation 

index system, more attention is paid to reality, and the consideration of undesirable outputs is included, 

which makes the evaluation results more comprehensive and accurate(Sheng, 2023). Secondly, the re-

search perspective is extended to the analysis of the supply effectiveness of different regions or particular 

categories of EPR. Regional studies cover coastal areas such as the Yangtze River Drainage Area (Du 

and Guo, 2023), the Northeast Region of China (Yin and Wu, 2021), and Zhoushan, Zhejiang(He et al., 

2022a; He et al., 2022b); at the level of specific EPR types, marine EPR (He et al., 2022a), rural EPR 

(Huang and Yao, 2021), water EPR (He et al., 2022b), and forest EPR (Yin and Wu, 2021) have become 

research hotspots. These studies offer a scientific foundation to support the meticulous execution of pol-

icies and optimization of resource allocation. Finally, regarding the examination of the determinants of 

supply efficiency, scholars have conducted in-depth discussions from multiple dimensions such as supply 

model innovation, management strategy optimization, Economic advancement tier, scientific and tech-
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nological advancement, and industrial configuration transformation. Among them, efficient collabora-

tion is regarded as the key to improving efficiency (Ma et al., 2025; Xu et al., 2025a), such as the PPP 

model (Zhang and Zhang, 2023), multi-agent collaborative governance, etc. (Huang et al., 2022). The 

administration focuses on the equilibrium between input and output concerning EPR and the impact of 

climate change when making decisions (Xu et al., 2024b; Zhong et al., 2025). At the same time, economic 

changes, scientific and technological progress, and industrial restructuring cannot be ignored. Some 

scholars have studied these factors and advocated the transition of the economic development paradigm 

and the innovation of governance concept (Shen et al., 2024; Wei et al., 2024). In addition, several cut-

ting-edge research studies have delved into the beneficial influence of the cyber-economic system on the 

value realization and SEEP, suggesting that the digital economy is capable of facilitating green transition 

and improving economic efficiency (Bai et al., 2023; Zhang and Wang, 2023).  

Existing studies on EPR supply efficiency largely focus on specific regions or EPR types, lacking a 

systematic, macro-level analysis of overall SEEP. Moreover, while prior work has identified determi-

nants from supply approaches, management tactics, and industrial structures, most remain at the theoret-

ical level without deep empirical mechanism exploration. In particular, how NQP affects SEEP remains 

largely unexamined, limiting the translation of theory into practice. To address these gaps, this study: (1) 

constructs a comprehensive analytical framework covering overall SEEP rather than fragmented sub-

areas; and (2) empirically investigates the NQP→SEEP mechanism, providing both empirical evidence 

and theoretical support for EPR supply model innovation.  

2. Theoretical framework and research conjecture 

According to the externality theory (Ciccone and Peri, 2006; Dolbear, 1967), the technological innova-

tion embedded in NQP generates positive externalities, thereby reducing the marginal cost of EPR supply. 

The Porter hypothesis (Ambec and Barla, 2006; Wang et al., 2019) further predicts that innovation-driven 

development can achieve a “win-win” outcome between economic output and environmental protection. 

Specifically, the digital technologies embedded in NQP enable precise acquisition of production infor-

mation (Liu and He, 2024; Zhou, 2026), optimization of resource allocation (Xu et al., 2024a), and re-

duction of production costs (Zhou et al., 2025), all of which contribute to enhancing the SEEP. Based on 

the above theoretical arguments, it is expected that the coefficient of the core explanatory variable in the 

baseline regression model is positive. 

In the process of economic development, the input of ecological resources exerts a significant im-

pact on economic growth in ecologically resource-endowed regions (Yue et al., 2024). The Cobb-Doug-

las function (Zellner et al., 1966), as a widely used production function model, can quantify the contri-

bution of different factors to output. In essence, it serves as a technical recipe for transforming labor, 

capital, and resources into goods or services. Following existing studies (Wang et al., 2021), assuming 

that the total output of EPR in region i at time t is denoted by Yit, the EPR production function is con-

structed as Equation (1). 

𝑌𝑖𝑡 = 𝐴𝑖𝑡 × 𝐹(𝐾𝑖𝑡, 𝑁𝑖𝑡, 𝐸𝑖𝑡, 𝐿𝑖𝑡) (1) 

where Ait denotes total factor productivity (TFP), representing the level of technology; Kit represents 

physical capital input (e.g., fixed assets of agriculture, forestry, animal husbandry, and fishery); N it de-

notes land input (e.g., arable land, forest land, and grassland); Eit represents energy input; and Lit denotes 

labor input. The production function indicates that the output of EPR is determined by two components: 

“technological level” and “factor input”. According to the externality theory (Ciccone and Peri, 2006) 

and the Porter hypothesis (Ambec and Barla, 2006), NQP generates positive externalities through tech-

nological innovation, thereby enhancing total factor productivity. Accordingly, Equation (2) is specified 

as follows: 

𝐴𝑖𝑡 = 𝐴0 × 𝑒𝛾.(𝑁𝑄𝑃)𝑖𝑡 (2) 
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where A0 denotes the baseline technology level (a constant), 𝛾 represents the technology spillover 

intensity of NQP, with 𝛾>0; and NQP denotes the comprehensive index of NQP. Equation (2) indicates 

that a higher NQP corresponds to a higher technology level A, following an exponential growth relation-

ship. That is, technological innovation exhibits a cumulative effect. Substituting Equation (2) into Equa-

tion (1) yields Equation (3) as follows: 

𝑌𝑖𝑡 = 𝐴0 × 𝑒𝛾.(𝑁𝑄𝑃)𝑖𝑡 × 𝐹(𝐾𝑖𝑡, 𝑁𝑖𝑡, 𝐸𝑖𝑡, 𝐿𝑖𝑡) (3) 

The SEEP is defined as the ratio of output to total input, as specified in Equation (4). 

(𝐸𝑓𝑓)
𝑖𝑡

= 𝑌𝑖𝑡 (𝐾𝑖𝑡 + 𝑁𝑖𝑡 + 𝐸𝑖𝑡 + 𝐿𝑖𝑡) =⁄ (𝐴0 × 𝑒𝛾.(𝑁𝑄𝑃)𝑖𝑡 × 𝐹(. )) (𝐾𝑖𝑡 + 𝑁𝑖𝑡 + 𝐸𝑖𝑡 + 𝐿𝑖𝑡)⁄  (4) 

Based on Equation (4), taking the partial derivative of (Eff)it with respect to (NQP)it yields Equation 

(5). 

𝜕𝑌𝑖𝑡 𝜕(𝑁𝑄𝑃)𝑖𝑡 =⁄ (𝐴0 × 𝛾 × 𝑒𝛾.(𝑁𝑄𝑃)𝑖𝑡 × 𝐹(. )) (𝐾𝑖𝑡 + 𝑁𝑖𝑡 + 𝐸𝑖𝑡 + 𝐿𝑖𝑡)⁄  (5) 

where A0>0, indicating that the baseline technology is positive; 𝛾 denotes the technology spillover 

intensity, which is theoretically assumed to be positive; eγ⋅(NQP) it is always positive; the output of the 

production function is also positive; and the denominator, representing factor inputs, is likewise positive. 

It follows that ∂Yit/∂(NQP)it >0 always holds. Accordingly, it is inferred that the coefficient of NQP in 

the empirical regression should be positive. Based on this, Hypothesis 1 is proposed as follows. 

Hypothesis 1: NQP can advance the SEEP. 

According to the new economic geography (Behrens and Thisse, 2007; Ottaviano, 2003; Ottaviano 

and Thisse, 2005), knowledge and technology exhibit spatial diffusion characteristics. NQP, through 

digital platforms, transcends geographical boundaries, generating knowledge spillovers and demonstra-

tion effects that drive efficiency improvements in neighboring regions (Li and Li, 2024). Specifically, 

digital technologies enable practitioners across different regions to share experiences and discuss tech-

nical challenges in real time (Jin et al., 2024), allowing advanced technologies to diffuse rapidly to sur-

rounding areas through market competition and labor mobility (Jin et al., 2024), thereby forming a tech-

nology diffusion effect. Furthermore, NQP serves as a bridge for inter-regional cooperation, fostering 

regional EPR supply networks (Yan et al., 2024), while policy synergies further amplify the spillover 

effects (Gao, 2023; Zhu et al., 2024). Based on the above theoretical arguments, it is expected that the 

spatial spillover coefficient in the spatial Durbin model is positive. 

Hypothesis 2: NQP exerts a spatial diffusion influence on the enhancement of SEEP. 

According to new structural economics (Lin, 2011; Xu, 2026), economic development is accompa-

nied by upgrading in human capital structure. NQP increases the proportion of advanced human capital 

while reducing that of primary human capital (Wang and Huang, 2024; Wu and Yang, 2022; Zhang and 

Lian, 2023), driving factor allocation toward optimality. This, in turn, enhances the productive capacity 

of human labor in protecting, restoring, and constructing ecosystems (Guaita Martínez et al., 2022), 

thereby improving supply efficiency. Based on the above theoretical arguments, it is expected that the 

corresponding mediation effect coefficient of human capital upgrading in the mediation effect model is 

positive. 

Hypothesis 3a: NQP enhances the SEEP through facilitating the advancement of the human capital 

configuration. 

According to the Petty-Clark law (Xiao et al., 2022), the technological and model innovations driven 

by NQP accelerate the transformation and upgrading of traditional industries, while simultaneously fos-

tering emerging industries such as green energy and environmental protection technologies (Liu and He, 

2024; Lu et al., 2024; Zhang, 2024). This optimizes resource allocation and enhances the supply capacity 

of EPR (Zhou and Wang, 2022). Based on the above theoretical arguments, it is expected that the corre-

sponding mediation effect coefficient of industrial structure upgrading in the mediation effect model is 

positive. 

Hypothesis 3b: The improvement of NQP accelerates the SEEP by facilitating the advancement of 

the industrial structure. 
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According to fiscal federalism (Oates, 1999), NQP promotes economic growth, broadens the tax 

base, and increases government fiscal revenue, thereby enabling governments to allocate more resources 

to ecological conservation and green infrastructure development (Fang et al., 2023; Liu et al., 2025; Xu 

et al., 2024a; Xu et al., 2023). Based on the above theoretical arguments, it is expected that the corre-

sponding mediation effect coefficient of government fiscal revenue in the mediation effect model con-

structed below is positive. 

Hypothesis 3c: NQP enhances the SEEP by increasing governmental revenue. 

According to the profit maximization hypothesis (Williamson, 1966), NQP reduces production costs 

and improves product quality, thereby increasing corporate profits and incentivizing firms to expand the 

supply of EPR (Wang et al., 2025; Yue et al., 2024). Meanwhile, NQP facilitates the integration of up-

stream and downstream industrial chains (Liu and He, 2024), fostering a more tightly knit industrial 

ecosystem that drives green development across industries (Xu et al., 2025b; Xu et al., 2024a). Based on 

the above theoretical arguments, it is expected that both the coefficient of NQP on corporate operating 

profit and the coefficient of corporate operating profit on SEEP in the mediation effect model are positive. 

Hypothesis 3d: NQP enhances the SEEP by increasing the operating profit of enterprises. 

According to the new economic geography (Ottaviano and Thisse, 2005)(Krugman, 1991), regions 

differ in natural resource endowments, economic development levels, and institutional environments, 

leading to heterogeneous effects of NQP application (Li and Li, 2024). In regions rich in natural resources 

and with higher levels of economic development (Lu et al., 2024; Zhu et al., 2024), NQP can be more 

effectively translated into EPR supply capacity, whereas in resource-scarce and economically underde-

veloped regions, the potential of NQP is constrained (Jia et al., 2024). Based on the above theoretical 

arguments, it is expected that the coefficient of the interaction term in the moderation effect model is not 

equal to zero. 

Hypothesis 4: There is heterogeneity in the geographical attributes of NQP to the SEEP. 

To provide a holistic view of the research logic discussed above, Fig. 1 illustrates the overall theo-

retical framework.  

 
Fig. 1 Theoretical mechanism diagram of NQP affecting the SEEP.  

3. Research design 

3.1 Overview of the study area: China 

This study covers 30 mainland Chinese provinces (excluding Hong Kong, Macao, Taiwan, and Tibet), 

spanning diverse geographical zones—from the eastern seaboard to the western plateau and from north-

ern cold regions to southern tropical areas—with significant regional economic disparities: the east is 

economically developed, the central region is rising, and the west is resource-rich with high development 

potential. The research area is illustrated in Fig. 2. 
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Fig.2 Map of China (Approval Number: GS (2019) 1680), containing the Nine-Dash Line in the South China Sea 

and Taiwan Province as an inalienable part of China’s territory. Data source: Standard Map Service of the Ministry 

of Natural Resources (http://bzdt.ch.mnr.gov.cn/). The map has not been modified in any way. 

3.2 Data sources  

Since the EPR policy was launched in 2010, this study uses panel data from 30 provincial-level admin-

istrative regions (excluding Hong Kong, Macao, Taiwan, and Tibet) covering the period 2011–2022. The 

data are sourced from various national and provincial statistical yearbooks and bulletins, including the 

China Statistical Yearbook and China Ecological Environment Bulletin, etc. Missing values are imputed 

using the average growth rate of the previous five years. The data details are shown in Table 1.  

Table 1 Data Sources and Variable Description. 

Variable 
Time 

Span 

Spatial Reso-

lution 
Data Source URL/Access 

SEEP (De-

pendent) 

2011–

2023 
Provincial 

China Statistical Yearbook; 

China Energy Statistical Yearbook; 

China Tourism Statistics Yearbook; 

Ecological Environment Bulletin; 

EPS Database 

http://www.stats.gov.cn; 

Various provincial yearbooks; 

https://vpn.gufe.edu.cn/https/77726476

706e69737468656265737421fffb408c6

9357843700d9de29b5a2e7bdc1e/#/data

s_home?cubeId=1320 

NQP (Inde-

pendent) 

2011–

2023 
Provincial 

China Statistical Yearbook; 

China Science and Technology Statis-

tical Yearbook; 

EPS Database 

http://www.stats.gov.cn;  

https://vpn.gufe.edu.cn/https/77726476

706e69737468656265737421fffb408c6

9357843700d9de29b5a2e7bdc1e/#/data

s_home?cubeId=1320 

Control 

Variables; 

Mechanism 

variables 

2011–

2023 
Provincial 

China Energy Statistical Yearbook; 

China Population and Employment 

Statistical Yearbook; 

EPS Database 

Various provincial yearbooks; 

https://vpn.gufe.edu.cn/https/77726476

706e69737468656265737421fffb408c6

9357843700d9de29b5a2e7bdc1e/#/data

s_home?cubeId=1320 

http://www.stats.gov.cn/
http://www.stats.gov.cn/
https://vpn.gufe.edu.cn/https/77726476706e69737468656265737421fffb408c69357843700d9de29b5a2e7bdc1e/#/datas_home?cubeId=1320
https://vpn.gufe.edu.cn/https/77726476706e69737468656265737421fffb408c69357843700d9de29b5a2e7bdc1e/#/datas_home?cubeId=1320
https://vpn.gufe.edu.cn/https/77726476706e69737468656265737421fffb408c69357843700d9de29b5a2e7bdc1e/#/datas_home?cubeId=1320
https://vpn.gufe.edu.cn/https/77726476706e69737468656265737421fffb408c69357843700d9de29b5a2e7bdc1e/#/datas_home?cubeId=1320
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3.3 Research methods and model construction 

3.3.1 Undesirable Super-SBM 

Conventional DEA models (e.g., CCR, BCC) tend to overestimate efficiency by ignoring input/output 

slacks and failing to account for undesirable outputs (Tone, 2001). To address these limitations, the 

Slack-Based Measure (SBM) model was developed, which incorporates slack variables and non-desira-

ble outputs into the efficiency framework, thereby avoiding the biases of radial and angular assessments. 

Furthermore, since the standard SBM model cannot rank DMUs with efficiency scores of 1, the super-

SBM model is employed to enable comparison and ranking. Accordingly, this study adopts the super-

SBM model with undesired outputs to measure SEEP across 30 Chinese provinces (2011–2022). The 

mathematical formulation is provided in Equations (6) and (7). 

(1) Objective function:  

𝜃 = 𝑚𝑖𝑛
1 +

1
𝑚

∑
𝑠𝑒

−

𝑥𝑒𝑜

𝑚
𝑒=1

1 −
1

𝑞 + ℎ
(∑

𝑠𝑓
+

𝑦𝑓𝑜
+ ∑

𝑠𝑔
−

𝑏𝑔𝑜
)ℎ

𝑔=1
𝑞
𝑓=1

 (6) 

(2) Constraint conditions: 

𝑥𝑒𝑜 ≥ ∑ 𝜔𝑗𝑥𝑖𝑗 −
𝑛

𝑗=1,𝑗≠𝑜
 𝑠𝑖

−       𝑖 = 1,2,3 … … . 𝑚; 

𝑦𝑓𝑜 ≤ ∑ 𝜔𝑗𝑦𝑟𝑗 +𝑛
𝑗=1,𝑗≠0  𝑠𝑟

+       𝑟 = 1,2,3 … … . 𝑞;  

𝑏𝑔𝑜 ≥ ∑ 𝜔𝑗𝑏𝑘𝑗 −𝑛
𝑗=1,𝑗≠𝑜  𝑠𝑘

+       𝑘 = 1,2,3 … … . ℎ;  

 𝜔𝑗 ≥ 0, 𝑠𝑒
− ≥ 0, 𝑠𝑓

+  ≥ 0, 𝑠𝑔
+ ≥ 0  

(7) 

Where: 𝑋 ∈ 𝑅𝑚×𝑛  is the data-entry matrix, 𝑠𝑓
+ ∈ 𝑅𝑞×𝑛 is the anticipated result matrix, 𝑠𝑔

+ ∈

𝑅ℎ×𝑛 is the unwanted output matrix, 𝑠𝑒
− ∈ 𝑅𝑚, 𝑠𝑓

+ ∈ 𝑅𝑞  and 𝑠𝑔
+ ∈ 𝑅ℎ stand for the associated sur-

plus (or slack) variables. The indices e, f, and g correspond to the count of input factors, anticipated 

outputs, and unfavorable outputs, respectively. Specifically, i ranges from 1 to q, r ranges from 1 to m, 

and k ranges from 1 to h. 𝑥𝑖𝑜, 𝑦𝑟𝑜 and 𝑏𝑘𝑜 signify the respective outputs. 𝜔 represents the weight 

vector, and 𝜃 serves as the goal function. ∑ 𝜔𝑗𝑥𝑖𝑗
𝑛
𝑗=1,𝑗≠𝑜 , ∑ 𝜔𝑗𝑦𝑟𝑗

𝑛
𝑗=1,𝑗≠𝑜  and ∑ 𝜔𝑗𝑏𝑘𝑗

𝑛
𝑗=1,𝑗≠𝑜  repre-

sent the virtual effective decision-making unit, i.e., 𝜔𝑥、𝜔𝑦, and 𝜔𝑏 as the ideal benchmark frame-

work. Once the excess variables are set to zero, the goal function achieves the most favorable solution. 

Specifically, the target function equals 1, which implies that the DMU is efficient. Conversely, if the 

target function lies within the open interval (0, 1), it indicates that the DMU experiences an efficiency 

shortfall. 

3.3.2 Establishment of Spatial Econometric Model 

The preceding theoretical scrutiny indicates that NQP and SEEP exhibit certain spatial spillover effects. 

Consequently, this study adopts the spatiotemporal panel model to examine the influence of NQP on 

SEEP. Initially, the existence of spatial correlation is verified. In the event that spatial correlation is 

detected, the spatial econometric model (Li et al., 2023a) is selected for further analysis. Conversely, if 

no spatial correlation is found, the ordinary panel model is employed. To put it another way, when spatial 

correlation is absent, regression analysis will be conducted using the ordinary panel model. Moran’s I 

statistic, which is used for detecting spatial autocorrelation patterns, is presented in equation (8): 

𝐼 =
∑ ∑ 𝑤𝑚𝑙(𝑥𝑚 − 𝑥̅)(𝑥𝑙 − 𝑥̅)𝑛

𝑙=1
𝑛
𝑚=1

𝑠2 ∑ ∑ 𝑤𝑚𝑙
𝑛
𝑙=1

𝑛
𝑚=1

 (8) 
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Where: 𝑠2 =
∑ (𝑦𝑚−𝑦̅)𝑛

𝑙=1

𝑛
  represents the sample variance, 𝑤𝑖𝑗 denotes the (m, l) component of the 

geographical weighting matrix. In the case where the spatial weighting matrix undergoes row-standard-

ization, then ∑ ∑ 𝑤𝑚𝑙 = 𝑛𝑛
𝑙=1

𝑛
𝑚=1 . Moran’s coefficient typically falls within the interval (-1, 1). 

Following the spatial dependence examination, a series of statistical tests, namely the LM, Hausman, 

LR, and Wald tests, were carried out sequentially to identify a suitable spatial econometric model. The 

standard formulations for both the conventional panel and the spatial panel models are presented in equa-

tions (9) through (12): 

SEEP𝑖𝑡 = 𝛼 + 𝛽NQP𝑖𝑡 + 𝜃𝑍𝑖𝑡 + 𝜇𝑖 + 𝜈𝑡 + 𝜀𝑖𝑡 (9) 

SEEP𝑖𝑡 = 𝛼 + 𝛽NQP𝑖𝑡 + 𝜌𝑊 × SEEP𝑖𝑡 + 𝜃𝑍𝑖𝑡 + 𝜇𝑖 + 𝜈𝑡 + 𝜀𝑖𝑡 (10) 

SEEP𝑖𝑡 = 𝛼 + 𝛽NQP𝑖𝑡 + 𝜃𝑍𝑖𝑡 + 𝜇𝑖 + 𝜈𝑡 + 𝜀𝑖𝑡 , 𝜀𝑖𝑡 = 𝜌𝑊 × 𝜀𝑖𝑡 + 𝜎𝑖𝑡 (11) 

SEEP𝑖𝑡 = 𝛼 + 𝛽NQP𝑖𝑡 + 𝜌𝑊 × SEEP𝑖𝑡 + 𝛾𝑊 × NQP𝑖𝑡 + 𝜃𝑍𝑖𝑡 + 𝜃1𝑊 × 𝑍𝑖𝑡 + 𝜇𝑖 + 𝜈𝑡

+ 𝜀𝑖𝑡 
(12) 

Four spatial econometric models are employed: (9) the conventional panel model (baseline); (10) 

the SAR model, which captures spatial spillovers via a spatially lagged dependent variable; (11) the SEM 

model, which addresses spatial autocorrelation in error terms from unobserved spatial factors; and (12) 

the SDM model, which integrates both SAR and SEM features to comprehensively analyze spillovers of 

both dependent and independent variables. In all models, Z denotes the regulated variable, with spatial 

lag components for SEEP, NQP, and Z; 𝜇𝑖 and 𝜈𝑡 represent fixed effects, and 𝜀𝑖𝑡 is the stochastic 

disturbance term. 

M𝑖𝑡 = 𝛼1 + 𝛽N𝑄𝑃𝑖𝑡 + 𝜌𝑊 × M𝑖𝑡 + 𝜎𝑍𝑖𝑡 + 𝜇1𝑖
+ 𝜈1𝑡

+ 𝜀1𝑖𝑡
 (13) 

Equations (13) define the expression of the transmission mechanism. Each variable is preceded by 

its estimated regression parameter. Specifically, Statistical inference on the 𝛽 parameter reveals the 

causal impact of the underlying driving process. 

3.4 Variable declaration 

3.4.1 Dependent variable 

Referring to the Accounting Standards for the Total Value of EPR formulated by the National Devel-

opment and Reform Commission, combined with the connotation and characteristics of EPR, and draw-

ing on existing research, this paper constructs an index system for the SEEP. The input indicators include 

material capital input, land input, labor input, and energy input. The output indicators are divided into 

expected output and undesired output. The details are as follows. 

(1) Input indicators. ①Physical capital (investment in fixed assets of agriculture, forestry, animal 

husbandry, and fishery), which reflects the physical capital invested in the production process of EPR. 

According to the concept of EPR, this indicator can better describe the material basis of the supply of 

EPR. ②Land input (various types of ecological land area), reflecting the natural resource endowment. 

③Labor input (the number of employees in the primary industry and ecotourism), reflecting the human 

resource input needed for the production and service supply of EPR. ④Energy input (agriculture, for-

estry, animal husbandry, and fishery, accommodation and catering energy terminal consumption, 10,000 

tons of standard coal), reflecting the energy consumption intensity of EPR from production to service. 

All data sources are clearly marked (see Table 2). 

(2) Expected output. The comprehensive index synthesized by the entropy weight TOPSIS method 

includes three dimensions: ①the output value of ecological agriculture, forestry, animal husbandry, and 

fishery products (material supply); ②ecotourism income (service supply); ③air compliance rate and 

water quality excellent rate (regulating service supply). 
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(3) Undesired output. The comprehensive index synthesized by the entropy weight TOPSIS method 

includes six sub-indicators: soil erosion area, wastewater discharge, exhaust emissions, PM10, PM2.5, 

and noise level, reflecting the negative environmental effects associated with the supply of EPR.  

Notably, since the SBM model generally requires that the number of decision-making units be 3–5 

times the number of indicators, this paper aggregates relevant indicators into comprehensive indices for 

expected and undesired outputs before estimating the SEEP. 

Table 2 SEEP’s Indicator Framework. 

Selection of input/out-

put 
Indicators  Units 

Financial capital ex-

penditure 

Capital outlay on agricultural, forestry, livestock-farming, and aq-

uaculture fixed assets 
Billion yuan 

Workforce allocation Headcount within the primary sector and the eco-tourism domain  Million people 

Territorial resource in-

put 
Diverse categories of ecological land acreage  103 hm2 

Energy resource con-

sumption 

Final energy utilization in the sectors of agriculture, forestry, 

livestock farming, fisheries, as well as lodging and catering 

10,000 metric tons of 

coal criterion 

Expected output 

A holistic indicator encompassing ecological agricultural, for-

estry, livestock, and fisheries outputs, along with measures of 

eco-tourism, air quality compliance, and superior water quality 

rates 

— 

Undesired output 

An all-encompassing indicator encompassing the scale of soil-

eroded regions, wastewater, waste gas emissions, the density of 

inhalable particulate matter, PM2.5, and the intensity of noise 

across each province 

— 

3.4.2 Key explanatory factors 

NQP is an innovation-driven advanced productivity form featuring high technology, efficiency, and qual-

ity, which breaks traditional growth modes and aligns with the new development philosophy. Given the 

absence of unified measurement standards in existing literature, a four-dimensional comprehensive index 

covering development potential, capability, strength, and momentum is constructed following prior re-

search (Liang and Zhu, 2024; Lu et al., 2024; Zhu et al., 2024), with detailed indicators listed in Table 3. 

Specifically, academic publications measure potential, invention patents per 10,000 people reflect capa-

bility, high-tech industry share, and economic transformation denote strength, while R&D funding from 

governments and enterprises represents momentum. The entropy-weighted TOPSIS method (Li et al., 

2023b) is adopted to calculate the NQP composite index for higher accuracy. A preliminary correlation 

test on all indicators (see Appendix A) rules out severe multicollinearity. Before conducting the formal 

measurement, this research conducts a comprehensive correlation test on the relevant variables within 

the indicator system (see Appendix A for details). The test results indicate that there is no high correlation 

among the variables.  

Given that the multicollinearity problem prevalent in multivariate analysis may compromise the 

accuracy and stability of the estimation, this paper employs principal component analysis (PCA) to meas-

ure NQP as a robustness test. Compared with the comprehensive score obtained by the entropy weight 

TOPSIS method, which has a clear economic meaning (i.e., the closeness to the ideal solution), the PCA 

principal component, as a linear combination of the original indicators, has a relatively vague economic 

meaning. Therefore, it is more suitable as a robustness test tool to eliminate multicollinearity rather than 

as a principal estimation method. For data processing, min-max standardization is adopted in the main 

regression to map indicators into the [0, 1] interval, preserving the original distribution pattern while 

remaining robust to moderate outliers. As a sensitivity test, a z-score standardized re-estimation model 

with non-negative translation is further employed to ensure compatibility with the entropy weight method, 

serving as an additional robustness check. 
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Table 3 Framework for Assessing the Level of NQP. 

Primary Indica-

tors 

Secondary Indica-

tors 
Tertiary Indicators Units 

Attrib-

ute 

NQP level 

Potential dimension 

Published scientific papers Piece + 

Number of Chinese “Two Yuan” 

academicians 
Person + 

Share of enterprises engaging in re-

search and development endeavors 
% + 

Capability dimen-

sion 

Number of inventions and authorized 

patents by 10,000 people 

Pieces/ten thou-

sand people 
+ 

Coefficient of the national science 

and technology achievement award 

Item equiva-

lent/10,000 

people 

+ 

Ten thousand technical transactions 
Thousand  

households 
+ 

Strength dimension 

High-tech industry-added value ac-

counted for a proportion of the indus-

trial-added value 

% + 

Labor productivity % + 

Productivity of capital % + 

National University Science Park - 

net fixed assets at year-end 
Thousand Yuan + 

Momentum dimen-

sion 

Sources of funding for research and 

experimental development from gov-

ernment, business, foreign, and other 

funds 

Ten thousand 

yuan 
+ 

Comparative coefficient of average 

wages in scientific research and tech-

nical services 

% + 

3.4.3 Mechanism variables 

This study identifies four mechanism variables in the NQP→SEEP pathway: (1) workforce capital (Hc: 

share of higher-educated labor); (2) industrial structure (Ti: share of the service sector); (3) government 

capacity (Gr: local fiscal revenue); and (4) enterprise income (Tp: operating profit). Since Gr and Tp are 

absolute values prone to heteroscedasticity, both are log-transformed to ensure estimation reliability. 

3.4.4 Control variables 

Seven control variables are included: education (Edu): ratio of local to national colleges; technology 

(Tec): share of regional patent applications; information (Inf): share of postal and telecom services; eco-

nomic development (Ed): per capita GDP; urbanization (Urb): urban population ratio; population con-

centration (Pop): population density; and environmental regulation (Env): pollution control invest-

ment/industrial value-added (Song et al., 2021; Sun and Wu, 2020). All controls are expressed as relative 

values for cross-regional comparability. The instrumental variable is the mean NQP of other provinces 

within the same region and year. Summary statistics are provided in Appendix B. 

4. Empirical test 

4.1 Spatial correlation test 

Before the spatial correlation test, panel unit root tests, cointegration tests, and multicollinearity tests 

were also conducted, with all results confirming the validity of the data (see Appendix C). For a more 

precise depiction of the interaction among spatial entities, this study takes into account the impact of 

distance and opts for the economic geographical weight matrix. The global spatial correlation of SEEP 

and NQP was measured. The global Moran’s I indices are detailed in Table 4. 
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Table 4 Results of the global spatial correlation test. 

Moran's I 

Variables I E(I) Sd(I) z P-value 

SEEP 0.154 -0.003 0.040 3.958 Less than 0.001 

NQP 0.222 -0.003 0.039 5.747 Less than 0.001 

Geary's c 

Variables c E(c) Sd(c) z P-value 

SEEP 0.833 1.000 0.051 -3.252 0.001 

NQP 1.484 1.000 0.105 4.628 Less than 0.001 

Meanwhile, to discern the spatial interdependence between a specified region and its adjacent re-

gions, this study further computed the local Moran’s index measure of SEEP and NQP. The results indi-

cate that both the SEEP and NQP not only exhibit significant spatial correlation as a whole but also 

present local variations under global autocorrelation. The global Moran’s I indices are detailed in Table 

5. 

Table 5 Results of the local spatial correlation test. 

Variables SEEP NQP 

I  Z p-value* I  Z p-value* 

2011  0.044  0.838 0.201 0.020 0.995 0.160 

2012  0.050  0.905 0.183 0.045 1.619 0.053 

2013  0.022  0.610 0.271 0.102 2.094 0.018 

2014  0.052   0.933 0.175 0.115 2.204 0.014 

2015  0.034  0.725 0.234 0.169 2.948 0.002 

2016  0.119  1.633 0.051 0.175 2.867 0.002 

2017  0.169  2.179 0.015 0.174 3.064 0.001 

2018  0.063  1.045 0.148 0.055 1.194 0.116 

2019  0.169  2.262 0.012 0.059 1.274 0.101 

2020  0.161  2.090 0.018 0.059 1.219 0.111 

2021  0.211  2.604 0.005 0.073 1.339 0.090 

2022  0.148  1.930 0.027 0.106 1.681 0.046 

4.2 Analysis of empirical results 

The Lagrange multiplier (LM) test is adopted to select the optimal spatial econometric model relative to 

the mixed OLS specification. Insignificant spatial lag and spatial error terms suggest the adoption of the 

OLS model. Significance limited to the spatial error term points to the SEM model, whereas sole signif-

icance of the spatial lag term supports the SAR model. Where both basic LM tests return significant 

results, the robust LM test is applied for model discrimination. If the robust LM test yields significant 

outcomes, the LR and Wald tests are further implemented; significant results from both tests justify the 

adoption of the SDM. The Hausman test determines the selection between random and fixed effects, and 

a significant p-value rejects the null hypothesis in favour of the fixed-effects model. Following these 

sequential specification tests, the spatial lag model is confirmed as the optimal model for this research. 

The model selection test results are reported in Appendix D. 

The estimation outcomes of the conventional panel regression model and the spatial lag model are 

presented in Table 6. Column (1) displays the outcomes of the conventional panel regression. The find-

ings indicate that the impact coefficient of the NQP is positive and statistically significant, indicating 

that the NQP can enhance the improvement of the SEEP. Therefore, Hypothesis 1 is verified. Columns 

(2) to (7) represent the SAR fixed-effect models, some of which include control variables and some of 

which do not. Based on the findings derived from the R² estimation outcomes, while accounting for the 

influence of spatial effects and control variables to the greatest extent feasible, this study adopts the 

regression outcomes presented in Table 6 (7) as the benchmark. The outcomes reveal that the Spatial rho 

coefficient attains statistical significance. This implies that the SEEP in specific regions is influenced by 

its counterpart in neighboring regions, and there exists a pronounced spatial interdependence between 

them. The NQP’s regression parameter is notably positive, suggesting that as NQP develops, the SEEP 
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experiences further enhancement, thereby validating hypothesis 2. It also indicates that an improvement 

in regional NQP can drive the advancement of local SEEP. From the regression findings regarding reg-

ulating variables, the educational level has a considerable positive impact on the SEEP. The levels of 

“tec” and “env” exert a beneficial effect on the SEEP, while the levels of urbanization and population 

density exert a detrimental effect, albeit not significantly. 

Table 6 Results of panel-based spatial influence regression. 

Variables (1) （2） （3） （4） （5） （6） （7） 

NQP 
1.695*** 

(0.566) 

1.213** 

(0.556) 

1.171** 

(0.565) 

1.122*** 

(0.337) 

0.924* 

(0.529) 

1.158*** 

(0.378) 

1.539*** 

(0.538) 

edu 
34.550*** 

(7.003) 
 

31.54*** 

(7.112) 
 

2.360 

(4.186) 
 

33.15*** 

(6.616) 

tec 
1.299 

(0.986) 
 

1.201 

(0.904) 
 

1.784** 

(0.873) 
 

1.227 

(0.928) 

urb 
-0.166 

(0.317) 
 

0.589 

(0.707) 
 

0.519 

(0.548) 
 

-0.223 

(0.300) 

pop 
4.606 

(6.104) 
 

9.826 

(6.572) 
 

-0.602 

(0.955) 
 

5.028 

(5.743) 

env 
3.068 

(3.940) 
 

5.334 

(4.009) 
 

4.361 

(4.351) 
 

3.157 

(3.705) 

Spatial rho  
0.065 

(0.090) 

-0.018 

(0.091) 

0.225*** 

(0.080) 

0.171** 

(0.084) 

0.217*** 

(0.081) 

0.177** 

(0.081) 

Variance 

sigma2_e 
 

0.028*** 

(0.002) 

0.026*** 

(0.001) 

0.032*** 

(0.002) 

0.031*** 

(0.002) 

0.030*** 

(0.002) 

0.027*** 

(0.002) 

Individual 

fixed  
Yes No No Yes Yes Yes Yes 

Time fixed  Yes Yes Yes No No Yes Yes 

Control varia-

bles 
Yes No Yes No Yes No Yes 

Within R2 0.120 0.040 0.104 0.042 0.083 0.042 0.125 

N 360 360 360 360 360 360 360 

Note: (1) represents the ordinary panel regression, while (2) to (7) represent the spatial lag model regressions. It is 

within parentheses that the standard errors are placed. Also, * means p < 0.1, ** shows p < 0.05, and *** stands for 

p < 0.01 (this notation is also applicable to the tables that follow). 

Using the partial differential method, the spatial lag results are decomposed into direct, indirect 

(spillover), and total effects (Table 7). All three effects of NQP on SEEP are positive and significant, 

confirming that NQP improves SEEP both locally and in neighboring regions, though the local effect 

dominates. This is because, at the early stage of NQP development, factor agglomeration primarily ben-

efits the local area, while the integration of new quality productivity with EPR supply and the spillover 

of digital infrastructure remain underdeveloped, constraining cross-regional spillovers. Among controls, 

education (Edu) shows significantly positive direct and indirect effects, with the local effect being 

stronger—consistent with the pattern that educational clustering initially outweighs its dispersion effect, 

though spillovers are expected to grow over time. 

Table 7 Spatial influence breakdown of panel data regression outcomes. 

Variables 
Direct consequence Indirect consequence Total consequence 

Coefficients SEs Coefficients SEs Coefficients SEs 

NQP 1.551*** (0.541) 0.322* (0.180) 1.873*** (0.635) 

edu 32.70*** (5.668) 7.218* (4.211) 39.92*** (7.909) 

tec 1.317 (1.028) 0.272 (0.277) 1.589 (1.240) 

urb -0.204 (0.312) -0.0460 (0.0848) -0.250 (0.386) 
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pop 3.830 (6.737) 0.882 (2.086) 4.712 (8.597) 

env 3.440 (3.610) 0.794 (0.911) 4.233 (4.397) 

5 Further discussions 

5.1 Robustness test 

5.1.1 Weight Matrix Transformation 

Beyond creating the inverse-distance spatial proximity matrix, this study also establishes the adjacency, 

nested, and economic-geographic spatial proximity matrices. These matrices are subsequently incorpo-

rated into the established baseline equations. By conducting step-by-step regression analysis, it is ob-

served that, regardless of the matrix employed, the beneficial impact of NQP on the SEEP is statistically 

notable, and the attributes remain consistent. This demonstrates the reliability of the results obtained 

from the SAR using the economic-geospatial weight matrix. Tables 8 (a) to (c) present the regression 

findings for different proximity matrices. 

Table 8 Regression findings of the transformed weight matrix and the exclusion of outliers. 

Variables 

(a) (b) (c) (d) 

Coeffi-

cients 
SEs 

Coeffi-

cients 
SEs 

Coeffi-

cients 
SEs Coefficients SEs 

NQP 1.680*** (0.538) 1.586*** (0.538) 1.720*** (0.533) 1.538*** (0.537) 

Spatial rho 0.037 (0.071) 0.160* (0.087) 0.158** (0.075) 0.177** (0.081) 

Variance 

sigma2_e 

0.028*** (0.002) 0.028*** (0.002) 0.027*** (0.002) 0.027*** (0.002) 

Fixed effect Yes Yes Yes Yes 

N 360 360 360 360 

Note: The regression outcomes (a)-(c) represent the results derived from regressions conducted using the adjacency-

based, nested, and economic-geographic types of the spatial weight matrix, respectively. (d) represents the SAR 

regression result of the data after tail reduction processing. 

5.1.2 Eliminating Outlier Interference 

To eradicate the impact of deviations within the benchmark regression findings, the comprehensive in-

dices of SEEP, NQP, and covariate are trimmed at the 1% level. Subsequently, the model can be re-

estimated. Table 8 (d) presents the results. Following data cleansing, it is observed that the essence of 

the regression results remains unaltered, thereby confirming the robustness of the aforementioned con-

clusions. 

5.1.3 Substitution variable 

The dependent variables are substituted with the outcomes derived from the SBM-based measurement 

of undesirable output (SEEP1) and the supply degree of EPR (SEEP2). The core explanatory variable is 

replaced in four ways: ①NQP1 constructed via Z-score standardization and the entropy weight method; 

②NQP2 via min-max standardization and the entropy weight method; ③NQP3 via min-max standard-

ization and PCA; and ④NQP4, using digital economy development level as a proxy for new quality 

productive forces (Wang and Yang, 2023). The underlying logic is twofold: first, re-estimating the model 

using alternative measurement methods for the relevant indicators; second, re-estimating the model with 

alternative proxies for the core explanatory variable. The results are reported in Table 9. Additionally, a 

leave-one-out sensitivity analysis is conducted by sequentially excluding each secondary index from the 

NQP index system, recalculating the composite index, and re-estimating the model (see Appendix E for 

details). The resulting coefficients remain consistent in direction and statistical significance, further con-

firming the robustness of the baseline findings. 
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Table 9 Regression findings of replacing associated variables. 

Variables 
(1) (2) (3) (4) (5) （6） 

SEEP1 SEEP2 SEEP SEEP SEEP SEEP 

NQP 
1.847*** 

(0.677) 

0.112* 

(0.0614) 
    

NQP1   
1.599*** 

(0.525) 
   

NQP2    
0.920** 

(0.452) 
  

NQP3     
2.229*** 

(0.606) 
 

NQP4      
0.494* 

(0.254) 

Spatial 

rho 

0.136* 

(0.0757) 

0.217*** 

(0.0668) 

0.165** 

(0.075) 

0.157** 

(0.0761) 

0.160** 

(0.0755) 

0.149* 

(0.0762) 

Variance 

sigma2_e 

0.045*** 

(0.003) 

0.0004*** 

(Less than 

0.001) 

0.028*** 

(0.002) 

0.028*** 

(0.002) 

0.027*** 

(0.002) 

0.028*** 

(0.002) 

Control 

variables 
Yes Yes Yes Yes Yes Yes 

Fixed ef-

fect 
Yes Yes Yes Yes Yes Yes 

N 360 360 360 360 360 360 

5.1.4 Testing the endogeneity 

To address potential endogeneity, this study employs three distinct econometric approaches. 

First, using the Instrumental Variable (IV) method, the estimation outcomes are displayed in col-

umns (1) and (2) of Table 10. It indicates that the coefficient of NQP is 3.846, which is positive and 

statistically significant at the 1% level. This confirms the reliability of the baseline regression findings. 

Second, the Spatial Lag GMM model yields a marginal effect of NQP on SEEP of 1.513, which remains 

statistically significant. Additionally, the spatial lag coefficient of SEEP is significantly positive, indi-

cating strong spatial dependence. The pertinent regression findings are displayed in Table 10(3). Third, 

the Dynamic Spatial Autoregressive (DSAR) model shows that the influence coefficient of NQP on 

SEEP is 1.763, demonstrating a significant positive relationship. The lagged dependent variable coeffi-

cient (0.318) and the spatial autocorrelation coefficient (0.173) are also significantly positive, verifying 

the dynamic continuity and spatial agglomeration effects of SEEP. The comprehensive regression out-

comes are exhibited in Table 10(4) 

Collectively, the results from these three models consistently demonstrate that NQP has a significant 

positive impact on SEEP, confirming that the initial regression outcomes are robust and not affected by 

endogeneity issues. 

Table 10 Regression results of endogenous tests. 

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

NQP SEEP SEEP SEEP 

IV 
0.180*** 

(0.018) 
   

NQP  
3.846*** 

(1.309) 

1.513*** 

(0.502) 

1.763*** 

(0.555) 

Kleibergen-Paap rk LM statistic 22.816 (Chi-sq(1) P-val = 0.0000)   

Cragg-Donald Wald F statistic 63.817   

Kleibergen-Paap rk Wald F statistic 95.670   

Stock-Yogo weak ID test critical values: 

10% maximal IV size 
16.38   
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SEEP. L1.    
0.245*  

(0.145) 

0.318*** 

(0.113) 

w1y_SEEP    
3.414** 

(1.589) 
 

Rho value   

0.003** 

4.615（Chi2 test) 

0.032（P value） 

0.173*** 

(0.044) 

Variance sigma2    
0.028*** 

(0.005) 

Control variables Yes Yes Yes Yes 

Fixed effect Yes Yes Yes Yes 

N 360 360 360 360 

Note: (1) and (2) are two-stage regression of instrumental variables, (3) is spatial dynamic GMM regression, and (4) 

is dynamic spatial lag regression. 

5.2 Mechanism examination 

To verify Hypothesis 3, Equation (13) is estimated (Table 11). The results confirm four mediating chan-

nels through which NQP enhances SEEP. First, NQP significantly improves workforce capital composi-

tion (Column 2: β = 0.083, p < 0.1), as advanced human capital strengthens ecological awareness (Zhong 

et al., 2026), supporting Hypothesis 3a. Second, NQP significantly promotes industrial structure upgrad-

ing (Column 3: β = 0.854, p < 0.01), as green production and consumption reduce emissions and boost 

resource efficiency (Huang et al., 2026; Li et al., 2026; Ma et al., 2026), supporting Hypothesis 3b. Third, 

NQP significantly increases both local government fiscal revenue (Column 4: β = 0.948) and enterprise 

operating profit (Column 5: β = 3.524), thereby stimulating EPR supply enthusiasm from both govern-

ments and enterprises(Yan et al., 2025), supporting Hypotheses 3c and 3d. 

Standardized coefficients further reveal the relative importance of each channel: industrial structure 

upgrading exerts the strongest influence, followed by EPR supply enthusiasm (government and enter-

prises), while workforce capital plays a smaller yet non-negligible role. These mechanisms are inter-

twined and jointly drive SEEP improvement. 

Table 11 Regression results of the mechanism test. 

Variables 
(1) 

SEEP 

(2) 

Hc 

(3) 

Ti 

(4) 

lnGr 

(5) 

lnTp 

NQP 
1.539*** 

(0.538) 

0.083* 

(0.049) 

0.854*** 

(0.039) 

0.948*** 

(0.322) 

3.524** 

(1.454) 

NPQ-std 
0.419*** 

(0.130) 

0.096* 

(0.0579) 

0.829*** 

(0.038) 

0.097*** 

(0.033) 

0.273** 

(0.113) 

Spatial rho 
0.177** 

(0.081) 

0.587*** 

(0.049) 

-0.338*** 

(0.073) 

0.400*** 

(0.044) 

0.269*** 

(0.066) 

Variance sigma2 

0.027*** 

(0.002) 

0.0002*** 

(Less than 

0.001) 

0.001*** 

(Less than 

0.001) 

0.074*** 

(0.006) 

0.192*** 

(0.014) 

Control variables Yes Yes Yes Yes Yes 

Fixed effect Yes Yes Yes Yes Yes 

N 360 360 360 360 360 

Note: Utilizing model selection, columns (1) - (4) are employed for the SAR model, whereas column (5) is utilized 

for the SDM model. 

5.3 Heterogeneity discussion 

The preceding analysis indicates that the NQP exerts a notable spatial spillover influence on the SEEP 

across China. To examine whether there exist regional disparities in the SEEP among the three major 

geographical divisions (eastern, central, and western) of China (the geographical distribution map of 

these regions is presented in Fig. 2b), this study constructs an inverse-distance spatial weighting matrix 
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and performs spatial regression analysis in econometrics on each region separately. (Dian et al., 2024). 

The findings are presented in Table 12 below. The visual graph is shown in Fig. 3.  

 
Fig.3 Visualization results of heterogeneity. The solid dot represents the marginal coefficient, the short vertical line 

represents the 95 % confidence interval, and the red dotted line is the coefficient of digital technology innovation 

based on the benchmark regression. 

Table 12 (1) and (3) show that NQP has a significant positive impact on the SEEP in the eastern 

region, and it has a greater marginal impact on the western region. The eastern region has a solid foun-

dation for innovation, has applied NQP-related technologies early, and has a mature EPR supply system. 

Although the positive promoting effect of new technologies is significant, the marginal promotion space 

is limited. The original EPR supply foundation in the West is weak. After the introduction of NQP tech-

nologies, it can quickly break through the old bottleneck and bring about a greater marginal improvement 

effect. Table 12 (2) shows that the development of NQP has a positive impact on the SEEP in the central 

regions, but it is not significant. The NQP level in Central China (below 0.116) likely has not yet crossed 

the threshold needed to significantly boost SEEP, consistent with the “threshold effect” in innovation–

environment literature. Although the central region actively introduces NQP-related factors, the integra-

tion of industrial supporting capabilities and innovation capabilities is insufficient, making it difficult to 

efficiently transform them into a substantial improvement in the SEEP (Lu et al., 2024). Therefore, the 

positive impact is not significant. To sum up, the impact imposed by the advancement level of the NQP 

on the SEEP exhibits significant regional distinctions among the eastern, central, and western areas. 

Therefore, hypothesis 4 is verified. 

Table 12 Regression outcomes from the Heterogeneity examination. 

Variables 

(1) Eastern area (2) Central area (3) Western area 

Coeffi-

cients 
SEs 

Coeffi-

cients 
SEs 

Coeffi-

cients 
SEs 

NQP 1.394** (0.641) 1.357 (1.864) 3.638** (1.548) 

Spatial lambda 0.151* (0.102)   0.198* (0.106) 

Spatial rho   -0.235** (0.019)   

Variance sigma2_e 0.028*** (Less than 

0.001) 

0.017*** (Less than 

0.001) 

0.028*** 0.003 

Control variables Yes Yes Yes 

Fixed effect Yes Yes Yes 

N 132 96 132 

Note: For model selection, the SEM is used for the Eastern and Western areas, whereas the SAR is used for the 

Central region (see Appendix F for test results). 

 



 

 17 

6. Conclusions and revelations  

6.1 Conclusions 

Using panel data from 30 Chinese provinces (2011–2022), this study examines how NQP affects SEEP 

via the super-SBM model, entropy-weighted TOPSIS, and spatial econometric analysis. Four key find-

ings emerge: (1) SEEP varies substantially across provinces (national mean: 0.575), while NQP devel-

opment remains low nationwide (mean: 0.115). (2) NQP exerts a significant positive spatial spillover on 

SEEP, benefiting both local and neighboring regions. (3) NQP enhances SEEP through four channels: 

workforce capital upgrading, industrial structure optimization, fiscal revenue growth, and enterprise in-

come improvement. (4) The NQP–SEEP nexus is significant in eastern and western China but insignifi-

cant in central regions, revealing pronounced regional heterogeneity. This conclusion provides an im-

portant factual reference for how NQP enables the improvement of SEEP in China. 

6.2 Revelations 

Based on the empirical findings—particularly the regional heterogeneity (significant only in eastern 

China) and the four transmission channels (human capital, industrial structure, fiscal revenue, and enter-

prise income)—the following differentiated and actionable recommendations are proposed: 

(1) Prioritize NQP-driven green innovation in eastern China, where the effect is significant. Eastern 

provinces should leverage their strong NQP base to lead green technological breakthroughs. Specifically, 

governments should establish provincial-level NQP innovation funds (e.g., matching 30% of enterprise 

R&D expenditure) and create green technology transfer platforms to convert NQP gains into SEEP im-

provements. 

(2) Address the “threshold effect” in central and western China, where the impact is insignificant. 

The insignificant results suggest that NQP has not yet reached the critical mass needed to improve SEEP 

in these regions. Therefore, priority should be given to building foundational NQP capacity—specifically, 

investing in vocational training programs (to upgrade workforce capital, the weakest channel) and at-

tracting NQP-related enterprises through tax incentives, rather than directly pushing for green transfor-

mation. 

(3) Exploit the spatial spillover effect through targeted interregional cooperation. Since NQP bene-

fits neighboring regions, eastern and western provinces should be incentivized to share green patents and 

clean technologies with central provinces through a cross-provincial NQP cooperation mechanism (e.g., 

joint industrial parks or technology licensing subsidies), rather than generic “regional cooperation”. 

(4) Strengthen the fiscal and enterprise channels simultaneously. The mechanism analysis shows 

that fiscal revenue and enterprise income are key mediators. Thus, local governments should tie environ-

mental performance to fiscal transfers (e.g., bonus subsidies for provinces achieving SEEP improvements) 

and reduce the tax burden on green enterprises to enhance their operating income, thereby reinforcing 

the NQP→SEEP pathway. 

6.3 Research prospect 

Current EPR academic research in China remains at the preliminary stage, focusing on concept definition, 

value accounting, and value realization mode discussion. Relevant research on NQP mainly focuses on 

connotation interpretation and level measurement, while empirical studies on NQP’s ecological effi-

ciency effect are still insufficient. This paper complements quantitative empirical evidence on how NQP 

reshapes EPR supply efficiency and clarifies multi-path action mechanisms. To deepen relevant research, 

subsequent studies will focus on the whole-chain value realization benefit of EPR driven by NQP, and 

explore differentiated value transformation modes under diverse regional scenarios. 
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