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Marketization of Data Factors, Patent Pledge, and Inclusive Green Growth: A

Machine Learning—Based Causal Inference
Jia Hongwen, Ye Zhiwei, Wu Jiale

Abstract: As a new type of production factor, the importance of data elements is becoming increasingly prominent,
serving as a powerful engine for promoting regional inclusive green growth. By constructing a panel dataset of 281
prefecture-level cities from 2011 to 2022 and employing causal forest and double machine learning models, this
study delves into the impact of data factor marketization on urban inclusive green growth, as well as the specific
mediating mechanism of patent pledge. The findings reveal that: The marketization of data factors has a significant
positive effect on urban inclusive green growth, with the degree of impact exhibiting heterogeneity across different
cities; The marketization of data factors can effectively expand the scale of urban patent pledges; Patent pledge
plays a crucial bridging role in the process by which data factor marketization promotes inclusive green growth.
Based on these findings, this paper proposes policy recommendations such as fostering a healthy development
ecosystem for the data factor market, promoting cross—regional data collaboration, and optimizing the environment
for the data factor market to facilitate patent pledge development.

Key words: marketization of data factors; patent pledge; inclusive green growth; causal forest; machine learning
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*3 TEMHERMESIT
AT A4 FR TR A A PrifE2E e/ ME I SPN ]
i ik PR AR TR i cl 360 2.066 1.848 0.143 8.813
AN ey KT DI 360 0.150 0.117 0.026 0.862
T An SO ARG InGRE 360 7.397 1.373 2.708 10.473
L R IEKT InPGDP 360 10.868 0.461 9.682 12.155
Pl ZE IS 360 0.405 0.081 0.160 0.620
e AR WAL K UL 360 0.601 0.121 0.350 0.896
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p_[] > TgH:iIEﬁH? (Moran's 1=0.3681 and P-value=0.0040)
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A IEAE , 2 I FR [ 454 (IX T ) AR HE il 56 5 A7 78 1 VI 1 2 3 i
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(Moran's 1=0.3951 and P-value=0.0030)
F4 mHBEENEREZIEH ] .
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2015 0.355 0.116 3.360 0.001 !
2016 0.357 0.116 3.370 0.001 Al ' ; ; ,
2017 0.359 0.116 3.402 0.001 K ° ) 2 :
2018 0.365 0.115 3.484 0.000 (1)2022 Eﬁﬁ:ﬁ?ﬁﬁ(?ﬁg E@%éﬁﬁlﬁ\ ]
2019 0.363 0.114 3.483 0.000
2020 0.368 0.114 3.522 0.000 E1 2011 %.2022 FBHAHREHR=HRE
2021 0.370 0.114 3.560 0.000 (=) R e e k3
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®5 ZTETERBUBER

etk Gt Pl
LM-error 16.586 0.000
Robust-LM-error 1.203 0.273
LM-lag 36.749 0.000
Robust-LM-lag 21.365 0.000
LR-spatial-error 34.63 0.000
LR-spatial-lag 43.27 0.000
Wald-spatial—error 34.72 0.000
Wald-spatial-lag 46.14 0.000
Hausman 114.14 0.000
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#6 ZTEMERBOILER
skt (1) (2) (3) (4)
RE FE FE FE
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sigma2_e | 0.046%%% | 0.042%%% | 1,039%k% | (.04]%%k
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IS ~3.430%% -2.895 -6.325%
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DX RO A AR A, H R At 2 Or i 15 Bk
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Research on the Spatial Spillover Effects of Digital-Intelligent Development on

China’s Carbon Emissions
He Qizhi, Wu Huifang

Abstract: Low—carbon development serves as a crucial engine for promoting high—quality economic growth, while
digital—intelligent transformation provides key momentum for carbon emission reduction. Based on panel data from
30 provinces (autonomous regions and municipalities, excluding Tibet, Hong Kong, Macao, and Taiwan) in China from
2011 to 2022, this study employs a spatial Durbin model to systematically analyze the impact of digital-intelligent
development on carbon emission intensity and its spatial spillover effects. The findings indicate that: Digital-intelligent
development exerts an inverted U-shaped nonlinear effect on carbon emission intensity, initially increasing and
subsequently decreasing it; There is a significant negative spatial spillover effect of digital—intelligent development
across regions, meaning that in the long run, the digital-intelligent advancement of one region may lead to a notable
rise in carbon emission intensity in neighboring areas; Mechanism analysis reveals that digital-intelligent
development can achieve carbon reduction through green technology innovation; Furthermore, influenced by
differences in geographical conditions and economic development levels, the inverted U—shaped relationship between
digital-intelligent development and carbon emission intensity is more pronounced in the eastern and northeastern
regions, as well as in more economically developed areas.

Key words: digital-intelligent development; carbon emissions; green technology innovation; spatial spillover effect
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Abstract: Balancing economic, social, and ecological development while harmonizing efficiency and quality is
crucial for sustainable progress. Based on this premise, this study constructs a comprehensive evaluation index
system for eco—efficiency and ecological environment quality. Using the undesirable—output super—efficiency EBM
model and a multi-level entropy weight method, we measure the eco—efficiency and ecological environment quality
of 30 Chinese provinces (excluding Tibet, Hong Kong, Macao, and Taiwan) from 2011 to 2020. A neighborhood-based
three—way decision model is then applied to analyze inter—provincial disparities. The findings reveal that: (1) China’s
comprehensive eco—efficiency level reached 77% of the DEA optimal frontier during 2011-2020, indicating
significant room for improvement under current resource inputs, with notable variations across provinces; (2) The
composite score of China’s ecological environment quality fluctuated slightly around 0.35 during the same period,
with clear demarcations observed among provinces; (3) Based on the three—way decision model’ s differentiation
analysis, the 30 provinces are categorized into five distinct types, highlighting issues of imbalanced and insufficient
development.

Key words: eco—efficiency; ecological environment quality; data envelopment analysis (DEA); multi-level entropy

weight method; three—way decision model
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STATISTICAL THEORY
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BEETT ORTEIX) | 20144F | 20154F | 20164F | 20174F | 20184F | 20194F | 20204F | 2021 4F | 20224F | 2023 4F B
HM 0.75 0.73 0.73 0.74 0.77 0.69 0.77 0.78 0.73 0.71 0.74
Frdt 0.28 0.29 0.25 0.24 0.32 0.28 0.29 0.27 0.27 0.28 0.28
% 0.34 0.31 0.33 0.33 0.36 0.41 0.46 0.40 0.38 0.40 0.37
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55— A S XUSR , B IR RS RE FEFEVE N EE BB
BEELS , HoAh A EE TR =R FRRE 2 A 11
FETT A MR T 416 (0.37) , R B S0 A%t —ih
5 G FRFIE

WaBR0 ME R B0 B A Bk s A
X3 B A S B R R O BRI L T
U, B A S B B S fF P A B R RE
FBAE B S M BRI, L SR S CE T
B, IR BT , 228 B WA R 4540, B
6% B B b, F 155 R 044, SR G HRIR 2 B
(0.43) . #:75(0.36) . ¥ 1¥5(0.26) . #:4:(0.25) , %4t . #
Y S KT SR A Y | TR RS R TR AR 1 % R K 42
o AL TR N R R 25 5 R K X, U
(0.61) 542 BH(0.36) 2213k 0.25, KM (0.74) 5-F- Tl
(0.27) 223K 0.47 , 15 7K -4 X {19 W5 386 107 K T3 H
BN

(=) & b KT R E 5

HRAE 2014—2023 A28 Ik & Al & & K- ff
Python B/ HEAT SR 28 00T , G5 SR IR 3 s . 4l
SR STV S PN R O 1 P A\ 1 P Y
Mras Rl IE R, 28 A 8 B #ETA KT 0.35, 1

- 38 - 2025 55 4 H (55 552 #)

FARIKEHIX 5 245434 F 0.35—0.50 2 1] (1 Hr 45 K
EHLIX AT T AR EETT . S A RHIE L, 2R S
Al kR B R LR R 557 R ST
2246 Ry , A BRIk S G kR KR & TR
A FEE B SR R R I R TR KR TR T
DISBI A RO O R A O X 78R JRIERIESAE |, &
IR IR 225 Tl FERHECAT I B KP4 i 3T
TRACEHL X 2 Rl KT, 3R & o5t i i .
BRI PR HIN DU B RE 24 se R, 10
SRR LR LR FETE TS 5 180 SE TR RSB 4R T AL, DA
TRACEB AT, o H R 2019 45 5 A B k3 5 R
VFE BT S Wi sh &R, R JRKSEAH BB 8, HE4
EIR R .
®3 BEAET(TER)HIMELZEKER

BEROMER
W e T BT R
AT (340 M Ve R
(el FEE B S 5
/i N2 AN
PERFRX(T ) R =
S 5 TSP
N3 N
AFRE (1) W SEDE W




M. rmEERKENREBZERS T

(— )3 % B R R Bk 25

Dagum & J& 22 B0 8 FL o0 it i 103 45 2R an 3k 4
JNo 2014—2023 4E 42 HE e REUE IR BT [
P10 L TR T 27.62% , £ WA T ORTE
X)) Z M I & il & KOV 22 5 VR BAEE /N, X

RuxR | AERLER

SR K RIS T — s, FE e R AW AR fE AT 4y
J = AN B 5B — B BE(2014—2016 4F ) KB R FUN
W T % 5 &5 — B BE (2016—2017 4F ) 38 2% g -
Tt , ik £ 0.05607, K 10 4 8] d5 = a5 55 = B B
(2017—2023 4 ) KL J¢ ZREE T fa#, JUHIE 2019
AR MR B

F4 2014—2023 FAEH L MG KN EEER AR IHER

hEfy Dagum ApE | o | e | R RDRR ) RS
PIES Tk (%) | HERE(%) | kR (%)
2014 0.05481 0.03622 0.01520 0.00340 66.07 27.72 6.20
2015 0.05457 0.03596 0.01653 0.00207 65.91 30.30 3.80
2016 0.05317 0.03439 0.01673 0.00205 64.67 31.47 3.86
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STATISTICAL THEORY

AND PRACTICE ‘ X% &
#5 2014—2023 F&ZXIFAY Dagum & B RE K ek =
X 45, 20144F | 20154 | 20164F | 20174F | 20184 | 20194F | 20204 | 20214F | 20224F | 20234
B 0.08366 | 0.10148 | 0.08734 | 0.08691 | 0.07421 | 0.02952 | 0.06598 | 0.04919 | 0.06109 | 0.04965
Tk (%) 4.11 5.36 4.63 4.19 4.42 2.44 3.56 2.74 3.59 3.56
] 0.04573 | 0.04861 | 0.00549 | 0.01021 | 0.02152 | 0.06314 | 0.06186 | 0.04063 | 0.04768 | 0.00299
TIHREE (%) 1.64 1.61 0.19 0.33 0.72 3.13 2.40 1.53 1.94 0.14
B 0.05665 | 0.09991 | 0.04959 | 0.08884 | 0.06164 | 0.07906 | 0.04931 | 0.05909 | 0.05258 | 0.03472
TIHkE (%) 2.85 5.49 2.79 4.74 3.54 6.24 2.87 3.60 3.64 275
il 0.13613 | 0.12722 | 0.12283 | 0.13370 | 0.12261 | 0.08329 | 0.13528 | 0.12336 | 0.11788 | 0.12188
TUHkE (%) 51.19 49.10 49.32 49.15 47.83 46.82 58.56 54.71 54.25 60.60
#®rh 0.25356 | 0.25530 | 0.26383 | 0.27003 | 0.26667 | 0.18075 | 0.17981 | 0.19341 | 0.17036 | 0.15004
Uk (%) 40.21 38.43 43.06 41.59 43.50 41.38 32.62 37.42 36.58 32.95
B U]

. 40 -

1

2014—2023 A R EXFW L & ZBKFHWZZEDH=4HE

2025 FF 55 4 F (2% 552 )
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Urban-Rural Integrated Development in Henan: Level Measurement,

Distribution Dynamics, and Evolution Trends
Qiao Yufeng

Abstract: Building a new pattern of urban—rural integrated development is a crucial aspect of achieving rural
revitalization and high—quality development. Based on panel data from 18 cities (demonstration zones) in Henan
Province from 2014 to 2023, this study employs the entropy weight method to measure the level of urban—rural
integrated development. Additionally, it systematically examines the spatiotemporal dynamic evolution characteristics
and mechanisms of urban—rural integrated development in Henan using the Dagum Gini coefficient, kernel density
estimation, spatial autocorrelation analysis, and Markov chains. The results indicate that the overall level of
urban—rural integrated development in the province has steadily improved, with regional disparities showing a
narrowing trend. Internal regional differences are the primary cause of imbalance. The spatial distribution across the
province is distinct, presenting a pattern of "higher in the north and lower in the south, stronger in the center and
weaker in the east." Moreover, a significant positive spatial autocorrelation exists, though its effect is gradually
weakening. The dynamic evolution of urban—rural integrated development in the province exhibits path dependence
and spatial spillover effects, with state transitions showing a lock—in effect. Low—level leaps require transitioning
through medium levels, and spatial proximity effects are evident. High—level neighbors generate positive spillovers,
facilitating upward transitions, while low-level neighbors produce negative spillovers, exacerbating low—level
lock—ins. The study recommends implementing a regionally differentiated and coordinated development strategy,
focusing on internal balance in northern and central Henan, and addressing the "spatial poverty traps" in southern
and eastern Henan. It also suggests enhancing the radiating capacity of Zhengzhou as a core city and leveraging
spatial connectivity to promote balanced urban—rural integrated development across the province.
Key words: urban-rural integration; regional disparities; Henan; Markov chains
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Mechanism and Pathway of Producer Services Empowering High—Quality

Development of the Low—Altitude Economy

Hao Aimin, Jia Mingqian
Abstract: As a representative form of new—quality productive forces, the low-altitude economy is transforming
economic activities from “two—dimensional” to “three—dimensional,” emerging as a new driver of high—quality
economic development in China. Building on a systematic theoretical analysis of how producer services empower the
high—quality development of the low—altitude economy, this study employs provincial panel data from 2011 to 2022
to empirically examine the enabling mechanisms. The findings reveal that: Producer services significantly empower
the high—quality development of the low—altitude economy; Heterogeneity analysis indicates regional disparities in
this effect, with a more pronounced impact in western China; Further analysis demonstrates that human capital plays
a positive moderating role in the relationship between producer services and the high—quality development of the
low—altitude economy.

Key words: low-altitude economy; producer services; high—quality development; human capital
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Decomposition of Driving Factors and Decoupling Status of Carbon Emissions

in the Iron and Steel Industry in the Beijing—Tianjin—Hebei Region
Liv Jing, Zheng Wenjing, Zhang Yanan, Shao Bo

Abstract: The proposal of the “dual carbon” goals has charted a course for the green and low—carbon development
of the iron and steel industry, while imposing new requirements for carbon emission reduction in high—carbon
sectors. Based on the time—varying parameter C—D production function LMDI decomposition method and the Tapio
decoupling model, this study investigates the evolutionary trends of carbon emission driving factors and the
decoupling status between carbon emissions and industrial added value in the Beijing—Tianjin—Hebei (BTH) iron
and steel industry from 2000 to 2021. The findings indicate that: Overall, the energy intensity effect and capital
stock effect are the most significant drivers of carbon reduction and carbon increase, respectively, in the BTH iron
and steel industry; From a phased and effect—specific perspective, there are notable differences in the cumulative
effects of various driving factors across different stages; Regarding decoupling status, the analysis period has not yet
achieved strong decoupling between carbon emissions and industrial added value. Building on these insights,
targeted policy recommendations are proposed to promote green and low—carbon development in the iron and steel
industry, thereby facilitating the realization of the “dual carbon” goals.

Key words: iron and steel industry; carbon emissions; Beijing—Tianjin—Hebei region; Tapio decoupling model
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Psychological Ownership, Residential Preferences, and Willingness to Exit
Homesteads: Evidence from 649 Rural Household Surveys in 8 Central and

Western Regions
Cao Fei, Liu Yichen

Abstract: Clarifying how to establish a homestead exit mechanism centered on reasonable constraints and
incentives is crucial for addressing the inefficient use of rural homesteads in China. Based on field survey data from
eight regions in central and western China, this study employs logistic regression and mediation effect models to
examine the impact of farmers’ psychological ownership of homesteads and residential preferences on their
willingness to exit homesteads. The empirical results reveal that: Farmers’ psychological ownership of homesteads
inhibits their willingness to exit, with stronger psychological ownership correlating with a greater tendency to retain
homesteads. Preferred residential locations and living arrangements serve as mediating variables between
psychological ownership and willingness to exit. From a policy perspective, attention should be paid to farmers’
emotional needs during the homestead exit process, with enhanced policy interpretation and education to eliminate
cognitive biases. Furthermore, differentiated management of social security systems and coordinated long—term
equilibrium in factor flows are essential measures for achieving orderly and rational homestead exits.

Key words: psychological ownership; homestead exit; residential preference; logistic regression model
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Estimation, Testing, and Inference U]Journal of Economet-

The Impact of Population Aging on Common Prosperity: A Comprehensive

Study
Yang Shengli, Zhang Mengyang, Liv Jinpan

Abstract: Population aging has become a significant factor influencing the realization of common prosperity for all
citizens. This study first establishes the theoretical relationship between population aging and common prosperity,
then employs fixed—effects regression models, threshold effect models, and mediation effect models to examine the
extent and mechanisms of population aging’s impact on the growth rate of common prosperity. The findings reveal
that: Population aging constrains the growth rate of common prosperity; The negative impact exhibits spatial
heterogeneity, being more pronounced in eastern regions compared to central and western areas, and exerting greater
influence on regions with moderate common prosperity growth rates than those with relatively slower or faster growth;
Population aging hinders common prosperity growth by affecting technological innovation and population mobility
dynamics; Public services play a moderating role with threshold effects in this relationship. Accordingly,
differentiated strategies tailored to regional aging patterns, improvements in public service systems, promotion of
technological innovation, and facilitation of population mobility channels are recommended to mitigate the effects of
population aging on common prosperity.
Key words: population aging; common prosperity; public services; technological innovation; population mobility
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