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Abstract: Given the challenges of restricted land resources and net-zero carbon city initiatives, it is
crucial to seek a balance between intensive land use and carbon neutrality during the construction of
development zones. By incorporating net-zero carbon balance into the land use efficiency evaluation
system and utilizing a quasi-natural experiment based on the 2009 provincial development zone
upgrading policy, this study investigates the policy’s impact on urban land use efficiency under
the net-zero carbon city goal. The study finds that the upgrading of provincial development zones
significantly enhances urban land use efficiency, while exhibiting the dual effects of reducing carbon
emissions and increasing carbon sinks. Mechanism analysis reveals that the upgrade policy improves
land use efficiency by enhancing land-use and environmental regulations, optimizing resource
allocation, and fostering green technological innovation. Heterogeneity analyses show that the policy
effect is more significant in eastern and central cities, with the impact being strongest in central cities.
Additionally, the impact of upgrading to a national high-tech development zone is greater than that
of upgrading to a national economic development zone. This article provides insights into how to
use industrial policies effectively to achieve intensive land use and high-quality development while
aiming for carbon neutrality.

Keywords: development zones; land use efficiency; net-zero carbon cities; carbon neutrality

1. Introduction

In September 2020, China announced for the first time its dual carbon goals of peaking
carbon emissions by 2030 and reaching carbon neutrality by 2060. At sub-global scales,
net-zero carbon emissions specifically entail balancing carbon emissions and removals
within a region’s territorial boundaries [1]. This differs from the broader concept of carbon
neutrality, which implies achieving a balance within and beyond territorial responsibil-
ities. Specific goals include reducing energy consumption, transitioning to renewable
energy sources, promoting greening initiatives, and enhancing carbon sequestration and
offsetting [2]. These efforts span various sectors, including energy, transportation, con-
struction, residential areas, and green spaces. Land management is pivotal to achieving
net-zero carbon cities. Agriculture, forestry, and other land use sectors serve dual roles
as significant sources and sinks, influenced by agricultural production, land use changes,
and forestry activities [3,4]. Urban construction’s rapid expansion into agricultural and
forested lands reduces ecological reserves and carbon sequestration, while also increasing
energy use and carbon emissions [5,6]. Development zones (DZs) benefit from specific
policy advantages in land supply and utilization, significantly facilitating rapid urban-
ization and industrialization [7]. However, redundant and excessive construction of DZs
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resulted in significant urban encroachment on carbon sinks, such as agricultural and
forested lands [8,9], as well as vacancies and low land use efficiency [10], thereby increasing
carbon emissions [11]. Therefore, it is essential to incorporate carbon budget accounting
into the land management of DZs to achieve efficient land use while emphasizing carbon
balance. However, in recent years, the transformation of DZs in China has encountered
two challenges. First, the harmonization of regional industrial policies has weakened DZs’
unique advantages in pioneering trials [12]. Second, the constraining effects of land quota
bottlenecks have become more apparent [13]. During this critical period, China’s provincial
DZs, a vital component of industrial zones, underwent a large-scale upgrade. Given the
challenges of net-zero carbon initiatives and limited land resources, can the upgrade policy
promote intensive land use and carbon neutrality, thus achieving a win–win scenario for
economic development and environmental protection? Scientifically answering this ques-
tion will provide insights for future zone construction, promoting green transformation
and high-quality development.

The upgrade policy is closely linked to China’s reform strategy and macroeconomic
changes [14]. Before 2009, most national economic development zones (EDZs) and high-
tech development zones (HTDZs) were newly established, with only 25 out of 108 upgraded
from the provincial level. From 2000 to 2009, the number of national DZs remained stable.
In 2003, China began to rectify the disorder by closing some DZs, achieving completion in
2006. In 2009, the State Council reinitiated the upgrading of provincial DZs as a response
to the 2008 financial crisis and to facilitate economic structural transformation, sparking a
wave of “upgrading fever.” Recent advancements in DZ construction have strategically
incorporated past experiences. In contrast to the establishment of early national DZs in
cities with strong economic foundations, the upgrade policy applied to all cities. Most
new national DZs were upgraded from existing provincial DZs [15]. According to the
Ministry of Commerce of the People’s Republic of China’s January 2010 Review Princi-
ples and Standards for Upgrading Provincial Development Zones to National Economic
and Technological Development Zones, only provincial DZs meeting rigorous criteria—
economic development, technological innovation, intensive conservation, environmental
protection, and social responsibility—were considered for upgrading to national status.
Key indicators for assessing land use and green development include GDP per unit of land,
land utilization rate, energy consumption, and carbon emissions per unit of GDP. This
multi-criteria approach marks a pivotal transformation, emphasizing quality over quantity
in the construction of DZs [16]. Additionally, the upgrade policy yields significant advan-
tages. Benefits include enhanced authority to approve foreign investment projects and
greater access to state support for land quotas and major projects. In 2012, the Ministry of
Finance introduced the Measures for the Administration of Fiscal Interest Discount Funds
for Infrastructure Projects in National Economic and Technological Development Zones and
National Border Economic Cooperation Zones. These measures provide national DZs with
loan interest discounts to enhance infrastructure and public utilities. Post-upgrade, prefer-
ential policies are standardized and expanded. The income tax rate for foreign-invested
enterprises in national DZs is reduced to 15%, and specific industries and new enterprises
enjoy additional tax benefits.

This study refines the land use efficiency evaluation system by incorporating the
net-zero carbon balance and examines the impact of the upgrade policy on urban land
use efficiency in the context of the net-zero carbon city goal. Methods employed include
carbon budget accounting, the global super-efficiency epsilon-based measure model, and
the staggered differences-in-differences model. The analysis uses data from 203 cities over
the period 2006–2018. We introduce contrasting hypotheses to evaluate the impact of this
significant change on urban land use efficiency. Specifically, we assess whether the alter-
ation promotes the goals of intensive land use and carbon neutrality. First, we hypothesize
that the upgrade policy enhances the urban land use efficiency under net-zero carbon city
goals (Hypothesis I). National DZs are subjected to more rigorous assessments, particularly
concerning environmental protection and land use efficiency. During construction, national
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DZs enhance pollution and emission control in production by installing real-time moni-
toring equipment and other technologies, effectively reducing energy consumption and
carbon emissions [17]. Moreover, the dynamic exit mechanism for DZs integrates intensive
land use evaluation into the overall assessment. Zones with low land use intensity receive
warnings, and some even face downgrades or revocations. Efficient land use prevents the
rapid expansion of construction areas and optimizes spatial structure, thereby enhancing
carbon sequestration and reducing emissions [18]. Second, we hypothesize that the up-
grade policy diminishes urban land use efficiency in pursuit of the net-zero carbon city
goal (Hypothesis II). Although the upgrade policy yields benefits, it also leads to some
issues. The abuse of preferential policies and the poor implementation of the intensive land
use policy exacerbate disorderly expansion, leapfrog development, and environmental
damage [10]. Furthermore, enterprises in the DZs subdivide industrial land and transfer
land use rights to others, enabling some leading industries to make high profits by reselling
property after prices increase rather than through actual production.

Early research on the economic consequences of the establishment of DZs indicates
that regions with these zones outperform others in economic scale and foreign investment
attraction [19,20]. Alder et al. [21] focus on urban economic growth and find that the estab-
lishment of DZs significantly increases urban GDP. Wang [22] focuses on FDI and export
scale, discovering that the establishment of DZs significantly boosts a city’s investment
attraction and export capacity. Notably, establishing DZs involves building from scratch,
while upgrading existing ones elevates the level of pre-existing zones. While some research
has not strictly distinguished between establishing and upgrading DZs, preliminary efforts
have been made by other studies. Chen et al. [23] distinguish between provincial and
national DZs, revealing that the industrial land use efficiency in national zones significantly
exceeds that in provincial zones. Interjurisdictional competition causes this disparity, lead-
ing to significant differences in preferential policies [24]. Conversely, national DZs feature a
higher administrative level [25], superior administrative and fiscal power [26], and stricter
assessment [27], all of which contribute to a more favorable business environment and
more substantial policy preferences. After 2009, the large-scale upgrading of provincial to
national DZs provides a unique opportunity for identification. A limited body of literature
on the upgrade policy predominantly concentrates on its economic effects. Most theoretical
analyses in these studies focus on improvements in the business environment and the
enhancement of policy incentives [28], emphasizing agglomeration and selection effects.
Hu et al. [29] consider the upgrade policy as an exogenous impact and find that it helps curb
population loss in shrinking cities. Li and Huang [30] suggest that the upgrading of HTDZs
significantly promotes urban innovation by enhancing financing channels, infrastructure,
and industrial agglomeration. According to Kong and Chai [14], the policy significantly
improves urban economic efficiency through the selection effect.

Current studies indicate that the upgrade policy significantly benefits local population
inflow, technological innovation, and economic efficiency. These elements are essential in
influencing urban land use efficiency and net carbon emissions [31,32]. Regrettably, further
exploration is lacking. In fact, provincial DZs were predominantly established to cater
to interjurisdictional competition, prioritizing investment and economic expansion [33].
Poor governance, along with the abuse of industrial policies and administrative authority,
are key factors in various urban land use issues [34,35], such as loss of arable land [36],
uncoordinated urban sprawl [37], high carbon emission intensity [38], and environmental
pollution [39]. Following the upgrading of provincial DZs, zones face more stringent
assessments in land use and environmental protection. In 2014, the State Council issued
the Opinions on Promoting the Transition, Upgrading, and Innovative Development of
National Economic and Technology Development Zones, which specifically emphasized
green low-carbon circular development and intensive land use as critical assessment
criteria. The Assessment Methods for the Comprehensive Development Level of National
Economic and Technological Development Zones issued by the Ministry of Commerce in
2016 more clearly list land use efficiency, energy efficiency, and pollutant emission intensity
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as assessment indicators for national DZs. However, existing literature on the relationship
between DZs and land use [10], air pollution [40], and carbon emissions [41] is scarce and
largely limited to zone establishment.

While the existing literature yields significant findings, several shortcomings emerge:
First, prior research primarily focuses on the economic effects of the upgrade policy, ne-
glecting potential environmental consequences. Second, the insufficient differentiation
between establishing and upgrading DZs may lead to selection bias. Third, the integration
of carbon balance into urban land use efficiency measurement remains underexplored.
Fourth, existing studies primarily emphasize theoretical analyses of the business envi-
ronment and preferential policies, overlooking other potential mechanisms. Overall, this
study makes the following three contributions: First, this study explores the environmental
effects of the upgrade policy within the dual constraints of land resources and carbon
neutrality. This identification delineates the preconditions for carbon neutrality via in-
dustrial policies. It also avoids potential sample selection biases caused by not strictly
distinguishing between establishing and upgrading DZs, thereby clarifying the policy’s
net effect. Second, through carbon budget accounting, this study integrates carbon balance
into urban land use efficiency measurement. This integration is essential to meet the global
demand for sustainable land use, aligning with the goals of achieving carbon peak and
neutrality, thus supporting a net-zero transition and high-quality development. Third, this
study investigates three impact mechanisms stemming from changes in assessment and
authority: land-use and environmental regulations, resource allocation optimization, and
green technological innovation, thus enriching the current body of literature.

The study’s structure is as follows: the remainder of the first section discusses the
research background and theoretical mechanisms; the second section describes the materials
and methods; the third section presents the research results; the fourth section provides the
discussion; and the final section concludes with policy implications.

2. Research Background and Theoretical Mechanisms
2.1. The Upgrade Policy and High-Quality Transformation in DZ Construction

In 2009, the State Council of the People’s Republic of China reinitiated the upgrad-
ing of provincial DZs. Figure 1 shows the specific spatial distribution of upgraded DZs
in China. China’s upgrade policy has led to higher administrative levels, decentralized
administrative and fiscal powers, increased national support, and more stringent indicator
assessments within DZs. Specifically, these enhanced assessments and the dynamic exit
mechanism have been instrumental in driving the high-quality transformation in these
upgraded zones. Provincial DZs in China are typically established in response to inter-
jurisdictional competition, prioritizing investment and growth while often neglecting land
resource constraints and environmental protection [42]. In contrast, national DZs face strin-
gent assessments that encompass economic progress, technological innovation, intensive
conservation, environmental protection, and social responsibility. Also, the dynamic exit
mechanism addresses the issue of inadequate incentives for local officials [43]. Furthermore,
independent fiscal accounting and elevated administrative levels mitigate the interference
of local governments [44]. As a result, the management committee of upgraded DZs prior-
itizes providing limited land and policy preferences to high-tech and high-value-added
enterprises to meet assessment requirements.

Effective administrative management, strengthened preferential policies, prioritized
land supply, and strong financial support—enabled by higher administrative levels, de-
centralized administrative and fiscal powers, and increased national support—have made
China’s upgraded provincial DZs more effective at attracting high-quality investment. In
certain economic management areas, the central government grants provincial and munici-
pal authority to national DZs at a higher level than provincial DZs. Regarding preferential
policies, provincial DZs are not directly managed by the central government, resulting
in no significant differences in preferential policies within and outside these zones [23].
Conversely, national DZs, managed by China’s central government, uniformly reduce the
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income tax rate for foreign-invested enterprises to 15% and extend specific tax preferences
to certain industries and new enterprises. When arranging annual land use plans, provin-
cial governments prioritize the land needs of national zones. Regarding financial support,
national HTDZs can issue long-term bonds through banks to support high-tech industries
and establish venture capital funds for high-risk high-tech products. More mature national
HTDZs may also establish venture capital companies. In contrast, provincial DZs lack these
policies and rely primarily on coordinated and assisted financial support [15]. Moreover,
the People’s Republic of China Ministry of Commerce strengthened infrastructure support
for upgraded DZs through loan interest subsidy policies. Ultimately, these facilitated the
high-quality transformation of upgraded DZs.
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2.2. Theoretical Mechanisms

To align urban land use efficiency with the net-zero carbon city goal, it is essential to
harmonize economic growth with sustainable land use and net-zero carbon emissions. This
efficiency involves inputs like land, capital, and labor, and outputs such as economic and
social benefits, along with the reduction of net carbon emissions. Net carbon emissions
serve as a crucial indicator of carbon neutrality in a net-zero carbon city, where equivalent
carbon removals offset emissions. We present a theoretical framework for land use efficiency
aimed at fostering net-zero carbon cities (see Figure 2). This framework treats GDP and net
carbon emissions as desired and undesirable outputs, respectively, and considers built-up
area, capital stock, and employment numbers as inputs. The emphasis here is on land use
within the net-zero carbon city context, excluding other environmental pollutants. Building
on the above framework, we propose three important mechanisms by which the upgrade
policy can promote urban land use efficiency, emphasizing carbon balance.

Land 2024, 13, x FOR PEER REVIEW 6 of 23 
 

 
Figure 2. Theoretical framework for land use efficiency under the net-zero carbon city goal. 

First, by strengthening land-use and environmental regulations, the upgrade policy 
increases land use intensity, improves carbon sinks, and reduces emissions. Provincial 
DZs upgraded to the national level are then subjected to more rigorous assessments. These 
assessments include land use efficiency and environmental protection indicators such as 
GDP per unit of land, land use intensity, and energy consumption per unit of GDP. Mod-
ern technologies, such as remote sensing, enhance land change monitoring during the 
construction of national DZs [45]. Meanwhile, the installation of real-time environmental 
monitoring equipment strengthens both source and terminal controls [46]. Beyond en-
hancing assessment indicators and monitoring, independent fiscal accounting, elevated 
administrative levels, and dynamic exit mechanisms further improve the assessment pro-
cess’s effectiveness by reducing local intervention and strengthening official incentives. 
Strengthened assessments effectively promote efficient land use and reduce energy con-
sumption intensity. Land use changes significantly influence the carbon cycle within ter-
restrial ecosystems, potentially serving as both carbon sources and sinks [47]. Efficient 
land use curbs the rapid expansion of construction areas and optimizes the spatial struc-
ture of land use, enhancing the carbon sequestration capacity of ecological land and re-
ducing carbon emissions from construction land. Moreover, given China’s coal-centric en-
ergy structure [48], reduced energy consumption intensity significantly decreases the re-
liance on fossil fuels like coal, thereby reducing carbon emission intensity.  

Second, the upgrade policy optimizes resource allocation to achieve synergistic ef-
fects, reducing carbon emissions and fostering intensive land use. Resource misallocation 
significantly contributes to China’s low land use intensity and high carbon emission in-
tensity [49,50]. This is caused by market imperfections, institutional defects or obstacles, 
as well as improper administrative intervention or policy distortion [51]. After upgrading 
DZs, the enhancement of the administrative level effectively reduces local government 
interference, thereby alleviating resource misallocation. Furthermore, management com-
mittees, possessing information advantages, support key industries that align with local 
comparative advantages. The decentralization of administrative and fiscal powers gives 
these committees greater authority to create and enforce industrial policies, thereby min-
imizing resource misallocation through the selection effect. Moreover, administrative ap-
proval reform can effectively lower institutional costs, reduce factor mismatches within 
and between enterprises, and optimize resource allocation. Alleviating land misallocation 
can effectively curb the overdevelopment of enterprises with low land use intensity [52], 
thereby promoting structural optimization and land use intensity. Addressing capital mis-
allocation can bridge the funding gap for enterprises to acquire green technology licenses 
and upgrade equipment [53], thereby optimizing the factor input structure and reducing 
carbon emission intensity. Consequently, the improvement in resource allocation due to 
the upgrade policy can effectively promote intensive land use and reduce carbon emis-
sions. 

Figure 2. Theoretical framework for land use efficiency under the net-zero carbon city goal.



Land 2024, 13, 1245 6 of 22

First, by strengthening land-use and environmental regulations, the upgrade policy
increases land use intensity, improves carbon sinks, and reduces emissions. Provincial DZs
upgraded to the national level are then subjected to more rigorous assessments. These as-
sessments include land use efficiency and environmental protection indicators such as GDP
per unit of land, land use intensity, and energy consumption per unit of GDP. Modern tech-
nologies, such as remote sensing, enhance land change monitoring during the construction
of national DZs [45]. Meanwhile, the installation of real-time environmental monitoring
equipment strengthens both source and terminal controls [46]. Beyond enhancing assess-
ment indicators and monitoring, independent fiscal accounting, elevated administrative
levels, and dynamic exit mechanisms further improve the assessment process’s effective-
ness by reducing local intervention and strengthening official incentives. Strengthened
assessments effectively promote efficient land use and reduce energy consumption intensity.
Land use changes significantly influence the carbon cycle within terrestrial ecosystems,
potentially serving as both carbon sources and sinks [47]. Efficient land use curbs the rapid
expansion of construction areas and optimizes the spatial structure of land use, enhancing
the carbon sequestration capacity of ecological land and reducing carbon emissions from
construction land. Moreover, given China’s coal-centric energy structure [48], reduced
energy consumption intensity significantly decreases the reliance on fossil fuels like coal,
thereby reducing carbon emission intensity.

Second, the upgrade policy optimizes resource allocation to achieve synergistic ef-
fects, reducing carbon emissions and fostering intensive land use. Resource misalloca-
tion significantly contributes to China’s low land use intensity and high carbon emission
intensity [49,50]. This is caused by market imperfections, institutional defects or obstacles,
as well as improper administrative intervention or policy distortion [51]. After upgrading
DZs, the enhancement of the administrative level effectively reduces local government
interference, thereby alleviating resource misallocation. Furthermore, management com-
mittees, possessing information advantages, support key industries that align with local
comparative advantages. The decentralization of administrative and fiscal powers gives
these committees greater authority to create and enforce industrial policies, thereby min-
imizing resource misallocation through the selection effect. Moreover, administrative
approval reform can effectively lower institutional costs, reduce factor mismatches within
and between enterprises, and optimize resource allocation. Alleviating land misallocation
can effectively curb the overdevelopment of enterprises with low land use intensity [52],
thereby promoting structural optimization and land use intensity. Addressing capital mis-
allocation can bridge the funding gap for enterprises to acquire green technology licenses
and upgrade equipment [53], thereby optimizing the factor input structure and reducing
carbon emission intensity. Consequently, the improvement in resource allocation due to the
upgrade policy can effectively promote intensive land use and reduce carbon emissions.

Third, the upgrade policy fosters green technological innovation, thereby enhancing
land use efficiency with a focus on carbon balance. Technological innovation is a core task
of national DZs, particularly HTDZs, and is a crucial assessment indicator for upgraded
DZs. Given resource constraints, management committees tend to support enterprises
with strong innovation capabilities to meet these assessment requirements. This approach
creates a virtuous cycle of “government subsidies—enterprise innovation—government
incentives” through the selection effect. Also, due to high environmental costs, polluting
enterprises find it imperative to promote green technological innovation to achieve sus-
tainable development and lower environmental pollution control costs [54]. Meanwhile,
optimized resource allocation minimizes the mismatch of innovation factors, enhancing
innovation efficiency [55]. Streamlined administrative approval processes also reduce
institutional transaction costs and encourage green technological innovation. Green tech-
nological innovation, as a central strategy for improving energy efficiency and reducing
carbon emissions, can significantly enhance land use efficiency in pursuit of the net-zero
carbon city goal.
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3. Materials and Methods
3.1. Sample Selection and Data Description

Given that China completed the cleanup and rectification of provincial DZs in 2006,
and considering the lack of certain statistical data, this study defines the research period as
2006–2018. Figure 3 shows the number of upgraded provincial DZs from 2009 to 2021. To
avoid potential bias from not distinguishing between establishing and upgrading DZs, this
study excludes cities with national EDZs or HTDZs established before 2009. Furthermore,
cities without provincial EDZs or HTDZs established before 2009, as well as all autonomous
prefectures, are excluded. This process yielded 203 cities, with 126 in the treatment group
having upgraded DZs and 77 in the control group.
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Figure 3. Number of upgraded DZs from 2009 to 2021.

Data regarding DZs are sourced from the 2006 and 2018 editions of the China De-
velopment Zone Audit Announcement Catalogue. Provincial carbon emission data used
in calculating net carbon emissions come from the China Energy Statistical Yearbook
(2007–2019). Night light data (DMSP/OLS and NPP/VIIRS) are provided by the Earth Ob-
servation Group, and net primary productivity data are from NASA’s MODIS net primary
productivity product (MOD17A3). Other land use efficiency data and control variables
are derived from the China City Statistical Yearbook (2007–2019). Data on land transfer
transactions are sourced from a detailed parcel-level database available on the Chinese
land market website (http://www.landchina.com, accessed on 17 April 2024), supported
by the Ministry of Land and Resources. The environmental administrative penalty data
are from the Institute of Public and Environmental Affairs. The patent data are from the
Chinese Research Data Services Platform. Capital stock is calculated using the perpetual
inventory method. All price-based indicators are deflated to actual values, with 2006 as the
base period. Missing values are filled in using linear interpolation.

3.2. Variable Settings
3.2.1. Dependent Variable

The urban land use efficiency (ULUE) is measured using the global super-efficiency
epsilon-based measure model. The setting of returns to scale is variable returns to scale
(VRS). Table 1 shows the variable descriptions of inputs and outputs. Section 3.3.1 shows
the detailed calculation process for net carbon emissions.

Table 1. Evaluation index system of urban land use efficiency.

Layer of Criteria Layer of Factors Layer of Indicators Unit

inputs
labor number of employees in the primary, secondary, and tertiary 104 persons
land area of built districts km2

capital capital stock 108 CNY

outputs
desirable output GDP 108 CNY

undesirable output net carbon emissions million tones (mt)

http://www.landchina.com
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3.2.2. Independent Variable

For cities with provincial DZs upgraded to national-level, the variable value of the DZ
upgrading (UPDZ) is 1 for the current and subsequent years; otherwise, it is 0.

3.2.3. Control Variables

The control variables include economic development (Pgdp), government intervention (Gov),
financial development (Fin), industrial structure (Indus), foreign direct investment (Fdi),
and the number of provincial DZs (Num). Table 2 shows the specific definitions of control
variables. Table A1 in Appendix A shows the descriptive statistics of all variables.

Table 2. Description of control variables.

Variable Definition Code Unit

economic development natural logarithm of GDP per capita Pgdp -
government intervention (local fiscal expenditure)/regional GDP Gov %

financial development deposits and loans of financial institutions/regional GDP Fin %
industrial structure secondary and tertiary industry added value/regional GDP Indus %

foreign direct investment number of foreign-invested enterprises/number of industrial enterprises Fdi %
number of provincial DZs natural logarithm of number of provincial DZs Num -

3.3. Methods
3.3.1. Carbon Budget Accounting

Carbon budget accounting requires accurate measurement of carbon emissions and
sinks. Carbon sinks are assessed through the net primary productivity method, which cal-
culates the net organic matter produced by vegetation, subtracting plant respiration, over a
specific period and area [56,57]. Vegetation sequesters atmospheric CO2, producing glucose
via photosynthesis and releasing oxygen, as depicted by the following chemical equation:

6CO2 + 6H2O → C6H12O6 + 6O2. (1)

This indicates that 1.62 g of CO2 are sequestered for every gram of dry biomass pro-
duced, with this biomass constituting approximately 45% of total net primary productivity
(NPP). Thus, the formula for calculating vegetation carbon sinks, CS, is

CS = (NPP/0.45)× 1.62. (2)

Carbon emissions (CE) are estimated using the PSO-BP algorithm, integrating DMSP/OLS
and NPP/VIIRS nighttime light data with provincial carbon emission statistics [57]. Initially,
a correlation between provincial carbon emissions and nighttime light intensity, represented
by the sum of DN values, is established. Urban carbon emissions are inferred from these
DN values using a weighted average. Provincial carbon emissions are calculated according
to Intergovernmental Panel on Climate Change guidelines, using energy consumption data
from energy balance sheets [58].

Therefore, the net carbon emissions, NCE, is

NCE = CE − CS. (3)

3.3.2. Global Super-Efficiency Epsilon-Based Measure Model

Data Envelopment Analysis is a critical tool for efficiency evaluation, encompass-
ing radial and non-radial models. Radial models assume proportional reductions across
all elements, an assumption often misaligned with real-world economic scenarios. Con-
versely, non-radial models, such as the slacks-based measure model, circumvent this
proportionality but can lose original information. A significant innovation by Tone and
Tsutsui [59] introduced the epsilon-based measure model, integrating both radial and
non-radial models, thereby capturing the full spectrum of information. Additionally, to
rank decision-making units (DMUs) with an efficiency score of 1 and compare land use
efficiency over different periods, super efficiency is essential. Building on the studies by
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Zhang et al. [60] and Wang et al. [61], and considering cities as DMUs, we construct the
global technology production possibility set as follows: for DMUi, with m input types de-
noted as xi = (xi1,xi2,. . .xim), producing s desirable outputs represented by yi = (yi1,yi2,. . .yis),
and p undesirable outputs, indicated by bi = (bi1,bi2,. . .bim). The resulting production possi-
bility set, reflecting land use efficiency, is defined accordingly:

P =


(

x, y, b
)∣∣∣∑T

t=1 ∑n
j=1,j ̸=0 xt

jγ
t
j ≤ xt;

∑T
t=1 ∑n

j=1,j ̸=0 bt
jγ

t
j ≤ bt;

∑T
t=1 ∑n

j=1,j ̸=0 yt
jγ

t
j ≥ yt

∑T
t=1 ∑n

j=1,j ̸=0 γt
j = 1; γ ≥ 0

. (4)

Let
(

x, y, b,
)

represent the optimal solution of the model, with γ as the weight variable.
The global super-efficiency epsilon-based measure model is expressed as follows:

K∗ = min
θ,φ,γ,s− ,s+

θ + εx∑m
i=1

w−
i s−i
xio

φ − εy∑s
r=1

w+
r s+r
yro

− εb∑
p
q=1

wb−
q sb−

q
bqo

(5)



∑T
t=1 ∑n

j=1,j ̸=0 xt
ijγ

t
j − s−i ≤ θxio, i = 1, . . . , m

∑T
t=1 ∑n

j=1,j ̸=0 yt
rjγ

t
j + s+r ≥ φyro, r = 1, . . . , s

∑T
t=1 ∑n

j=1,j ̸=0 bt
qjγ

t
j − sb−

q ≤ bqo, q = 1, . . . , p

∑T
t=1 ∑n

j=1,j ̸=0 γt
j = 1

γ ≥ 0, s−i ≥ 0, s+r ≥ 0, sb−
q ≥ 0.

(6)

K* represents the optimal efficiency within the epsilon-based measure model. The
nonnegative slack variables si, s+r , and sb

q correspond to the relaxation of the input factor,
desirable output factor, and undesirable output factor, respectively. Similarly, the weights
wi, w+

r , and wq are associated with the input factor, desirable output factor, and undesirable
output factor, respectively. The planning parameters for the radial component are denoted
as θ and φ. The parameter ε, ranging from 0 to 1, is crucial in determining the balance
between radial and non-radial relaxations. When ε = 0, the epsilon-based measure model
aligns with the CCR model, while an ε value of 1 equates the epsilon-based measure model
to the slacks-based measure model.

3.3.3. Staggered Differences-in-Differences Model

Traditional differences-in-differences models typically feature a single policy impact
year. In contrast, the upgrade policy examined here spans from 2009 to 2018, requiring a
staggered differences-in-differences method to accommodate inconsistent policy impact
times. This method is less prone to confounding influences, given the minimal likelihood
that unobserved factors and policy impacts share the same distribution annually. Therefore,
this study employs the staggered differences-in-differences method to analyze the effects of
phased provincial DZ upgrades on urban land use efficiency in the context of the net-zero
carbon city goal. The baseline regression model is specified as follows:

ULUEit = α + βUPDZit + λXit + γt + µi + εit. (7)

Here, ULUEit stands for urban land use efficiency of city i in year t; UPDZit is a dummy
variable indicating whether city i had its provincial DZ upgraded to a national-level DZ in
year t; Xit comprises control variables that impact land use efficiency at the city level; µi is
the city fixed effect; γt is the time fixed effect; and εit is the random error term.
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4. Results
4.1. Stylized Facts of Urban Net Carbon Emissions and Land Use Efficiency
4.1.1. Stylized Facts of Urban Net Carbon Emissions

Figure 4 shows that the average net carbon emissions in Chinese cities rose from
−8.80 mt in 2006 to 8.20 mt in 2020, with the growth rate slowing after 2011, indicating
effective energy conservation and emission reduction efforts. This achievement can be
linked to the 12th five-year plan on National Economic and Social Development of the
Peoples Republic of China (2011–2015), which first mandated the reduction of carbon
emission intensity as a binding target within national economic and social development
plans. Analysis by group reveals that, since 2011, cities with DZs upgraded experienced a
significantly slower increase in average net carbon emissions compared to those without
DZs upgraded. Since 2010 marked a period of intensive DZ upgrades (see Figure 3),
this trend likely indicates the emission reduction and sink enhancement effects of the
upgrade policy. However, further empirical tests are needed, which will be further verified
in Section 4.4. Additionally, trends in cities with EDZs and HTDZs upgraded are similar,
warranting further heterogeneity testing.
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4.1.2. Stylized Facts of Urban Land Use Efficiency

As shown in Figure 5, the average land use efficiency in Chinese cities from 2006 to 2020
exhibits a clear U-shaped trend. The land use efficiency declined between 2006 and 2013
then gradually recovered. Group analysis shows that since 2013, there has been a significant
difference in the upward trend of land use efficiency between cities with DZs upgraded
and those without. The average land use efficiency in cities with DZs upgraded increased
significantly after 2013, while the average land use efficiency in cities without DZs upgraded
rose more slowly. This provides preliminary evidence that the upgrade policy can improve
urban land use efficiency. However, we need additional empirical tests, which we will
further verify in Section 4.2. Further comparisons show that upgrading to national HTDZs
has a more pronounced policy effect than upgrading to national EDZs. The land use
efficiency improvement of HTDZs after 2013 is more significant, indicating a stronger effect
on promoting land use efficiency. Section 4.6 further verifies this.
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4.2. Benchmark Results

Table 3 presents the impact of the upgrade policy on urban land use efficiency. Without
control variables, the impact of DZ upgrading on urban land use efficiency is 0.053, which
is significant at the 5% level. Including control variables results in a significant 1% impact
of DZ upgrading on urban land use efficiency of 0.047. These findings indicate that
the upgrade policy significantly enhances urban land use efficiency, aligning with the
characteristic fact in Section 4.1.2. Hypothesis I has been preliminarily validated. The
inclusion of control variables enhances the coefficient’s significance, suggesting robustness
in the results. Further robustness tests, as detailed in Section 4.3, are necessary.

Table 3. The upgrade policy and urban land use efficiency.

ULUE

(1) (2)

UPDZ 0.053 **
(0.024)

0.047 ***
(0.011)

control variables no yes
constant term yes yes

time fixed effect yes yes
city fixed effect yes yes

sample size 2639 2639
R-squared 0.009 0.011

*, **, *** are significant at 10%, 5%, and 1% levels, respectively. Robust standard errors are in parentheses.

4.3. Robustness Tests
4.3.1. Parallel Trends Test and Dynamic Effects Analysis

The differences-in-differences method must satisfy the parallel trend assumption.
Most empirical studies employ the event study method to conduct ex-ante trend tests,
offering evidence for this assumption. Typically, we use the significance level of the ex-ante
coefficient to evaluate the fulfillment of the parallel trend assumption. Specifically, ex-ante
coefficients pass the parallel trend test if they are not significant [62]. This study uses this
method to test the parallel trend assumption by examining whether the urban land use
efficiency of the treatment and control groups follows the same trend before the provincial
DZs were upgraded. Here is the specification for the event study model:

ULUEit = α +
8

∑
k=−8, k ̸=−1

βkPolicyk
it + λXit + γt + µi + εit. (8)
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Here, Policy signifies the relative year variable, taking the pilot year as the reference.
The regression employs the year before the upgrading as the baseline period. Figure 6
reports the results of the parallel trend test. Initially, the estimated coefficients hovered
around zero and lacked significance before the upgrade of provincial DZs. Post-upgrading,
the coefficients rose significantly starting from the policy’s second year. This evidence
implies that the enhancement in land use efficiency due to the upgrading of provincial
DZs persists and intensifies over time, proving to be a lasting economic and environmental
benefit. Thus, the parallel trend test in the differences-in-differences is robustly confirmed.
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4.3.2. Synthetic Differences-in-Differences Estimation

Synthetic differences-in-differences estimation uses individual and time weights to
match pre-treatment trends between treatment and control groups, balancing pre-treatment
and post-treatment periods to enhance comparability. Through theoretical analysis and em-
pirical testing, Arkhangelsky et al. found that the coefficients from the synthetic differences-
in-differences method are more robust and accurate than those from synthetic control
or traditional differences-in-differences methods [63]. This study conducts a synthetic
differences-in-differences test by transforming the sample into balanced panel data and
using bootstrapping for statistical inference. Table 4 presents the results of the synthetic
differences-in-differences method, showing that, regardless of the inclusion of control
variables, the regression coefficient of UPDZ remains significantly positive, confirming the
robustness of the benchmark results.

Table 4. Synthetic differences-in-differences results.

ULUE

(1) (2)

UPDZ 0.043 ***
(0.014)

0.045 ***
(0.016)

control variables no yes
time fixed effect yes yes
city fixed effect yes yes

*, **, *** are significant at 10%, 5%, and 1% levels, respectively. Robust standard errors are in parentheses.

4.3.3. Tests for Heterogeneous Treatment Effects

Given the varying times of provincial DZ upgrades in this study, using the traditional
two-way fixed effect model may introduce estimation bias due to heterogeneous treatment
effects. To address this issue, this study first decomposes the staggered differences-in-
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differences estimation results using the Goodman-Bacon approach [64]. Table 5, Panel B,
presents the decomposition results for different subgroups. Subgroups with potential
estimation bias account for only 7.3%, indicating that the estimation results are largely
unaffected by bias. Although the Goodman-Bacon decomposition suggests that this study
is unlikely to be affected by heterogeneous treatment effects, we use the Callaway and
Sant differences-in-differences method for robustness testing [65]. This method divides the
sample into subgroups, estimates their treatment effects, and then sums these effects using
a specific strategy to calculate the average treatment effect (ATT) for the sample period.
The summing strategy reduces the weights of potentially biased groups. The four types of
average treatment effects (ATT) are: (1) simple weighted ATT, which uses equal weights;
(2) dynamic ATT, which weights groups based on time since first treatment; (3) calendar
ATT, which weights groups based on all years; and (4) group ATT, which weights groups
based on time of first treatment. The specific results are shown in Table 5, Panel A. All
four types of ATT indicate that the upgrade policy significantly promotes urban land use
efficiency, consistent with benchmark results, affirming the robustness of our conclusions.

Table 5. Tests for heterogeneous treatment effects.

Panel A: Robust Estimations

ULUE

Simple Weighted ATT Dynamic ATT Calendar ATT Group ATT
(1) (2) (3) (4)

Simple ATT 0.041 **
(0.019)

Pre_Avg 0.007
(0.005)

Post_avg 0.054 **
(0.025)

CAverage 0.034 **
(0.014)

GAverage 0.032 **
(0.014)

Panel B: Decomposed estimations Estimated coefficient Weight
Earlier treatment vs. Later control 0.043 0.241
Later treatment vs. Earlier control −0.015 0.073

Treatment vs. Never treated 0.064 0.686
Weighted coefficient 0.053

*, **, *** are significant at 10%, 5%, and 1% levels, respectively. Robust standard errors are in parentheses.

4.3.4. Placebo Tests

Confounding events may lead to endogeneity and estimation bias. To ensure that
changes in urban land use efficiency are due to the upgrading of provincial DZs rather than
other factors, this study generates pseudo-treatment variables and employs in-time, in-
space, unrestricted mixed, and restricted mixed placebo tests. Figure 7 presents the results
of all the placebo tests. The in-time placebo test, using fictitious policy implementation
times, shows that the impact of the upgrade policy on urban land use efficiency is not
significant when the implementation time is fictitious. The in-space placebo test, using
fictitious treatment groups, indicates that the impact of the upgrading policy on urban
land use efficiency is not significant with fictitious treatment groups. This study also
distinguishes between unrestricted and restricted mixed placebo tests by using fictitious
policy implementation times and treatment groups, depending on whether the number
of treatment groups corresponding to the treatment time matches the real situation [66].
The mixed placebo test results show that under fictitious policy implementation times
and treatment groups, the impact of the upgrade policy on urban land use efficiency is
not significant.
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4.4. Dual Effects of Emission Reduction and Sink Enhancement

In addition to emission reduction targets, carbon sink enhancement is equally im-
portant in achieving net-zero carbon goals. The upgrade policy’s potential to promote
carbon sink enhancement while reducing emissions warrants further investigation. In this
study, the urban land use efficiency in Equation (7) is changed to the natural logarithms of
carbon emissions (CE) and carbon sinks (CS). This is undertaken to see how the upgrade
policy can help reduce emissions and improve sinks. Table 6 presents the estimated effects
of the upgrade policy on urban carbon emissions and carbon sinks. Columns (1) and (2)
display results without and with control variables, respectively. The findings indicate
that the upgrade policy significantly reduces urban carbon emissions, with coefficients
of −0.092 and −0.083, both significant at the 1% level. Columns (3) and (4) show that
the upgrade policy significantly enhances carbon sinks with coefficients of 0.003, both
significant at the 5% level. However, the impact of the policy concentrates in the industrial
sector, as the sink enhancement effect is significantly weaker than the emission reduction
effect. In summary, the upgrade policy exhibits significant dual effects in reducing carbon
emissions and enhancing carbon sinks, thereby contributing to the achievement of the
net-zero carbon goal.

Table 6. Dual effects of carbon reduction and sink enhancement.

CE CS

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

UPDZ −0.092 ***
(0.029)

−0.083 ***
(0.029)

0.003 **
(0.001)

0.003 **
(0.001)

control variables no yes no yes
constant term yes yes yes yes

time fixed effect yes yes yes yes
city fixed effect yes yes yes yes

sample size 2639 2639 2639 2639
R-squared 0.039 0.044 0.002 0.011

*, **, *** are significant at 10%, 5%, and 1% levels, respectively. Robust standard errors are in parentheses.
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4.5. Mechanism Tests
4.5.1. Land-Use and Environmental Regulations

To examine whether the upgrading of DZs has strengthened land-use and environ-
mental regulations, this study first calculates the average land transfer area per unit at the
urban level to characterize the intensity of land regulations (LR). Additionally, following
Ding et al. [67], we employ microdata on environmental administrative penalties to com-
pute the natural logarithm of the number of environmental administrative penalty cases
at the city level, indicating the intensity of environmental regulations (ER). The estima-
tion results in Table 7 indicate that upgrading DZs significantly intensifies land-use and
environmental regulations, verifying the theoretical mechanism in Section 2.2.

Table 7. Land and environmental regulation.

LR ER

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

UPDZ −0.095 ***
(0.037)

−0.093 **
(0.037)

0.251 ***
(0.065)

0.129 **
(0.065)

control variables no yes no yes
constant term yes yes yes yes

time fixed effect yes yes yes yes
city fixed effect yes yes yes yes

sample size 2028 2018 2421 2383
R-squared 0.040 0.030 0.691 0.644

*, **, *** are significant at 10%, 5%, and 1% levels, respectively. Robust standard errors are in parentheses.

4.5.2. Resource Allocation Optimization

To test whether the upgrade policy has improved urban resource misallocation and
structural optimization, this study first refers to the research by Hsieh and Klenow [68].
To measure resource misallocation (RM), we apply the production function method to
evaluate the degree of factor market distortion in each city and then normalize these values
against the maximum distortion level observed in that year. Secondly, we utilize land
transaction data to calculate the proportions of land transfers and transferred area in the
high-tech sector at the urban level, reflecting the degree of structural optimization (SO).
Columns (1) and (2) of Table 8 report the impact of the upgrade policy on RM without and
with control variables, respectively. Columns (3) and (4) report the impact of the upgrade
policy on the proportions of land transfers and transferred area in the high-tech sector,
respectively. The results indicate that the upgrade policy significantly reduces resource
misallocation and promotes urban industrial structure optimization, thereby verifying the
theoretical mechanism described in Section 2.2.

Table 8. Resource allocation optimization.

RM SO

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

UPDZ −0.020 ***
(0.006)

−0.028 ***
(0.006)

0.018 **
(0.008)

0.014 ***
(0.005)

control variables no yes yes yes
constant term yes yes yes yes

time fixed effect yes yes yes yes
city fixed effect yes yes yes yes

sample size 2421 2383 2024 2018
R-squared 0.047 0.199 0.033 0.038

*, **, *** are significant at 10%, 5%, and 1% levels, respectively. Robust standard errors are in parentheses.
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4.5.3. Green Technological Innovation

This study further investigates the impact of the upgrade policy on urban green
technological innovation. To measure the overall technological innovation (TI) and green
technological innovation (GTI), we use the logarithm of the number of urban invention
patent applications and the logarithm of the number of urban green invention patent
applications. The results, as shown in Table 9, indicate that the upgrade policy significantly
enhances urban technological innovation and green technological innovation, thereby
offering new impetus for improving urban land use efficiency.

Table 9. Green technological innovation.

TI GTI

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

UPDZ 0.062 **
(0.030)

0.105 ***
(0.029)

0.153 ***
(0.037)

0.155 ***
(0.037)

control variables no yes no yes
constant term yes yes yes yes

time fixed effect yes yes yes yes
city fixed effect yes yes yes yes

sample size 2421 2383 2421 2383
R-squared 0.400 0.460 0.467 0.532

*, **, *** are significant at 10%, 5%, and 1% levels, respectively. Robust standard errors are in parentheses.

4.6. Heterogeneity Analyses
4.6.1. Heterogeneity of National DZs

This study distinguishes between the impacts of upgrading provincial DZs to national
HTDZs and national EDZs. When upgrading to the national level, notable differences
emerge between these zones. Because some cities contain both national HTDZs and
national EDZs, the analysis focused on these zones separately. We removed intersection
sample points to isolate the effects, focusing solely on zones that underwent upgrades
from provincial to national HTDZs or national EDZs. The empirical results, presented
in Table 10, indicate that upgrading to either type of national zone significantly improves
urban land use efficiency. Nonetheless, upgrading to a national HTDZ has a greater
impact than upgrading to a national EDZ. By consolidating innovative resources, attracting
high-tech talent, fostering high-tech industries, and converting scientific and technological
advancements into high value-added, low-pollution productivity, national HTDZs aim
to drive innovation-based economic growth, thereby fostering high-quality development
in China. Conversely, national EDZs primarily aim to attract foreign investment, boost
exports, and promote rapid industrial and manufacturing growth. Consequently, national
HTDZs place a greater emphasis on high-quality development compared to EDZs. This
difference explains the relatively stronger impact of HTDZs on land use efficiency, as
indicated by the empirical results.

4.6.2. Heterogeneity of Regions

Unbalanced economic development among China’s regions has long been a significant
issue, with the eastern region typically experiencing higher levels of development and
marketization. Therefore, are there notable geographical differences in the impact of the
upgrade policy on urban land use efficiency? To investigate this, we divide the samples
into eastern, central, and western groups for regression analysis. The empirical results,
presented in Table 11, reveal that the impact of the upgrade policy on urban land use
efficiency is significantly greater in the central region compared to the eastern region, while
it is not significant in the western region. The eastern cities’ higher resource acquisition
capabilities and advantages may account for this disparity, making the addition of a national
title less impactful. In contrast, the upgrade policy provides crucial support to central cities.
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Table 10. Heterogeneity of national DZs.

ULUE

EDZ HTDZ
(1) (2)

UPDZ 0.034 **
(0.017)

0.076 ***
(0.015)

control variables yes yes
constant term yes yes

time fixed effect yes yes
city fixed effect yes yes

sample size 1651 1586
R-squared 0.014 0.013

*, **, *** are significant at 10%, 5%, and 1% levels, respectively. Robust standard errors are in parentheses.

Table 11. Heterogeneity of regions.

ULUE

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

UPDZ 0.023 ***
(0.007)

0.087 ***
(0.018)

0.003
(0.030)

control variables yes yes yes
constant term yes yes yes

time fixed effect yes yes yes
city fixed effect yes yes yes

sample size 793 1092 754
R-squared 0.025 0.001 0.013

*, **, *** are significant at 10%, 5%, and 1% levels, respectively. Robust standard errors are in parentheses.

5. Discussion

Achieving intensive land use and carbon neutrality in industrial parks requires com-
prehensive changes across economic, social, technological, and energy domains. Several
countries exemplify leading practices in transforming industrial parks towards low-carbon
sustainability, notably through eco-industrial parks and industrial symbiosis. Since the
1960s, the eco-industrial park at Kalundborg, Denmark, has become a global benchmark by
achieving significant economic and environmental benefits through systematic exchanges
of water, energy, and waste, thus driving substantial carbon emission reductions [69].
Launched in 1997, Japan’s Eco-Town Program has fostered industrial and urban symbiosis
to maximize economic and environmental benefits through the strategic geographic prox-
imity of industrial and urban areas [70]. The program emphasizes resource reuse, waste
minimization, and energy regeneration, adhering to zero-emission principles. South Ko-
rea’s National Eco-Industrial Park Project, launched in 2003 with the Ulsan Eco-Industrial
Park as its initial pilot, has accomplished the transformation of traditional industrial parks
into eco-industrial parks. The project achieves coordinated pollution and carbon reduction
through symbiotic industrial relationships and optimized resource and energy usage [71,72].
These international experiences indicate that institutional reforms and industrial symbiosis
are pivotal in achieving carbon neutrality. In comparison, China’s industrial parks have
undergone a high-quality transformation through large-scale upgrades from provincial
to national DZs. This upgrade policy was designed to improve land use efficiency and
environmental performance while promoting economic development. Among them, the
goals of green, low-carbon, and circular development are consistent with the principles of
eco-industrial parks and industrial symbiosis. A significant advantage of China’s upgrade
policy is its ability to reduce local government interference in park construction through
assessment and decentralization, while maintaining the informational advantage of park
management committees. This approach significantly enhances land use efficiency and
facilitates a net-zero carbon transition.
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The study affirms the effectiveness of China’s upgrading policy, though two primary
limitations remain: data constraints and challenges in evaluating the policy’s impact on
carbon neutrality. First, there are two types of data constraints. The first aspect is the
accuracy of carbon sink data. Compared with carbon emissions, the measurement of
carbon sinks is not yet that mature. Despite the widespread use of carbon sink accounting
based on satellite remote sensing and meteorological data, the accuracy and precision of
the data still lag behind official manual statistics. Regrettably, at the urban level, officials
only count the area of urban built-up and administrative areas and do not have detailed
land cover data. Therefore, using satellite data with higher resolution is a beneficial choice
for future carbon sink measurements. The second aspect is the inability to account for
carbon sinks other than vegetation. It is challenging to obtain such data due to the limited
use of carbon capture and storage technology and gaps in official statistics. Although
ecosystem carbon sinks are currently important, with the development of carbon capture
utilization and storage technology, their accounting also deserves attention in the future.
Prospective extensions of this work should first focus on broadening and refining data
sources. Secondly, we should conduct a more convincing and precise examination of how
the policy impacts carbon neutrality. Given that the dependent variable in this study is
land use efficiency, carbon emissions and sinks serve as extended analyses. Determining
the extent to which the upgrading of DZs contributes to carbon emission reduction, carbon
sinks, or carbon neutrality, and explicitly mentioning these contributions, would be an
exciting outcome. This represents a promising direction for future research.

6. Conclusions and Policy Implication

Given the tightening constraints on land resources and the intensifying pursuit of
carbon neutrality, enhanced environmental governance will demand greater manpower,
materials, and financial resources. Traditional governance methods may become unsus-
tainable, complicating the achievement of intensive land use and carbon neutrality for
governments. This study explores the feasibility of institutional reforms and the upgrading
of provincial DZs to national status, suggesting a new path to carbon neutrality via soft
governance. This strategy involves optimizing policy frameworks to enforce rigorous regu-
lations, minimize resource misallocation, and encourage technological innovation. DZs in
China, as pivotal drivers of economic development, have been essential for high-quality
economic growth. This study reveals that upgrading DZs and implementing institutional
reforms enhance urban land use efficiency, reduce carbon emissions, and increase carbon
sinks, thus accepting Hypothesis I and rejecting Hypothesis II. Policy effects are more pro-
nounced in the eastern and central cities, with the central cities having the greatest impact.
Furthermore, upgrading to a national HTDZ has a more significant impact than upgrading
to a national EDZ. These findings indicate that upgrading DZs is more cost-effective than
traditional environmental policies. This approach offers a practical solution for achieving
intensive land use and carbon neutrality goals via DZ reforms and endogenous pollution
control. This study outlines the following policy implications.

First, provide guidance and incentives for provincial DZs to upgrade to national
DZs. The upgrade policy, as a pivotal practice in high-quality industrial development,
has produced significant results in promoting intensive land use and green, low-carbon
development. This indicates that the upgrade policy is an effective strategy for promoting
high-quality transformation. It is essential to actively encourage provincial DZs to apply
for an upgrade to national status. Given the unbalanced resource endowment of DZs in
eastern, central, and western China and the uneven distribution of national DZs, the central
government should further optimize the layout of national DZ construction and encourage
the upgrading of provincial DZs in central China.

Second, enhance the assessment mechanism and prioritize technological innovation.
Mechanism analyses show that the upgrade policy can foster intensive land use and carbon
neutrality by strengthening land-use and environmental regulations, optimizing resource
allocation, and encouraging green technological innovation. Consequently, it is essential
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to further enhance the assessment mechanism, fully engage local governments, promote
competitive industrial policies, and improve the input-output ratio of industrial policies.
Furthermore, the focus on end-of-pipe governance should be moderately reduced, with
greater emphasis placed on assessing the performance of green technological innovation
and making it a primary criterion for fiscal policy support. Fiscal subsidies and tax in-
centives should be fully utilized to encourage green technological innovation, boosting
enterprises’ enthusiasm for innovation and shifting emission reduction strategies from
technological improvements to technological breakthroughs.

Third, emphasizing the unique characteristics of each zone and creating differentiated
measures for constructing national DZs is essential. National HTDZs exhibit more effective
policy outcomes than national EDZs. This difference may stem from the fact that national
EDZs primarily focus on attracting foreign investment, boosting exports, and promoting
rapid industrial and manufacturing growth. Accordingly, the construction process must
take into account the variations among DZs and utilize a management model that capi-
talizes on their unique resource endowments. High-growth-target DZs often house many
low-land-efficiency and high-carbon-emission enterprises, making it difficult to transform
them into high-quality zones due to path dependence after upgrades. Hence, it is vital
to raise the entry threshold for these enterprises, implement targeted policy incentives,
promote the development of alternative industries with regional comparative advantages,
and create a long-term framework for green and low-carbon development.
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Appendix A

Table A1. Descriptive statistics.

Variable N Mean S.D. Minimum Maximum

ULUE 2639 2.649 1.985 0.030 12.047
Pgdp 2639 10.188 0.635 8.538 11.608
Gov 2639 0.186 0.095 0.061 0.625
Fin 2639 1.877 0.635 0.849 4.033

Indus 2639 0.848 0.077 0.619 0.987
Fdi 2639 0.031 0.026 0.003 0.141

Num 2639 1.555 0.660 0 2.890
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