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Abstract

Major function-oriented zoning is a comprehensive policy designed to promote coordinated
development through rational resource flows between regions in China. However, previous
effectiveness assessments of major function-oriented zones have largely neglected the inter-
relationships and complementarity among different functional zones. To address this gap,
this study developed a framework for assessing the effectiveness of major function-oriented
zoning by identifying the dynamic supply—demand characteristics of ecological resources
and matching major targeted functions with these characteristics to formulate differentiated
assessment standards. Empirical results from Hunan Province showed that 62 counties
achieved their goals in 2020 (accounting for 50.82%), an increase of 10 counties since 2010.
The number of urbanized regions achieving their goals nearly tripled during 2010-2020,
indicating that urbanized regions approached their expected functional characteristics
markedly faster than the other two zone types. However, the goal-achievement status
of key ecological functional regions and main agricultural production regions remained
relatively stable over the same period. Most importantly, statistically significant differences
existed between goal-achieving and non-achieving counties in the traditional indicators
reflecting their major functions; for example, the urbanization rate of goal-achieving urban-
ized regions was significantly higher than that of non-achieving ones, indirectly verifying
the validity and practicality of the proposed framework.
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United Nations Sustainable Development Summit [1,2], emphasizing the importance of
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strengthening intergovernmental cooperation to address global and regional challenges,
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such as global warming, biodiversity loss, poverty, and inequality [3-5]. Although the
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ignored that most countries have contributed to advancing the SDGs over the past decade
by formulating relevant policies [6,7]. Numerous previous studies have suggested that
policy is one of the crucial factors in promoting the achievement of the SDGs [8-10].

China, which is the largest developing country, is both a participant in SDG formation
and a contributor to implementation [11]. China’s SDG score has increased from 59.1 in
2016 to 74.4 in 2025, with a global ranking increase of 17 places [12]. This could be attributed
to intergovernmental cooperation agreements, such as the Belt and Road Initiative [13],
and domestic policies related to ecological civilization construction [14,15]. In recent
years, assessing the effectiveness of policy implementation in China has become a focus of
academic attention. Among these policies, ecological governance and restoration policies,
such as the Grain-for-Green Program [16], the Three-North Shelterbelt Program [17], and
rocky desertification control [18], have attracted the most attention. Studies have shown
that ecological governance and restoration policies not only directly improve regional
eco-environmental protection but also indirectly drive regional economic development
and increase human well-being [14,19]. The effectiveness of social-economic policies, such
as ecological compensation and targeted poverty alleviation, has also drawn significant
attention. The former has played a positive role in narrowing development gaps between
regions [20,21], while the latter has effectively reduced the poverty rate by 94.4% in China,
contributing to over 70% of the reduction in global poverty and to reaching the SDGs [22].

Major function-oriented zoning has all the regional advantages for increasing the
average sustainable development level in China, with comprehensive consideration of
regional economic, social, and ecological factors. Moreover, it promotes the free flow
and rational allocation of natural resources to achieve coordinated development among
regions [23,24]. Compared with widely recognized single-dimensional policies, the effec-
tiveness assessment of the comprehensive policies represented by major function-oriented
zoning is insufficient in terms of scope and depth. At this stage, relevant studies on major
function-oriented zoning focus mainly on exploring its impact on urban development [25],
land use efficiency [26], and eco-environmental benefits [27,28]. These studies have not
evaluated whether different major function-oriented zones are progressing towards their
intended functions. Studies on implementation effectiveness from the perspective of the
main functions of a region that has strengthened or weakened can be divided into two
categories: (1) those based on spatiotemporal changes in cultivated land, construction land,
and ecological land [29]; (2) those based on an indicator system that reflects differences in
major function-oriented zones [30,31]. These approaches share a common limitation: each
major function-oriented zone is evaluated in isolation. Indicator-based systems rely on
arbitrarily weighted scores that rank regions only against one another. Land use change
assessments describe the areal redistribution of functions but cannot quantify resource use
intensity or interregional flows. Therefore, neither can reflect the interrelationships and
complementarity among different major function-oriented zones that form the inherent
logic of this policy.

Ecological resources constitute the material basis for human survival and develop-
ment, as well as for the generation and maintenance of ecosystem services [32]. Ecological
resources are developed into ecological products (e.g., agricultural, forestry, and livestock
products) through agricultural production activities, primarily exerting the provisioning
services of ecosystems [33,34]. Meanwhile, the remaining ecological resources in ecosys-
tems mainly perform regulation services and support services [35]. Major function-oriented
zoning assigns differentiated functional orientations to different regions [36,37]. This func-
tional differentiation leads to a mismatch between the supply and demand of ecological
resources within each region, characterized by a specific direction and degree of dispar-
ity [37,38]. This implies that, through the interregional flow and allocation of ecological
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resources, the scale at which supply—demand balance is achieved needs to be expanded
from closed regions to the interregional level, thereby realizing an overall dynamic equilib-
rium on a larger scale [39]. In summary, the intraregional supply-demand mismatch is a
fundamental characteristic of regional spatial functional differentiation, and its direction
and degree can conversely serve as indicators for assessing the effectiveness of major
function-oriented zoning.

To address this gap, this study develops a supply—production-demand framework for
assessing the effectiveness of major function-oriented zoning. Pairwise comparison of the
ecological resource supply capacity, production intensity, and demand level yields three
indicators: self-sufficiency degree (SE), external dependence (ED), and ecological carrying
pressure (EP). These indicators measure ecological resources in net primary productivity
(NPP), a physically commensurable quantity rather than an arbitrarily weighted score,
enabling two assessments unattainable with existing approaches: goal achievement can be
judged for each county against absolute, zone-specific criteria; inter-zonal complementarity
becomes observable, because the supply-demand identity underlying ED and EP is closed
across regions. Taking Hunan Province as a case, an empirical analysis is conducted
to reveal the implementation effectiveness and key constraint factors during the first
phase of the policy (2010-2020). Spatially differentiated management policies that rely on
interregional resource flows pose the same challenge worldwide. The framework therefore
provides a scientific basis for optimizing major function-oriented zoning in China and
extends to comparable policies in other countries.

2. Materials and Methods
2.1. Assessment Framework Construction

This study constructs the assessment framework in three stages: (1) From the per-
spective of the dynamic supply—demand relationship of ecological resources, the supply
capacity, production intensity, and demand level are calculated at the county level, and
then a three-dimensional indicator system that quantitatively reveals this relationship is
constructed through pairwise comparisons. (2) According to the key functional objectives
of urbanized regions, main agricultural production regions, and key ecological functional
regions, the expected supply—demand characteristics of ecological resources in each re-
gion are analyzed, thereby establishing corresponding effectiveness assessment standards.
(3) Referencing the classification idea used in the SDG effectiveness assessment, the cat-
egories that can reflect the achievement status and trends of the effectiveness of major
function-oriented zoning are determined.

2.1.1. Assessing the Dynamic Supply-Demand Relationship of Ecological Resources

Ecological resources in a narrower sense refer to biomass resources present in ecosys-
tems, such as farmland, grassland, forestland, wetland, and aquatic ecosystems [40]. Net
primary productivity (NPP) refers to the amount of solar energy converted into biomass
by vegetation through photosynthesis in terrestrial ecosystems; it is also the fundamental
resource that sustains human life and heterotrophic organisms [41]. Therefore, NPP is often
regarded as the fundamental physical form for the quantitative assessment of ecological
resources, serving as a key indicator of supply capacity, flow characteristics, and ecological
carrying pressure [42—44]. NPP has been reported to integrate several planetary boundaries,
including land-system change, freshwater use, biosphere integrity, and global nitrogen
and phosphorus flows [45], and to vary synergistically with soil conservation and water
yield [46]. The significant correlation between NPP and biodiversity, as well as the strong
dependency between ecosystem services and biodiversity, has been confirmed in relevant
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studies [47,48], indicating that NPP serves as an integrated indicator to quantify the supply
capacity of various ecosystem services.

Human Appropriation of Net Primary Production (HANPP) is an important frame-
work for measuring the extent to which human activities utilize biomass in terrestrial
ecosystems. In the HANPP framework, the current biomass provided by ecosystems
(NPP,t) consists of two components: harvested biomass consumption (HANPP,,,,,) and
the remaining biomass of ecosystems (NPPeco) [44]. HANPP},,., represents the ecological
resources developed by agricultural production activities that enter the social system from
the ecosystem. This component plays the role of ecosystem supply services and corre-
sponds to the functions of the main agricultural production regions. NPPec, mainly plays
the role of ecosystem regulation services and support services, which corresponds to the
functions of key ecological functional regions.

Consequently, this study utilizes the NPP to characterize the supply capacity of
ecological resources (SNPPs) and calculates the HANPPY,,, based on data from both
the production and consumption sides to quantify the production intensity of ecological
resources (CNPPp) and the demand level of ecological resources (CNPPy ). The assumptions
for calculating the three quantities are as follows: For SNPPg, the terrestrial ecosystem is
assumed to remain intact in structure and function, and all NPP provided by the ecosystem
is assumed to be available for human utilization. For CNPPp, harvested biomass is assumed
to originate from local NPP of the same year, with physical outputs converted through fixed
harvest and biomass coefficients. For CNPPy, residents’ consumption is converted into
NPP-equivalent demand using dietary coefficients specific to urban and rural populations.
By comparing the ecological resource supply capacity, production intensity, and demand
level in pairs, the three-dimensional indicators are obtained that quantitatively characterize
the supply—-demand characteristics of ecological resources: self-sufficiency degree (SE),
external dependence (ED), and ecological carrying pressure (EP) (Figure 1a, Table 1).

Matching major targeted functions with dynamic
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Figure 1. (a—c) An integrated framework for assessing the effectiveness of major function-oriented zoning.
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Table 1. Algorithm for social-ecological system sustainability assessment.

Dimension Definition Algorithm Explanation
SE < 100%, indicates that
The self-sulffici d i i
Reflects the carrying e self-sutticiency degree  the ecological resources in

Self-sufficiency degree (SE)

capacity of the local
ecosystem without relying
on external ecological
resources.

is obtained by comparing
the supply capacity with
the social demand level of

ecological resources:

SNPP: 0,
SE = Nppe * 100%

this region are not able to
meet local demands.

SE > 100%, indicates that
the ecological resources in
this region are able to meet
local demands.

External dependence (ED)

Reflects to the dependence
degree of regional social
system demands on
external ecological
resources given the current
production intensity of
local ecological resources.

The external dependence is
obtained by comparing the
social demand level with
the production intensity:

ED =
CNPP; —CNPPp

max(CNPP,,CNPPp) 100%

ED < 0, indicates that the
region is export-dependent
(ED < —50%, with the
ecological resources it
produced mainly used for
export);

ED > 0, indicates that the
region is import-dependent
(ED > 50%, with the
ecological resources it
demands mainly
dependent on imports).

Ecological carrying
pressure (EP)

Reflects the actual pressure
exerted on ecosystems by
local human activities in
the regions.

The ecological carrying
pressure is obtained by
comparing the production
intensity with the supply
capacity of ecological
resources:

EP < 1, indicates that the
ecosystem in the region is
in surplus;

EP > 1, indicates that the
ecosystem in the region is
in overloaded.

_ CNPPp
EP = 5xpp,

Notes: (1) SNPPg denotes ecological resource supply capacity: the maximum of ecological resources
that terrestrial ecosystems can sustainably supply to the social system for production and utilization
while ensuring the integrity of ecosystem structure and function. (2) CNPPp denotes ecological
resource production intensity: the degree of consumption and appropriation of ecological resources
provided by local terrestrial ecosystem in regional production activities. (3) CNPP, denotes the
ecological resource demand level: the actual consumption of ecological resources by regional social
systems to meet the needs of residents’ livelihoods and economic development. (4) The specific
calculation methods for SNPPg, CNPPp, and CNPPp, are detailed in the Supplementary Materials
(Tables S1-S6).

2.1.2. Matching Major Targeted Functions with Dynamic Supply-Demand Characteristics
of Ecological Resources

The county is the basic unit for major function-oriented zoning in China. In accordance
with the differences in development orientation, in this study, the achievement range of
the self-sufficiency degree, external dependence, and ecological carrying pressure for each
major function-oriented zone were determined by analyzing the relationships among
the supply, production, and demand of ecological resources in urbanized regions, main
agricultural production regions, and key ecological functional regions (Figure 1b).

Urbanized regions are the core of economic development in China [36,49]. Population
aggregation in these regions leads to a shortage of ecological resources (demand > supply),
so that ecological resources are unable to achieve self-sufficiency (SE < 100%). Moreover,
agricultural production is not their major function and large amounts of ecological resources
must be imported to meet residents’ living demands, corresponding to external dependence
above 50%. According to the biodiversity conservation target [50], the 30% ecological
protection target is set as the constraint on the production intensity (the ecological resources
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consumed by production activities cannot exceed 70% of the supply) for urbanized regions,
which means that the ecological carrying pressure should be less than 0.70.

Key ecological functional regions serve as critical barriers to ecological security, whose
primary functions are to provide regulating and support services such as water conserva-
tion, climate regulation, and biodiversity protection [23]. On the basis of this positioning,
sufficient residual biomass should be retained within their ecosystems, so these regions
must prioritize the 50% ecological conservation target, meaning that ecological carrying
pressure remains below 0.50. Abundant ecological resources, together with ecological
migration and labour transfer, generally lead to an oversupply in these regions [51,52]; as
only half of the NPP supply is available for utilization under the 50% target, meeting local
demands requires a gross supply at least twice the demand, that is, a self-sufficiency degree
no lower than 200%. Small-scale restricted development zones are also contained in these
regions, where ecological resources can be exploited to meet residents’ living demands
or moderately exported [53,54]. Accordingly, external dependence is bounded at —20%,
that is, the exported amount cannot exceed 20% of the amount produced, following the
observed export pattern in China’s major ecological regions [51].

Main agricultural production regions are strategic regions that ensure national food se-
curity, whose primary function is to provide provisioning services such as grain, vegetables,
fruits, meat, eggs, and dairy products [36]. Self-sufficiency in these regions is a prerequisite
for supplying ecological resources to the living demands of residents in other functional
regions, so the self-sufficiency degree is required to be no lower than 100%. Given their
role as net suppliers of ecological resources, with ecological products produced by agri-
cultural activities primarily consumed in external regions [55,56], the external dependence
threshold is set at —20% or below, meaning that the export standard is no lower than that of
key ecological functional regions. The upper limit of the production intensity is defined as
the consumption of all ecological resources provided by the ecosystem in the current year,
that is, ecological carrying pressure <1; in this scenario, these regions can at least enjoy
the regulating and support services generated by the accumulated ecological resources of
previous years and the spillover ecosystem services from surrounding key ecological func-
tional regions [57]. Additionally, the ecological carrying pressure in these regions should
be higher than that in key ecological functional regions (the ecological carrying pressure
should be above 0.50) reflecting their role in ensuring food security through agricultural
production activities.

The above thresholds are anchored in three ways. Target-based values derive from the
staged conservation goals: EP < 0.70 in urbanized regions and EP < 0.50 in key ecological
functional regions correspond to the 30% and 50% conservation targets [50]. Empirically
patterned values derive from observed interregional flows, in which exports rarely exceed
20% of the exploited amount in major ecological regions [51]; hence, ED > —20% is set
for key ecological functional regions and ED < —20% for main agricultural production
regions. Definitional values derive from functional positioning: SE < 100% reflects the
demand-supply gap induced by population aggregation, and 0.50 < EP < 1 requires higher
production intensity in agricultural regions than in ecological regions, while the current-
year NPP is not over-appropriated. A sensitivity analysis that systematically varies the
principal thresholds within reasonable ranges is reported in Section 4.3.

2.1.3. Formulating Standards for the Effectiveness of Major Function-Oriented Zoning

In this study, the implementation effectiveness of major function-oriented zoning is
assessed from both static and dynamic perspectives, with the results presented in a format
that references Sustainable Development Reports [12]. In the static dimension, according
to the number of socio-ecological sustainability indicators within a given major function-
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oriented zone that fall within their corresponding achievement ranges in a specific year,
the achievement status of major function-oriented zones is divided into four levels: major
challenges, significant challenges, challenges remain, and goal achievement (Figure 1c).

In the dynamic dimension, the effectiveness of major function-oriented zoning is
judged by comparing the closeness of a region’s socio-ecological sustainability indicators to
the achievement range between two years. The specific process is as follows (Figure 1c): For
indicators that were already within the achievement range at the initial stage, whether the
indicator exceeded the achievement range at the final stage was determined. If the indicator
exceeds the achievement range, it is assigned a value of —1; otherwise, it is assigned a value
of 0. For indicators that were not in the achievement range at the initial stage, whether
the indicator is closer to the achievement range at the final stage was determined. If the
indicator is closer to the achievement range (including within the achievement range), it
is assigned a value of 1; otherwise, it is assigned a value of —1. The values of the three
indicators are summed and the implementation effectiveness of major function-oriented
zoning is determined (sum > 0: improving; sum = 0: stagnating; sum < 0: decreasing).

It should be noted that SE, ED, and EP are given equal weights in the dynamic
classification for three reasons. First, they are pairwise ratios within one closed supply—
demand—-production cycle, so they are mutually constrained rather than independent, and
no relation should be privileged over the others. Second, the differences among zone
types are already captured by their zone-specific achievement ranges (Section 2.1.2) and
a uniform scoring rule keeps the trajectories comparable. Third, in the absence of a clear
prior for differential importance, equal weighting is the least-assumption choice and avoids
the arbitrary weighting typical of indicator-based assessments.

2.2. Study Area

Hunan Province is located in central China (108°47' E-114°15' E, 24°38' N-30°08’ N;
Figure 2a) and plays important roles in urban economic development, food security, and eco-
environmental protection in China. The Chang—Zhu-Tan urban agglomeration, designated
as a key development region in the Development Plan for Urban Agglomerations in the Middle
Reaches of the Yangtze River (2015), is the core of economic growth for central China and
a representative region for integrated urban agglomeration development [58]. Hunan
Province is a major agricultural production province in China and a key province for the
construction of high-standard farmland. As of 2021, Hunan Province had a reserve of
2.41 million hectares of high-standard farmland and a total grain output of 30.745 million
tons [59]. Moreover, Hunan Province plays an important role in the ecological safety of the
middle reaches of the Yangtze River, relying on its abundant forest resources and complex
water ecological networks formed by Dongting Lake, the Xiang River, the Zi River, the
Yuan River, and the Li River [60]. Therefore, in this study, Hunan Province was selected as
a case study to assess the effectiveness of major function-oriented zoning.

The National Territorial Spatial Plan for Hunan Province (2010-2020), published in 2012,
divided the 122 counties in Hunan into 43 urbanized regions, 44 key ecological functional
regions, and 35 main agricultural production regions (Figure 2c). Among these, urbanized
regions are primarily distributed around the Chang—Zhu-Tan urban agglomeration, cov-
ering an area of approximately 40,200 km?; key ecological functional regions are located
mainly in the western and southern regions, spanning approximately 100,000 km?; and the
main agricultural production regions are distributed primarily in the surroundings of the
Chang-Zhu-Tan region and the Dongting Lake region, covering approximately 71,400 km?.
In 2023, the National Territorial Spatial Plan for Hunan Province (2021-2035) was approved,
in which the major function-oriented zoning remained essentially consistent with the pre-
vious version. In this study, the implementation effectiveness of major function-oriented
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zoning in Hunan Province from 2010 to 2020 was assessed. Hunan Province has nearly
balanced numbers of counties across the three types of major function-oriented zones,
making it a suitable case for testing the applicability of the framework to each zone type
simultaneously under the same provincial zoning plan and for evaluating its transferability

to other provinces implementing major function-oriented zoning.

[
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Figure 2. Location (a), land use in 2020 (b), and major function-oriented zoning in 2012 (c) in

Hunan Province.

2.3. Data Sources

@

@

®)
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The basic data used in this study mainly includes the following four aspects:

Net primary productivity (NPP) data were sourced from the MODIS satellite product
(MOD17A3H) developed by the National Aeronautics and Space Administration
(NASA). Land-use and land-cover change (LUCC) data were sourced from the China
Land Cover Dataset (CLCD) developed by Wuhan University [61]. These data were
primarily used to calculate the ecological resource supply capacity in Hunan Province.
The spatial resolution of the NPP data is 500 m, while the spatial resolution of the
CLCD is 30 m. Before calculation, the CLCD was resampled to 500 m using the nearest
method. Lastly, the data were aggregated at county level using Zonal Statistics tools
in ArcGIS 10.8.

Agricultural, forestry, and livestock production (yield and output values) data, per
capita consumption of major foods for urban and rural residents, and population data
were sourced from the Hunan Province Statistical Yearbook and the Hunan Province
Rural Statistical Yearbook. These data were used to calculate ecological resource
production intensity and demand levels in Hunan Province.

The major function-oriented zoning data of Hunan Province were sourced from the
document The National Territorial Spatial Plan for Hunan Province (2010-2020), and
the county-level administrative division data were sourced from the Resource and
Environment Data Platform.

The urbanization rate and GDP data were sourced from the Hunan Statistical Year-
book, the labor force structure data were sourced from the China Population Census
County-Level Data, and the normalized difference vegetation index (NDVI) data were
sourced from the National Ecosystem Science Data Center (spatial resolution: 30 m;

https://doi.org/10.3390/land15091718


https://doi.org/10.3390/land15091718

Land 2026, 15,1718

9 of 20

aggregated by county using Zonal Statistics tools in ArcGIS). The above data were
primarily used for the cross-verification of the results.

This study assessed the effectiveness of major function-oriented zoning in Hunan
Province in 2010 and 2020, using data from the corresponding years.

3. Results
3.1. Achievement Status of Major Function-Oriented Zones

In 2020, 62 major function-oriented zones (counties) in Hunan Province attained goal-
achievement status (accounting for 50.82%), an increase of 10 counties compared with 2010.
Among them, 44 counties attained this status twice (counties that achieved their goals in
both 2010 and 2020) (Figure 3). The number of counties with statuses of challenges remain,
significant challenges, and major challenges were 35, 15, and 10 in 2020, showing a decrease
of 12, an increase of 1, and a decrease of 1 compared with results in 2010, respectively. This
indicates that more counties had moved toward the expected functional characteristics
in 2020.

[ changsha-Zhuzhou-XiangtanUrban Agglomeration Major igni Challenges remain [l Goal achicvement

0 45 % 180 270 360
SE/ED/EP: The type of indicator that does not meet the standards S\

Figure 3. Status of major function-oriented zones in Hunan Province (urbanized regions in 2010 (a)
and 2020 (b), main agricultural production regions in 2010 (c) and 2020 (d), and key ecological
functional regions in 2010 (e) and 2020 (f)). Note: In the figure, ALL indicates that all three indicators
(SE, ED, and EP) fail to meet the qualification standard.

Goal-achievement patterns differed clearly across the three types of major function-
oriented zones in Hunan Province. In 2020, 16 urbanized regions attained goal-achievement
status, accounting for 37.21% (Figure 3a,b). These regions were mainly concentrated in the
Chang—Zhu-Tan urban agglomeration. Compared with that in 2010, the number of regions
that attained goal-achievement status increased nearly threefold in 2020, indicating that
urbanized regions approached their expected functional characteristics markedly faster
than the other two zone types. The number and spatial distribution of main agricultural
production regions and key ecological functional regions with goal-achievement status
remained relatively stable. In 2020, 23 main agricultural production regions attained goal-
achievement status (accounting for 65.71%), which were 1 fewer than in 2010. Specifically,
21 of them attained this status twice, making up over 90% (Figure 3c,d). There were 23 key
ecological functional regions with goal-achievement status (accounting for 52.27%) in 2020,
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an increase of 1 compared with 2010. Among them, 18 counties attained the status twice,
accounting for nearly 80% (Figure 3e,f).

3.2. Implementation Effectiveness of Major Function-Oriented Zoning

This section describes an evaluation of the effectiveness of major function-oriented
zoning in the 78 counties that did not attain goal-achievement status twice. The results
reveal that, from 2010 to 2020, 47 counties, 6 counties, and 25 counties experienced im-
proving, stagnating, and decreasing functions, respectively (Figure 4). With respect to
urbanized regions, among the 38 counties that failed to achieve their goals in both 2010
and 2020, 30 experienced improvements, accounting for nearly 80%. Specifically, their SE
decreased by an average of 34.37%, their ED increased by an average of 16.69%, and their
EP declined by an average of 0.18 (Table S7). Moreover, 15 of these 30 counties showed
positive changes in goal-achievement grades: 2 counties changed from major challenges to
significant challenges, 2 counties changed from significant challenges to challenges remain,
and 11 counties changed from challenges remain to goal achievement (Figure 4).

Urbanized regions
Name 2010 Tread 2020 Name 2010 Tread 2020 Name 2010 Tread 2020 Name 2010 Tread 2020 Name 2010 Tread 2020
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Figure 4. Implementation effectiveness of major function-oriented zoning in Hunan Province from
2010 to 2020.

In the main agricultural production regions, there were eight counties with decreasing
functions and one county with stagnating functions, which was slightly higher than the
number of counties with improving functions (five counties). Of the 14 counties that did
not attain goal-achievement status twice, 2 changed from challenges remain to goal achieve-
ment, while 3 changed in the opposite direction (Figure 4). Among the key ecological
functional regions, 12 counties improved (SE decreased by an average of 132.22%, ED
increased by an average of 9.92%, and EP decreased by an average of 0.03), including
5 counties that changed from significant challenges or challenges remain to goal achieve-
ment, and 13 counties decreased, including 4 counties that changed from goal achievement
to challenges remain (Figure 4).
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3.3. Constraints on Goal Achievement

In 2020, the counties among urbanized regions that did not achieve their goals were
constrained by a mixture of indicators. Specifically, 20 urbanized regions were constrained
by two or more factors, accounting for 74.07% of urbanized regions. The self-sufficiency
degree (SE), external dependence (ED), and ecological carrying pressure (EP) hindered goal
achievement in 20, 20, and 16 urbanized regions, respectively (Figure 3b). EP was the most
frequently observed limiting indicator for urbanized regions from 2010 to 2020. Among
the eight urbanized regions with stagnating or decreasing functions, five counties were
affected by increased EP (increased by an average of 0.29) (Figure 4).

For the main agricultural production regions, ED and EP were the most frequently
observed limiting indicators for goal non-achievement in 2020 and for decreasing functions
from 2010 to 2020 (Figures 3d and 4). In 2020, 33.3% of the counties that did not attain
goal-achievement status had an external dependence greater than —20%, which meant their
export standards were lower than those of key ecological functional regions—contrary to
the desirable level for main agricultural production regions. In addition, seven counties did
not attain goal-achievement status due to excessive EP and three counties due to insufficient
EP. Among the nine counties whose functions were stagnating or decreasing, four counties
were also affected by increased ED (increased by an average of 8.95%), leading to changes
in two counties from goal achievement to challenges remain (Figure 4).

As in the main agricultural production regions, ED was also the most frequently ob-
served limiting indicator in key ecological functional regions not attaining goal-achievement
status by 2020 and among those that experienced decreasing functions from 2010 to 2020
(Figures 3f and 4). In 2020, 20 counties did not attain goal-achievement status due to their
ED being less than —20%, accounting for 95.24% (Figure 3f). There were 13 counties that
experienced a decrease in ED (decreased by an average of 7.68%), among which 4 counties
directly shifted from goal achievement to challenges remain (Figure 4). In these counties,
ED fell below the —20% threshold, indicating that exports of ecological resources exceeded
the level consistent with their designated ecological function.

4. Discussion
4.1. Cross-Verification

Previous studies have selected indicators according to functional differences to con-
struct an evaluation system of the effectiveness of major function-oriented zoning. The
propensity score matching (PSM) method was used to calculate the functional scores. The
results revealed that the major function-oriented zoning in Hunan Province enhanced the
urban development function of urbanized regions but did not have a positive effect on the
function of the main agricultural production regions or key ecological functional regions
from 2009 to 2018 [30]. Considering all the counties in each major function-oriented zone of
Hunan Province, the results of this study also show that the three-dimensional indicators
of urbanized regions were closer to the achievement range, whereas the achievement status
of the main agricultural production regions and key ecological functional regions remained
relatively stable from 2010 to 2020 (Figure 5a—c). The findings of this study are essentially
consistent with those of previous studies.

To further verify the reliability of the idea and standard for assessing the implementa-
tion effectiveness of the major function-oriented zoning proposed in this study, we selected
representative indicators that reflect the functions of each major function-oriented zone
with reference to previous studies [30,62,63]. Differences in these indicators between goal-
achieving and non-achieving counties were tested using the two-sided Mann-Whitney
U test.
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Figure 5. Changes in the three-dimensional assessment of urbanized regions, main agricultural
production regions, and key ecological functional regions in Hunan Province from 2010 to 2020
((a): self-sufficiency degree; (b): external dependence; (c): ecological carrying pressure), and cross-
verification for the effectiveness assessment of major function-oriented zoning in Hunan Province
((d,g): urbanized regions; (e h): main agricultural production regions; (f,i): key ecological functional
regions; compared using two-sided Mann-Whitney U tests, 7 = | Z| /v/N).

In urbanized regions, the urbanization rate (p < 0.001, r = 0.79) and GDP per unit
area (p < 0.001, r = 0.75) of goal-achieving counties were significantly higher than those of
non-achieving counties (Figure 5d,g). Additionally, in key ecological functional regions, per
capita agricultural GDP (as a reverse indicator) (p < 0.001, ¥ = 0.50) and the forest coverage
rate (p < 0.05, r = 0.34) differed significantly between the two groups (Figure 5f,i).

The major agricultural production regions that did not achieve goals were divided
into two categories (Figure 5e,h): those with excessive agricultural function leading to
ecological overload (EP > 1) and those with insufficient agricultural function (EP < 0.5 or
ED > —20%). For main agricultural production regions, significant differences in per capita
agricultural GDP were observed between counties that attained goal-achievement status
and both categories of non-achieving counties (p < 0.001, r = 0.59; p < 0.01, r = 0.47), and the
difference in the percentage of the agricultural labor force was significant for counties with
insufficient agricultural function (p < 0.05, r = 0.45), whereas for counties with agricultural

overload it was marginally non-significant (p = 0.054, r = 0.35), which may be attributable
to the limited number of counties in this category (N = 7) (Figure 5e,h).

4.2. Reasons for the Implementation Effectiveness of Major Function-Oriented Zoning

Civil cultivation is the foundation of China’s origin and development. Under the
dual influence of regional functional evolution and government spatial control, agricul-
tural production regions have gradually differentiated into three major function-oriented
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zones [37,64]. Hunan Province, as a traditional agricultural province in China [65], has
only begun to formally differentiate its regional functions since the implementation of the
national territorial spatial plan centered on major function-oriented zoning in 2012. Owing
to the relatively short period since agricultural regions were transformed into urbanized
regions or key ecological functional regions, their functional development is still immature.
Therefore, only 50.82% of the counties in Hunan Province achieved their major functional
goals in 2020 (Figure 3).

In recent years, urbanization in Hunan Province, represented by the Chang—Zhu-Tan
urban agglomeration, has developed rapidly [66]. From 2010 to 2020, with the support
of urban development policies, such as the Hunan Province Outline for Promoting New
Urbanization (2014-2020), the goal-achievement rate in urbanized regions nearly tripled
from 13.95% to 37.21% (Figure 3). As early as 2007, Hunan Province established a develop-
ment framework for the “integration of three cities” by formulating the Chang-Zhu-Tan
Urban Agglomeration Regional Planning, focusing on developing the agglomeration into
a national-level reform pilot region. As a result, the goal-achievement rate in the Chang—
Zhu-Tan urban agglomeration reached 58.82%, which was higher than the average level of
urbanized regions in Hunan.

From 2010 to 2020, nearly 90% (31) of the main agricultural production regions ex-
perienced an increasing trend in their external dependence (ED), leading to functional
stagnating or decreasing in four counties (Figure 4). From the perspective of the ED algo-
rithm (Table 1), the faster growth rate of the ecological resource demand level to production
intensity is the direct cause of the increase in ED. At present, agricultural production and its
associated industries in Hunan Province remain labor-intensive [67], which may have kept
a large population continuing to reside in rural areas. Moreover, during the 21st century,
rising demand in developing countries has replaced population growth as the primary
driver of increased ecological resource consumption [68,69]. In this scenario, rising local
consumption would absorb an increasing share of regional production, crowding out the
surplus available for export [70]. These findings in previous studies [67-70] offer a possible
explanation for the increase in external dependence (ED) in most of the main agricultural
production regions in Hunan Province.

Key ecological functional regions need to adopt measures such as labor transfer, eco-
logical migration, and national transfer payment policies to achieve ecological protection
goals while not sacrificing human well-being [71-73]. In 2020, more than 70% of the key
ecological functional regions experienced a decrease in the permanent population com-
pared with that in 2010, which contributed to the realization of their ecological protection
functions. However, the transfer payment standards for key ecological functional regions
in China were relatively low. For Hunan Province, the national transfer payment funds
for key ecological functional regions in 2020 totaled approximately 4.534 billion CNY,
with an average of approximately 273.32 CNY per capita. The ecological compensation
funds received by key ecological functional regions in Hunan remain insufficient, with
relatively low standards and largely homogeneous payment measures [74,75]. Such limited
payments may not be enough to offset the returns from agricultural expansion. This may
have sustained agricultural production intensity and hindered the achievement of their
ecological protection functions.

4.3. Contributions, Sensitivity Analysis, and Limitations

(1) Contributions

Major function-oriented zoning is a comprehensive policy that leverages regional ad-
vantages to enhance overall sustainable development and promote the rational allocation of
national resources between regions to achieve coordinated development [23]. In this study,
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the ecological resource flow perspective [76] was incorporated to develop a framework for
assessing the effectiveness of major function-oriented zoning, which compensates for the
shortcomings of traditional indicator systems that fail to reflect interregional relationships.
Additionally, traditional indicator systems evaluate implementation effectiveness on the
basis of changes in indicators reflecting regional main functions (such as urbanization rates
in urbanized regions) [30]. However, they cannot evaluate whether the corresponding
main functions of a region have been achieved. This study evaluated the effectiveness of
major function-oriented zoning in Hunan Province and revealed significant differences
in traditional indicators between regions that attained or did not attain goal-achievement
status (Figure 5), providing a threshold reference for traditional indicator systems to judge
whether regional major functional goals have been achieved.

(2) Sensitivity analysis

Since the achievement thresholds directly determine whether a county is classified
as goal-achieving, it is necessary to examine whether the above conclusions depend on
the specific threshold values. Thus, a sensitivity analysis was conducted by perturbing
all thresholds simultaneously by +10%. The results show that relaxing or tightening the
threshold criteria altered the proportion of goal-achieving counties in Hunan Province by
no more than 10%, and, for each of the three types of major function-oriented zones, the
number of goal-achieving counties changed by no more than four (Table 2). This indicates
that the findings in this study are robust across reasonable threshold settings.

Table 2. Number of goal-achieving counties and goal-achievement rate for each type of major
function-oriented zone under different achievement-threshold settings.

Urbanized Main Agricultural Key Ecological

Year Tlslrei:i}:)ld Regions Production Regions Functional Regions Total
8 Count Rate (%) Count Rate (%) Count Rate (%) Count Rate (%)
Original 6 13.95 24 68.57 22 50.00 52 42.62
2010 Tightened 4 9.30 21 60.00 19 43.18 44 36.07
Relaxed 9 20.93 28 80.00 26 59.09 63 51.64
Original 16 37.21 23 65.71 23 52.27 62 50.82
2020 Tightened 13 30.23 21 60.00 20 45.45 54 44.26
Relaxed 16 37.21 25 7143 24 54.55 65 53.28

Note: The tightened and relaxed settings correspond to narrowing and widening the achievement
range of each threshold by 10%.

(3) Limitations

The NPP data are derived from a remote-sensing model product whose accuracy
depends on meteorological inputs and light-use efficiency parameters, and the harvest,
biomass, and dietary conversion coefficients are fixed values; together with possible report-
ing errors in statistical yearbook data, these introduce uncertainty into the county-level
values of SE, ED, and EP, although the use of consistent data sources and coefficients
across 2010 and 2020 limits its influence on the comparison between the two years. More-
over, county-level aggregation masks spatial heterogeneity within counties and results
at other scales may differ; this unit was nonetheless retained because the county is the
basic implementation unit of major function-oriented zoning in China. Additionally, the
assessment compares conditions in 2010 and 2020, so intermediate fluctuations remain
unobserved; in particular, NPP is sensitive to annual climate variability and a two-point
comparison cannot fully distinguish long-term trends from short-term fluctuations. Most
importantly, the assessment rules do not evaluate changes in indicators that are already
within the achievement range, because moving further toward the theoretical extreme is not
meaningful—only bare land, whose ecological supply is zero, can reach a self-sufficiency
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degree of 0—so the stability of indicators within the achievement range still requires
benchmarks.

Major function-oriented zoning is one of the most important spatial planning policies
in China, and a wide range of subsequent regional policies have been formulated to serve
and support its implementation. Nevertheless, several contemporaneous regional and
provincial-level plans have also shaped territorial functional differentiation. For Hunan,
the Development Plan for Urban Agglomeration in the Middle Reaches of the Yangtze
River (2015) and the Plan for the Dongting Lake Eco-Economic Zone (2014) are two such
examples, and the findings of this study therefore cannot be attributed solely to major
function-oriented zoning. Future work could employ a difference-in-differences (DID)
design to isolate its net effect more cleanly. This study takes Hunan Province, where the
three types of major function-oriented zones are present in relatively balanced numbers, as
the study area. Its assessment results have passed both cross-verification and sensitivity
analysis, indicating that the proposed framework and its thresholds are broadly adaptable
to regions of this type, though targeted adjustments would be required for special regions:
a stricter ecological-protection threshold (EP < 0.5) in the ecologically fragile Qinghai-Tibet
Plateau, and a higher resource-export ratio (ED < —20%) in the vast and sparsely populated
main agricultural production zones of Northeast China.

5. Conclusions

In this study, an integrated framework for assessing the effectiveness of major function-
oriented zoning was developed from the perspective of the dynamic supply-demand
relationship of ecological resources. This highlights the policy’s original intention (to pro-
mote rational resource flows between regions to achieve coordinated development) and
reflects targeted differences in three major function-oriented zones. The empirical results
show that there were 62 major function-oriented zones (counties) in Hunan Province that
attained goal-achievement status (accounting for 50.82%) in 2020, an increase of 10 counties
compared with 2010. From 2010 to 2020, the three types of major function-oriented zones in
Hunan Province showed different goal-achievement trajectories following the implemen-
tation of this policy. The number of urbanized regions attaining goal-achievement status
nearly tripled, while main agricultural production regions and key ecological functional
regions remained essentially unchanged. External dependence and ecological carrying
pressure were the most frequently observed limiting indicators for goal non-achievement
in the latter two zone types. The statistically significant differences between the regions
that attained or did not attain goal-achievement status in terms of traditional indicators
reflecting the major functions confirm the applicability of the framework proposed in this
study. This study not only provides a new perspective for assessing the effectiveness of
major function-oriented zoning, but also offers a generalizable approach for assessing spa-
tially differentiated management policies by translating the policy objective of coordinated
regional development into a quantifiable supply—production-demand framework.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/1and15091718/s1, Table S1: The ratio of aboveground biomass of
different vegetation types. Table S2: The harvest index, moisture, and loss rate of each crop. Table S3:
The harvest index, moisture, and loss rate of each crop. Table S4: The conversion coefficient table
of standard sheep unit. Table S5: The feed conversion ratio and loss rate of the beef, mutton, milk.
Table S6: The conversion coefficient, moisture content, harvest index and loss rate. Table S7: Changes
in the self-sufficiency degree (SE), external dependence (ED), and ecological carrying pressure (EP)
from 2010 to 2020 for counties that failed to achieve their goals in at least one of 2010 and 2020.
Table S8: Changes in the self-sufficiency degree (SE), external dependence (ED), and ecological
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carrying pressure (EP) from 2010 to 2020 for counties that achieved their goals in both 2010 and 2020.
References [77-106] are citied in the Supplementary Materials.

Author Contributions: Conceptualization, Y.Y., Z.Y. and W.D.; methodology, Y.Y.,, W.D., TH. and
X.X.; formal analysis, Y.Y. and W.D.; data curation, Y.Y.; writing—original draft preparation, Y.Y,;
writing—review and editing, W.D., TH., X.X., Z.Y. and H.Y,; visualization, Y.Y.; funding acquisition,
W.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China
(No. 42301335), the Sichuan Science and Technology Program, China (No. 2025ZNSFSC1151), and the
Startup Foundation in Sichuan Normal University, China (No. kyqd20220954).

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Colglazier, W. Sustainable Development Agenda: 2030. Science 2015, 349, 1048-1050. [CrossRef] [PubMed]

2. Lim, M\M.L,; Segaard Jergensen, P.; Wyborn, C.A. Reframing the Sustainable Development Goals to Achieve Sustainable
Development in the Anthropocene: A Systems Approach. Ecol. Soc. 2018, 23, art22. [CrossRef]

3. Fu, B.; Meadows, M.E.; Zhao, W. Geography in the Anthropocene: Transforming Our World for Sustainable Development. Geogr.
Sustain. 2022, 3, 1-6. [CrossRef]

4. Keys, PW.; Galaz, V.; Dyer, M.; Matthews, N.; Folke, C.; Nystrom, M.; Cornell, S.E. Anthropocene Risk. Nat. Sustain. 2019, 2,
667-673. [CrossRef]

5. Liu, K,; Raisolsadat, A.; Wang, X.; Van Dau, Q. Quantitative Assessment of The Group of Seven’s Collaboration in Sustainable
Development Goals. Nat. Commun. 2024, 15, 7274. [CrossRef] [PubMed]

6.  Fuso Nerini, F;; Mazzucato, M.; Rockstrdm, J.; Van Asselt, H.; Hall, .W.; Matos, S.; Persson, A.; Sovacool, B.; Vinuesa, R.; Sachs, .
Extending the Sustainable Development Goals to 2050—A Road Map. Nature 2024, 630, 555-558. [CrossRef] [PubMed]

7. Gao, L. Accelerate progress towards sustainable development goals: Insights from China. Sci. Bull. 2024, 69, 574-577. [CrossRef]
[PubMed]

8. Asadikia, A.; Rajabifard, A.; Kalantari, M. A Systems Perspective on National Prioritisation of Sustainable Development Goals:
Insights from Australia. Geogr. Sustain. 2023, 4, 255-267. [CrossRef]

9. Jiang, Q.; Feng, C.; Ding, ].; Bartley, E.; Lin, Y.; Fei, J.; Wu, S.; Zhou, J.; Ye, G.; Christakos, G. The Decade Long Achievements of
China’s Marine Ecological Civilization Construction (2006-2016). |. Environ. Manag. 2020, 272, 111077. [CrossRef] [PubMed]

10. Xie, H.; Wen, J.; Choi, Y. How the SDGs Are Implemented in China—A Comparative Study Based on the Perspective of Policy
Instruments. . Clean. Prod. 2021, 291, 125937. [CrossRef]

11.  Fu, B,; Zhang, J. Progress and challenges of Sustainable Development Goals (SDGs) in the World and in China. Bull. Chin. Acad.
Sci. 2024, 39, 804-808. (In Chinese) [CrossRef]

12.  Sachs, ].D.; Lafortune, G.; Fuller, G.; Iablonovski, G. Financing Sustainable Development to 2030 and Mid-Century; Sustainable
Development Report; SDSN: Paris, France; Dublin University Press: Dublin, Ireland, 2025.

13. Li, C; Wan, Y.; Xu, Z,; Fan, X,; Shuai, C.; Yu, X,; Tan, Y. Impacts and Pathways of the Belt and Road Initiative on Sustainable
Development Goals of the Involved Countries. Sustain. Dev. 2024, 32, 2976-2989. [CrossRef]

14. Wang, Y,; Liu, C; Liu, B.; Lee, TM. Integrated Outcomes of Large-Scale Ecological Restoration Projects on Biodiversity—Eco-
Environment-Society in China. Geogr. Sustain. 2025, 6, 100243. [CrossRef]

15. Li, C.; Chen, Z,; Jiang, Q.; Yue, M.; Wu, L,; Bao, Y.; Huang, B.; Wang, A.B.; Tan, Y.; Xu, Z. Impacts of Government Attention on
Achieving Sustainable Development Goals: Evidence from China. Geogr. Sustain. 2025, 6, 100233. [CrossRef]

16. Ma, Y,; Huang, L.; Li, J.; Cao, W.; Cai, Y. Carbon Potential of China’s Grain to Green Program and Its Contribution to the Carbon
Target. Resour. Conserv. Recycl. 2024, 200, 107272. [CrossRef]

17.  Xu, Y.; Zhou, G.; Zhou, L.; He, X,; Tian, Z. How Does the Three-North Shelterbelt Engineering of China Improve Its Habitat
Quality? A Study of 40 Years of Change Tracking and Driving Factors. Land Degrad. Dev. 2025, 36, 408—423. [CrossRef]

18. Chang, J.; Li, Q.; Zhai, L.; Liao, C.; Qi, X.; Zhang, Y.; Wang, K. Comprehensive Assessment of Rocky Desertification Treatment in
Southwest China Karst. Land Degrad. Dev. 2024, 35, 3461-3476. [CrossRef]

19. Yue, C; Xu, M,; Ciais, P; Tao, S.; Shen, H.; Chang, J.; Li, W.; Deng, L.; He, |.; Leng, Y.; et al. Contributions of Ecological Restoration

Policies to China’s Land Carbon Balance. Nat. Commun. 2024, 15, 9708. [CrossRef]

https://doi.org/10.3390/1and15091718


https://doi.org/10.1126/science.aad2333
https://www.ncbi.nlm.nih.gov/pubmed/26339011
https://doi.org/10.5751/ES-10182-230322
https://doi.org/10.1016/j.geosus.2021.12.004
https://doi.org/10.1038/s41893-019-0327-x
https://doi.org/10.1038/s41467-024-51663-5
https://www.ncbi.nlm.nih.gov/pubmed/39179562
https://doi.org/10.1038/d41586-024-01754-6
https://www.ncbi.nlm.nih.gov/pubmed/38886551
https://doi.org/10.1016/j.scib.2023.12.054
https://www.ncbi.nlm.nih.gov/pubmed/38184387
https://doi.org/10.1016/j.geosus.2023.06.003
https://doi.org/10.1016/j.jenvman.2020.111077
https://www.ncbi.nlm.nih.gov/pubmed/32854884
https://doi.org/10.1016/j.jclepro.2021.125937
https://doi.org/10.16418/j.issn.1000-3045.20240221004
https://doi.org/10.1002/sd.2819
https://doi.org/10.1016/j.geosus.2024.09.007
https://doi.org/10.1016/j.geosus.2024.08.011
https://doi.org/10.1016/j.resconrec.2023.107272
https://doi.org/10.1002/ldr.5367
https://doi.org/10.1002/ldr.5146
https://doi.org/10.1038/s41467-024-54100-9
https://doi.org/10.3390/land15091718

Land 2026, 15,1718 17 of 20

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.
46.

Chen, Y.; Dou, S.; Xu, D. The Effectiveness of Eco-Compensation in Environmental Protection -A Hybrid of the Government and
Market. J. Environ. Manag. 2021, 280, 111840. [CrossRef] [PubMed]

Huang, L.; Shao, Q.; Liu, J.; Lu, Q. Improving Ecological Conservation and Restoration through Payment for Ecosystem Services
in Northeastern Tibetan Plateau, China. Ecosyst. Serv. 2018, 31, 181-193. [CrossRef]

Liu, M.; Feng, X.; Wang, S.; Qiu, H. China’s Poverty Alleviation over the Last 40 Years: Successes and Challenges. Aust. J. Agric.
Resour. Econ. 2020, 64, 209-228. [CrossRef]

Fan, J. The Scientific Foundation of Major Function Oriented Zoning in China. Acta Geogr. Sin. 2007, 62, 339-350. (In Chinese)
[CrossRef]

Sheng, K.; Fan, J. Fundamental Institution Function of Major Function Oriented Zoning for China’s Land Development and
Protection. Bull. Chin. Acad. Sci. 2016, 31, 44-50. (In Chinese) [CrossRef]

Xia, H.; Zhang, W.; He, L.; Ma, M.; Peng, H.; Li, L.; Ke, Q.; Hang, P.; Wang, X. Assessment on China’s Urbanization after the
Implementation of Main Functional Areas Planning. J. Environ. Manag. 2020, 264, 110381. [CrossRef] [PubMed]

Li, T; Liao, H.; Pan, Z; Li, J.; Yang, W.; Pan, M. Evaluation of Efficiency Differentiation in Land Spatial Development and
Utilization of Major Functional Areas Based on DEA Model—A Case Study of Chongqing City. Econ. Geogr. 2015, 35, 157-164. (In
Chinese) [CrossRef]

Chen, H.; Hou, M,; Xi, Z.; Zhang, X.; Yao, S. Co-Benefits of the National Key Ecological Function Areas in China for Carbon
Sequestration and Environmental Quality. Front. Ecol. Evol. 2023, 11, 1093135. [CrossRef]

Deng, Y.; Yan, X.; Hou, M.; Yao, S. Reassessing the Ecological Effectiveness of Ecological Restoration Programs: Evidence from a
Quasi-Natural Experiment in China. Ecol. Eng. 2025, 212, 107506. [CrossRef]

Wei, M.; Chen, W.; Wang, Y. Assessment of the Implementation Effects of Main Functional Area Planning in the Yangtze River
Economic Belt. Land 2024, 13, 940. [CrossRef]

Li, H.; Su, C.; Wei, X. Evaluation and Policy Implications of Provincial Major Function-oriented Zone Planning: An Empirical
Study on Hunan Province. Econ. Geogr. 2022, 42, 45-55. (In Chinese) [CrossRef]

Zhou, P; Liu, T; Shen, Y.; Zhou, ]. Performance Evaluation of Territorial Spatial Function Development Based on the Ecological
Niche Theory—Taking the Main Functional Area in Shanxi Province as an Example. Nat. Resour. Econ. China 2021, 34, 69-80. (In
Chinese) [CrossRef]

Akhtar, F; Lodhi, S.A.; Khan, S.S.; Sarwar, F. Incorporating Permaculture and Strategic Management for Sustainable Ecological
Resource Management. J. Environ. Manag. 2016, 179, 31-37. [CrossRef] [PubMed]

Mayer, A.; Kaufmann, L.; Kalt, G.; Matej, S.; Theurl, M.C.; Morais, T.G.; Leip, A.; Erb, K.-H. Applying the Human Appropriation
of Net Primary Production Framework to Map Provisioning Ecosystem Services and Their Relation to Ecosystem Functioning
across the European Union. Ecosyst. Serv. 2021, 51, 101344. [CrossRef] [PubMed]

Li, Z.; Deng, X.; Jin, G.; Mohmmed, A.; Arowolo, A.O. Tradeoffs between Agricultural Production and Ecosystem Services: A
Case Study in Zhangye, Northwest China. Sci. Total Environ. 2020, 707, 136032. [CrossRef] [PubMed]

Huang, F.; Zuo, L.; Gao, |.; Jiang, Y.; Du, E; Zhang, Y. Exploring the Driving Factors of Trade-Offs and Synergies among Ecological
Functional Zones Based on Ecosystem Service Bundles. Ecol. Indic. 2023, 146, 109827. [CrossRef]

Fan, J.; Wang, Y.; Wang, C.; Chen, T,; Jin, E; Zhang, W.; Li, L.; Xu, Y.; Dai, E; Tao, A ; et al. Reshaping the Sustainable Geographical
Pattern: A Major Function Zoning Model and Its Applications in China. Earth’s Future 2019, 7, 25-42. [CrossRef]

Fan, J. Draft of major function oriented zoning of China. Acta Geogr. Sin. 2015, 70, 186—201. (In Chinese) [CrossRef]

Costinot, A. An Elementary Theory of Comparative Advantage. Econometrica 2009, 77, 1165-1192. [CrossRef]

Syrbe, R.-U.; Grunewald, K. Ecosystem Service Supply and Demand—The Challenge to Balance Spatial Mismatches. Int. J.
Biodivers. Sci. Ecosyst. Serv. Manag. 2017, 13, 148-161. [CrossRef]

Xie, G.; Cao, S.; Lu, C. The Carrying Capacity of Ecological Resources in China; Science Press: Beijing, China, 2011. (In Chinese)
Zhu, Z.; Piao, S.; Myneni, R.B.; Huang, M.; Zeng, Z.; Canadell, ].G.; Ciais, P; Sitch, S.; Friedlingstein, P.; Arneth, A.; et al. Greening
of the Earth and Its Drivers. Nat. Clim. Change 2016, 6, 791-795. [CrossRef]

Imhoff, M.L.; Bounoua, L.; Ricketts, T.; Loucks, C.; Harriss, R.; Lawrence, W.T. Global Patterns in Human Consumption of Net
Primary Production. Nature 2004, 429, 870-873. [CrossRef] [PubMed]

Erb, K.-H.; Krausmann, F.; Gaube, V,; Gingrich, S.; Bondeau, A.; Fischer-Kowalski, M.; Haberl, H. Analyzing the Global Human
Appropriation of Net Primary Production—Processes, Trajectories, Implications. An Introduction. Ecol. Econ. 2009, 69, 250-259.
[CrossRef]

Haberl, H.; Steinberger, ]J.K.; Plutzar, C.; Erb, K.-H.; Gaube, V.; Gingrich, S.; Krausmann, F. Natural and Socioeconomic
Determinants of the Embodied Human Appropriation of Net Primary Production and Its Relation to Other Resource Use
Indicators. Ecol. Indic. 2012, 23, 222-231. [CrossRef] [PubMed]

Running, S.W. A Measurable Planetary Boundary for the Biosphere. Science 2012, 337, 1458-1459. [CrossRef] [PubMed]

Dong, P; Ren, Z.; Xu, G.; Wang, W.; Wang, K.; Pei, Z.; Yang, J.; Zhang, Y. Abrupt Transitions in Ecosystem Service Interactions
Driven by Climate Variability and Human Activities across the Loess Plateau, China. Ecol. Indic. 2026, 186, 114887. [CrossRef]

https://doi.org/10.3390/1and15091718


https://doi.org/10.1016/j.jenvman.2020.111840
https://www.ncbi.nlm.nih.gov/pubmed/33360550
https://doi.org/10.1016/j.ecoser.2018.04.005
https://doi.org/10.1111/1467-8489.12353
https://doi.org/10.3321/j.issn:0375-5444.2007.04.001
https://doi.org/10.16418/j.issn.1000-3045.2016.01.005
https://doi.org/10.1016/j.jenvman.2020.110381
https://www.ncbi.nlm.nih.gov/pubmed/32217308
https://doi.org/10.15957/j.cnki.jjdl.2015.09.021
https://doi.org/10.3389/fevo.2023.1093135
https://doi.org/10.1016/j.ecoleng.2024.107506
https://doi.org/10.3390/land13070940
https://doi.org/10.15957/j.cnki.jjdl.2022.05.005
https://doi.org/10.19676/j.cnki.1672-6995.000642
https://doi.org/10.1016/j.jenvman.2016.04.051
https://www.ncbi.nlm.nih.gov/pubmed/27155728
https://doi.org/10.1016/j.ecoser.2021.101344
https://www.ncbi.nlm.nih.gov/pubmed/34631401
https://doi.org/10.1016/j.scitotenv.2019.136032
https://www.ncbi.nlm.nih.gov/pubmed/31972910
https://doi.org/10.1016/j.ecolind.2022.109827
https://doi.org/10.1029/2018EF001077
https://doi.org/10.11821/dlxb201502002
https://doi.org/10.3982/ECTA7636
https://doi.org/10.1080/21513732.2017.1407362
https://doi.org/10.1038/nclimate3004
https://doi.org/10.1038/nature02619
https://www.ncbi.nlm.nih.gov/pubmed/15215863
https://doi.org/10.1016/j.ecolecon.2009.07.001
https://doi.org/10.1016/j.ecolind.2012.03.027
https://www.ncbi.nlm.nih.gov/pubmed/23470886
https://doi.org/10.1126/science.1227620
https://www.ncbi.nlm.nih.gov/pubmed/22997311
https://doi.org/10.1016/j.ecolind.2026.114887
https://doi.org/10.3390/land15091718

Land 2026, 15,1718 18 of 20

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Gonzalez, A.; Germain, R.M,; Srivastava, D.S.; Filotas, E.; Dee, L.E.; Gravel, D.; Thompson, P.L.; Isbell, F.; Wang, S.; Kéfi, S.; et al.
Scaling-up Biodiversity-ecosystem Functioning Research. Ecol. Lett. 2020, 23, 757-776. [CrossRef] [PubMed]

Liang, J.; Crowther, TW.,; Picard, N.; Wiser, S.; Zhou, M.; Alberti, G.; Schulze, E.-D.; McGuire, A.D.; Bozzato, F,; Pretzsch, H.; et al.
Positive Biodiversity-Productivity Relationship Predominant in Global Forests. Science 2016, 354, aaf8957. [CrossRef] [PubMed]
Fan, J.; Wu, J.; Gao, X. Spatial Characteristics of Major Function Achievements in China’s Urbanized Areas over the Past Decade
and Future Layout Optimization. Econ. Geogr. 2024, 44, 1-13. (In Chinese) [CrossRef]

Baillie, J.; Zhang, Y.-P. Space for Nature. Science 2018, 361, 1051. [CrossRef] [PubMed]

Du, W,; Yan, H,; Feng, Z.; Yang, Y.; Liu, F. The Supply-Consumption Relationship of Ecological Resources under Ecological
Civilization Construction in China. Resour. Conserv. Recycl. 2021, 172, 105679. [CrossRef]

Xu, M,; Feng, Z.; Yang, Y.; Li, Q.; Ni, S. Ecological Migration and Social Inclusion of the Yi Minority in Southwestern China. Cities
2024, 153, 105291. [CrossRef]

Sun, M.; Yang, R.; Li, X.; Zhang, L.; Liu, Q. Designing a Path for the Sustainable Development of Key Ecological Function Zones:
A Case Study of Southwest China. Glob. Ecol. Conserv. 2021, 31, €01840. [CrossRef]

Wang, J.; Liu, Y.; Li, Y. Ecological Restoration under Rural Restructuring: A Case Study of Yan’an in China’s Loess Plateau. Land
Use Policy 2019, 87, 104087. [CrossRef]

Waisanen, PJ.; Bliss, N.B. Changes in population and agricultural land in conterminous United States counties, 1790 to 1997. Glob.
Biogeochem. Cycles 2002, 16, 1137. [CrossRef]

Lambin, E.F,; Meyfroidt, P. Global Land Use Change, Economic Globalization, and the Looming Land Scarcity. Proc. Natl. Acad.
Sci. USA 2011, 108, 3465-3472. [CrossRef] [PubMed]

Schroter, M.; Koellner, T.; Alkemade, R.; Arnhold, S.; Bagstad, K.J.; Erb, K.-H.; Frank, K.; Kastner, T.; Kissinger, M.; Liu, J.; et al.
Interregional Flows of Ecosystem Services: Concepts, Typology and Four Cases. Ecosyst. Serv. 2018, 31, 231-241. [CrossRef]

Li, Z; Jiang, W.; Wang, W.; Lei, X.; Deng, Y. Exploring Spatial-Temporal Change and Gravity Center Movement of Construction
Land in the Chang-Zhu-Tan Urban Agglomeration. J. Geogr. Sci. 2019, 29, 1363-1380. [CrossRef]

Tang, W.; Huang, K.; Zhou, F. Can High-Standard Farmland Construction Policy Promote Agricultural Green Development?
Evidence from Quasi Natural Experiments in Hunan, China. Pol. J. Environ. Stud. 2023, 32, 5333-5346. [CrossRef] [PubMed]
Wang, Y.; Xu, X.; Zhuang, D. Evolution of the supply and demand pattern of ecosystem services in Hunan Province. Chin. J. Ecol.
2021, 40, 3268-3277. (In Chinese) [CrossRef]

Yang, J.; Huang, X. The 30 m Annual Land Cover Dataset and Its Dynamics in China from 1990 to 2019. Earth Syst. Sci. Data 2021,
13, 3907-3925. [CrossRef]

Ke, X.; Wang, X.; Guo, H.; Yang, C.; Zhou, Q.; Mougharbel, A. Urban Ecological Security Evaluation and Spatial Correlation
Research—Based on Data Analysis of 16 Cities in Hubei Province of China. J. Clean. Prod. 2021, 311, 127613. [CrossRef]

Zhou, Q.; Zhang, S.; Deng, W.; Wang, Y.; Zhang, H. Demographic Shifts and Agricultural Production Efficiency in the Context of
Urban-Rural Transformation: Complex Networks and Geographic Differences. Glob. Food Secur. 2025, 45, 100867. [CrossRef]
Fan, ]. Spatial organization pathway for territorial function-structure: Discussion on implementation of major function zoning
strategy in territorial spatial planning. Geogr. Res. 2019, 38, 2373-2387. (In Chinese) [CrossRef]

Kong, J.; Li, Y. Spatio-Temporal Variations in Carbon Sources, Sinks and Footprints of Cropland Ecosystems in the Middle and
Lower Yangtze River Plain of China, 2013-2022. Sci. Rep. 2025, 15, 16225. [CrossRef] [PubMed]

Liu, D.; Chen, N. Satellite Monitoring of Urban Land Change in the Middle Yangtze River Basin Urban Agglomeration, China
between 2000 and 2016. Remote Sens. 2017, 9, 1086. [CrossRef]

Li, W.; Wang, L.; Wan, Q.; You, W.; Zhang, S. A Configurational Analysis of Family Farm Management Efficiency: Evidence from
China. Sustainability 2022, 14, 6015. [CrossRef]

Running, S.W. A Regional Look at HANPP: Human Consumption Is Increasing, NPP Is Not. Environ. Res. Lett. 2014, 9, 111003.
[CrossRef]

Sheng, Y.; Song, L. Agricultural Production and Food Consumption in China: A Long-Term Projection. China Econ. Rev. 2019, 53,
15-29. [CrossRef]

Ye, Y,; Qi, Q.; Jiang, L.; Li, X. Spatial-Temporal Changes in Grain Input-Output and the Driving Mechanism in China since 1985.
Int. J. Agric. Sustain. 2017, 15, 445-456. [CrossRef]

Chen, K; Ping, Y;; Pan, X.; Ye, M.; Wang, Y. Does Ecotourism in Nature Reserves Have an Impact on Farmers’ Income?
Counterfactual Estimates Based on Propensity Score Matching. Agriculture 2024, 14, 576. [CrossRef]

Cheng, A.T,; Sims, KR.E,; Yi, Y. Economic Development and Conservation Impacts of China’s Nature Reserves. J. Environ. Econ.
Manag. 2023, 121, 102848. [CrossRef]

Wan, L.; Zheng, Q.; Wu, J.; Wei, Z.; Wang, S. How Does the Ecological Compensation Mechanism Adjust the Industrial Structure?
Evidence from China. J. Environ. Manag. 2022, 301, 113839. [CrossRef] [PubMed]

Wang, K.; Lu, J.; Liu, H. How Does Spatial Injustice Affect Residents” Policy Acceptance of the Economic-Social-Ecological
Objectives of Construction Land Reduction? Int. |. Environ. Res. Public Health 2023, 20, 2847. [CrossRef] [PubMed]

https://doi.org/10.3390/1and15091718


https://doi.org/10.1111/ele.13456
https://www.ncbi.nlm.nih.gov/pubmed/31997566
https://doi.org/10.1126/science.aaf8957
https://www.ncbi.nlm.nih.gov/pubmed/27738143
https://doi.org/10.15957/j.cnki.jjdl.2024.01.001
https://doi.org/10.1126/science.aau1397
https://www.ncbi.nlm.nih.gov/pubmed/30213888
https://doi.org/10.1016/j.resconrec.2021.105679
https://doi.org/10.1016/j.cities.2024.105291
https://doi.org/10.1016/j.gecco.2021.e01840
https://doi.org/10.1016/j.landusepol.2019.104087
https://doi.org/10.1029/2001GB001843
https://doi.org/10.1073/pnas.1100480108
https://www.ncbi.nlm.nih.gov/pubmed/21321211
https://doi.org/10.1016/j.ecoser.2018.02.003
https://doi.org/10.1007/s11442-019-1664-5
https://doi.org/10.15244/pjoes/169649
https://www.ncbi.nlm.nih.gov/pubmed/23304450
https://doi.org/10.13292/j.1000-4890.202110.029
https://doi.org/10.5194/essd-13-3907-2021
https://doi.org/10.1016/j.jclepro.2021.127613
https://doi.org/10.1016/j.gfs.2025.100867
https://doi.org/10.11821/dlyj020190865
https://doi.org/10.1038/s41598-025-98457-3
https://www.ncbi.nlm.nih.gov/pubmed/40346260
https://doi.org/10.3390/rs9111086
https://doi.org/10.3390/su14106015
https://doi.org/10.1088/1748-9326/9/11/111003
https://doi.org/10.1016/j.chieco.2018.08.006
https://doi.org/10.1080/14735903.2017.1335571
https://doi.org/10.3390/agriculture14040576
https://doi.org/10.1016/j.jeem.2023.102848
https://doi.org/10.1016/j.jenvman.2021.113839
https://www.ncbi.nlm.nih.gov/pubmed/34592663
https://doi.org/10.3390/ijerph20042847
https://www.ncbi.nlm.nih.gov/pubmed/36833549
https://doi.org/10.3390/land15091718

Land 2026, 15,1718 19 of 20

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Liao, W.; Ye, D.; Yuan, R.; Zhang, Y.; Deng, Q. Financial Compensation for Natural Forest Logging Ban: Standard Calculation
Based on Willingness to Accept. Sci. Prog. 2023, 106, 00368504221145563. [CrossRef] [PubMed]

Du, W,; Yan, H.; Feng, Z.; Liu, G,; Li, K; Peng, L.; Xiang, X.; Yang, Y. Zoning for the Sustainable Development Mode of
Global Social-Ecological Systems: From the Supply-Production-Demand Perspective. Resour. Conserv. Recycl. 2024, 203, 107447 .
[CrossRef]

Pan, Y.; Zhu, ].; Zhang, Y.; Li, Z.; Wu, J. Poverty Eradication and Ecological Resource Security in Development of the Tibetan
Plateau. Resour. Conserv. Recycl. 2022, 186, 106552. [CrossRef]

Jackson, R.B.; Canadell, ].; Ehleringer, ].R.; Mooney, H.A.; Sala, O.E.; Schulze, E.D. A Global Analysis of Root Distributions for
Terrestrial Biomes. Oecologia 1996, 108, 389-411. [CrossRef] [PubMed]

Mokany, K.; Raison, R.J.; Prokushkin, A.S. Critical Analysis of Root: Shoot Ratios in Terrestrial Biomes. Glob. Change Biol. 2006, 12,
84-96. [CrossRef]

Krausmann, F,; Erb, K.-H.; Gingrich, S.; Haberl, H.; Bondeau, A.; Gaube, V.; Lauk, C.; Plutzar, C.; Searchinger, T.D. Global Human
Appropriation of Net Primary Production Doubled in the 20th Century. Proc. Natl. Acad. Sci. USA 2013, 110, 10324-10329.
[CrossRef] [PubMed]

Taelman, S.E.; Schaubroeck, T.; De Meester, S.; Boone, L.; Dewulf, J. Accounting for Land Use in Life Cycle Assessment: The
Value of NPP as a Proxy Indicator to Assess Land Use Impacts on Ecosystems. Sci. Total Environ. 2016, 550, 143-156. [CrossRef]
[PubMed]

Bi, Y,; Gao, C.; Wang, Y.; Li, B. Estimation of straw resources in China. Trans. CSAE 2009, 25, 211-217. (In Chinese) [CrossRef]
Piao, S.; Fang, J.; Ciais, P; Peylin, P.; Huang, Y,; Sitch, S.; Wang, T. The Carbon Balance of Terrestrial Ecosystems in China. Nature
2009, 458, 1009-1013. [CrossRef] [PubMed]

Zhu, X.J.; Wang, Q.F; Zheng, H.; Li, X.R. Researches on the spatio-temporal variation of carbon consumption by agricultural and
forestry utilization in Chinese terrestrial ecosystems during 2000s. Quat. Sci. 2014, 34, 762-768. (In Chinese) [CrossRef]

Xie, G.H.; Wang, X.Y.; Han, D.Q.; Xue, S. Harvest index and residue factor of cereal crops in China. J. China Agric. Univ. 2011, 16,
1-8. (In Chinese) [CrossRef]

Xie, G.H.; Wang, X.Y.; Han, D.Q.; Xue, S. Harvest index and residue factor of non-cereal crops in China. J. China Agric. Univ. 2011,
16, 9-17. (In Chinese) [CrossRef]

Gustavsson, J.; Cederberg, C.; Sonesson, U.; van Otterdijk, R.; Meybeck, A. Global Food Losses and Food Waste: Extent, Causes and
Prevention; FAO: Rome, Italy, 2011.

Lobell, D.B.; Hicke, ].A.; Asner, G.P; Field, C.B.; Tucker, C.J.; Los, S.O. Satellite Estimates of Productivity and Light Use Efficiency
in United States Agriculture, 1982-98. Glob. Change Biol. 2002, 8, 722-735. [CrossRef]

Dixon, R.K.; Solomon, A.M.; Brown, S.; Houghton, R.A.; Trexier, M.C.; Wisniewski, ]. Carbon Pools and Flux of Global Forest
Ecosystems. Science 1994, 263, 185-190. [CrossRef] [PubMed]

Fu, C,; Fang, H.; Yu, G. Carbon Emissions from Forest Vegetation Caused by Three Major Disturbances in China. J. Resour. Ecol.
2011, 2, 202-209. [CrossRef]

GB/T 45088—2024; Code of Practice for Forest Tree Harvesting. Standards Press of China: Beijing, China, 2024. (In Chinese)
NY/T 635-2015; Calculation of Rangeland Carrying Capacity. Standards Press of China: Beijing, China, 2015. (In Chinese)

Yan, H.; Zhen, L.; Li, F,; Du, B.; Pan, L.; Xiang, Q.; Chen, W. Measurement Method of Reasonable Consumption for Ecosystem
Productivity Supply Service: A Case Study of Inner Mongolia Grassland Transect. Resour. Sci. 2012, 34, 998-1006. (In Chinese)
Fan, J.; Zhong, H.; Harris, W.; Yu, G.; Wang, S.; Hu, Z.; Yue, Y. Carbon Storage in the Grasslands of China Based on Field
Measurements of Above- and below-Ground Biomass. Clim. Change 2008, 86, 375-396. [CrossRef]

Li, Q.; Zhang, J. Effects of different feeding methods on growth performance, serum biochemistry and carcass traits of beef cattle.
China Feed 2021, 12, 21-24. (In Chinese) [CrossRef]

Mu, M. Factors Affecting Feed Conversion Efficiency in Cattle Herds and Improvement Strategies. China Dairy Cattle 2024, 10,
9-12. (In Chinese)

Sun, G.; Shi, A;; Ma, J.; Lv, ]; Yang, C.; Wang, Q.; Liu, Z; Tian, J.; Chen, X.; Zhang, J.; et al. Difference Analysis of Slaughter
Performance, Plasma Biochemical Indices and Plasma Metabolome of Tan Sheep with High and Low Feed Conversion Ratios.
Chin. |. Anim. Nutr. 2024, 36, 7879-7890. (In Chinese) [CrossRef]

Fang, Z.; Li, G. Potential and realization path of rapeseed yield increase in China. China Oils Fats 2025, 50, 1-9. (In Chinese)
[CrossRef]

Quan, Y.; Wu, J; Li, R;; Fan, X,; Dao, J.; Yang, S.; Deng, J. Analysis on the current situation of cane sugar industry in Yunnan
province. Sugar Crops China 2019, 41, 76-80. (In Chinese)

Wang, R.; Li, S.; Ai, Y; Ding, Z.; Lin, M. Production status and prospects of sugar beet in Xinjiang. Sugar Crops China 2022, 44,
81-86. (In Chinese) [CrossRef]

Wang, Y.; Yang, J.; Peng, K.; Hua, B. Current Situation and Prospects of Peanut Industry in China. Agric. Outlook 2024, 20, 86-91.
(In Chinese)

https://doi.org/10.3390/1and15091718


https://doi.org/10.1177/00368504221145563
https://www.ncbi.nlm.nih.gov/pubmed/36637231
https://doi.org/10.1016/j.resconrec.2024.107447
https://doi.org/10.1016/j.resconrec.2022.106552
https://doi.org/10.1007/BF00333714
https://www.ncbi.nlm.nih.gov/pubmed/28307854
https://doi.org/10.1111/j.1365-2486.2005.001043.x
https://doi.org/10.1073/pnas.1211349110
https://www.ncbi.nlm.nih.gov/pubmed/23733940
https://doi.org/10.1016/j.scitotenv.2016.01.055
https://www.ncbi.nlm.nih.gov/pubmed/26808405
https://doi.org/10.3969/j.issn.1002-6819.2009.12.037
https://doi.org/10.1038/nature07944
https://www.ncbi.nlm.nih.gov/pubmed/19396142
https://doi.org/10.3969/j.issn.1001-7410.2014.04.08
https://doi.org/10.11841/j.issn.1007-4333.2011.01.001
https://doi.org/10.11841/j.issn.1007-4333.2011.01.002
https://doi.org/10.1046/j.1365-2486.2002.00503.x
https://doi.org/10.1126/science.263.5144.185
https://www.ncbi.nlm.nih.gov/pubmed/17839174
https://doi.org/10.3969/j.issn.1674-764X.2011.03.002
https://doi.org/10.1007/s10584-007-9316-6
https://doi.org/10.15906/j.cnki.cn11-2975/s.20211206
https://doi.org/10.12418/CJAN2024.672
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.230568
https://doi.org/10.13570/j.cnki.scc.2022.01.014
https://doi.org/10.3390/land15091718

Land 2026, 15,1718 20 of 20

102.

103.

104.

105.

106.

Haberl, H.; Erb, K.H.; Krausmann, F; Gaube, V.; Bondeau, A.; Plutzar, C.; Gingrich, S.; Lucht, W.; Fischer-Kowalski, M.
Quantifying and Mapping the Human Appropriation of Net Primary Production in Earth’s Terrestrial Ecosystems. Proc. Natl.
Acad. Sci. USA 2007, 104, 12942-12947. [CrossRef] [PubMed]

Liu, X,; Xin, L. Spatial and temporal variations of grain consumption coefficient of pig in China. J. Nat. Resour. 2021, 36, 1494-1504.
(In Chinese) [CrossRef]

Zhao, W,; Ying, F.; Zhu, D.; Li, ].; Wen, J.; Zhao, G.; An, B. Estimation of Genetic Parameters for Growth Traits of White-Feather
Broilers and Research on Genotype-Environment Interaction. Poult. Sci. 2026, 105, 106782. [CrossRef] [PubMed]

Zhou, C.; Elshkaki, A.; Graedel, T.E. Global Human Appropriation of Net Primary Production and Associated Resource
Decoupling: 2010-2050. Environ. Sci. Technol. 2018, 52, 1208-1215. [CrossRef] [PubMed]

Zhan, L.; Wu, X.; Song, Y.; Li, D. Estimation of Grain Ration Consumption of Urban and Rural Residents on Dining Away from
Home in China—Determination Based on Revised Data. Agric. Econ. Manag. 2021, 3, 103-113. (In Chinese) [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/1and15091718


https://doi.org/10.1073/pnas.0704243104
https://www.ncbi.nlm.nih.gov/pubmed/17616580
https://doi.org/10.31497/zrzyxb.20210611
https://doi.org/10.1016/j.psj.2026.106782
https://www.ncbi.nlm.nih.gov/pubmed/41903459
https://doi.org/10.1021/acs.est.7b04665
https://www.ncbi.nlm.nih.gov/pubmed/29318874
https://doi.org/10.3969/j.issn.1674-9189.2021.03.012
https://doi.org/10.3390/land15091718

	Introduction 
	Materials and Methods 
	Assessment Framework Construction 
	Assessing the Dynamic Supply–Demand Relationship of Ecological Resources 
	Matching Major Targeted Functions with Dynamic Supply–Demand Characteristics of Ecological Resources 
	Formulating Standards for the Effectiveness of Major Function-Oriented Zoning 

	Study Area 
	Data Sources 

	Results 
	Achievement Status of Major Function-Oriented Zones 
	Implementation Effectiveness of Major Function-Oriented Zoning 
	Constraints on Goal Achievement 

	Discussion 
	Cross-Verification 
	Reasons for the Implementation Effectiveness of Major Function-Oriented Zoning 
	Contributions, Sensitivity Analysis, and Limitations 

	Conclusions 
	References

