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Abstract

This study is situated at the critical stage of comprehensive implementation of China’s
territorial spatial planning system, addressing the strategic need for planning evaluation
and optimization. We innovatively construct a Computable General Equilibrium Model for
China’s Territorial Spatial Planning (CTSPM-CHN) that integrates dual factors of construc-
tion land costs and energy consumption costs. Through designing two policy scenarios of
rigid constraints and structural optimization, we systematically simulate and evaluate the
dynamic impacts of different territorial spatial governance strategies on macroeconomic
indicators, residents” welfare, and carbon emissions, revealing the multidimensional ef-
fects and operational mechanisms of territorial spatial planning policies. The findings
demonstrate the following: First, strict implementation of land use scale control from the
National Territorial Planning Outline (2016-2030) could reduce carbon emission growth
rate by 12.3% but would decrease annual GDP growth rate by 0.8%, reflecting the trade-off
between environmental benefits and economic growth. Second, industrial land structure
optimization generates significant synergistic effects, with simulation results showing that
by 2035, total GDP under this scenario would increase by 4.8% compared to the rigid
constraint scenario, while carbon emission intensity per unit GDP would decrease by
18.6%, confirming the crucial role of structural optimization in promoting high-quality
development. Third, manufacturing land adjustment exhibits policy thresholds: moderate
reduction could lower carbon emission peak by 9.5% without affecting economic stability,
but excessive cuts would lead to a 2.3 percentage point decline in industrial added value.
Based on systematic multi-scenario analysis, this study proposes optimized pathways
for territorial spatial governance: the planning system should transition from scale con-
trol to a structural optimization paradigm, establishing a flexible governance mechanism
incorporating anticipatory constraint indicators; simultaneously advance efficiency im-
provement in key sector land allocation and energy structure decarbonization, constructing
a coordinated “space—energy” governance framework. These findings provide quantita-
tive decision-making support for improving territorial spatial governance systems and
advancing ecological civilization construction.

Keywords: China’s territorial spatial planning; China’s territorial spatial planning simulation
model (CTSPM-CHN); CGE model; industrial restructuring
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1. Introduction

The Report to the 19th National Congress of the Communist Party of China stated,
“China’s economy has been transitioning from a phase of rapid growth to a stage of
high-quality development” [1]. As the fundamental carrier of economic activities, the
allocation of land resources profoundly influences regional high-quality development.
From 2000 to 2021, China’s construction land area increased from 36.206 million hectares
to 41.7001 million hectares, an increase of 15.2%, averaging an annual increase of approxi-
mately 733,000 hectares. While this trend facilitated rapid economic growth, it simultane-
ously triggered reductions in arable land and intensified pressure on ecological land. To
address these challenges, the central government formulated master land use plans, in-
cluding the National Urban System Plan (2006-2020) and the National Territorial Planning
Programme (2011-2030), establishing a top-down land quota allocation system. This system
aims to rationally allocate construction land, agricultural land, and ecological land through
binding targets for cultivated land preservation, permanent basic farmland protection,
and construction land scale control, ensuring the hierarchical implementation and control
of these tasks. While these policies have partially mitigated excessive land development
and promoted balanced land use, goal in-congruence between central and local govern-
ments during quota allocation may lead to supply-demand imbalances, impairing inter-
regional land allocation efficiency [2—4]. Furthermore, issues like fragmented governance
structures severely constrain resource allocation efficiency and the scientific planning of
production-living—ecological spaces. These challenges not only undermine the effective-
ness of land resource management but also impose higher demands for optimal land use
layout during the national economic transition.

To resolve implementation conflicts, the central government adopted the “integration
of multiple plans” reform strategy and established the Ministry of Natural Resources to
consolidate previously dispersed planning functions, fundamentally optimizing the ter-
ritorial spatial management framework. To provide clearer guidance, policy documents
such as the Opinions on Unifying the Planning System to Enhance the Strategic Guidance
of National Development Plans and the Opinions on Establishing and Supervising the
Implementation of the Territorial Spatial Planning System were issued, offering policy
support and explicit guidelines for constructing and implementing the territorial spatial
planning system. The strategic objective of these institutional innovations is to achieve
modernization of the territorial spatial governance system and capacity by 2035, character-
ized by an “intensive and efficient, livable and moderate, ecologically secure” territorial
spatial pattern. While land resources have provided a solid foundation and significant
impetus for China’s economic growth, the current land use model exhibits characteristics
of high cost, high consumption, and low efficiency, causing resource misallocation and
related negative impacts. Consequently, optimizing land resource allocation, rigorously
evaluating land policy effectiveness, and guiding local governments in implementing de-
velopment plans are urgently crucial for advancing nationwide high-quality development.
China is currently in the comprehensive implementation phase of territorial spatial master
plans, coinciding historically with the strategic window for national economic transfor-
mation and upgrading. How the territorial spatial planning system achieves a dynamic
balance between rigid constraints, economic development, and ecological protection, as
well as the systematic quantitative evaluation of its policy transmission mechanisms and
comprehensive effectiveness, remains an area requiring further exploration.

Building upon this, this study establishes a national single-region, multi-scale and
multi-type territorial spatial planning simulation model for China (CTSPM-CHN) based
on the Computable General Equilibrium (CGE) framework. By fully accounting for the
spatial interaction between land and industry, the model integrates land use into the
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CGE framework and incorporates a land transition module that considers conversion
probabilities between different land types. In addition to improving upon the assumption
of unlimited land supply in traditional models, it performs predictive simulations of
construction land utilization. Furthermore, an energy and carbon emission module has
been integrated, aiming to support the assessment of land-use-related policies under
various national development scenarios and the analysis of their impacts on the economy,
society, and the ecological environment.

The structure of the rest of the paper is as follows: Section 2 provides a literature re-
view on land resource allocation and CGE model applications in land use, highlighting the
current research trends and the necessity of this study. Section 3 describes the construction
of the China Territorial Spatial Planning Simulation Model (CTSPM-CHN), systematically
introducing the endogenous relationships between its main modules, analyzing the in-
novative land module in detail, and specifying the data sources. Section 4 describes the
settings for different territorial spatial planning scenarios and the sources of the parameters.
Section 5 discusses the impacts of these planning scenarios on China’s future economic
development, ecological environment, and social welfare. Section 6 further analyzes the
results, discussing the model’s generalizability and future research directions. Section 7
concludes with a summary of the research findings.

2. Literature Review

Early research on land resource allocation primarily focused on urban spatial layout,
where urban expansion is based on land use expansion, and different functional zones
generate distinct land use types. As urban spatial studies deepened, land resource allo-
cation research progressed significantly. Initial methodological approaches centered on
linear programming models [5,6]. Researchers used these to predict distribution probabil-
ities of multiple land use types and simulate land use patterns. This technique remains
influential, with scholars still employing linear programming to discuss land use structure
issues [7,8]. While traditional optimization models achieved successes in land use alloca-
tion, their limitations in spatial layout are evident. Advances in computing and information
technology fostered the development of geographic models based on GIS (Geographic
Information Systems) and RS (Remote Sensing), such as CLUE [9,10], CLUE-S [11-13] and
IMAGE [14,15], significantly contributing to land use research. Additionally, integrating
algorithm models like genetic algorithms, particle swarm optimization, and ant colony
algorithms with land use problems to resolve quantitative and spatial layout issues has
become a research hot spot [16-19]. Geographic models and algorithmic simulations can
enhance realism through micro-mechanisms but may be sub-optimal for economic policy
simulation due to insufficient economic foundations. This study selects the CGE model for
its strong economic interoperability, adaptability to multi-scale, multi-factor analysis, and
robust explanatory power in policy assessment.

Walras first proposed general equilibrium theory in Eléments d’économie politique
pure. Subsequent economists and mathematicians refined Walras’s work [20-22], trans-
forming abstract functions into economically meaningful equations, thereby grounding the
theory in reality and enabling its practical application. Johnson [23] introduced the CGE
model concept, constructing a simple multi-sector growth model. By the mid-late 1970s,
CGE models became vital economic analysis tools. Compared to mainstream econometric
models, CGE models excel by building the macro-economy from micro-economic agents
with clear linkages between the two levels. After nearly half a century of development,
CGE models are widely applied globally due to their economic logic and solubility.

Overall, CGE models are predominantly applied in international trade, tax policy,
ecological protection, and labor mobility research [24-28], with relatively fewer studies on
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land resource allocation. Theoretically, land resource allocation CGE models focus on how
changes in different land use areas and their conversion processes impact the economic
system, particularly agriculture and related sectors. They also examine potential effects on
other economic sectors, international trade, and environmental factors.

Existing land-related CGE models include FARM (The Future Agricultural Resource
Model) [29], GTAPE-L [30], MIRAGE (Modelling International Relationships in Applied
General Equilibrium) [31], Jin’s Model [32], REGIA [33], TERM [34], DRC-CGE [35],
CGELUC [36], TERM-BRZ [37], TERMCN-Land [38], and CTSPM [39]. This study further
refines land use CGE models, classifying them based on land factor diversity and whether
they incorporate conversion probabilities between land types. This detailed classifica-
tion aims to provide more precise theoretical guidance for land resource allocation and
deepen understanding of CGE models’ role in policy formulation and practical application
(see Figure 1).

Diverse Land
Use Type
« CGELUC
Jin’s model (Deng et al., 2019)
(jin, 2013) e TERMCN-LAND
* REGIA (Wang et al., 2018)
(Sabadini Carvalho, + CTSPM
2017) (Shen & Wen, 2024)
Without Land With Land Use
Use Transition Transition
Probabilities « TERM Probabilities
(Horridge, 2002)
¢ DRC-CGE ¢ TERM-BRZ
(Li et al., 2008) (Ferreira Filho et al., 2015)
* MIRAGE
(Bchir, 2007)

Homogeneous
Land Use Type

Figure 1. Classification of Land Use CGE Models Distinguishing Land Types and Conversion
Probabilities [31-39].

A review of the existing literature reveals the following: (1) Research on the current
land resource allocation model centered on land quota distribution still contains a ‘black
box’. Determining how to reasonably assess land use demand represents the most effective
approach to resolving this ‘black box’. However, most existing studies on the criteria
and methods for land quota allocation adopt a single perspective, analyzing how to dis-
tribute land quotas under either economic development or ecological protection objectives.
This approach is incompatible with China’s current multi-objective development strategy.
(2) Research concerning land resource allocation, particularly on the optimal allocation
of land use considering socio-economic transformation, should emphasize the market
attributes of land as a factor. This constitutes a primary reason why this study employs a
CGE model. (3) While the application of CGE models in land use simulation is gradually
increasing, most studies lack sufficient consideration for the diversity of land use types and
land conversion probabilities. Although the CGELUC model and the TERMCN-LAND
model have contributed to enhancing model realism, both models still possess room for
improvement regarding their technical scope and the treatment of land factors.
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Therefore, this study establishes a multi-scale, multi-type China Territorial Spatial
Planning Simulation Model (CTSPM-CHN), which ground in economic theory. This model
supports evaluating land use policies and their socio-economic and eco-environmental
impacts under diverse national development scenarios. It aims to provide policymakers
with simulation tools before planning strategies, offer a scientific basis for negotiation
and decision-making among stakeholders, and create a platform for “debating” inter-
departmental land quota allocation “games,” thereby promoting the construction of a
natural resource and territorial spatial governance system with Chinese characteristics.

3. Methodology and Data Sources
3.1. General Structure of the CGE Model

The China’s Territorial Spatial Planning Simulation Model (CTSPM-CHN) is a national
single-region CGE, which distinguishes 11 industrial sectors' (Crop Cultivation, Forestry,
Animal Husbandry, Other Agriculture, Mining, Manufacturing, Production and Supply
of Electricity /Gas/Water, Public Administration, Real Estate, Other Services, Transport),
2 types of household consumers (Urban, Rural), and identifies 5 major categories compris-
ing 11 sub-categories of industrial land types corresponding to the sector classification.

By establishing linkages between consumption, production, and other economic sys-
tem modules, the model examines how changes in parameters within one or more modules
affect others based on agent behaviors. CTSPM-CHN operates on the principle of opti-
mizing agent behavior, enabling spontaneous adjustments. It employs linear expressions
to depict relationships between supply and demand. The CGE structure comprises five
modules: Production, Consumption and Investment Behaviour, Government Behaviour,
Trade Behaviour, and Supply-Demand Equilibrium of each module (see Figure 2). Each
module contains supply equations, demand equations, and relational equations. During
equation solving, exogenous variables represent shocks to the economic system, while
endogenous variables represent quantities and prices of goods and factors. Changes in
exogenous variables impact parts of the system, propagating throughout, altering factors
and good quantities/prices, and transitioning the entire economy from one equilibrium
state to another.

Specifically, economic activities will be conducted by four main sectors. In the pro-
duction sector, firms, primarily within agriculture and manufacturing, utilize production
functions to manufacture goods. Besides consuming primary factors like labor, capital,
and land, they require goods produced by other firms as intermediate inputs to produce
final goods, while firms do not set the prices of goods. Consumers (households) obtain
income by selling primary factors of production (labor, capital, and land) to firms and then
use this income to purchase goods, with demand for each product influenced by a utility
function subject to a budget constraint, adhering to the Constant Elasticity of Substitution
(CES) principle. The government acquires revenue by taxing firms and households and
implements consumption activities by providing services for social activities and public
goods, as well as making transfer payments to households and firms. Within the trade
module, transportation modes are treated as marginal goods, emphasizing their role in
inter-regional trade, and furthermore, a bottom-up trade flow module explains the trade
relationships for goods between multiple regions.

Furthermore, recognizing the long-term dynamics of land use change and carbon
emissions, the model incorporates a detailed recursive dynamic mechanism based on
capital dynamics. Specifically, in this recursive dynamic CGE model, agents make decisions
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based on specific exogenous assumptions without influence from future price expectations.
The capital endowment dynamic function is expressed as

CAPITALt 1, = INVy; + (1 — depreciation, ; )JCAPITAL; (1)
where CAPITALY; is the capital stock of product i in period t, depreciation, ; is the depreci-
ation rate of product i in period t, INV; is the total fixed capital investment in productiin
period t, and CAPITAL, ; is the capital stock of product i in period t + 1.

Production

Land
Module
|
|
|

| Government | Demands

| Revenue | s

| Behaviour |

: I i it 1

________ |

| | Tax and Transfer | : |~ Goverment :

| :- Payment Jl | I ( Consumption |

e —————= | Urban Residnets |

e | Consumption .
Disposable "< ¥ Consumption
Income ] Rural Resedents d

| Consumption an
: || mvestments Investments
! L Behaviour
S

Goods 1 Consumption
Primary Intermedia | S Goods
Factors Goods \ Market /
| | Geodsn I Intermedia Arminton
______ : Inputs Assumption

Figure 2. Basic Structure Diagram of the Computable General Equilibrium Model.

3.2. Land Sector Specification in the CGE Model

The mechanistic foundation of CTSPM-CHN is the SinoTERM model. In SinoTERM,
the land module is analyzed by adding land as a primary input factor in the production
function. However, SinoTERM only simulates land demand, assuming an unlimited land
supply. Land is only considered an input factor for Agriculture, Forestry, Animal Hus-
bandry, and Fishery sectors, excluding other industries. To study the impact of economic
development policies on regional land resource allocation, CTSPM-CHN enhances the
SinoTERM model [40] by adding a land conversion module. This improves the original as-
sumption of unlimited land supply and incorporates prediction/simulation of construction
land use. The land module of CTSPM-CHN is detailed in two parts.

3.2.1. Industry-Land Matching Standards

The model comprises 11 industries corresponding to 11 land types. While data for
cultivated land, forest land, and grassland are available from the China Statistical Yearbook,
construction land data lacks public release. Therefore, this study references the China
Urban-Rural Construction Statistical Yearbook, the Second National Land Survey data,
and the Third National Land Survey data to match and estimate other land areas. Specific
estimation methods and data sources are shown in Table 1.
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Table 1. Land-Industry Matching Table and Data Sources Used in CTSPM-CHN.

Land Use Type Industry Area Measurement Method Data Source
Cropland Cropland Crop Farming Cropland Area + Garden Land Area
Woodland Woodland Forestry Woodland Area
Grassland Grassland Animal Husbandry Grassland Area China Statistical Yearbook
Unutilized Other Agricultural Other Agricultural Other Agricultural Land Area
Land Land
Mining Land Mining Industry Ca}lc.ulated based on the growth of Second National Land
mining land area from 2009 to 2016 Survey Data published by
Manufacturine Land Manufacturing Urban Industrial Land + County-level the Ministry of Natural
ahufacturing tan Industry Industrial Land Resources
Urban Public Facility Land + Urban
. . . . Green Space/Square Land +
Public Facility Land ~ Public Services County-level Public Facility Land +
County-level Green Space/Square Land
Urban Logistics/Warehousing Land +
Construction Urban Transport Land + County-level .
Land Transportation Land g:;réssﬁ);rt, Storage Logistics/Warehousing Land + China Urk?an—Rur.al .
County-level Transport Land + Construction S’fahStlca_l
Township/Village Transport Land Yearbook & Third Nat19nal
- - Land Survey Data published
Public Urban Public Management & Public by the Ministry of Natural

Public Admin. Land . . Service Land + County-level Public Resources
Administration Management & Public Service Land

Urban Residential Land + County-level
Residential Land Real Estate Residential Land + Year-end Residential
Floor Area in Townships/Villages

Urban Commercial & Service Land +
Other Services Land Other Services County-level Commercial &
Service Land

3.2.2. Land Module

Compared to the original SinoTERM model, this study refines the setting of urban and
rural construction land value:

(a) Differentiated Agricultural Land Value: The original Sino TERM model uniformly set
rents for cultivated land, forest land, and grassland as 1/3 of fixed capital investment,
an overly strong assumption. Considering variations in land rent/return rates and the
absence of sub-classifications for cultivated land in this study’s sectors [41], cultivated
land value is set at 0.33 times the fixed capital investment of “Crop Cultivation,” forest
land value at 0.4 times the gross output value of “Forestry,” and grassland value at
0.45 times the gross output value of “Animal Husbandry.”

(b) Construction Land Value Setting: Following existing research and China’s context,
construction land value is set equal to 0.24 times [42] the fixed capital investment of
all industries excluding “Crop Cultivation,” “Animal Husbandry,” “Forestry,” and
“Other Agriculture.”

Secondly, a land use transition matrix is introduced to calculate land conversion proba-
bilities, enabling prediction of land changes in the next period. The land conversion module
considers five land types: Cultivated Land, Forest Land, Grassland, Construction Land,
and Unused Land. Construction land is treated as largely irreversible due to low/slow
conversion probability. The initial land use transition matrix (Markov probabilities) was
calibrated using 1 km grid data on land share changes for four land types from the Institute
of Geographic Sciences and Natural Resources Research, CAS (2010 & 2020) [43]. This
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matrix drives land movement between uses in the model, determining annual supply of
Cultivated Land, Forest Land, and Grassland. The Markov matrix endogenously evolves
based on changes in the average unit rent of different land types in each region, following:

SLlel‘ = HL]rCLlerFLerf_X,Zr (2)

where Sy 1, denotes the proportion of type L; land in region r at the initial observation
time converting to type L, land by the end of the period. py , is a slack variable ensuring
Y1, SLiLr = 1. CLi1,r is @ constant term for calibration, set to the initial value of S, 1, Pf‘z N
is the average rent price of type L, land in region r, and « is a sensitivity parameter initially
set to 1.25. F, is a shift variable initially set to 1.

3.3. Carbon Emission Sector Specification in the CGE Model

Following Lou’s approach [44], the CTSPM-CHN model primarily considers car-
bon emissions from fossil fuel combustion during production. Emissions for each of the
11 industrial sectors are calculated by multiplying the quantity of fossil fuel used as inter-
mediate input by the corresponding carbon emission coefficient. Total system emissions
are obtained by summation:

CS_Energy, = Energy, X coefieg, 3
TOTEnergy = ZCS_Energye 4)

e
Carbon,; = Csenergy,; x coeficby ; (5)
TOTCarbon; = ZCarbone,i (6)

e

TOTCarbon = ZTOTCarboni (7)

i

where CS_Energy, is the physical consumption of energy e, Energy, is the monetary value
of energy e, coefieg, is the conversion parameter between value and physical units for
energy e; TOTEnergy is total energy consumption; Carbon, ; is CO; emissions from energy
e used by industry i, Csenergy,; is the monetary value of energy e used by industry
i, coeficbe; is the CO, emission coefficient for energy e in industry i; TOTCarbon; and
TOTCarbon are the CO, emissions of industry i and total emissions, respectively.

4. Scenario Design

Figure 3 shows the spatial distribution of the fitness between land supply policy and
economic development across Chinese cities in 2010 and 2017.

This study simulates two major categories comprising four sub-scenarios using
CTSPM-CHN to model “Land Use Constraint” (PLAN) and “Structural Adjustment”
(STUC) scenarios. These scenarios assign values to factors like arable land area, con-
struction land area, industrial structure, and population growth to analyze China’s in-
dustrial development patterns, land use efficiency, and ecological conservation levels by
2035, proposing corresponding policy recommendations. The interrelationships are shown
in Figure 3.
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Constrained Land

Use
Strict Implementation Structural Optimization
(PLAN2) (STUC2, STUC3, STUCH4,
STUCS)
Unchanged Industrial Land
Industrial Land Structure
Structure Optimization
Land Use Structure Business- as- Usual
Remains Unchanged (PLAN1)
(STUCI)

Unconstrained
Land Use

Figure 3. Categorization of Scenario Design.

4.1. Land Use Constraint (PLAN) Scenarios Setting

In this scenario setting, we define two distinct scenarios: ‘Business-as-Usual Growth

(PLAN1)” and ‘Strict Implementation (PLAN2)’.

Under the PLAN1 scenario: Drawing on the growth rates of cropland and construction
land observed over the decade from 2007 to 2017, we set the area growth rates for
these two land types. Based on an analysis of land use data from the China Statistical
Yearbook, the overall growth rate for China’s cropland area from 2017 to 2035 is set at
0.4%, while the growth rate for construction land area is set at 2%.

Under the PLAN2 scenario: We primarily reference the binding targets for ‘arable land
retention” and ‘land development intensity” outlined in the National Land Planning
Outline (2016-2030)? (hereafter referred to as the Outline) to set the cropland area and
construction land area. Specifically, according to the requirements of the Outline, the
average annual growth rates for China’s overall arable land retention target and land
development intensity from 2015 to 2020 were set at 0% and 1%, respectively. The
growth rates for China’s overall arable land retention target and land development
intensity from 2020 to 2035 were set at —0.2% and 0.9%, respectively®. Consequently,
for the period 2017 to 2020, this paper sets the average annual growth rates for the
arable land retention target and construction land growth at 0% and 1%, respectively.
Assuming the constraints from 2020 to 2030 remain in effect until 2035, the growth
rates for the arable land retention target and construction land growth from 2021 to
2035 are set at —0.2% and 0.9%, respectively. Additionally, within this scenario, this
paper also sets corresponding values for other socioeconomic indicators.

4.2. Structural Adjustment (STUC) Scenarios Setting

Similarly to the ‘Land Constraint” scenario, in the ‘Structural Adjustment’ scenario, we

define two distinct scenarios, ‘Land Use Structure Remains Unchanged (STUC1)” and “Struc-
tural Optimization (STUC2)’, with further discussions on the settings for the ‘Structural
Optimization” scenario.

Under the STUC1 scenario: Referencing the average annual growth rates of land for
secondary industry and land for tertiary industry observed over the decade from 2007
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to 2017, and based on PLAN2, we set the area growth for these two land use categories
within the model—land for secondary industry (including Manufacturing Land) and
land for tertiary industry (Public Facility Land, Residential Land, and Other Services
Land). Specifically, the average annual growth rate for Manufacturing Land is set at
3.2%, and the average annual growth rate for land for tertiary industry is set at 3.8%.

e  Under the STUC2 scenario: This paper adopts the approach of Wang et al. (2019) [45] to
first measure land use efficiency for land for secondary industry and land for tertiary
industry (construction land) across China at the overall average level during the period
2007 to 2017 by calculating land output per unit area. Furthermore, by comparing the
changes in the growth rates of land use efficiency for these two land types, the year
with the fastest change in growth rate is identified. Subsequently, the growth rates for
these two land types during this specific period are calculated and assigned. As can
be seen from the figure, from 2009 to 2012, the land use efficiency for both secondary
industry and tertiary industry increased relatively rapidly. Therefore, in this paper,
within the STUC2 scenario, in addition to setting the growth of cropland area and
construction land area according to the binding constraints of the Outline, the growth
rates for land for secondary industry and land for tertiary industry are set at —0.3%
and 2.5%, respectively.

To better analyze the impact of land structure optimization strategies, this study further
simulates future national average land structure growth using regional land structure data
under “Further Optimization Discussion”. Specific parameter settings are detailed in
Table 2. It should be noted that all scenarios are implemented within a national single-
region CGE framework. Scenarios STUC3-STUCS represent national strategic alternatives
inspired by the differentiated industrial transition trajectories of China’s Eastern, Central,
and Western regions, rather than regional-specific simulations.

Table 2. Parameter Settings for Land Constraint (PLAN) and Structural Adjustment (STUC) Scenarios.

Scenarios

Category Key Parameter Setting (Annual Growth Rate)

Land Constraint

cropland area: —1%

Business-as-Usual Growth (PLANT1) construction land area: 2%

(PLAN) .
e 2017-2020: cropland area: 0%; construction
. . land area: 1%
Strict Implementation (PLAN2) e 2021-2035: cropland area: 0%; construction
land area: 0.9%
e Additional settings on the Non-Plan
Implementation scenario basis (PLANT1):
Unchanged Structure (STUC1) land for secondary industry (2017-2035):
3.2%; land for tertiary industry
Structural (2017-2035): 3.8%
Adjustment (STUC) e Additional settings on the Strict Plan

Implementation scenario basis (PLAN2):

Optimized Structure (STUC2) land for secondary industry (2017-2035):
—0.3% land for tertiary industry
(2017-2035): 2.5%
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Table 2. Cont.

Scenarios Category Key Parameter Setting (Annual Growth Rate)
S 01 o  Following the Eastern Region’s optimized
L ce_nérlo th land allocation pathway: land for
O(VS\.,TUIE);\)] secondary industry (2017-2035): —2.0%;
Further Optimization land for tertiary industry (2017-2035): 3.1%
Discussions S 02 e Following the Central Region’s optimized
. Structural (Additional settings Hi Cflr-lél;‘l(())wt.h land allocation pathway: land for
Adjustment (STUC) on the Strict Plan EgSTU Ca secondary industry (2017-2035): 0.2%; land
Implementation basis ) for tertiary industry (2017-2035): 4.9%
(PLAN2)) Scenario 3 e  Following the Western Region’s optimized

Moderate-Growth

(STUC5)

land allocation pathway: land for
secondary industry (2017-2035): —1.8%;
land for tertiary industry (2017-2035): 3.5%

5. Scenario Simulation Results

This section focuses on analyzing the outcomes of the PLAN1, PLAN2, STUC1, and
STUC2 scenarios to evaluate the comprehensive impacts of plan implementation on China’s
economy, society, and ecological environment, while examining whether land use structural
adjustments facilitate positive economic development and decelerated growth in carbon
emissions. Building upon this foundation, through simulating configuration changes in
industrial land use structures, it further investigates the effects of different land structure
allocations on China’s macroeconomy and ecological environment, thereby providing
empirical support for land use planning and environmental protection policies.

5.1. Impact of Planning Implementation and Industrial Land Restructuring on Development of
China’s Economy, Society, and Ecology

Table 3 reports changes in China’s overall GDP and carbon emissions in 2030 and 2035
under PLAN and STUC scenarios.

Table 3. Changes in China’s Overall GDP and Carbon Emissions under Land Constraint and
Industrial Land Restructuring Scenarios.

Year 2030 Change Rate Compared to PLAN1
Macroeconomic Indicators PLAN1 PLAN2 STUC1 STUC2
Real GDP (Billion Yuan) 1,528,626 —2.12 —1.38 0.92
Carbon Emission (10,000 Tonnes) 2,483,951 —5.94 —2.77 —-2.30
Natural Carbon Sink Capacity (10,000 Tonnes) 23,739.73 —522 —0.84 —3.36
Net Carbon Emission (10,000 Tonnes) 2,460,212 —5.95 —2.79 —2.29
Year 2035 Change Rate Compared to PLAN1
Macroeconomic Indicators PLAN1 PLAN2 STUC1 STUC2
Real GDP (Billion Yuan) 1,841,815 —3.36 —-1.77 1.23
Carbon Emission (10,000 Tonnes) 3,382,505 —8.92 —3.55 -3.20
Natural Carbon Sink Capacity (10,000 Tonnes) 25,388.31 —8.07 —1.28 —4.31
Net Carbon Emission (10,000 Tonnes) 3,357,117 —8.93 —-3.57 -3.19

Simulation results demonstrate that in the short term, the effects of plan implementa-
tion and land use structural adjustments appear to have limited impact on China’s overall
economic development; however, from a long-term perspective, strict plan enforcement
may cause some delay in China’s economic growth rate, while optimized land structure
allocation holds potential to become a new driver for economic development. Specifically,
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under the PLAN2 scenario, simulations indicate that China’s total GDP is projected to reach
1,779,931.395 billion yuan by 2035, representing a relatively modest increase among the
four scenarios. In contrast, under the STUC2 scenario—which incorporates optimized in-
dustrial land structure allocation based on PLAN2—the total real GDP is projected to reach
1,864,513.38 billion yuan in 2035, representing an approximately 4.8% increase compared to
the GDP under PLAN2 and the most significant growth across all scenarios. This outcome
demonstrates the substantial promoting effect of optimized land structure adjustments
on economic growth. Further analysis comparing PLAN1 and STUC1 scenarios reveals
that under baseline simulation conditions, China’s total real GDP is expected to increase
to 1,844,513 billion yuan by 2035; however, when presuming disordered development of
land structure, the total real GDP in 2035 would decline by 1.8% relative to the baseline
projection. This finding underscores the potential negative economic impacts of imbalanced
land resource allocation, thus confirming the importance of optimizing land utilization and
structural adjustments for achieving sustained and healthy economic growth.

Analysis of data from Table 3 and Figure 4, total carbon emissions follow an upward
trend across all projected scenarios through 2035; however, the growth momentum varies
significantly under different policy interventions. Compared to the baseline (PLAN1), strict
spatial planning (PLAN2) and optimized industrial structure adjustments (STUC1 and STUC2)
effectively decelerate the rate of emission expansion. Under the STUC2 scenario—configured
with nationwide average industrial land structure optimization—while partially curbing
rapid growth in total carbon emissions, its mitigating effect proves less pronounced than that
of strict plan implementation. This finding not only highlights the necessity to holistically
consider long-term impacts on economic growth, resident welfare, and environmental con-
sequences during policy formulation and implementation, but also underscores the critical
need for meticulous design and optimization of land use planning to coordinate economic,
social, and environmental sustainability throughout industrial restructuring and ecological
civilization construction. Subsequently, this study will further investigate the impacts of
varying industrial land allocation structures on China’s future economic development and
ecological conservation.

mmm STUCL
s STUC2

3,000,000
250,000

2,500,000 |-

200,000

150,000
2,000,000 |-

Total Carbon Emissions (t)
Emission Reduction (t)

100,000

1,500,000 |

450,000

1,000,000 |

2019 2021 2023 2025 2027 2029 2031 2033
Year

Figure 4. Total Carbon Emissions of PLAN1 and Carbon Emission Reduction in Different Scenarios
with PLAN1 in China (2017-2035).

Furthermore, this paper compares labor wage growth and real GDP growth across
scenarios, which is a key metric for societal harmony emphasized in the 14th Five-Year
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Plan and 2035 Long-Range Objectives Outline. Figure 5 indicates that both real resident
wage growth rates and GDP growth rates will exhibit an initial increase followed by
gradual decline. Although short-term impacts of plan implementation and land structure
optimization on resident welfare appear limited, long-term simulations demonstrate that
rigorous plan execution and optimized industrial land allocation significantly enhance
resident income levels.

—&—PLANI
- - PLAN2
ceedenes STUCI

3 —&— STUC2
23

Unit: %

Figure 5. Difference between Real GDP Growth Rate and Real Wage Growth Rate under Land
Constraint (PLAN1, PLAN?2) and Structural Adjustment (STUC1, STUC2) Scenarios.

Additionally, this research examines the synergy between aggregate GDP growth and
resident wage growth under strict plan implementation versus industrial land optimization
scenarios. Analysis of Figure 6 data shows that pre-2030, strict plan implementation
delivers the most substantial welfare improvements; post-2030, however, its advantage
gradually narrows relative to industrial land optimization scenarios and is ultimately
surpassed. This outcome not only accentuates the importance of plan enforcement and
land use optimization for public welfare enhancement but particularly emphasizes the
pivotal role of refined land management in synchronizing economic growth with resident
welfare over the long term.

10 —&— Wage Growth under PLAN2
- ®= GDP Growth under PLAN2
—#&— Wage Growth under STUC2
8 = 4= GDP Growth under STUC2

VOO =AM HIOOINOWDONOD = M f LD
—mdaaadad N AANDOONNDN
=NeloNeoNoNeloNoReRoNololoNoNeNe NNl
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Figure 6. Trends in Real GDP Growth Rate and Real Wage Growth Rate under Strict Land Constraint
(PLAN2) and Optimized Structure Allocation (STUC2) Scenarios.
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Analysis of Figure 6 reveals that wage growth under structural optimization (STUC2)
is relatively stable. Under strict planning (PLAN2), wage growth persists but decelerates
noticeably, explaining why STUC2 ultimately surpasses PLAN2 in welfare improvement.

5.2. Further Discussion on Optimized Industrial Land Structure Adjustment

The preceding analysis reveals that this study demonstrates the critical role of in-
dustrial land structure allocation in advancing China’s socioeconomic development and
improving its ecological environment. Effective and rational land structure configuration
not only accelerates positive trends in China’s socioeconomic development but also ex-
erts a beneficial influence on decelerating carbon emission growth. Consequently, this
study further investigates land structure allocation approaches to assess the specific im-
pacts of distinct optimized configurations on China’s overall socioeconomic progress and
ecological changes.

Figure 7 displays the trajectory of China’s real GDP growth under simulated industrial
land structure adjustment scenarios from 2017 to 2035. For comparative analysis, trend lines
of GDP growth under other scenarios are also plotted. Through integrated analysis with
scenario settings in Table 1, this study finds that the scenario adopting the Central Region’s
average industrial land structure configuration (STUC4) yields significantly higher aggre-
gate GDP growth than other optimization strategies. Specifically, under STUC4, China’s
real GDP is projected to reach 1,908,633.147 billion yuan by 2035. By contrast, the scenario
employing the Eastern Region’s average configuration (STUC3) exhibits relatively slower
GDP growth, with real GDP projected at 1,852,927 billion yuan in 2035. Furthermore,
comparative analysis of GDP growth rates across scenarios reveals that under STUC3,
China’s GDP growth rate declines substantially, registering an average reduction rate of
2.5%. Additionally, when implementing the Western Region’s average allocation, the re-
sulting GDP growth trajectory largely aligns with that of the nationwide average industrial
land structure scenario.

STUC3
STUC4
STUCS

Scenarios Comparison (2030-2035)

ZZ PLAN] [X¥ STUC3
190 F =3 sTUC2 £ sTUCH

GDP (10 Yuan)
3
2

2035

L
2017

L L L L L L
2020 2023 2026 2029 2032 2035

Figure 7. GDP Change Trends in China (2017-2035) under Land Constraint Scenarios (PLAN1,
PLAN?2) and Structural Adjustment Scenarios (STUC1-STUCS).
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Through further analysis of scenario configurations (as presented in Table 2), under
conditions of comparable tertiary industry land allocation, this study finds that from a
long-term perspective, moderately reducing manufacturing land does not exert excessive
negative impacts on China’s overall economic development. However, excessive reduction
in manufacturing land allocation would constrain sustainable economic growth. This analy-
sis underscores the critical importance of optimized industrial land structure configuration
for driving China’s economic expansion. Selecting appropriate regional benchmarks for in-
dustrial land allocation—particularly rational distribution between secondary and tertiary
industry land—not only facilitates robust GDP growth but also ensures developmental
sustainability. These findings emphasize the necessity of balanced industrial structure
allocation in regional development strategies to promote long-term economic health.

Table 4 presents the annual carbon emission growth rates from 2017 to 2035. Anal-
ysis of Table 4 data reveals that under STUC4, China experiences the most rapid carbon
emission growth, with an average annual growth rate of 7.54% during 2017-2035. By
contrast, STUC3 exhibits the second-slowest emission growth after strict plan implementa-
tion among all examined industrial optimization scenarios, registering an average annual
growth rate of 7.16%. Furthermore, integrating results from Table 4, this study observes that
simultaneously increasing allocations for both manufacturing and tertiary industry land
across structural adjustment scenarios, while significantly accelerating economic growth,
imposes substantial pressure on China’s ecological environment. Notably, moderately
increasing tertiary industry land allocation while reducing manufacturing land causes
no adverse economic effects and concurrently alleviates ecological pressure. Neverthe-
less, excessive manufacturing sector reduction may not immediately suppress economic
growth short-term but would substantially decelerate China’s long-term economic ex-
pansion, threatening national sustainable development. This outcome highlights how
industrial structure optimization balances economic growth with ecological conservation.
Strategic decisions regarding industrial land allocation must therefore consider not only
immediate economic stimulation but also meticulously evaluate long-term ecological im-
plications. Consequently, establishing an equilibrium between economic advancement
and environmental pressure mitigation proves paramount for achieving China’s future
sustainable development.

Table 4. Changes in China’s Total Carbon Emissions (2018-2035) under Land Constraint and Struc-
tural Adjustment Scenarios.

Carbon Emissions *  PLAN1 PLAN2 STUC1 STUC2 STUC3 STUC4 STUC5
2018 11.24% 10.83% 10.87% 10.96% 10.86% 11.18% 10.90%
2019 9.93% 9.56% 9.61% 9.73% 9.59% 9.93% 9.64%
2020 9.66% 9.28% 9.37% 9.47% 9.32% 9.68% 9.36%
2021 8.11% 7.68% 7.84% 7.91% 7.82% 8.19% 7.87%
2022 7.82% 7.36% 7.57% 7.64% 7.54% 7.91% 7.59%
2023 7.57% 7.09% 7.34% 7.39% 7.28% 7.67% 7.33%
2024 7.36% 6.84% 7.14% 7.18% 7.07% 7.46% 7.12%
2025 7.18% 6.64% 6.98% 7.00% 6.88% 7.27% 6.93%
2026 7.02% 6.46% 6.83% 6.84% 6.71% 7.11% 6.76%
2027 6.88% 6.30% 6.70% 6.71% 6.57% 6.97% 6.62%
2028 6.77% 6.17% 6.59% 6.59% 6.45% 6.85% 6.50%
2029 6.68% 6.06% 6.50% 6.50% 6.35% 6.75% 6.40%
2030 6.59% 5.95% 6.42% 6.41% 6.26% 6.65% 6.31%
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Carbon Emissions * PLAN1 PLAN2 STUC1 STUC2 STUC3 STUC4 STUC5
2031 6.52% 5.87% 6.35% 6.33% 6.18% 6.58% 6.23%
2032 6.46% 5.79% 6.29% 6.27% 6.12% 6.51% 6.17%
2033 6.40% 5.72% 6.23% 6.21% 6.05% 6.45% 6.10%
2034 6.36% 5.66% 6.19% 6.16% 6.01% 6.40% 6.05%
2035 6.33% 5.61% 6.15% 6.12% 5.96% 6.36% 6.01%
Average 7.49% 6.94% 7.28% 7.30% 7.17% 7.55% 7.22%

* The carbon emission growth rate reported here corresponds to the 2017 baseline, where the total carbon emissions
in 2017 amounted to 915,569.27 tones.

6. Discussion
6.1. Policy Transmission and Socio-Ecological Trade-Offs

The simulation results of this study reveal complex correlations between spatial gov-
ernance and environmental outcomes, emphasizing that structural optimization is not a
singular pathway to immediate emission reduction, a finding consistent with Mi et al. [46].
Specifically, in the STUC4 scenario, the average annual growth rate of carbon emissions is
7.55%, slightly exceeding the 7.49% observed in the business-as-usual (PLAN1) scenario.
This deviation stems from the specific parameterization of STUC4, characterized by the
rapid expansion of tertiary industrial land (4.9%) coexisting with a stabilized allocation for
secondary industrial land (0.2%). These results indicate that if the optimization of territorial
spatial structure is not synchronized with accelerated green technological innovation, the
mere expansion of the industrial and service sectors may inadvertently elevate total emis-
sion pressures during the transition phase [47,48]. Particularly during rapid urbanization,
the sustained dependence of the service sector and urban spaces on energy infrastructure
implies that, without breakthroughs in energy efficiency, such structural adjustments may
create new emission growth points [49,50].

Under the strict enforcement scenario (PLAN2), the decline in carbon sink capacity—a
8.07% reduction by 2035 compared to the baseline—unveils a core spatial trade-off. As
territorial spatial planning enforces a rigid ‘cropland red line’ ceiling, development activities
are effectively concentrated within constrained boundaries. This ‘squeeze effect’ may drive
development land to encroach upon secondary ecological buffer zones or intensify land use
at urban peripheries, thereby weakening net carbon sink capacity. These findings are highly
consistent with global research in ecological economics, suggesting that land-use policies
must transition from simple scale control toward an integrated governance framework that
harmonizes economic, social, and ecological objectives [51]. Achieving synergies between
economic growth and environmental mitigation requires profound coordination between
land allocation efficiency and the decarbonization of the energy structure [52], thereby
avoiding ‘policy silos’ in territorial spatial planning [53].

6.2. Common Challenges in Land Use Policy and Model Generalizability

Situating China’s Territorial Spatial Planning (CTSP) system within a global compara-
tive governance perspective reveals that its core logic resonates deeply with international
mainstream spatial governance tools. First, the strategic coordination framework of ‘hier-
archical management and level-by-level transmission” established by CTSP significantly
echoes the ‘counter-current principle’ in the German spatial planning system, both strive
for an institutional balance between national strategy and local developmental auton-
omy [54]. Second, regarding spatial boundary constraints, China’s ‘Urban Development
Boundary’ aligns closely with the regulatory intentions of the UK’s Green Belt policy [55]
and Portland’s Urban Growth Boundaries (UGBs) in suppressing urban sprawl [56].

https://doi.org/10.3390/land 15010145


https://doi.org/10.3390/land15010145

Land 2026, 15, 145

17 of 25

Despite the emergence of diverse spatial planning paradigms worldwide, both ma-
ture developed economies and rapidly transitioning low-to-middle-income countries face
a common, systematic scientific challenge: the absence of an analytical framework that
can dynamically, quantitatively, and systematically assess the non-linear feedback effects
of policy implementation on the economy-society—ecology complex system. Traditional
spatial planning methodologies often lean toward static geometric blueprints or qualitative
policy descriptions. This physical space thinking makes it difficult to accurately capture
the internal negative feedback mechanisms between spatial access restrictions and indus-
trial structural evolution within complex macroeconomic cycles. As Dietz & Neumayer
(2007) [57] noted, spatial policies that remain at the level of static constraints without a sys-
tematic quantitative feedback loop are highly prone to policy failure or negative spillover
effects. For instance, Portland’s 2024 Urban Growth Report reflects that, under rigid physi-
cal boundary constraints, the policy focus has shifted from spatial restriction to improving
internal development efficiency [58]. Against this backdrop, the CTSPM-CHN model
establishes a systematic quantitative framework by innovatively coupling land transition,
carbon emission, and dynamic simulation modules within a CGE framework. This not
only supports the transformation of China’s spatial governance but also enriches the global
toolkit for sustainable development assessment. The model features a modular design that
facilitates cross-regional migration by updating localized core datasets (e.g., Input-Output
tables, substitution elasticity parameters, land transition matrices, and IPCC-standard car-
bon emission factors) while maintaining the integrity of the underlying algorithmic logic.
Furthermore, capital stocks measured via the Perpetual Inventory Method (PIM) allow for
the precise reconfiguration of the dynamic module. This data-and-algorithm-driven archi-
tecture enables the model to transcend a single-region empirical scope, providing a highly
transferable governance template for global regions facing the dual pressures of resource
scarcity and rigid emission constraints. By extracting and parameterizing policy-specific
indicators from different countries, the model is capable of conducting scientific impact
simulations for heterogeneous spatial planning policies worldwide.

6.3. Future Research Directions

Although the CTSPM-CHN model developed in this study establishes a systematic
quantitative framework for evaluating territorial spatial planning policies by coupling
a land-use transition module with a Computable General Equilibrium (CGE) system—a
framework that possesses a degree of global universality—it must be acknowledged that
limitations remain in characterizing the inherent complexity of socio-ecological systems.
Traditional CGE frameworks typically operate under quasi-linear assumptions; however,
in reality, marginal costs of land conversion may exhibit non-linear surges when ecological
or administrative constraints reach their thresholds. Furthermore, due to the current lack
of high-resolution spatial data for specific industrial land types, 149 economic sectors were
aggregated into 11 broad categories to align with available land-use statistics. Such high-
level aggregation may smooth over structural disparities between energy-intensive heavy
industries and low-carbon high-end manufacturing, thereby masking the significantly
divergent carbon emission intensities across sub-sectors to some extent.

To further enhance the forward-looking and scientific rigor of this framework, future
research will be directed along four key directions:

(1) Interms of model optimization, we aim to deeply integrate Agent-Based Model (ABM)
into the CGE framework to capture non-linear feedbacks and path dependency. By
simulating the heterogeneous decision-making of upstream, midstream, and down-
stream firms under output fluctuations and embedding these micro-behaviors into
the CTSPM-CHN model through an aggregation mechanism, we seek to achieve
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real-time interaction between micro-level behaviors and macroeconomic equilib-
rium, thereby offering granular insights into inter-sectoral information flows and
non-linear mechanisms.

(2) Regarding the spatial dimension, the research plan involves extending the CTSPM-
CHN model from the national to the provincial scale—covering 31 provinces—to
facilitate more targeted analysis of policy heterogeneity.

(8) For the ecological module, we will strengthen the energy-carbon component by dis-
aggregating clean energy from the broader power sector and incorporating the dy-
namic evolution of clean energy transitions to improve the model’s empirical fidelity.

(4) Interms of data acquisition, future studies will leverage satellite remote sensing and
machine learning to identify more granular land-use types, enabling refined land
value assessments and providing a more robust scientific foundation for territorial
spatial planning and sustainable development strategies.

7. Conclusions and Recommendations

This study achieves a technical breakthrough in territorial spatial planning policy
simulation by constructing the CTSPM-CHN model system coupling land use and car-
bon emission modules, innovatively incorporating land use conversion mechanisms and
dynamic land valuation equations. Utilizing this system, we systematically simulate the
impact mechanisms of territorial spatial planning implementation and industrial land
structure optimization strategies on China’s sustainable development pathway from an
economy-society—environment nexus perspective, yielding the following core findings:

First, results demonstrate that strict territorial spatial planning implementation signifi-
cantly curbs carbon emission growth. Simulations indicate a 9-percentage-point reduction
in total carbon emissions by 2035 under strict planning implementation compared to the
baseline scenario. Notably, rigid constraints on construction land scale and disordered land
structure may impede sustained economic growth.

Second, analysis of ‘Planning Implementation” and ‘Structural Adjustment’ scenarios
reveals that structural optimization strategies dynamically adjusting land allocation ratios
for manufacturing, real estate, and public facilities—compared to solely regulatory control
measures—not only enhance economic development quality but also generate substantial
social welfare improvements, providing dual drivers for sustainability.

Third, further examination of diverse ‘Structural Optimization” scenarios uncovers
time-lag effects in industrial land supply strategies. While short-term reduction in manufac-
turing land supply minimally impacts economic growth, persistent implementation causes
growth momentum attenuation, highlighting the imperative for long-term equilibrium in
spatial resource allocation.

Accordingly, this study proposes the following policy recommendations:

To achieve more effective territorial spatial governance, an integrated policy frame-
work should be established by organically combining total quantity control, structural
optimization, and dynamic adaptation. Within this system, construction land quotas serve
as non-negotiable baselines, aiming to establish an anticipatory constraint mechanism for
the meticulous allocation of industrial land. By embedding industry-specific and regional
land-use efficiency thresholds into core regulatory systems, supported by flexible dynamic
adjustment procedures, authorities can manage the pace of development with greater pre-
cision. Furthermore, leveraging a multi-agency monitoring platform allows for the creation
of a synergistic link between land structure assessments, quota allocations, and conveyance
fee adjustments. This approach effectively utilizes market-based instruments to guide
land resources away from inefficient sectors and toward high-efficiency, low-consumption
industrial clusters.
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Simultaneously, the collaborative logic between green energy transition and land use
must be deepened. In the formulation of territorial spatial plans, exploring new models
of composite land use—by adding dedicated collaborative planning chapters—can enable
the same spatial unit to support the dual functions of energy production and industrial
manufacturing. Incorporating energy transition targets directly into industrial land access
standards, complemented by appropriate policy incentives, can effectively drive the green
transformation of enterprises. At the level of institutional innovation, establishing an industrial
land carbon performance assessment system alongside a linked land carbon quota trading
mechanism can help resolve governance challenges through market mechanisms. Supported
by risk mitigation from a national green transition fund, these measures will significantly
accelerate the deployment of renewable energy, ultimately achieving deep synergy between
economic growth and environmental quality.
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Appendix A

Table A1l. Sector correspondence between current input—output table and the original 149 sectors
input-output table.

Current 11 Sector Input—Output Table Original 149 Sector Input-Output Table

01 Crop Farming 01 Farming

02 Forestry 02 Forestry

03 Animal Husbandry 03 Animal husbandry
04 Fishery

04 Other Agricultural Service in support of agriculture, forestry,
05 animal husbandry and fishery
06 Mining and washing of coal
07 Extraction of petroleum and natural gas

. 08 Mining and processing of ferrous metal ores

05 Mining Industry — -
09 Mining and processing of non-ferrous metal ores
10 Mining and processing of nonmetal ores
11 Support activities for mining and mining of other ores
12 Grinding of grains
13 Processing of forage

06 Manufacturing Industry 14 Refining of vegetable oil
15 Manufacture of sugar
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Table Al. Cont.

Current 11 Sector Input—Output Table

Original 149 Sector Input-Output Table

06

Manufacturing Industry

16 Slaughtering and processing of meat

17 Processing of aquatic products

18 Processing of vegetables, fruits, nuts, and other foods

19 Manufacture of instant foods

20 Manufacture of dairy products

21 Manufacture of condiments and fermented products

22 Manufacture of other foods

23 Manufacture of alcohol and liquor

24 Manufacture of beverages

25 Manufacture of refined tea

26 Manufacture of tobacco

o7 Manufacture of cotton, chemical fiber textile, and
dyeing finishing products

28 Manufacture of wool spinning and dyeing finishing products

29 Manufacture of hemp, silk spun textiles, and processed products

30 Manufacture of knitting or crocheting and related products

31 Manufacture of textile products

32 Manufacture of textile, clothing apparel, and accessories

33 Manufacture of leather, fur, feathers, and related products

34 Manufacture of footwear

35 Processing of timber, wood, bamboo, rattan, palm,

and straw products

36 Manufacture of furniture

37 Manufacture of paper and paper products

38 Printing and reproduction of recording media

39 Manufacture of Arts and crafts

40 Manufacture of articles for culturef efi}lcation, sports and

entertainment activities

41 Processing of refined petroleum and nuclear fuel

42 Processing of coal

43 Manufacture of basic raw chemical materials

44 Manufacture of fertilizers

45 Manufacture of pesticides

46  Manufacture of paints, printing inks, pigments, and similar products

47 Manufacture of synthetic materials

48 Manufacture of special. chemical products and explosives,

pyrotechnics, fireworks products

49 Manufacture of chemical products for daily use

50 Manufacture of medicines

51 Manufacture of chemical fiber
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Table Al. Cont.

Current 11 Sector Input—Output Table

Original 149 Sector Input-Output Table

06

Manufacturing Industry

52 Manufacture of rubber
53 Manufacture of plastic
54 Manufacture of cement, lime, and gypsum
55 Manufacture of gypsum, cement products,
and similar products
56 Manufacture of brick, stone, and other building materials
57 Manufacture of glass and glass products
58 Manufacture of ceramic products
59 Manufacture of refractory products
60 Manufacture of graphite and other non-metallic mineral products
61 Steelmaking
62 Rolling of steel
63 Smelting of iron and ferroalloy
64 Smelting of non-ferrous metals and manufacture of alloys
65 Rolling of non-ferrous metals
66 Manufacture of metal products
67 Manufacture of boiler and prime mover
68 Processing of metal machinery
69 Manufacture of material handling equipment
70 Manufacture of pump, Vak{e, compressor,
and similar machinery
71 Manufacture of machinery for culture activity and office work
72 Manufacture of other general-purpose equipment
73 Manufacture of special purpose machi.nery for mining, metallurgy
and construction
74 Manufacture of special purpose machinery for chemical industry,
processing of timber and nonmetals

75 Manufacture of speci:all purpose machiner}{ for agriculture, forestry,

animal husbandry and fishery
76 Manufacture of other special purpose machinery
77 Manufacture of cars
78 Manufacture of auto parts and accessories
79  Manufacture of railroad transport and urban rail transit equipment
80 Manufacture of ships and related equipment
81 Manufacture of other transport equipment
82 Manufacture of generators
83 Manufacture of equipment for power transmission and distribution

and control
84 Manufacture of wi.re, cable,' optical cable,
and electrical appliance

85 Manufacture of batteries
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Table Al. Cont.

Current 11 Sector Input—Output Table

Original 149 Sector Input-Output Table

86 Manufacture of household appliances
87 Manufacture of other electrical machinery and equipment
88 Manufacture of computer
89 Manufacture of communication equipment
90 Manufacture of radar, broadcas'ting anc.l television equipment and its
supporting equipment
06 Manufacturing Industry 91 Manufacture of audiovisual apparatus
92 Manufacture of electronic component
93 Manufacture of other electronic equipment
94 Manufacture of measuring instruments machinery
95 Manufacture of other products
96  Recycling and processing of waste resources and material products
97 Repair service of metal products, machinery and equipment
98 Production and supply of electric and heat power
07 Public Services 99 Production and supply of gas
100 Production and supply of water
101 Housing construction
1 Other Services 102 Civil engineering construction
103 Construction and installation
104 Building decoration, decoration and other construction services
105 Passenger transport via railway
106 Cargo transport via railway and support activities
107 Urban public traffic and highway passenger transport
108 Cargo transport via road and support activities
109 Water passenger transport
110 Water cargo transport and support activities
08 Transport, Storage & Postal 1l Air passenger fransport
112 Air cargo transport and support activities
113 Transport via pipeline
114 Multimodal transport and shipping agent
115 Handling and storage
116 Post
117 Wholesale
118 Retail
119 Hotels
120 Catering services
1 Other Services 121 Telecommunications
122 Broadcast television and satellite transmission services
123 Internet and related services
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Table Al. Cont.

Current 11 Sector Input—Output Table Original 149 Sector Input-Output Table

124 Software service
125 Information Technology service

11 Other Services 126 Monetary finance and other financial Services
127 Capital market services
128 Insurance
129 Real estate

10 Real Estate 130 Leasing
131 Business services

11 Other Services 132 Research and experimental development
133 Professional technical service

09 Public Administration 134 Technology promotion and application services
135 Management of water conservancy

07 Public Services 136 Ecological protection and environment management
137 Management of public facilities and land
138 Residential services

10 Real Estate 139 Other services
140 Education
141 Health
142 Social work
143 Journalism and publishing activities

09 Public Administration 144 Broadcasting, movies, televisions and audiovisual activities
145 Cultural and art activities
146 Sports activities
147 Entertainment
148 Social security
149 Public management and social organization

Notes

1

It should be noted that the original data used in this paper is the 2017 input-output table for 149 sectors in China. Due to the
difficulty in obtaining land use data, the original industrial sectors have been merged into 11 industrial sectors based on the
available data and research needs. The complete industrial classification correspondence table is provided in the Appendix A.
It should be noted that while the title of this paper is “Simulating the Implementation Effects of National Land Spatial Planning
Policies based on CTSPM-CHN”, the nationwide spatial planning outline has not yet been officially released. Therefore, this study
uses the latest publicly available version, the National Land Planning Outline (2016-2030), as the subject to evaluate planning
implementation outcomes.

This assumes that by 2035, the growth trends for China’s overall cropland area and construction land area strictly follow the
binding constraints specified in the Outline for the period 2020 to 2030.
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