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Fig.2 Location and overview of the study area
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Tab.1 Reclassification for land use data
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Fig.3 Results of land use reclassification
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Fig.4 Processing results of spatial driving data
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Tab.2 Main modeling parameter settings and implementation methods
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Tab.3 Balanced land use conversion rules
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Tab.4 Back-testing validation results of model accuracy
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Tab.5 Predicted quantity structure of each land use type in 2035 by the Markov model
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Fig.5 Prediction results driven by historical trends
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Fig.6 Prediction results driven by planning objectives
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Fig.7 Comparison of land use quantity structure
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Tab.6 Dual-path land use quantitative structure and deviation from planning targets
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Fig.8 Spatial differences between the dual-path simulation results
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Tab.7 Offset rules and quantitative analysis of dual-path simulation results
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Fig.9 Spatial distribution of deviations in dual-path simulation results

ME 7 PTG, XERAETMAIX (5 48.21%, T HIHEIT — 2 IX I AR R AR J5 1] 5 LR
Hbr AR — 8. RIS s X o 27.12%, 25 KA, RWATHFEXNTEH4
b )2 18] 0 e R 7 R 4 51 26 AR T 79 DA S8 xS s F AR o g S B A 8 [X o



18.90%, WA X E 7 DX 12 E AR ASA K fin 120 M0 F AR, (BRI S 1145 F T REAS 4B
WA o BRI BEARGE XA 5.77%, B J 38 XS54 A8 R T B B A A e PR A2 F )
Al

ME 9 LA, DU B X R AR ST HIAT , 10 SR B 0 0 2 (B R SRS AL . OB A i 1
DX P PSR o P RV TR 03 e X3 i A, i I S X5 LR B b AT B iR
P SEABEE i 5 X 3 A T AR EAT S e Tk i« (EALR S 17 SR 2| A ) (X3
RIS R XN 5 4.2 3B AL By CEANER T XHEES, AR S
i B L A BN ) AR R R 0 % R LT

SMATT S, P s 25 DO 2“7 1a) A AT DA (DX, HAS PR A T il
RN s 5| FBORAN RS 5K o BRI S XE A DTS L 5 1] BB A s ¥ S A A
M7 HIXI, LSS X R DhRE B AN SRS G A S AL D HE S H AR TE b

5 &g

AR i [ 2 [ A S B A VAl 75 SR DA M 7 Qe X rh Lol X O 8], #E 58— FE 303
HOZRAR 2R AR AN A3 (B 2 RS, M3 g S 3 Bl S5 00 F b 51 A X iR A% - )
FIASACRAUAESE, JF LA 2035 SRR HAR NS IEIT (W B 12 7. S5 RR 0], ) s A aR ) i
12 FHEIELLPUR AR, WU E AR AR 5] B AR I RO M I A A R ZE S T
R B EERM. TG AR IR, RSN R IX . BEA TR XA
TS ALY R RS, U AR5 170 T A Pt e 8 2 R B B O S ) XA
) FE A o i B S WTE— 25 U U AR DA X L 3 Sk B AR 25 X R it e et X R 1
BARGEX, HAiFX b 48.21%, FEAREET AR SCRIME X 1 27.12%. IZHEGLRE +
T PR = T 0 P Dy R ) SE e v A i 2 SRR A AT o XL RUBE R P i il .y IX
HOBDAS e IR A5y X AR -

AHFFE IR M TR X AR “ =X =287 . Mg S s A S o
WU AL T BORSCH% o 26— 58 M7 QX 122 ()RR o, W it L 8 o S 7 Kb
TR DA Fy DX A Ay 3 B e 1 5 X e X L RBOR T 4, A3 1 ARHIE 90 R 7T 471
LLK SR S A 1B

A ARSI F ST TH i) K1) S8 £ 70 00 A b ) P AR A READURE B2, 7 ik IX 5%
B IGAE 7 H AT, B — R SRR e AR ST LATI3E 22 v &I A30MI B 2 e 0 U 2 A1 e Bl )
TER, AR R ST E b 2 A B, ok s s R SE K a7 5. AR SR,



PV 53 7T RIRE 5 AE T DA VCA W Bse B KA RFIE RO ZRIE (Guan 4%, 20235
Yao 55, 2024) o JREERIAEZITT . 20 BOAE BRI (AR TE, IRt PR
SR AL STt I R B S RIBRE T

SBE#k (References)

WA, TV, B, R, &0, AR, X, RDRAE. 2022, [H b (AR VT A TS R, AR
% 5HEARMEZR. SR (6): 88-94[Cao CH, Lu T, Li P, Qian Z H, Jin X F, Leng BR, Liu Y, Tan L S.
2022. Monitoring, evaluation, and early warning of territorial spatial planning: Concepts, tasks, and the
technical framework. Urban Planning Forum(6): 88-94 (in Chinese)]

VR, R, B, BoTM, x0Uosy, ik, RiWE, WEE, EARE, BIBE, EAM, EILN. 2024,
BEE T EARNRS R R, B EBER, 31(2): 157-167[Chen J, Zhai X, Wang Y H, Ruan Y Z,
LiuWZ,Li X B, WuHT, Cao C H, Wang D H, Zhao P J, Wang J H, Wang L G. 2024. The basic connotation
and development directions of smart territory. Journal of Spatio-Temporal Information, 31(2): 157-167 (in
Chinese)]

FOOHE, SROMIL, AREY, TR, EXFEND, 2RI 2024. T4 ] 2 (] K St 04 AR 1 2 LI 5 SRR
FLAT T . E AR IR, 39(4): 823-841[Huang Y I, Zhang S Q, Lin Y, Zhen F, Zhao S S, Li L.
2024. Ideas and practices of city-level territorial spatial planning monitoring: A case study of Ningbo. Journal
of Natural Resources, 39(4): 823-841 (in Chinese)]

B, AR, Reete, XSFRAE, SEE. 2022, T BEURRCR A E A AT R M SCHE AR RAESE. LB AR,
77(3): 534-546[Jin G, Guo B S, Cheng J H, Deng X Z, Wu F. 2022. Layout optimization and support system
of territorial space: An analysis framework based on resource efficiency. Acta Geographica Sinica, 77(3):
534-546 (in Chinese)]

ZDCER, AEH, TERB. 2025, [ 2 R S B I X 5 (CSPON) . F 377 A . AR Bl =741k, 40(8):
2118-2133[Luo W J, Xiong W, Wang X. 2025. Developing the application framework of the China spatial
planning observation network(CSPON). Journal of Natural Resources, 40(8): 2118-2133 (in Chinese)]

PTG, HI% 2022, FRIAETARY T RETT A ML AR, Hh AT 5T, 41(2): 341-357[Luo ZY, Zeng J.
2022. Spatial growth simulation of land use in Tianjin from the perspective of resource and environmental
protection. Geographical Research, 41(2): 341-357 (in Chinese)]

W, AT, RS, 2023, T bR ARG )T B 2 (AR SR ARG 7. I A5 B, 30(1):
111-117[Yang W J, He H G, Du J G. 2023. Optimization of Guangzhou’s territorial space pattern based on
land use changes. Journal of Spatio-Temporal Information, 30(1): 111-117 (in Chinese)]

Clarke K C, Hoppen S, Gaydos L. 1997. A self-modifying cellular automaton model of historical urbanization in
the San Francisco bay area. Environment and Planning B, 24(2): 247-261

Ding L, Huang Z Q, Xiao C W. 2023. Are human activities consistent with planning? A big data evaluation of
master plan implementation in Changchun. Land Use Policy, 126: 106509

Guan X F, Xing W R, LiJ B, Wu HY. 2023. HGAT-VCA: Integrating high-order graph attention network with
vector cellular automata for urban growth simulation. Computers, Environment and Urban Systems, 99:
101900

Jokar Arsanjani J, Helbich M, Kainz W, Darvishi Boloorani A. 2013. Integration of logistic regression, Markov
chain and cellular automata models to simulate urban expansion. International Journal of Applied Earth
Observation and Geoinformation, 21: 265-275

Liang X, Guan Q F, Clarke K C, Liu S S, Wang B'Y, Yao Y. 2021. Understanding the drivers of sustainable land
expansion using a patch-generating land use simulation (PLUS) model: A case study in Wuhan, China.
Computers, Environment and Urban Systems, 85: 101569

Liu X P, Liang X, Li X, Xu X C, OuJ P, Chen Y M, Li S Y, Wang S J, Pei F S. 2017. A future land use simulation
model (FLUS) for simulating multiple land use scenarios by coupling human and natural effects. Landscape
and Urban Planning, 168: 94-116

Long Y, GuY Z, Han HY. 2012. Spatiotemporal heterogeneity of urban planning implementation effectiveness:
Evidence from five urban master plans of Beijing. Landscape and Urban Planning, 108(2/3/4): 103-111

Moreno N, Ménard A, Marceau D J. 2008. VecGCA: A vector-based geographic cellular automata model allowing
geometric transformations of objects. Environment and Planning B: Planning and Design, 35(4): 647-665

Nie W B, Xu B, Yang F, Shi Y, Liu B T, Wu R W, Lin W, Pei H, Bao Z Y. 2023. Simulating future land use by
coupling ecological security patterns and multiple scenarios. Science of the Total Environment, 859: 160262

Pontius R G, Boersma W, Castella J C, Clarke K, de Nijs T, Dietzel C, Duan Z Q, Fotsing E, Goldstein N, Kok K,
Koomen E, Lippitt C D, McConnell W, Mohd Sood A, Pijanowski B, Pithadia S, Sweeney S, Trung T N,
Veldkamp A T, Verburg P H. 2008. Comparing the input, output, and validation maps for several models of
land change. The Annals of Regional Science, 42(1): 11-37

Tan R H, Liu P C, Zhou K H, He Q S. 2022. Evaluating the effectiveness of development-limiting boundary
control policy: Spatial difference-in-difference analysis. Land Use Policy, 120: 106229

van Vliet J, Bregt A K, Hagen-Zanker A. 2011. Revisiting Kappa to account for change in the accuracy assessment
of land-use change models. Ecological Modelling, 222(8): 1367-1375

Veldkamp A, Fresco L O. 1996. CLUE: A conceptual model to study the conversion of land use and its effects.



Ecological Modelling, 85(2/3): 253-270

Verburg P H, Overmars K P. 2009. Combining top-down and bottom-up dynamics in land use modeling: Exploring
the future of abandoned farmlands in Europe with the Dyna-CLUE model. Landscape Ecology, 24(9):
1167-1181

YaoY, Liu X P, Li X, Liu P H, Hong Y, Zhang Y T, Mai K. 2017. Simulating urban land-use changes at a large
scale by integrating dynamic land parcel subdivision and vector-based cellular automata. International Journal
of Geographical Information Science, 31(12): 2452-2479

Yao Y, Zhou K, Liu C X, Sun Z H, Chen D S, Li L L, Cheng T, Guan Q F. 2024. Temporal-VCA: Simulating urban
land use change using coupled temporal data and vector cellular automata. Cities, 149: 104975

Zhang Z, Li J M. 2022. Spatial suitability and multi-scenarios for land use: Simulation and policy insights from the
production-living-ecological perspective. Land Use Policy, 119: 106219

Zhuang HM, Liu X P, Yan Y C, Zhang D C, He J L, He J Q, Zhang X C, Zhang H H, Li M C. 2022. Integrating a
deep forest algorithm with vector-based cellular automata for urban land change simulation. Transactions in
GIS, 26(4): 2056-2080

A dual-path land use change simulation method for territorial spatial
planning implementation evaluation

Dai Jianguang!, Wu Guochao!, Yao Yao?, Zeng Chenglong?, Zhang Danlei!, Li Jiahui?
1. Changzhou Wujin Planning and Surveying Design Institute, Changzhou 213000, China;

2. China University of Geosciences, School of Geography and Information Engineering, Wuhan 430074,
China

Abstract: [Objective] Evaluating the implementation of territorial spatial planning is essential for
dynamic monitoring, identifying spatial deviations, and supporting differentiated regulation.
Existing land-use change simulations generally focus on pattern prediction along a single path,
while planning constraints are often treated merely as external restrictions. Consequently, these
simulations have limited capacity to distinguish the effects of historical inertia from those of
planning guidance under comparable conditions or to translate simulation outputs into
implementation-oriented spatial diagnoses. This study develops a dual-path land-use change
simulation framework to identify differences between historical trends and planning targets and
diagnose potential implementation deviations.[Methods] The central urban area of Wujin District,
Changzhou, China, was selected as the study area. Land-use data from 2019 to 2024, spatial
drivers and constraints, and the 2035 territorial spatial plan were integrated. Under a common
baseline, land-use classification system, conversion rules, and spatial constraints, a Markov chain
model was used to project land-use demand for the historical trend-driven path, and a vector-based
cellular automata (VCA) model allocated the projected demand at the parcel level. For the
planning target-driven path, differences between the 2024 land-use structure and the 2035
planning targets were used as quantity constraints, while planning targets, spatial constraints, and
conversion rules were incorporated into the VCA model. The outputs of the two paths were
compared in terms of quantity structure and spatial configuration and were overlaid with the 2035
planning targets to identify areas of dual-path coordination, historical inertia deviation, planning
implementation difficulty, and planning adjustment instability. Back-testing used land-use
observations from 2019 to 2023 as inputs and 2024 land use as the reference.[Result] In the

back-test, the quantity projection achieved an L1 accuracy of 0.98, a mean absolute error of 23.53



hm? and a root mean square error of 31.86 hm?,. The spatial simulation achieved an overall
accuracy of 0.92, a Kappa coefficient of 0.90, and a Figure of Merit (FoM) of 0.26. Under the
historical trend-driven path, the calculated deviations of agricultural land and urban residential
land relative to the planning targets were 50.84% and —75.57%, respectively; under the planning
target-driven path, the corresponding values narrowed to 0.89% and —1.03%. Differences between
the two paths were concentrated in agricultural land, urban residential land, industrial and
warehousing land, and commercial and business service land, particularly in peripheral
development areas, existing built-up areas, and industrial-belt margins. The four diagnostic
categories—dual-path coordination, historical inertia deviation, planning implementation difficulty,
and planning adjustment instability—accounted for 48.21%, 18.90%, 27.12%, and 5.77% of the
study area, respectively.[Conclusion] The comparison indicates that deviations from the
2035 planning targets are spatially heterogeneous: some are attributable mainly to the
continuation of historical land-use trends, whereas others persist even under
planning-target constraints. The four-zone diagnosis helps distinguish areas with
different levels of implementation difficulty and monitoring priority.

Key words: planning implementation evaluation; land-use change simulation; dual-path
simulation; planning deviation analysis
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