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Fig. 2 Distribution of construction land and major socioeconomic elements in Wuhan in 2015
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Fig. 3 Probability distribution of non-urban cell to urban cell
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F1 RE“FFR"HET APCARINFILE SBEMBIBEE

Tab.1 The accuracy of APCA in the simulation of newly added and overall urban land (1-8 seed points)

B 1 2 3 4 5 6 7 8
FEARER NG 0.8632 0.8648 0.8724 0.8737 0.8748 0.8753 0.8721 0.8719
TGRS 0.4818 0.4866 0.5134 0.5136 0.5207 0.5217 0.5132 0.5015

T B = 1E8 7 2R oAy STl o

JEME L S IO R B S R AL . TCA BRI BT Ik T 345 5 3 AR A R H DK B 4y
4 0.4780 F10.8620,  HL T4 3k 113 &8 43 4= 3 2 S S BUA Sl BEH i Zs B (BE P 5k
ditb51.32%), SCETE AT BES A ESME SR GhZXP 7k, H148.68%), Jo K=t
BB, Y R BUETE 1~ ANEHE, APCA BVAKS BEY S T TCA. K APCA IE
WAL RS ER 705 TCA IEMAL IR s i T s Rl 2, P gk APCA IERRLL, (HI2 ARk
TCA BHLIHE 4> (FR A APCANTCA) LU K9k TCA IERARLHEL, K9k APCA B4 A9 43
(F%H TCANAPCA) 41Kl 5 fir7n . TCANAPCA [ MR AN 4.35 km®, fe RBEHR AL H
0.32 km?; 1 APCANTCA ) E AN 9.043 km?, #8353 1 km® FUBEHA 34>, 439010 3.60
km’, 1.45 km*f11.09 km’, HPEFZE “Fh+ 507 BB, JFHERH a5 A
BEHEAT 7RG . PTULTCARFE & “FhF 87, 2SR 0y KRB 0] 68 To ik 4l A 2kt
L, BXAELL NSO A AR AT REMEE R . O JEIR T TS A R B B A,
i TCA A ABIEBR T “ANIAR” X4 X n] e 0 i o, FEIANE—& “FhF
M7y @ KRIBEA B, TS BEH P [ M R N BE AT I Bl & A, 1875 2 AR
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Fig. 5 Spatial overlay of APCA and TCA simulation outcomes
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Fig. 6 Simulation results of urban landscape of Wuhan in 2025
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R2 20152025 FEIXTH 13 MR FEFTBH T A5 KBS T R(%)
Tab. 2 Ratios of added construction land by urban growth patterns in 13 districts of Wuhan, 2015-2025 (%)

X4 NG H T T 7 H
HEX 67.19 32.81 0.00
TLEIX 63.44 36.56 0.00
B IX 63.77 5.74 30.49
IBHIX 80.53 19.47 0.00
TLREIX 3.42 96.58 0.00

PG X 71.09 2891 0.00
R X 40.12 41.84 18.04
WX 98.99 1.01 0.00
WX 47.36 52.64 0.00
HTN X 10.04 89.96 0.00
HEX 55.43 44.57 0.00
FHIIX 30.22 69.78 0.00
PRV EES 0.00 100.00 0.00

HIBYEE (19952005 4F) , ¥4 K i fFAE B REMY Bud fE, CHLA S (1995—
2005) A 48.58%, HBLTKEM I “FhF L7 200520154 1], SEFRIFIE TR
AR FE R sk Oy S BEBR AR L SE RN, KRB K B R, (SN 16.68%, TR
B AR , RHB AR 5 IR, HA 6.37%; H T 2015—2025 4RSI AR kA2, A
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Fig. 7 The expansion process of construction land of Wuhan from 1995 to 2025
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Synchronized simulation of urban diffusional and aggregational

process based on the affinity propagation cellular automata:
A case study of Wuhan city

HE Qingsong', TAN Ronghui’, YANG Jun’
(1. College of Public Administration, Huazhong University of Science & Technology, Wuhan 430079, China;
2. College of Management and Economics, Tianjin University, Tianjin 300072, China; 3. Jangho Architecture,
Northeastern University, Shenyang 110004, China)

Abstract: Cellular automata (CA) has been widely recognized as an effective approach in the
simulation of spatiotemporal dynamics of metropolitan areas, particularly for infilling and edge
urban expansion processes. However, the traditional Logistics-CA has its severe drawbacks in
simulating outlying expansion, since it evolves primarily according to the status of a set of
neighboring cells, failing to identify other potential seeds that could also stimulate urban
expansion in a significant way. This paper develops an advanced CA, called APCA, by using
Affinity Propagation (AP) to comprehensively search for urban expansion seed points, as well
as by realizing a synchronous simulation of diffusional and aggregational processes of urban
cell. This paper uses the data of Wuhan, the largest provincial capital in central China, to
validate the effectiveness of APCA. By simulating Wuhan's urban expansion dynamics between
1995 and 2025, the APCA (1) identifies that the total areas of outlying expansion amount to
8.67 km’, accounting for 6.30% of added urban land of the city; and (2) successfully simulates
a process of "first diffusion and then aggregation" in Wuhan, which is in harmony with the
Phase Theory of urban expansion. Compared with the traditional Logistics- CA, the overall
accuracy of APCA remains higher regardless of the number of seed points as long as they are
within 1-8, while the accuracy of APCA reaches its highest (0.5217) when the seed point is set
as 6. The APCA contributes to the two- dimensional CA framework by expanding surface-
dimension simulation to point- dimension simulation, and thereby facilitates effective and
accurate simulations of urban expansion patterns.

Keywords: cellular automata; affinity propagation; diffusional urban expansion; Wuhan



