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Abstract ; Settlement morphology transition is constrained by population migration, settlement satisfaction, and low—carbon
city policies. Many land use models poorly describe these transitions, rendering studies in this field relatively inadequate.
Xiamen Island, a rapidly urbanizing area in the southeast of Fujian Province in China, was selected as a case study for
settlement morphology transition. We generated a system dynamics (SD) model of the carbon footprint of this settlement
based on settlement morphology transition and simulated the transition of settlement morphology using this SD model. In this
model, the changing social needs of a residential area over the next 20 years were simulated, and the settlement carbon
footprint was calculated under three different scenarios ( basic, low-carbon, and compact city). We used the results of these

simulations as the input of the non-spatial demand module in the CLUE-S ( Conversion of Land use and its Effects at Small
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extent) model. In the study of settlement spatial allocation using the CLUE-S model, we simulated the transition of
settlement morphology under three scenarios and depicted the spatial conversion of land use on Xiamen Island over the next
10 years. Next, we discussed the allocation characteristics of settlement types Il and type 111, which are predicted to be the
major settlement types in decades. In summary, this study attempted to depict the transition of settlement morphology on
Xiamen Island in multiple dimensions—time, space, quantity, and sequence. To address these issues, we clarified the
development characteristics of the settlement in different ways, such as driving forces, structures, spatial allocation, and
using various scenarios. The simulation results showed that the SD and CLUE-S models bridge the gap between non-spatial
land use policies and the spatial characteristics. The simulation results of the SD model revealed that 1) the ratio of three
types of settlement, I, 1T, and IIT, was 1:1.18:0.83 in 2009; type III will become predominant in 2018. 2) Over the next
20 years, the total population and the demand for land resources on Xiamen Island will continue to increase. The carbon
footprint of Xiamen Island under different scenarios varied significantly. 3) In the basic scenario, the total population of
Xiamen Island was predicted to reach 2.40 million in 2030, while the total settlement area was predicted to be 75.3 km”.
The carbon footprint was predicted to increase and reach a plateau phase, at 4605 kg C/cap, in 2022. 4) In the low-carbon
scenario, the total population of Xiamen Island was predicted to reach 2.44 million in 2030, while the total settlement area
was predicted to be only 66.4 km®. The carbon footprint was predicted to increase and reach a plateau phase, at 3771 kg C/
cap, in 2016. 5) In the compact-city scenario, the total population of Xiamen Island was predicted to reach 2.52 million in
2030, while the total settlement area was predicted to be 84.7 km®. The carbon footprint was predicted to increase and reach
a plateau phase, at 5759 kg C/cap, in 2028. The simulation results of CLUE-S model indicated that settlement type II tends
to distribute in areas with high population density, convenient traffic, and proximity to the city center, which can be
summarized as the inertial development mode. In contrast, settlement type III tends to distribute in areas with low population
density, low elevation, and proximity to commercial centers, which can be summarized as the low-land-cost development
mode. Finally, we provide some recommendations to facilitate a balance between the low-carbon and compact-city scenarios.
We hope that this study will contribute to the formulation of energy-saving measures as well as the construction of new

settlement types. We also hope that it will provide scientific support for the sustainable development of urban settlements.

Key Words: system dynamics model, CLUE-S model, settlement morphology transition, low carbon
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Table 1 The Scenarios Setting of SD model

A RN 5 w5 B
Scenarios Basic Low carbon Compact city
| £ [X L /&[ﬁ\
B ERER(A) 800 700 900
Restriction of settlement area (ha)
A X X Y T L A5 % %0 9 %0
Percentage of developing settlement type 111
EIXRE ] R
[T U L5 L5 1.8
Floor area ratio of settlement type 11
X }IQEE s fH %2 2
EXEM ﬁ* K/m 79 g7 37
Average housing area of type II
fE1 :?3 ‘AH@)'HE‘EKE(YCCH) 0 0 60
Service life of type Il
E XS A FR
FEp SR 2R 2.5 2.5 3.5
Floor area ratio of settlement type 111
F X 2 s F/m?
Elxjégll)éi’im,\/m o8 96 9%
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Settlement compactness in 2030
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0.7 0.8 0.9 0.9 0.5 1

Elasticity coefficient

222 TR HEALIR)T

- b F AR A YR P 15 R 3 3 SEBR AT BT - b R FE BIOIR P R 43 A oA ok A 3 R R AR A ok 1
FEI . ARSI A X 2R T AN FBT | ol 28 3 Te k2 A8 oA i 2t s AR il IX TG 2k ply oAl i 2R AR Tk s AN
AR R AN 2 A 5 72 AR b 22 (R 8 e R A B A8, AR5 b R B AR Y Nk 3 s, 0 ARER WA 1
R 2R RIASBE K A= 55748, 1 AR PAD - MR FH ) AT DA & AR A | A R0 3 0o 050 28 45 = i ) FH 278 i) 1 2
FERE B 7 A5 A i) 2 TR )2 75 R S R AR
223 R

T AL R Aff 45 - R 2R R AR AR AR B A, S22 bR RS BB AR RN, AR BIF 5%
Fie BRI 1] 7 Al BFOEIX P 22 S Pk B BEokt— 30 | 5 4 MR TR DGR 45 JE D 45 5 B 90 IX S B 0L, 326
QR I e <1 1D e 2 B R = e 35 a3 L AN 8 e I RN = /N 2. e | i QR e |
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Table 3 The Landuse Conversion Matrix

He X XA | EXZEAL XA e X ANHTF
Other urban area  Settlement type I~ Settlement type II ~Settlement type IIT Rural area Unavailable land

HE X
Other urban area ! 0 ! ! 0 0

X
fEpeoem T 1 1 1 1 0 0
Settlement type I

FIX A
X AT | 0 1 | 0 0
Settlement type 11

X e

fepe o 1 0 1 1 0 0
Settlement type 111

X

AL 1 0 1 1 1 0

Rural area
AJ Al
ANETF 0 0 0 0 0 1

Unavailable land

77 L B /m B AP PER /m
11747.8 1529.71
0 - 0
0  2km
| I—
/) N %JE/ (cap/hm?) B RBER /m B¢ R BE R /m
360 565 2830.19 5099.02
. 0 . 2X10™ — 0 - 0

E7 fERIHEFHZEELE
Fig.7 The Gridmap of Driving Factors
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2 B — BEREER DX A AN S VPR AR S 4, np I O BRI X, AR AT T B S Y X, S
ARG T R Ak & & RS+ AN AR MR AN E) Y BB S A X R O BRI X 3, RS
EfRaE
22,5 FRRAEER

T RBHUZ: CLUE-S 7Y rfr— AR Xk 57 A RS | 45580 SR AN [) 55 2K O 58 i 45 SR i A BT | DL E A7
23 (8] 3 P AN S (RIS, AN TR) R SR 7 S8 48 SR m] M) 25 b 1 b 75 SR 1 30000y 12K BB, O ELRSE ALK g A5 30
[ 4547 B2 1) 45 R b R AN ok i, - e SR 0 AR 91 5 452 F b A DG 1) 24 i i LA A 1) 9 s R
Pt 3 AR VR AT IR AR X DX — S S PN A R A% 2K FH RS 1) R Bh A AR LA Bl A
B, AW 5T 3T SD AR TR AP A ok B 1] 55 45 X 28 B 1) 75 SRR 50, B B 481 25 Je i A CLUE-S #5870 i 75 R
B,
226 ZRGE

SIS B HRAN T SR TS 4725 B 40 He . 25 (143 ie & CLUE-S BiAIZ.C AR B B 5
S FUVF A4+ HUR TR T I 15 A% FR Tt T ol b i AR 2 A8 ) 46 mT eV (BRI BB = AT REME +
BRI + B AR E) I8 ] 1 1A A BC L SR 05 5 R 75 oK b, a7 4 Hb R T AR 23 1) 40 i
BRI R R TR RO R BEUEE RS gl FOR AR P RS AU, AR X AR T R R HAR IR E IR B
RT3 8 DL AR S 2

3 HBRRESH

3.1 SD BERUKS A RIE

M T ISE RGN e AR P A — @ WA E M, Oy 1 S e A AL 0% w] P, AR 9 5 o) A6 A0 1 A K
i Vensim R4 ir AL 4 12 20— S0P I 0 0 SR X iE T SR ) R IE A M . AR5 IIrade FH A N 1T A8
Ty 25 LA FE AR AR 3 SR A B DATF 2T [X 2003—2009 4F 78 N\ 11 55040 Ay il 78 <7 245 #4 A I
AN HFRGEHATE G H(ES 2003—2014 4 J7 82 G HEE X L it A7 53k, A% R 22 8 0.07%-3.4% , F-
PIRXHR 2N 1.40% , I3 4 TR,

F4 [EIE2003—2009 F£PEANOHEHEESHEEEE

Table 4 The Comparision between Historical and Simulated Registered Population

Gt PgE EPEEAD
IR/ % T A/ % TR/ % - .
By ANHE N (Cap) A NH:L(%I_ v ]L}\%‘ . v ]]::‘L 7‘{[, e A (Cap) Simulated MXFIR 2/ %
& Ie mmigration Lmigration

Year Historical registered alE & . fgla © -gta © population Relative error

population growth rate rate rate
2003 607534 5.172 59.605 7.929 607534 —
2004 644089 5.858 57.678 9.395 638871 0.81
2005 688365 5.769 66.654 9.675 671825 2.40
2006 728302 5.982 62.666 11.674 706479 3.00
2007 765691 7.669 56.109 12.785 742920 2.97
2008 808724 9.130 89.450 45.369 781241 3.40
2009 830444 7.699 75.756 57.301 821539 1.07
2010 854752 6.912 83.990 62.464 859001 0.50
2011 884137 7.046 74.991 48.801 887047 0.33
2012 914320 9.924 67.747 44.659 914937 0.07
2013 944973 9.488 82.163 59.213 942959 0.21
2014 978244 9.738 64.214 39.941 971347 0.71
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2020 AREJE TS BN BT EAE S 208.5 A, 5 CE T T SRR (2010—2020) ) = 1] 8 20 A1 5 A A
1200 J7 AL, UERAB ARG AR B R AT, 3l AR AR SR, 7 B 25 R S s X R AS A e B A8 4 7 Sy (1 5 il
RN, HASRIA T R RSt R — 30, X P X F RGIRIE , B T8 A R A IG , A I 5 2R A AL 4R 41 11
D5 B -5 4 S B0 LU 1 i | N30 s TR BRI 35 SR B N BRI R 2200001 0 4.64% F11 3.25% , W46 5 IR .

R5 HeTEMEESHBEXMLE

Table 5 The Comparision of Variables between Historical and Simulated Data

» - i JaAE w w S e
B Pt VAt i AT AT ORI B
. Simulated Value from Value from Publication .
Model variables L. Relative error
value survay publication source
GpE: H/m? WEZS:3
}\lﬁ,{f}%ﬁi‘/m 24.15 26.59 23.08 <<20i0 E',J’ i 4.64%
Housing area per cap FRIX AR )
WH 5 R B 2010 & 149
ISR cap) 3.18 3.43 3.08 (2010 BT3¢ 3.25%
Average household size R X AEEY

3.2 CLUE-S BBU3E FPHEIEAS

AHFFE R Pontius 25482 H Y ROC J5 % A S5 R BEA TR ) . ROC (relative operating characteristic ) J&
Y UF b A P 5 AR B () 3 . TR R TR T B T Rk 2R, B T REME R — P Ak - b A FH 2K
YRR R B . B4 T BB 2 0 P 255 02 SR A8 Ak RN S B T8 7 728 A ) 440 i o A5 480 745 Ak AU 18 A A4 Ak 1) 1
L, — N TEEE N BE AR AL 2 1Y ROC {Hoh 0.5, M98 218 A 45 R 1 ROC {H /2 1.0, id SPSS FF s #lixX —
g /2, EBUSEONE A E 25 5 (ROC (E#EE 0.75) 3 T A4 1R 287 B4R, I mT LA
531 A ORI FH 8 2 () 43 A 308 I

459 R 4% HUR 2B ) ROC TR BUEI63) 0.65 DL |, HEd X XA - AR X A
A I 4 BP0 BE AR YR 9 :0.693 0,733 ,0.818 ,0.654 .0.790 ,0.700, i wfAE X 20 1T #) i e B fe U, 1k 5
0.818, UL A RS, RS A TR RIS,

3.3 SD BEAVE S A )

FIH 25080 12 DR R A5 B XS AR T T BB 11 83 A DXl F B AR fb 2 RT AT 1, ] A s 285 b S i 4 4% ol
FE2s (T R 2O DX i JE R S T, A R T R SR A A A B ) A P M D R DR A Y IR RO,
HEAE 5T 258 R A R AN 8 o

FEXRRN T i TR, BRAE DL —E 1Y ELBIHRBR , 2030 4R AT AR 3.486 2B, {0 R 2010 41 36.6%
FHAEHT R R A 20% FE X XA T, 80% J A XA T, A DX 2 7 T 5 ok 2 /N 1 L9 B okl 2
2030 AERI AT AR 24.45 N, A XS TAFRK) 34.5% , A X SR T i AR 2R3 0, 2018 4F 1 YO I (£ X 26 41
I AR, R F2 B4 X 2 A, 31 2030 4k F) 42.84 0HT, 5 AE X B HEALE 60.5%

A3 DX B T AR R 18 0 4 S DR 15K [ BERD S 45 By B, 2016 AFAT IX R B 74 205 Tk, 25 TIET]
55 760 A% 1 T AR B S T A X AR s | A X A T AR g8, HE A S, ) 2030 4E A F] 77 F
5 TR A T JE ] il X R ALY 80 - Tk .

JEIT S BN OB E T H, 2014 A5 200 J7,2022 4E#85d 250 J7, #] 2030 43k F) 320 Ji, 2018
A Je S R, JHG 3 A R R A D DRk I & R T NI i AR, X AR N AR A R K
i1,

AR G5 AR E] 2018 43K 5 28 m?/ A, B 5 7RI /K - BHEE I s [, H R AU 2018 AR AT+ Hb W8 IR 7044
A DT R s B, NI G T B B a3, 2018 4R )5 , A OB T & AR T 4R Az B, B B33 A B9 40k A 3
s IR Bk, A R R B

JE 1) I B DA DX S AR 1 X T AR R, A DR B T e il 36K, BT ] 5 SR8 T 2018 4R
FIPRHEIGE S 2018 4F 5 B T A AR X TR A BR ], 2% . i 57 b b 2R 28N T 7E 0.03 A/m’” B i 52 3
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Fig.8 The Simulation Results of Carbon Footprint in Xiamen Island in Basic Scenario, 2010—2030
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NG RREE THE 2025 4219 4661 keC/ N B 7E 2030 4F2%18 T % 2 4605 keC/ A
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2030 4R TS B N FIRE] 252 7, SR B A BRI OC % 5 R A A X B B IGE T, 2030 4
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Fig.9 The Simulation Results of Different Scenarios in Xiamen Island, 2010—2030
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Fig.10 The Distribution of Landuse Change in Different Scenarios
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