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Abstract; Natural ecological space is the place where living things live and multiply. Ecosystems composed of biotic and
abiotic components provide ecosystem services on which humans depend. High-quality territorial space planning under the
green development strategy in the new era needs to scientifically explore the mechanism of ecological space constraints.
Taking Quanzhou City as the study area, and selecting ecosystem services such as water conservation, soil conservation, and
biodiversity as ecological factors, an ecological soft constraint mechanism for urban expansion is constructed based on the

Ordered Weighted Averaging (OWA) algorithm. Comprehensively considering natural, human and other driving factors, the
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constructed OWA-FLUS model was used to carry out multi-scenario simulation and prediction of land use dynamics in
Quanzhou during 2005—2020 and 2020—2035. The results show that: (1) when the policy control factor 6 =0.000001,
the overall accuracy and Kappa coefficient of the OWA-FLUS model reached 95.94% and 0.7742, and the FoM and FoM
were improved by 4.95% and 7.17% , respectively, compared with the FLUS model. The efficacy index MICE based on the

urban

FoM value was 0.059 and 0.102, respectively. (2) When the value of  changed from 0 to 1000, the simulation accuracy of
the OWA-FLUS model gradually decreased. Compared with the weighted linear combination ( WLC) ecological constraint
significantly spatial differences in urban area growth rates at the district/county scales and the township scale under the
baseline, WLC, and OWA scenarios. Comparing the baseline and WLC scenarios, the urban area growth rate of counties
and districts in the northwest of the study area decreased significantly under the OWA scenario, and Jinjiang and Shishi in
the eastern and southern coastal plains showed greater development potential. In summary, the multi-scenario simulation and
prediction of the dynamic spatiotemporal evolution of land use in Quanzhou based on the OWA-FLUS model can provide a

scientific reference for the optimization of regional land space under the constraints of important ecological resources.

Key Words; OWA-FLUS model; land-use change simulation; ecological constraints; scenario prediction; Quanzhou City
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Table 2  Order weight vectors output by regular increasing monotone quantifier with different power exponents
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Fig.3 Actual and simulated land use dynamics in Quanzhou from 2005 to 2020
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21.45%%1 36.68% , *I Lt FLUS BEAEITRIN Y 2020 43k 17 + o R H 325, Kappa &%, FoM FlFoM,, . 5351 $2 5
T 0.02.4.95%F1 7.17% , 5 T HRHR T4 125 18] [ FoM FIFoM,,,,, {ELI 4 () MICE Zhaicds 50435 ik 5] 0.059 Al
0.102, X HCET A AYIFSE BRI R skt 2, U HUR: FoM $880RAS T HK IR B2 B4R T, [RIEE, OWA-FLUS #5
AU 1 FR IV EALL S5 F A RS B2 1 LU R UE TS oA AR RBE 942 T, >4 8= 10 BF ,OWA-FLUS B A 500G
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Fig.5 Land use dynamics simulated by the OWA-FLUS model from 2005 to 2020 under different 6

IURAG WS, R AR S AR E RN T, L5 R IS AT 1 1ok HE L sh 2

(2) FEE AU

R T RGBSR IKTX OWA-FLUS BRI i 52 0, £ 5[ 0.000001, 1000 ] XM 4155 6=1 (1) 24
AW PR, T J 2005—2020 45 52N T 1) = b 1] FH AR ARASA0L F5000 -3+ 35 AH B2 14 FoM FlFoM,, fB . Fifi
& S (a7 Mk, OWA-FLUS BRI FI () FoM (B (AR fb a2 &l 6 i, S55R%H, 24 6 #ifF 0 B, OWA-
FLUS R 55 1 FoM BG4 6 B4l Foo WIS Z o SMA L, 8 M O 1] oo ZB4LHS, FoM FlFoM,,, fH
BB T 4, R B 2R 7E (0,0.9) Z A1 75 (0.9,5) Z Al RS 152848 | Ifii FoM FIFoM,, {HAE 6=5 LIS
JUPORFFPRRASHE, [RINF, 24 6=1 I, FoM HIFoM,,,, fH 7359155 T 17.51%F1 30.98% , KX HEHEFTN 19 16.50%
F129.51% 39 — LR T
3.4 ZAESEAUL R 5T

() st

2020 4F-, ST AR FH s AP T A b A4 50 4 980919.63 hm? | 11583.63 hm* F1 94871.25 hm?, 43
% 2005 AEAEA~2.72% ~22.5T% 11 48.01% (35 3) , 3l rii F b2 TR AR R e R A S B, (]I,
T Markov 4% (1) - b R FH 22 £k 7000 % B, 2035 4F S8 M 7 1% b 38 = 28 FH b 28 A0S 43 591 3k 3] 953745.57 hm? |
9350.82 hm’ 1 124278.12 hm® , Ho 37 b K3 BE 4 31.00% , R THRZR OWA A 25293 SR N 77 A SRk

http ; //www.ecologica.cn



8148 4SRN Eire 43 4

B

40 —— IR — RRIERRT)

36 \ FoM FoMuban

W€
FoM/FoM ypan/%

1000 &

Policy control factor

B 6 RE OWA £BAFRKFETRIMNT 2005—2020 FZ IR TR E

Fig.6 Prediction accuracy of simulations in Quanzhou City from 2005 to 2020 under different levels of OWA ecological constraints
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Fig.7 Land use dynamics in Quanzhou in 2035 under three scenarios

£ 3 RN 2005—2035 FEFH T HKIGS

Table 3 Urban expansion scenarios in Quanzhou City from 2005 to 2035

2005—2020 4F: 2020—2035
JHHh 27 2005 4F52PR/hm? 2020 4F52FR/hm? 2035 4EFi/ hm? B R/ % R R/ %
Land use type 2005 Actual 2020 Actual 2035 predicted 2005—2020 2020—2035
Growth rate Growth rate
js L
S FF.”HE 1008318.51 980919.63 953745.57 -2.72 -2.77
Ecological land
TKAK Water 14960.07 11583.63 9350.82 -22.57 -19.28
R ¥
ZRL 64095.93 94871.25 124278.12 48.01 31.00

Built-up land

(2) ZIERBHILR

S5 B 2 VA P TR0 2050 A0 1T ANN J240 40 13 8 R SC IR 28 52 45 B30 G P 50 2
WOHCAFR AT H 2020 4R LN T 2035 AF S KR L A2 ELR T P MO RS I 30 1 = A X
B 51 43.71% 43.529 1 42.41% | T 2 5% 30 EL T VLT A4 D 117 AR 39117 18T AR 4 340 23.189% 11 20.05%
(F4) . RAATIT R A8 U 5 24 R 5 Tl 0 7 B A ) L 2 ) 57 5 4 5 50 2 2, 75 L D3,
P T A 5 R G PR B I M 7 5 R B K R WILC A 2 (R i, B2 L RS IX
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FIIR VLI 3k T FH S K R b v, 4 WA 3 46.31% 45.91%F1 32.17% , BRIRIX  FEIX 2% JkFE R
A B 3 T 3G SRR X RAIG, ey BAIX R X 5300 R 17.15% F11 21.08% , [ 4 1 6=1.0 AL HK
W T LA B, i B 58 PN R Ml IX AR i A A5 2SR S B AR R & e A i AR S AR X, X R kR
BLAE WLC 185 T 38y m AU 3 LU MRS e k2R TR FRER IR, OWA 15 A 0 I T XA
AR GENR S 11 v (DX, PR Ry 2 Xof ) 5% o o s P AR I 7, 217 S, 8 VLTI R I T X L 3 o 15
SE EFE, 0k E] 31.50% 1 31.44% 1K F-B RS FEAGEL S DRI =58 DO bR 500 0 25
K& 23 h 17.64% 16.43% 12.83% 11.94% K11 13.87% , S HISKIE, 1218 5t F RN T RSk i & R iy £ 805
) A VLT A DT AR R B OWA A2 ST HARAELIX, A 0/ 4 X el e 15 P st %o o B2 A A5 s 1R 042 o

x4 ENHTEETHEX 2035 EHHTH KIES

Table 4 Urban expansion scenarios of districts and counties in Quanzhou in 2035

X/ i FH/hm? ; s . . . R . R .
fﬁiﬁ/ﬁ*/ n WK EEK OWIK RBK W%E RER ABR @B AW EIH A
oun y area
2020 452 bR/ $d
OOE*W %Eﬁ 2793.96  4464.00  2016.81  4756.50 1539351 5241.06  1946.79  1855.80  7174.62 28159.74  20219.22
2020 Actual/initial year
2035 4FFEHERG 5 S1

3285.81  5400.72  2822.58  6835.59  21921.66  7096.68  2794.05  2222.37  8612.82  34688.52 27226.71

2035 bhaseline scenario
2035 4F WLC 13 82
2035 WLC scenario

2035 4F OWA 15t S3
2035 OWA scenario

ST R K /%
Growth rate of the S1 scenario 17.60 20.98 39.95 43.71 42.41 35.41 43.52 19.75 20.05 23.18 34.66
compared to the initial year

S2 T RBUEITH KR/ %

Growth rate of the S2 scenario 17.15 21.08 32.17 45.91 46.31 20.55 26.08 12.33 27.81 28.19 28.93
compared to the initial year

S3 i RRAIIE KA/ %

Growth rate of the S3 scenario 11.94 13.87 28.90 40.18 41.04 16.43 17.64 12.83 31.44 31.50 33.18

compared to the initial year

AN AL S 218

3273.03  5405.13 266571  6939.99  22521.60 6318.00  2454.57  2084.58  9169.74  36096.66 26068.86

3127.68  5083.11  2599.74  6667.56 21710.70  6102.36  2290.23  2093.94  9430.38  37030.86 26928.90

R5 BMRMEELE/HIE 2035 EHHY KESR

Table 5 Urban expansion scenarios of main townships in Nan’an City in 2035

& B TR Lo R | | |
Ton/area Kk A BEHE OB BEE MMRGRE bR FINH HELLH RS
own/ arez

AEAT 4\
2020 75K FH’/%J“;H 3085.30 2492.60 2374.80 2162.00 1311.80 982.00 946.70 807.00 763.70 685.40
2020 Actual/initial year
2035 ETE R S1

EE{ETE# . 3767.80 2981.60 3206.40 3037.60 1988.70 1298.30 1298.40 1037.50 1095.60 876.50
2035 baseline scenario

I JEE Q
2035 + Wi %E} 32 3921.20 3094.70 3068.30 3103.90 1930.70 1189.90 1184.40 994.50 986.00 784.80
2035 WLC scenario
2035 4F OWA 1§35 S3

i H 4519.80 3784.50 2931.10 3038.80 1893.80 1176.20 1166.50 987.10 955.60 816.80

2035 OWA scenario

SIS BIEIE R/ %

Growth rate of the S scenario 22.12 19.62 35.02 40.50 51.60 32.21 37.15 28.56 43.46 27.88
compared to the initial year/%

S2 T BN %

Growth rate of the S2 scenario 27.09 24.16 29.20 43.57 47.18 21.17 25.11 23.23 29.11 14.50
compared to the initial year/%

S3 TR BHEIIE KR/ %

Growth rate of the S3 scenario 46.49 51.83 23.43 40.56 44.37 19.78 23.22 22.32 25.13 19.17

compared to the initial year/%
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AR S R AR B BRSO . Horb R SE BTl Mt | oAb B AR L B ) i T AR R A =R R T 18
W R T K SRR IR AR A AR ) 22 IR B S F . OWA BEVEA B4l 1 A Se A e 1 21
AP AR T Z )Y Tradeoff 2, REAEHE— 451 W v A 25 24 TRt DRI AR 25 PR DX 38 2 [ 114 52 B A 25 B3
BERERRAE S b OWA AR 2R 2ol 55 ORI T I 28 1R] SRR (2021—2035 4F) ) i [ b 25 ) kSl 3
WS HEIT . OWA AR S LY AR 5 I ER SR N T F2rpo O JF A B[R, b — 2 J s 17 SR M T g 3 1 DX (914
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4 itig

BUK | 6=1.00 F OWA-FLUS fAIRTG T I AE B LI A FLUS #5810 5 O RSHRURE FE | FoM FIFoM,,, {H
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YL A3 T B A A i ) L2 M IR B A S A AR A5 I = B DORS E . ALK 6=1.00 T OWA £
PAZER ,6=0.000001 T OWA HE4LLH) FoM FFoM,, {H /M 5IHE S T 3.94%H15.70% , 51555 29 o BUIR T B AU AH
Ebds , S OWA it 3R A5 2k 2 10 30 T B A L 48 SRS ) P R IR T 2 (DI S it s Ak sh B 1 RE i . D3 4h 6=
1000 F (#F oo ) OWA BLIIR T T A 5 oA AL SIS SR A AR I, B4R BE | Kappa 1 FoM #RIS A7 42
1 , R 2B R A L HUE LT A S LR ALH 5T

RAEFET UM E ShHLEOIR TR % 18 T M 2 A 24 o 5 A A s WLAR) , FRoA TN g 3nf i B 80 g e v 5 6
WIS R % % R A R, JEHIE A SCEE R OWA AR SR AL 1Y FLUS 3ol T A5 RS 400 592 12 2 I i v
TEAS I 42 WAL S A T BEAFTE AL B R R 2R I FAE A W e L SR A ML, 3 P 4k 240 sROPIL R An ] % ¥4 7
BLAEIR T AL A P A T O 2 SR R i M S BRI M. 55— D7 T, OWA SR 2 sRAURM: 73 A 4 B 3k
T 25 (A1 Jr 0 YA B A Ak T At 8 ) A AR 2 ORI T AT AT I 51, FELGAR S 50T SO0 8 4 H ) 1 1)
) OWA TEHEEURT BE A IRTH & 5 3 T AR S 0UA B B IR IR B 2 R 2 1) 1 06 R AR T 2 SUIUIH A9 2 i il
A S L IROKT 14 7 1Ak B s () S X I S 1 A R el i 4 B R R PR L R S

ZEITRRE SRR, A SRR RS 2 ORI 8 T OWA BdE R A H FLUS A R HUSCR 1
SR, R A T (0,00 ) XHIANAE ] FREEEL 24 AHXTESL A AL SHUE ) 30, 20k Sk B TARY
FAY OWA-FLUS S RUSHURS JE I S EUURE . ANad X — S50 B FAF A — 2 1 X, AR 1) TAE R LA
SRS I A TR AR B R FR R E 2 2B X OWA-FLUS A5 B RERURE BF 19 5% 0 | [a] i 5 £ 10 25 44
TN LA ) 22 J8 HEBAE R A B IR T A AR S R GRS DI RE PPl 7 v % A= A A L AL 19 52
M AILEE

5 #ig
(1) £33 2005—2020 4F-3 [a] AUFELLEGIE , OWA-FLUS #5 RIS AKS B Kappa %% . FoM FlFoM , {E 535
4 95.9% .0.7742 21.45%F1 36.68% , SN B FIFoM, ., AbF & K, I8 F 2 80SCHkHGE ) b P CA B

2005—2020 4EH[H], OWA-FLUS BEHUAE 5= 0.000001 T ARS8 ™ A= T L FLUS A5 50 5 5 (1 B8 (ARG FE |
Kappa 4L FoM FlFoM,,,, &, H i, FoM FlkoM,, (B 53182 & T 4.95% F1 7.17% , DIZFEHL MICE 43 51 Ky
0.059F1 0.102, [FIHT, B & fELM 0 3 1000 & A: 254k, OWA-FLUS KA () B HURS JiE 2 i T B, I e 28450 1
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(2) %} 1L 2035 AFFEUERG 57, OWA 15 5t A B H i A D0 56 S Jig XA B T A4 Ty, W2 X DU L R K

B AR B AL LA & e 2 B AR S AT I W 2, (55 2 @ MEEE R A i AR Y Tradeoff R0 5
Wi T AEAS AR AE IR CA AL O VE AL, 8=0.000001 T 1 OWA-FLUS A BB 1 T 1 6=1.00 AL
FOUSE = ARG B2, Herp oM, (AR TE T 5.70% . 75— 71,2035 4RI 52/ Br 2 I, VA8 DXL RUBE iy 3 T
FH & TR AHZE R A ,8=0.000001 T ) OWA 5 M1 6=1.00 T WLC 15578 £ U A 35 13T
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